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Heavy resonance searches at the FCC-hh
Author: Clement Helsens1

1 CERN

Corresponding Author: clement.helsens@cern.ch

The feasibility of a future proton-proton collider (FCC-hh), with center of mass energies up to 100
TeV and unprecedented luminosity is currently being studied.
By delivering an integrated luminosity of few tens of ab-1, such a machine will provide an outstand-
ing discovery potential for new physics, far beyond the reach the high luminosity or high energy
LHC. In this talk we will discuss searches of heavy resonances decaying into leptons, tops, bosons
and light quarks. Depending on the final state and the assumed model, the discovery reach and ex-
clusion potential for heavy resonances ranges from 20 to 45TeV. We will also discuss why studying
heavy resonances provides an important handle to constrain the detector design and performance,
such as the muon resolution at high transverse momentum, or the calorimeter containment and
granularity.

Accelerators: Physics, Performance, and R&D for Future Facilities / 289

LUCID: The ATLAS Luminosity Detector

Authors: ATLAS CollaborationNone; Federico Lasagni Manghi1

1 Universita e INFN, Bologna (IT)

Corresponding Author: federico.lasagni@cern.ch

The LUCID detector is the main luminosity provider of the ATLAS experiment and the only one able
to provide a reliable luminosity determination in all beam configurations, luminosity ranges and at
bunch-crossing level.
LUCID was entirely redesigned in preparation for Run 2: both the detector and the electronics were
upgraded in order to cope with the challenging conditions expected at the LHC center of mass en-
ergy of 13 TeV and with 25 ns bunch-spacing.
An innovative calibration system based on radioactive 207 Bi sources deposited on the quartz win-
dow of the readout photomultipliers was implemented, resulting in the ability to control the detec-
tors long time stability at few percent level.
A description of the detector and its readout electronics will be given as well as preliminary results
on the ATLAS luminosity measurement and related systematic uncertainties.

Accelerators: Physics, Performance, and R&D for Future Facilities / 356

Recent results from MICE on multiple Coulomb scattering and
energy loss
Authors: Vittorio Palladino1; Scott Wilbur2

1 Universita e sezione INFN di Napoli (IT)
2 University of Sheffield

Corresponding Authors: s.h.wilbur@sheffield.ac.uk, vittorio.palladino@cern.ch
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Multiple Coulomb scattering and energy loss are well known phenomena experienced by charged
particles as they traverse a material. However, from recent measurements by the MuScat collab-
oration, it is known that the available simulation codes (GEANT4, for example) overestimate the
scattering of muons in low Z materials. This is of particular interest to the Muon Ionization Cooling
Experiment (MICE) collaboration which has the goal of measuring the reduction of the emittance
of a muon beam induced by energy loss in low Z absorbers. MICE took data without magnetic field
suitable for multiple scattering measurements in
the fall of 2015 with the absorber vessel filled with xenon and in the spring of 2016 using a lithium
hydride absorber. In the fall of 2016 MICE took data with magnetic fields on and measured the en-
ergy loss of muons in a lithium hydride absorber. These data are all compared with the Bethe-Bloch
formula and with the predictions of various models, including the default GEANT4 model.

Accelerators: Physics, Performance, and R&D for Future Facilities / 796

Status and prospects of the AWAKE experiment
Author: Fearghus Keeble1

1 University College London

Corresponding Author: f.k@cern.ch

AWAKE is a plasma wakefield acceleration experiment at CERN, using the 400 GeV proton bunch
of the SPS to drive an accelerating gradient in the GV m−1 range. AWAKE aims to inject 15–20
MeV electrons into this plasma wakefield and accelerate them to GeV energies over 10 metres. An
introduction to AWAKE and its physics will be presented, as well as an overview of the experimental
apparatus and the most recent results. Longer term plans, including the future of the AWAKE facility
and possible applications of the technology to HEP, will be discussed.

Accelerators: Physics, Performance, and R&D for Future Facilities / 354

First Ever Ionization Cooling Demonstration in MICE
Authors: Vittorio Palladino1; Chris Rogers2

1 Universita e sezione INFN di Napoli (IT)
2 STFC

Corresponding Authors: chris.rogers@stfc.ac.uk, vittorio.palladino@cern.ch

The Muon Ionization Cooling Experiment (MICE) at RAL has studied the ionization cooling of
muons. Several million individual particle tracks have been recorded passing through a series of
focusing magnets in a number of different configurations and a liquid hydrogen or lithium hydride
absorber.
Measurement of the tracks upstream and downstream of the absorber has shown the expected effects
of the 4D emittance reduction. This invited talk presents and discusses these results, and projects
the
future of ionization cooling.

Accelerators: Physics, Performance, and R&D for Future Facilities / 83

CEPC injector linac design
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Author: Cai Meng1

1 Institute of High Energy Physics, CAS

Corresponding Authors: lxp@ihep.ac.cn, mengc@ihep.ac.cn

Circular Electron-Positron Collider (CEPC) is a 100 km ring e+ e- collider for a Higgs factory. The
injector of CEPC is composed of linac and booster. The linac is a normal conducting S-band linac
and provide electron and positron beam at an energy up to 10 GeV with repetition frequency in 100
Hz. The linac consideration and design will be detailed discussed, including electron linac, positron
linac, positron source and damping ring.

Accelerators: Physics, Performance, and R&D for Future Facilities / 245

Machine-Detector Interface at the CEPC
Authors: Hongbo Zhu1; Jie Gao2; Xinchou Lou3; Ke LINone; Xiongfei Wang1; Wei XuNone; Sha Bai4; Yiwei WANGNone

1 Chinese Academy of Sciences (CN)
2 Institute of High Energy Physics, China
3 University of Texas at Dallas (US)
4 IHEP

Corresponding Authors: wangyw@ihep.ac.cn, gaoj@ihep.ac.cn, xuwei@ihep.ac.cn, xinchou.lou@cern.ch, like@ihep.ac.cn,
xiongfei.wang@cern.ch, baisha@ihep.ac.cn, hongbo.zhu@cern.ch

Machine-Detector Interface (MDI) represents one of the most challenging topics for the Circular Elec-
tron Positron Collider (CEPC), which is proposed as a Higgs Factory to measure Higgs properties
with unprecedented precision. MDI involves critical machine and detector components in the con-
strained interaction region. Performance optimization, often along with considerable trade-offs, can
be only achieved with thorough understandings of machine and detector designs and their impacts
on each other. In this talk, design progress on the interaction region (IR) layout, the IR supercon-
ducting magnets and the luminosity calorimeter will be presented. Predicted radiation backgrounds
and their potential impacts will be also discussed.

Accelerators: Physics, Performance, and R&D for Future Facilities / 85

Recent ILC R&D status
Author: Shinichiro MICHIZONO1

1 KEK

Corresponding Author: shinichiro.michizono@kek.jp

Key technologies for the ILC are nano-beam and superconducing rf system (SRF). The final beam
size at 250GeV ILC, which was announced at ICFA on last November, is ˜8nm. In case of 250 GeV
ILC, the number of SRF cavities becomes half (compared with 500 GeV). However, the cost of the
SRF is still dominant in the ILC accelerator cost. We have started the cost reduction R&D at SRF
since last year. The recent progress of these key technologies will be reported.

Accelerators: Physics, Performance, and R&D for Future Facilities / 63
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First Muon RF Acceleration for the Muon g-2 Experiment at J-
PARC
Author: Masashi Otani1

Co-authors: BongHo Kim ; Georgy Razuvaev ; Hiromi Iinuma ; HoSan Ko ; Hyunsuk Choi 2; Katsu Ishida ; Kazuo
Hasegawa ; Kenta Futatsukawa ; Koichiro Shimomura ; Kondo Yasuhiro ; Naohito Saito ; Naritoshi Kawamura ;
Ryo Kitamura ; Seonho Choi 2; Sirui Li ; Sunghan Bae 2; Takatoshi Morishita ; Takayuki Yamazaki ; Toru Iijima ;
Tsutomu Mibe ; Won Eunil ; Yasuhiro Miyake ; Yoshinori Fukao 1; Yuki Sue ; Yuuga Nakazawa

1 KEK
2 SNU

Corresponding Author: masashio@post.kek.jp

The J-PARC E34 experiment aims to measure muon g-2 with a precision of 0.1 ppm and search
for EDM with a sensitivity to 10-21 e*cm with a low emittance muon beam. The low emittance
muon beam is generated from surface muon beam after thermal muonium production, dissociation
of electron by laser, and acceleration by a radio-frequency (RF) linac. One of challenges for the
E34 experiment is muon RF acceleration, which has not been demonstrated. Recently we succeeded
in demonstrating muon acceleration using a radio-frequency quadrupole linac (RFQ). This talk will
describe results of the muon acceleration experiment.

Accelerators: Physics, Performance, and R&D for Future Facilities / 72

Fermilab Accelerator Complex: Status, Progress, and Near-and
Far- Future Upgrade Plans
Authors: Vladimir ShiltsevNone; Sergei NagaitsevNone; Mary ConveryNone; Michael LindgrenNone; Ioanis Kourba-
nisNone; Alexander ValishevNone; Phil Adamson1

1 Fermi National Accelerator Laboratory

Corresponding Authors: pa@fnal.gov, nsergei@fnal.gov, shiltsev@fnal.gov

We present status of operation and recent progress of the Fermilab proton accelerators, and discuss
in our activities toward their near- and far-future upgrades. We also present the spectrum of related
accelerator physics and technology R&D activities, including those at the US-leading FAST/IOTA
research facility for the intensity frontier beam studies.

Accelerators: Physics, Performance, and R&D for Future Facilities / 523

R&D status of CEPC Accelerator key technologies
Author: YUNLONG CHI1

1 IHEP, CAS

Corresponding Author: chiyl@ihep.ac.cn

CEPC is a 100 km circular electron-positron collider operating at 90-240 GeV center-of-mass energy
of Z-pole, WW pair production threshold and Higgs resonance. CEPC and its successor SPPC, a
100 TeV center-of-mass super proton-proton collider, will ensure the elementary particle physics a
vibrant field for decades to come. To reduce the overall cost, partial double ring scheme was proposed
as the alternative, which has a significant impact on the cavity operation and beam dynamics. The
conceptual design report (CDR) of CEPC will be completed by the end of 2017 as an important step
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to move the project forward. In this presentation, the status of CEPC accelerator key technology
R&D status will be shown, including SRF system, High efficiency klystron etc.

Accelerators: Physics, Performance, and R&D for Future Facilities / 688

Low energy e+e- collider to search and study of mu+mu- bound
state (dimuonium)
Author: Eugene Levichev1

1 Budker INP

Corresponding Author: levichev@inp.nsk.su

To discover and study a mu+mu- atom (dimuonium) we propose a low energy (410 MeV per beam)
e+e- collider with extremely large crossing angle to boost the dimuonium atoms from the collision
area and reduce a background. A report describes the collider status and its parameters.

Accelerators: Physics, Performance, and R&D for Future Facilities / 687

Super Charm-Tau Factory in Novosibirsk
Author: Eugene Levichev1

1 Budker INP

Corresponding Author: levichev@inp.nsk.su

A Crab-Waist e+e- collider with the beam energy from 1 GeV to 3 GeV is under development at
Budker INP (Novosibirsk, Russia) to study physics in charmonium and tau-lepton sectors. The talk
reviews realisation principles, configuration and features of the collider including extremely high
luminosity of 10ˆ35 cmˆ-2sˆ-1 and longitudinal polarization of electron beam.

Accelerators: Physics, Performance, and R&D for Future Facilities / 877

Status of SuperKEKB phase-2 commissioning
Authors: Akio Morita for SuperKEKB commissioning team1; Akio Morita2

1 KEK
2 High Energy Accelerator Research Organization (KEK)

Corresponding Authors: akio.morita@cern.ch, akio.morita@kek.jp

SuperKEKB is 7GeV electron and 4GeV positron double-ring collider for the B-meson factory, whose
design luminosity is 8 × 1035cm−2/sec. We have already completed the phase-1 commissioning
without the interaction point from February 2 to June 28, 2016. The phase-2 commissioning with
the interaction point is planed to start from March 19, 2018. We report the preliminary result of the
SuperKEKB phase-2 commissioning.
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Accelerators: Physics, Performance, and R&D for Future Facilities / 884

The CLIC accelerator project status and plans
Authors: Daniel Schulte1; Steinar Stapnes1

1 CERN

Corresponding Authors: steinar.stapnes@cern.ch, daniel.schulte@cern.ch

The Compact Linear Collider (CLIC) collaboration will present a project implementation plan for
construction of a 380 GeV e+e- linear collider for the European Strategy update by the end of 2018.
The machine is upgradable in stages to 3 TeV. The CLIC concept is based on high-gradient normal-
conducting accelerating structures operating at X-band (12 GHz) frequency.

We present the CLIC accelerator concept and the current status of the project. We report on high-
power tests of X-band structures using test facilities across the collaboration, as well as CLIC system
verification studies and the technical development of key components of the accelerator, in many
cases with the goal of reducing the energy consumption and/or cost of the machine.

We will also summarise developments for application of the X-band technology to more compact
accelerators for use e.g. as X-ray FELs and in medicine. A rapidly increasing number of installa-
tions are taking the technology in use opening up co-ordinated programmes for further industrial
developments in the next phase of the project.

Accelerators: Physics, Performance, and R&D for Future Facilities / 991

Status of the Fermilab Muon g-2 experiment
Author: Selcuk Haciomeroglu1

1 CAPP/IBS

Corresponding Author: selcuk.haciomeroglu@gmail.com

Previous Muon g-2 experiment at BNL measured the anomalous magnetic moment of muon which
is ≈ 3σ away from the Standard Model value. The Fermilab Muon g-2 Collaboration started commis-
sioning runs with an upgraded version of the storage ring. In the first phase, the new experiment
aims 4 times more sensitivity thanks to several improvements including muons statistics, pileup re-
duction, gain changes, lost muons and coherent betatron oscillations. A physics run with significant
statistics is expected to take place in 2018.

Accelerators: Physics, Performance, and R&D for Future Facilities / 1004

Progress on stabilising relativistic lepton beams for future collid-
ers
Author: Philip Nicholas Burrows1

1 University of Oxford (GB)

Corresponding Author: philip.burrows@cern.ch

We report progress on stabilising relativistic electron beams, in terms of their position and arrival
time, for achieving high luminosity at future lepton colliders such as the International Linear Collider
(ILC) and the Compact Linear Collider (CLIC). Hardware has been developed and deployed at the
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Accelerator Test Facility (ATF) at KEK for measuring and stabilising the beam position at the final
focus to the nanometre level. We report latest closed-loop feedback tests in which the beam position
was stabilised to c. 40 nm. In addition, a beam phase feed-forward system was deployed at the CLIC
Test Facility (CTF3) at CERN. We report the results of recent beam tests in which the beam arrival
time was stabilised to c. 50 femtoseconds, which meets the requirement for efficient power transfer
between the CLIC drive and main beams in the two-beam accelerator complex.

Accelerators: Physics, Performance, and R&D for Future Facilities / 762

The FCC-ee Lepton Collider: Design Status and Operation Con-
cept
Authors: Dmitry Shatilov1; Evgeny Levichev1

Co-authors: Erk Jensen 2; Frank Zimmermann 2; Katsunobu Oide 3; Michael Benedikt 2; Olivier Brunner 2

1 Budker Institute of Nuclear Physics (RU)
2 CERN
3 High Energy Accelerator Research Organization (JP)

Corresponding Authors: frank.zimmermann@cern.ch, erk.jensen@cern.ch, olivier.brunner@cern.ch, dimitry.shatilov@cern.ch,
katsunobu.oide@cern.ch, levichev@inp.nsk.su, michael.benedikt@cern.ch

The Future Circular Collider (FCC) Study aims at developing a large-scale accelerator research in-
frastructure based on a 100 km tunnel. While the ultimate goal is a proton-proton collider, with 100
TeV centre-of-mass collision energy and unprecedented direct discovery potential, the initial project
stage could consist of an electron-positron collider, with highest luminosities at collision energies up
to 380 GeV, for indirect exploration of the energy scale up to 100 TeV via precision measurements.
The talk provides an overview on the lepton collider design. Special emphasis is given to the pa-
rameter and luminosity optimisation, the operation phases and the corresponding evolution of the
machine in terms of RF staging for the different physics working points, and the overall duration of
the physics program.

Accelerators: Physics, Performance, and R&D for Future Facilities / 489

Superconducting RF Cavities R&D Towards Future High Energy
Accelerators
Author: Mattia Checchin1

1 FNAL - IIT

Corresponding Author: checchin@fnal.gov

Modern accelerators for High Energy Physics (ILC, FCC-ee, FCC-he, CEPC) demand efficient opera-
tion of SRF cavities. Since low cryogenic losses and high quench fields are essential to save in both
capital and operational cost, basic SRF R&D on niobium cavities is focused on increasing the quality
factor at the highest accelerating gradient.
The talk will be focused on the description of the strategies adopted to increase quality factor and
accelerating gradient in SRF cavities. Innovative surface preparations can allow for future SRF-based
accelerators that wouldn’t otherwise be feasible, by cutting the capital cost of their realization.
Layered SRF surfaces and smart engineering of the impurities profile at the RF surface are promising
technologies that may substantially decrease the cost of accelerators and possibly allow for higher
duty cycle operation. The physics behind these new technologies will be described and the impact
their application would bring in the accelerator world will be analyzed in detail.

Page 7



ICHEP2018 SEOUL / Book of Abstracts

Part of the talk will also address the description of new directions being explored in the SRF commu-
nity to further increase accelerating gradients beyond the current limitations and on the cost savings
they might allow.

Accelerators: Physics, Performance, and R&D for Future Facilities / 50

CEPC Accelerator CDR and R&D towards TDR
Author: Jie Gao1

1 Institute of High Energy Physics, China

Corresponding Author: gaoj@ihep.ac.cn

In this talk, CEPC CDR status will be reported which relects the CEPC accelerator baeline design
status with Higgs, W, and Z operation modes, which includes parameters, collider ring, booster and
injection linac designs, including SCRF system, civil engeneering design, cost breakdown and Ac
power consumption analysis.
As for CEPC TDR phase, the key R&D issues are addressed with CEPC project timeline.

Accelerators: Physics, Performance, and R&D for Future Facilities / 391

Magnet design studies for future hardon colliders
Authors: Vadim Kashikhin1; Igor Novitski2; Alexander Zlobin1

1 Fermilab
2 FERMILAB

Corresponding Authors: zlobin@fnal.gov, vadim@fnal.gov, novitski@fnal.gov

Fermilab in collaboration with other members of the US Magnet Development Program (MDP) is
working on the development of accelerator magnets for future hadron colliders. A 4-layer, 15-T
dipole with 60 mm bore based on Nb3Sn superconductor is under construction with the testing
foreseen at the end of the year. At the same time, there are conceptual design studies to evaluate
the feasibility of reaching even higher fields with the help of HTS materials. This paper presents the
results of these studies and discusses possible options towards higher fields.

Accelerators: Physics, Performance, and R&D for Future Facilities / 886

An 3-15 GeV electron beam facility at CERN for particle physics
and accelerator R&D
Author: Steinar Stapnes1

1 CERN

Corresponding Author: steinar.stapnes@cern.ch

CERN today operates a small ˜200 MeV electron test-facility for accelerator R&D (CLEAR). This
facility was put into operation in 2017 and a number of R&D activities were started. The results for
accelerator R&D at the CLEAR facility will be reviewed including the plans for 2018-20.
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Longer term and in the framework of the Beyond Collider Physics studies at CERN at 3.5 GeV elec-
tron linac is proposed. This linac will be used at injector to the SPS where the electron beam can
be accelerated to around 15 GeV. This presentation will cover the studies for the 3.5 GeV linac and
re-introduction of an electron beam in the SPS.

The potential of such beams for particle physics studies (e.g. Light Dark Matter Searches) and accel-
erator R&D will be reviewed. The accelerator R&D possibilities cover linear collider studies, general
accelerator component R&D (impedance studies, instrumentation, electron guns), novel accelerator
technology and more.

Accelerators: Physics, Performance, and R&D for Future Facilities / 997

Van der Meer calibration of the CMS luminosity detectors in 2017

Authors: Anton Babaev1; James Dale Bueghly2; Edgar Carrera Jarrin3; Anne Dabrowski4; Jonas Daugalas5; An-
dres Guillermo Delannoy Sotomayor6; Thoth Kenneth Gunter2; Moritz Guthoff7; Joseph Heideman6; Sam Higgin-
botham8; Alexis Kalogeropoulos9; Olena Karacheban4; Joscha Knolle7; Andreas Kornmayer4; Georgios Krintiras10;
Arkady Lokhovitskiy11; Paul Lujan12; Jingyu Luo8; Peter Major13; Daniel Marlow8; Chris Palmer8; Jakob Salfeld-
Nebgen8; David Stickland8; Nicolo Tosi14; Peter Tsrunchev15; Oleksii Turkot16; Zhen Xie8

1 National Research Tomsk Polytechnic University (RU)
2 Northwestern University (US)
3 Boston University
4 CERN
5 Vilnius University (LT)
6 University of Tennessee (US)
7 Deutsches Elektronen-Synchrotron (DE)
8 Princeton University (US)
9 Princeton University
10 Universite Catholique de Louvain (UCL) (BE)
11 University of Canterbury (NZ)
12 Universita e INFN, Padova (IT)
13 Eotvos Lorand University (HU)
14 INFN Bologna, Bologna (IT)
15 University of Sofia (BG)
16 DESY

Corresponding Authors: david.peter.stickland@cern.ch, georgios.krintiras@cern.ch, peter.tsrunchev@cern.ch,
jakob.salfeld@cern.ch, peter.major@cern.ch, christopher.allan.palmer@cern.ch, joseph.noel.heideman@cern.ch, alexis.kalogeropoulos@cern.ch,
joscha.knolle@cern.ch, marlow@princeton.edu, ecarrera@cern.ch, andres.delannoy@cern.ch, anne.evelyn.dabrowski@cern.ch,
jamesbueghly2015@u.northwestern.edu, moritz.guthoff@cern.ch, oleksii.turkot@desy.de, nicolo.tosi@cern.ch, krass58ad@mail.ru,
paul.lujan@cern.ch, jingyu.luo@cern.ch, shigginb@cern.ch, andreas.kornmayer@cern.ch, zhen.xie@cern.ch, jonas.daugalas@cern.ch,
thothgunter@live.com, olena.karacheban@cern.ch, arkady.lokhovitskiy@cern.ch

To guarantee smooth and uninterrupted luminosity measurements the CMS experiment is equipped
in Run II with three online luminometers: the Pixel Luminosity Telescope (PLT), the Fast Beam Con-
dition Monitor (BCM1F) and the Forward Calorimeter (HF). For the offline luminosity measurement
and a cross check of the online detectors the pixel detector is used (Pixel Cluster Counting, PCC). For
the calibration of the luminometers once per year a full program of van der Meer (VdM) scans is per-
formed. It consists of series of standard VdM scans and 4 imaging scans. In the standard VdM scans
both beams are moving across each other and the transverse size of the beam overlap is defined.
Imaging VdM scans are required to disentangle XY correlation. For steering magnet calibrations, un-
der the special beam conditions during the VdM scan, the length scale (LS) calibration is performed.
Detailed studies of the systematic effects of beam-beam deflections, orbit drift, LS calibration and un-
bunched beam correction allow precise luminosity calibration. The methodology of the luminosity
calibration and final uncertainty on the integrated luminosity will be presented.
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Accelerators: Physics, Performance, and R&D for Future Facilities / 48

LBNF Beamline
Author: Heidi Marie Schellman1

1 Oregon State University (US)

Corresponding Authors: heidi.schellman@science.oregonstate.edu, heidi.schellman@oregonstate.edu

The Long Baseline Neutrino Facility (LBNF) will utilize a beamline located at Fermilab to provide and
aim a neutrino beam of sufficient intensity and appropriate energy range toward DUNE detectors,
placed deep underground at the Sanford Underground Research Facility (SURF) in South Dakota.
LBNF is designed for approximately twenty years of operation, to provide adequate exposure for the
DUNE experiment. During its lifetime, the facility must be able to accommodate various target and
focusing configurations to enable tuning of the neutrino energy spectrum.

The primary proton beam (60-120 GeV) will be extracted from the MI-10 section of Fermilab’s Main
Injector. Neutrinos are produced after the protons hit a solid target and produce mesons, which
are subsequently focused by magnetic horns into a 194m long decay pipe where they decay into
muons and neutrinos. The parameters of the facility were determined by taking into account the
physics goals, spatial and radiological constraints and the experience gained by operating the NuMI
facility at Fermilab. The Beamline facility is designed for initial operation at a proton-beam power
of 1.2 MW, with the capability to support an upgrade to about 2.4 MW. LBNF/DUNE obtained CD-1
approval in November 2015. We discuss here the design status and the associated challenges as well
as the R&D and plans for improvements before baselining the facility, and we will present results of
a beam optimization algorithm developed to maximize DUNE’s sensitivity to neutrino CP violation,
yielding substantial improvements to the neutrino flux and physics sensitivities.
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SQUID-based BPM for proton EDM experiment
Author: Selcuk Haciomeroglu1

Co-authors: Andrei Matlashov 2; Yong-Ho Lee 3

1 Institute for Basic Science
2 Institute for Basic Sciences
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Corresponding Authors: yhlee@kriss.re.kr, andrei@ibs.re.kr, selcuk.haciomeroglu@gmail.com

The pEDM experiment aims to search for the electric dipole moment (EDM) of proton with 10−29

e-cm sensitivity, approximately 5 orders of magnitude better than the current experimental limit.
The experiment is designed to store counter-rotating proton beams in an all-electric storage ring.
The EDM of the particles will couple with the radial electric field, causing a spin growth around the
radial axis in the particle’s rest frame. The growth rate of this precession will be proportional to the
EDM of the proton.

Magnetic field is a major source of systematic errors as it couples with magnetic dipole moment and
dominates the spin precession. Among possible combinations, average radial magnetic field (B_r) is
the most critical one. It should be kept at 10aT level. We are developing a novel BPM that is based
on SQUID magnetometers for measuring the average magnetic field.

Accelerators: Physics, Performance, and R&D for Future Facilities / 817
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Storage ring proton Electric Dipole Moment Experiment with 10−29 e·cm
sensitivity
Author: Yannis Semertzidis1

1 CAPP/IBS and KAIST in South Korea

Corresponding Author: semertzidis@bnl.gov

The electric dipole moment (EDM) of fundamental particles, when induced by the particle internal
spin, violates separately the parity (P) and time (T) reversal symmetries. Due to CPT conservation,
T-violation also means CP-violation and it is a sensitive probe of Physics beyond the standard model
(SM).
The storage ring EDM (srEDM) collaboration and the Juelich electric dipole investigations (JEDI)
collaboration joined forces together with CERN scientists as part of the CERN initiative of Physics
Beyond Colliders (PBC) to put together a study of the storage ring proton EDM method under the
combined name charged particle EDM (CPEDM). The goal is to evaluate its feasibility, as well as to
come up with a cost estimate for a ring with a goal of 10−29 e·cm, making it the best sensitivity
hadronic EDM experiment, with a mass-scale reach for new, SUSY-like Physics of order 103 TeV.
The method requires an all-electric storage ring between 400m-500m in circumference, simultaneous
storage of counter-rotating, longitudinally polarized proton beams, magnetic field shielding below
10nT, state of the art SQUID-based beam position monitors, high efficiency with high analyzing
power proton polarimeters, high precision beam/spin dynamics tracking simulators, and the devel-
opment of reliable and cost effective electric field plates capable of sustaining 10MV/m with 3cm
plate separation. Several polarimeter and beam polarization concepts have already been tested us-
ing polarized beams at the COSY ring in Juelich/Germany. I will present the current status towards
the realization of this experiment.

Accelerators: Physics, Performance, and R&D for Future Facilities / 246

Progress on the 650MHz/800kW CW klystron development at IHEP

Authors: Zusheng Zhou1; Jianli WangNone; Shengchang WangNone; Yunlong ChiNone; Yuan ChenNone; Zhijun LuNone;
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1 IHEP
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The configurations of the CEPC and the SPPC were proposed in September, 2012. To reduce the costs
of the construction and the operation, high efficiency klystrons is preferred for the Collider ring. In
this scenario, the plan to develop the high efficiency 650MHz/800kW CW klystron with an ultimate
goal of 80% is initialized. Since there are no any experiences and infrastructures such as the large
baking furnace and the high power testing stand to develop these kind of high power CW klystrons
in China, the 1st klystron prototype is based on the conventional 2nd harmonic bunching technology,
then more klystron prototypes will be made with steady improvement of the efficiency. In this paper,
the progress on the 1st 650MHz/800kW CW klystron prototype development at IHEP is presented.
Till now, the mechanical design of the 1st klystron prototype has been finished; the fabrication will
be started soon. In addition, the design of the 2nd klystron prototype and the strategic plan to
progressively increase the klystron efficiency will also be shown.

Accelerators: Physics, Performance, and R&D for Future Facilities / 976

Physics at the FCC: a story of synergy and complementarity
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CERN has launched in 2014 the design study of Future Circular Colliders, including a High Lumi-
nosity e+e- collider (FCC-ee) running from the Z pole to above the top pair production threshold.
Follow a 100 TeV pp and heavy ion collider (FCC-hh) able to reach an unprecedented energy scale
and possibly an e-p collider. The FCC-ee offers a broad discovery potential based on a combination
of precision Electroweak Measurements, high statistics quark and lepton flavour physics, searches
for rare phenomena and new particles, and Higgs model-independent coupling measurements. The
FCC-hh can observe the production new particles with Standard Model couplings up to ˜30 TeV, but
is also an extremely abundant factory for W, Z top and Higgs, allowing searches for rare phenom-
ena and a number of precision measurements including those of the triple Higgs and ttH couplings.
The ep option would offer unprecedented reach in structure functions and high statistics of Higgs
production. The synergy and complementarity of the FCC machines making the FCC complex a
compelling option for the future of Collider Physics.

Accelerators: Physics, Performance, and R&D for Future Facilities / 680

Status of the FCC-hh design studies
Author: Daniel Schulte1

1 CERN

Corresponding Author: daniel.schulte@cern.ch

The Future Circular Collider (FCC) Study aims at developing a large-scale accelerator research in-
frastructure based on a 100 km tunnel. While the ultimate goal is a proton-proton collider, with
100 TeV centre-of-mass collision energy and unprecedented direct discovery potential. Also ion-ion
and ion-proton collisions are possible. The initial project stage could consist of an electron-positron
collider.
The talk describes the status of the hadron collider design.

Accelerators: Physics, Performance, and R&D for Future Facilities / 101

HTS Technology R&D for Future High Energy Accelerators
Author: Qingjin XU1

1 IHEP

Corresponding Author: xuqj@ihep.ac.cn

R&D of high field HTS magnet technology is ongoing at IHEP (Beijing, China) for future high energy
accelerators. A hybrid twin-aperture dipole magnet is under development for SPPC pre-study. The
magnet is designed with Common-coil configuration and will be fabricated with Nb3Sn and HTS
superconductors. The main field is 12 T with 20% operating margin at 4.2 K. The aperture diameter
is 30 mm. The fabrication and experimental test is divided into 3 steps: 1) 4 flat racetrack NbTi coils
and 2 flat racetrack Nb3Sn coils are firstly fabricated and tested, to evaluate the fabrication process
and stress management of Nb3Sn coils. 2) 2 more Nb3Sn coils are fabricated and tested together with
the 1st 2 Nb3Sn coils, to provide 12 T main field in the top and bottom apertures with the diameter
of 20 mm. 3) 2 racetrack HTS coils with flared ends are fabricated and inserted into the 4 Nb3Sn
coils, to provide 12 T main field in the top and bottom apertures with the diameter of 30 mm. The
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main design parameters, fabrication process and test results of the magnet will be presented. The
R&D plan and steps for next years will also be discussed.

Accelerators: Physics, Performance, and R&D for Future Facilities / 896

An Energy Recovery Linac for energy-frontier DIS at CERN: the
LHeC and the FCC-eh
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Corresponding Author: daniel.schulte@cern.ch

Energy-frontier DIS can be realised at CERN through an energy recovery linac that would pro-
duce 60 GeV electrons to collide with the HL-LHC or later HE-LHC (LHeC) or eventually the FCC
hadron beams (FCC-eh). This would create a new laboratory for energy frontier particle and nuclear
physics. It provided electron-proton/nucleus collisions with centre-of-mass energies in the range
0.3-3.5 TeV per nucleon, and luminosities exceeding 1034 cm−2s−1 in ep scattering. Such machine
would provide a huge physics programme, as the highest resolution microscope for hadron substruc-
ture, through high precision Higgs, top and precision EW physics, and with unique possibilities for
BSM searches. With a high luminosity of 5×1032 cm−2s−1 in ePb scattering, both LHeC and FCC-eh
are unique top-energy nuclear physics facilities with eventual access to a new regime of QCD at high
partonic densities. All these aspects have strong complementarities with the respective, concurrent
pp and AA programmes. In this talk we review the recent accelerator and infrastructure aspects of
the LHeC and FCC-eh proposals at CERN, as will be presented to the next European Strategy for
Particle Physics in 2019/2020. We also review the progress on the corresponding ERL demonstrator,
PERLE, under preparation to be built at LAL Orsay.

Accelerators: Physics, Performance, and R&D for Future Facilities / 1136

Design study of a Split-Coaxial RFQ for IsoDAR
Corresponding Author: bahngjb@korea.ac.kr

The Isotope Decay-At-Rest experiment (IsoDAR) is a proposed experiment to search for sterile neu-
trinos by measuring neutrino oscillations. The electron-antineutrino generation requires a high
intensity primary proton beam impinging on a beryllium target surrounded by lithium . In IsoDAR,
H2+ ions are generated and accelerated to avoid space charge effects in the low energy region, which
will be stripped into protons after extraction from a cyclotron. As part of the IsoDAR injection sys-
tem, an RFQ buncher with 32.8 MHz of operation frequency provides 70 keV acceleration and strong
bunching of the H2+ beam. The RFQ will be installed halfway inside the iron yoke of the cyclotron
to be very close to the median plane. Because the beam starts diverging after the RFQ in both trans-
verse and longitudinal direction, a re-buncher is employed in the end transition cell to re-focus the
beam longitudinally. In this paper, we describe in detail the beam dynamics study and RF analysis
of the IsoDAR RFQ for direct injection into a compact cyclotron

Astro-particle Physics and Cosmology / 720

Observation of the Identical Rigidity Dependence of the Primary
Cosmic Rays Helium, Carbon and Oxygen fluxes by the Alpha
Magnetic Spectrometer on the International Space Station
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The precision measurement of primary cosmic rays fluxes (in particular helium, carbon and oxygen)
in the rigidity range from 2 GV to 3 TV is presented based on 90 million helium, 8 million carbon
and 7 million oxygen nuclei collected by the Alpha Magnetic Spectrometer during its first 5 years of
operation.
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Unexpectedly, above 60 GV, these three spectra have identical rigidity dependence, moreover they
all deviate from a single power law above 200 GV and harden in an identical way.

Astro-particle Physics and Cosmology / 728
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The precision measurements of the monthly cosmic ray fluxes for the period from May 2011 to
May 2017 with Alpha Magnetic Spectrometer on the International Space Station are presented. This
period covers the ascending phase of solar cycle # 24 together with the reversal of the Sun’s magnetic
field polarity through the minimum. The detailed variations with time of the fluxes are shown up to
rigidities of 60 GV. Impact of the solar polarity reversal is discussed in details.
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The fluxes and flux ratios of charged elementary particles in cosmic rays are presented in the abso-
lute rigidity range from 1 to 1000 GV. In the absolute rigidity range ∼60 to ∼500 GV, the antiproton,
proton, and positron fluxes are found to have nearly identical rigidity dependence and the elec-
tron flux exhibits different rigidity dependence. Below 60 GV, the antiproton-to-proton, antiproton-
to-positron, and proton-to-positron flux ratios each reaches a maximum. Particular emphasis is
made on new observations of the properties of elementary particles in the rigidity range above 500
GV.

Astro-particle Physics and Cosmology / 841

Search for decaying dark matter with IceCube
Author: Hrvoje Dujmovic1

1 SKKU

Corresponding Author: hrvoje.dujmovic@gmail.com

Dark matter particles may be metastable. If they decay into neutrinos, directly or indirectly, the
signal is detectable with a neutrino telescope like IceCube, located at the geographic South Pole. Ice-
Cube instruments a cubic kilometre of ice with over 5000 optical sensors which detect the Cherenkov
light emitted by particles produced in neutrino interactions in the ice. This talk will present recent
searches for a decaying dark matter signal. For dark matter mass above 100 TeV, lifetimes below
˜10ˆ28 s are excluded for various decay channels, providing the strongest constraints to date.

Astro-particle Physics and Cosmology / 963

Cosmic Ray Energetics And Mass (CREAM) Launch and On-Orbit
Performance
Author: Eun Suk Seo1

1 University of Maryland (US)

Corresponding Author: eun.suk.seo@cern.ch

The CREAM experiment was launched on a SpaceX Falcon 9 rocket to the International Space Sta-
tion (ISS) from NASA’s Kennedy Space Center on August 14, 2017. The instrument was successfully
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installed and activated on the ISS Japanese Experiment Module Exposed Facility as an attached pay-
load on August 22, 2017. The CREAM instrument was initially developed to measure cosmic ray
elemental spectra using a series of ultra-long-duration balloon flights. The balloon-borne CREAM
experiment was flown seven times (12/15/04 - 12/28/16) over Antarctica accumulating ˜191 days of
flight time, the longest known exposure for a single balloon project. Building on the success of the
balloon flights, the payload was transformed for accommodation on the ISS. This version of CREAM,
aka ISS-CREAM, is configured with redundant and complementary particle detectors capable of pre-
cise measurements of elemental spectra for Z = 1 - 26 nuclei, as well as electrons. The four layers
of its finely segmented Silicon Charge Detector provide precise charge measurements, and its ion-
ization calorimeter provides energy measurements. In addition, scintillator-based Top and Bottom
Counting Detectors and Boronated Scintillator Detector distinguish electrons from nuclei. At least
an order of magnitude increase in data collecting power is expected by utilizing the ISS to reach the
highest energies practical with direct measurements. On-orbit performance of the instrument and
preliminary results from the ongoing analysis will be presented.

Astro-particle Physics and Cosmology / 65

The Evidence of Magnetic Monopoles by Astronomical Observa-
tion and Its Astrophysical Implication

Author: Qiuhe Peng1

1 Nanjing University

Corresponding Author: qhpeng@nju.edu.cn

A key observation has been reported in 2013 (Eatough et al., 2013): an abnormally strong radial
magnetic field near the GC is discovered.
Firstly, we demonstrate that the radiations observed from the GC are hardly emitted by the gas
of accretion disk which is prevented from approaching to the GC by the abnormally strong radial
magnetic field and these radiations can’t be emitted by the black hole model at the Center.However,
the dilemma of the black hole model at the GC be naturally solved in our model of super massive
object with magnetic monopoles (MMs) (Peng and Chou 2001). Three predictions in our model are
quantitatively in agreement with observations:
1) Plenty of positrons are produced from the direction of the GC with the rate is 610(42) e+/sec or so.
This prediction is quantitatively confirmed by observation (3.4-6.3)10(42) e+/sec. 2) A strong radial
magnetic field is generated by some magnetic monopoles condensed in the core region of
the super massive object The magnetic field strength at the surface of the object is about 20-
100 Gauss at 1.1*104 Rs ( Rs is the Schwarzschild radius) or (10-50)mG at 0.12 pc . This prediction
is quantitatively in agreement with the lower limit of the observed magnetic field >8mG ( Eatough
et al.2013); 3) The surface temperature of the super-massive object in the Galactic center is about
120 K and the corresponding spectrum peak of the thermal radiation is at 10**(13)Hz in the sub-mm
wavelength regime. This is quantitatively basically consistent with the recent observation (Falcke
and Marko, 2013).
The Conclusions are: It could be an astronomical observational evidence of the existence of MMs
and no black hole is at the GC .
Making use of both the estimations for the space flux of MMs and nucleon decay catalyzed by MMs
(called the RC effect) to obtain the luminosity of celestial objects by the RC effect. In terms of the
formula for this RC luminosity we are able to present a unified treatment for various kinds of core
collapsed supernovae , SNII, SNIb, SNIc, SLSN ( Super Luminous Supernova ) and the production
mechanism for γ ray burst. The remnant of the supernova explosion is a neutron star rather than
a black hole, regardless of the mass of the progenitor of the supernova. Besides, the heat source
of the Earth’s core as well as the energy source needed for the white dwarf interior are the same
mechanism of the energy source as supernova. This unified model can also be used to reasonably
explain the possible association of the shot γ ray burst detected by the Fermi γ ray Burst Monitoring
Satellite (GBM) with the September 2015 LIGO gravitational wave event GW150914.
Finally, We propose that the physical mechanism of Hot Big Bang of the Universe is also nucleons
decay driven by the magnetic monopoles, similar to the supernova explosion.
[1]Qiu-He Peng, Jing-Jing Liu and Chi-Kang Chou, 2016, “A possible influence on standard model
of quasars and active galactic nuclei in strong magnetic field””, Astrophys Space Sci (2016) 361:388
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[2] Qiuhe Peng, Jing-Jing Liu and Chi-Kang Chou, 2017,“A unified model of supernova driven by
magnetic monopoles”Astrophys Space Sci (2017) 362:222

Astro-particle Physics and Cosmology / 1013

The generation of B-mode and circular polarization of cosmic pho-
tons due to NonCommutative space-Time background
Author: Seddigheh Tizchang1

Co-authors: Saghar Batebi ; Mansour Haghighat 2; Rohoollah Mohammadi 3

1 Institute for Research in Fundamental Sciences (IPM)
2 Shiraz University
3 Iran Science and Technology Museum (IRSTM)

Corresponding Author: s.tizchang@ipm.ir

In standard model of cosmology, B-mode polarization of the CMB can be generated due to the tensor
perturbation of metric which is related to gravitational effects in the inflation epoch and scalar pertur-
bation can not explain B-mode polarization. We consider Compton scattering in non-commutative
framework and show that Compton scattering in presence of non-commutative background and
scalar mode of perturbation, beside generating a circularly polarized microwave, can leads to a B-
mode polarization of the Cosmic Microwave Background.

Astro-particle Physics and Cosmology / 881

Search for Solar atmospheric neutrinos with the IceCube Neu-
trino Telescope
Authors: Jin InNone; Carsten Rott1

1 Sungkyunkwan University

Corresponding Authors: carsten.rott@gmail.com, seongjin.in@gmail.com

Cosmic ray interactions with the solar atmosphere are expected to generate energetic neutrinos
that might be observable with the neutrino telescopes. These so called solar atmospheric neutrinos
are expected to have a distinguishable shape in the energy spectrum compared with atmospheric
neutrinos generated in the Earth. The difference originates from the lower atmospheric density on
the Sun, which allows secondary particles to decay rather than interact with the medium and lose
energy. We present the first search for a signal of solar atmospheric neutrinos, using 8 years of data
collected with the worlds largest neutrino telescope IceCube, which shows optimal sensitivity for
the energetic neutrinos. To distinguish signal from backgrounds we perform a likelihood analysis
using directional and energy spectral information. The analysis method and optimization will be
introduced and sensitivities presented.

Astro-particle Physics and Cosmology / 247

Status of the Supernova Relic Neutrino Search and Atmospheric
Neutrino Neutral-Current Quasi-Elastic Interactions Measurement
in Super-Kamiokande
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Author: Linyan WAN1

1 Tsinghua University

Corresponding Authors: vaneren@163.com, wanly13@mails.tsinghua.edu.cn

Supernova relic neutrinos (SRN), also called the diffused supernova neutrino backgrounds (DSNB),
are emitted from core-collapse supernovae throughout the universe. Super-Kamiokande-IV tags
inverse beta interactions by neutrons captured on hydrogen using improved electronics and trig-
gering. Recently, the use of vertex reconstruction of the 2.2 MeV photons emitted by the neutron
captures and a neural network improved the discrimination against backgrounds and significantly
increased the efficiency. Neutral current quasi-elastic (NCQE) scattering of atmospheric neutrinos
on 16O in water-Cherenkov detectors forms an important remaining background in SRN detection.
Using neutron tagging technique, the Super-Kamiokande measurement of the NCQE cross section
of atmospheric neutrinos will be presented and compared against theoretical predictions.

Astro-particle Physics and Cosmology / 924

A new Paradigm on the TeV-scale Cosmic Rays: Contributions
from the local sources
Author: Yong-Yeon Keum1

Co-authors: Jihyeun Bang 1; Pierre Salati 2; Robert Taillet 2

1 Seoul National University
2 LAPTH

Corresponding Authors: yong-yeon.keum@cern.ch, yykeum2011@snu.ac.kr, coolbang115@snu.ac.kr

Recent measurements of cosmic ray proton and helium spectra in CREAM, PAMELA and AMS02
experiments show a hardening above a few hundreds of GeV. This excess is hard to understand in
the framework of the conventional models of Galatic cosmic ray production and propagation. We
propose here to explain this anomaly by the presense of the local sources as a discrete one. Improving
the Green function method for the local sources, we consistently derive these nuclei fluxes by taking
into account both local and remote sources for which a unique injection rate is assumed. Finally we
found cosmic ray propagation parameters for which the proton and helium spectra remarkably agree
with the CREAM, PAMELA, AMS02 measurements. By the similar way, we show that the excess of
the position can be explained by a few local sources of pulsar.

Astro-particle Physics and Cosmology / 802

Kaluza-Klein Towers in the Early Universe: Phase Transitions,
Relic Abundances, and Applications to Axion Cosmology
Authors: Keith Dienes1; Jeff Kost2; Brooks Thomas3

1 University of Arizona
2 Institute of Basic Science
3 Lafayette College

Corresponding Authors: thomasbd@lafayette.edu, jeffreydkost@gmail.com, dienes@email.arizona.edu

We discuss the early-universe cosmology of a Kaluza-Klein (KK) tower of scalar fields in the pres-
ence of a mass-generating phase transition, focusing on the time-development of the total tower
energy density as well as its distribution across the different KK modes. We find that both of these
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features are extremely sensitive to the details of the phase transition and can behave in a variety of
ways significant for late-time cosmology. In particular, the interplay between the temporal proper-
ties of the phase transition and the mixing it generates are responsible for both enhancements and
suppressions in the late-time abundances, sometimes by orders of magnitude. We map out the com-
plete model parameter space and determine where traditional analytical approximations are valid
and where they fail. Finally, we apply this machinery to the example of an axion-like field in the
bulk, mapping these phenomena over an enlarged axion parameter space that extends beyond those
accessible to standard treatments.

Astro-particle Physics and Cosmology / 516

GRAND: A Giant Radio Array for Neutrino Detection

Author: Sijbrand De JongNone

Co-author: for the GRAND collaboration

Corresponding Author: sijbrand@hef.ru.nl

The detection of ultra-high-energy (UHE) neutrinos, with energy in excess of 10<sup>8</sup> GeV,
is an important key to solving the mystery of the origin of UHE cosmic rays. The detection of UHE
cosmogenic neutrinos will confirm the photo-dissociation of UHE cosmic rays and the identification
of the sources of UHE neutrinos will help to identify the sources of UHE cosmic rays.
The flux of these UHE neutrinos is expected to be low and their detection is a challenge. We present
the Giant Radio Array for Neutrino Detection, GRAND, that is based on proven methods of radio
frequency detection of extensive air-showers, which will allow for a huge exposure at a relatively
modest price.
On top of discovering UHE neutrinos, GRAND will be able to investigate many other science topics,
including neutrino physics, UHE gamma-ray detection, UHE cosmic ray science with very large
statistics, the detection of fast radio bursts and giant radio pulses, and a measurement of the epoch
of reionisation.
The R&D and different initial phases of development of GRAND, and the physics reach for these
research topics will be discussed.

Astro-particle Physics and Cosmology / 930

Dark matter and early Universe
Author: Alexandre Arbey1

Co-authors: Jonathan R. Ellis 2; Nazila Mahmoudi 3; Glenn Robbins 4

1 Lyon U. & CERN TH
2 University of London (GB)
3 CERN and Lyon University (FR)
4 Centre de recherche astrophysique de Lyon (FR)

Corresponding Authors: alexandre.arbey@cern.ch, john.ellis@cern.ch, glenn.robbins34@gmail.com, nazila.mahmoudi@cern.ch

Big-Bang nucleosynthesis (BBN) represents one of the earliest phenomena which can lead to obser-
vational constraints on the early Universe properties. Yet, it is well-known that many important
mechanisms and phase transitions occurred before BBN. During this talk, I will discuss the possi-
bility to gain insight about the primordial Universe through studies of dark matter in cosmology,
astroparticle physics and colliders. For this purpose, we consider that dark matter is a thermal relic,
and show that combining collider searches with dark matter observables can lead to strong con-
straints on the freeze-out period.

Page 21



ICHEP2018 SEOUL / Book of Abstracts

Astro-particle Physics and Cosmology / 263

Dark matter in the early matter dominated Universe
Author: Ki-Young Choi1

1 Sungkyunkwan University (KR)

Corresponding Author: ki-young.choi@cern.ch

In the early Universe, there exists a matter-dominated era, that is driven by inflaton oscillation,
curvaton, moduli or long-lived heavy particles. In this early matter domination, dark matter exists
and show different behavior from the standard one during radiation domination, from the relics
density to the density perturbation, constraints on the reheating temperature and baryogengesis. In
this talk, I will present the recent developments.

Astro-particle Physics and Cosmology / 643

Supernova relic neutrino sensitivity study with 2nd Hyper-Kamiokande
detector in Korea
Author: Dongnyeok Yeum1

1 Seoul National University

Corresponding Author: dnyeum@gmail.com

Neutrino has become a new window to our universe since the observation
of neutrinos from the Sun and SN1987A. Hyper-Kamiokande (Hyper-K) is
a next-generation neutrino telescope with excellent capabilities in particle physics. The detector will
be a water Cherenkov detector of 260 kton water mass with 40 % photo coverage. With about 10 times
larger fiducial volume per detector than Super- Kamiokande(SK), sensitivities for the supernova
burst and the supernova relic neutrino(SRN) searches will be greatly improved in Hyper-K.
Locating the 2nd detector in Korea will enhance the sensitivity of SRN search thanks to less muon
flux and spallation background in deeper (˜1km) Korean candidate sites. In this talk, we will present
our sensitivity study on SRN search for several candidate sites in Korea and the various theoretical
SRN flux models.

Astro-particle Physics and Cosmology / 874

Probing the Reheating Temperature with a Gravitational Waves:
with application to Gauss-Bonnet Inflation
Authors: Gansukh Tumurtushaa1; Bum-Hoon Lee2; Seoktae Koh3

1 Institute for Basic Science
2 Sogang University
3 Jeju National University

Corresponding Authors: bhl@sogang.ac.kr, kundol.koh@jejunu.ac.kr, gansuhmgl@ibs.re.kr

In this work, inflationary models with Gauss-Bonnet term is classified into two categories based
on their prediction for the tensor spectral index (nT ). We showed that the energy spectrum of the
primordial gravitational waves (GWs) induced by a group of models that predict blue-tilted tensor
spectrum (nT > 0) can be probed by the future space-based laser interferometer experiment such
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as DECIGO in frequency ranges of 0.1 − 10 Hz. If the signals of primordial GW background from
our models is detected, it would determine the lower bound of the reheating temperature, which is
Tre ≥ 10−6 in our case. Our further analyses on reheating parameters imply that the effect of GB
term is significant not only during inflation but also during reheating regardless of the process is
instantaneous or lasted for a certain number of e-folds until it completes.

Astro-particle Physics and Cosmology / 866

Leptogenesis in Cosmological Relaxation with Particle Produc-
tion
Authors: Fang Ye1; Tevong You2; Minho Son1

1 KAIST
2 University of Cambridge

Corresponding Authors: shivaandalice@gmail.com, minho.son@kaist.ac.kr, tty20@cam.ac.uk, fangye@kaist.ac.kr

Among cosmological relaxation solutions to the weak-scale hierarchy problem, gauge boson produc-
tion is a particularly efficient backreaction mechanism for trapping the relaxion. In these models,
scanning can even happen after inflation and the relaxion field range can be sub-Planckian, with
no extremely small parameters or large e-foldings involved. We consider a model where particle
production by the relaxion also reheats the universe and generates the baryonic matter-antimatter
asymmetry. Out-of-equilibrium leptons scatter with the thermal bath through interactions that vio-
late CP and lepton number via higher-dimensional operators. Such an effective field theory setup,
with no new physics below the cut-off, is sufficient to achieve successful leptogenesis. The baryon
asymmetry is thus intrinsically tied to a weak-scale hierarchy.

Astro-particle Physics and Cosmology / 739

Latest results of the Antares detector and perspectives for KM3NeT/ARCA

Author: alexandre creusot1

1 APC

Corresponding Author: creusot@apc.in2p3.fr

The ANTARES detector, located 40 km off the French coast, is
the largest deep-sea neutrino telescope in the Northern Hemisphere
with an instrumented volume of more than 0.01 cubic kilometers. It has
been taking data continuously since 2007. The primary goal of such a
telescope is to search for astrophysical neutrinos in the TeV-PeV
range. The latest results from ANTARES will be presented, including
generic searches for diffuse cosmic neutrino fluxes as well as more specific
searches for astrophysical sources such as active galactic nuclei or
Galactic sources. The rich multi-messenger analysis program based on
time and/or space coincidences with other cosmic probes will also be
discussed.

The next-generation neutrino telescope in the Mediterranean,
KM3NeT/ARCA, is currently under construction and will consist in an
instrumented volume several hundred times larger than ANTARES. The
first detection lines of KM3NeT have been deployed successfully and

Page 23



ICHEP2018 SEOUL / Book of Abstracts

the first muons observed. Perspectives for neutrino astronomy with
ARCA will also be presented.

Astro-particle Physics and Cosmology / 748

Unitarizing SIMP scenario with dark vector resonances
Authors: Alexander Natale1; Soo-Min Choi2; pyungwon ko3

1 Korea Institute for Advanced Study
2 Chung-Ang University
3 Korea Inst. for Advanced Study (KIAS)

Corresponding Authors: alex.anderson.natale@gmail.com, pko@kias.re.kr, soominchoi90@gmail.com

We investigate a scenario of Strongly Interacting Massive Particles (SIMPs) where the thermal relic
density of dark pion dark matter (DM) is determined by number changing 3→2 annihilations in a
strongly interacting dark sector. In this scenario, including dark vector mesons in the hidden lo-
cal symmetry scheme, we find that dark vector mesons unitarize the dark chiral perturbation theory
(ChPT) efficiently and extend the range of validity of the leading order calculations. In QCD-like the-
ories with SU(3)_L×SU(3)_R/SU(3)_V flavor symmetry, we show explicitly that the inclusion of these
dark vector mesons in the 3→2 annihilation and 2→2 self-scattering of DM eliminates the tension
between the Bullet Cluster bound and the relic density condition in a wide parameter space.

Astro-particle Physics and Cosmology / 418

Cosmological Helical Hypermagnetic Fields and Baryogenesis
Author: Kohei Kamada1

1 Institute for Basic Science

Corresponding Authors: kohei.kamada@asu.edu, kkamada@ibs.re.kr

I will show that the baryon asymmetry of the Universe (BAU) is generated from the hypermagnetic
helicity decay without being washed out by the sphalerons. Moreover such hypermangetic fields
still remain until today as the intergalactic magnetic fields, which will be the smoking gun of the
scenario. I will also discuss a possible mechanism to generate such hypermagnetic fields. That is, the
chiral instability induced by a large chiral asymmetry in the early Universe thermal plasma, which
can be generated by the SU(5) GUT baryogenesis. Although the SU(5) GUT baryogenesis has been
thought not to be a viable model for the BAU since the asymmetry is washed out by the sphalerons,
it can be indirectly responsible for the BAU through the maximally helical hypermagnetic field gen-
eration.

Astro-particle Physics and Cosmology / 730

Precision Measurement of Nitrogen flux by AMS
Authors: Alberto Oliva1; Alexandre Ghelfi2; Amaresh Datta3; Andrea Contin4; Andreas Bachlechner5; Andrei Kou-
nine6; Bastian Beischer5; Benoit Jean-Albert Coste7; Bilge Demirkoz8; Bruna Bertucci9; Carlos Delgado Mendez1;
Cen Zhang10; Chan Hoon Chung5; Claudio Corti3; Corinne Goy2; Cristina Consolandi3; Davide Grandi11; Domenico
D’Urso9; Fernando De Carvalho Barao12; Francesca Giovacchini1; Francesco Dimiccoli7; Giovanni Ambrosi9; Giuseppe
La Vacca11; Henning Gast5; Hesheng Chen13; Hsin-Yi Chou14; Hu Liu6; Iris Gebauer15; Javier Berdugo Perez1; Jie
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Feng16; Jorge Casaus1; Laurent Yves Marie Derome2; Manuel Aguilar-Benitez17; Manuela Vecchi18; Marco Incagli19;
Matteo Boschini20; Matteo Duranti9; Matthew Daniel Behlmann6; Maura Graziani15; Melanie Heil6; Mercedes Panic-
cia21; Miguel Angel Velasco Frutos1; Mike Capell6; Nikolas Zimmermann5; Paolo Zuccon6; Philip Von Doetinchem22;
Qi Yan6; Roberto Battiston23; Sadakazu Haino16; Senquan Lu16; Stefan Schael5; Stefan Zeissler15; Stefano Della
Torre11; Stefano Di Falco24; Travis Gordon NelsonNone; Ulrich Becker6; Valerio Formato9; Veronica Bindi3; Wei-
wei Xu6; Wim De Boer15; Xudong Cai6; Yuan-Hann Chang14; Zhicheng Tang13; Zhili Weng6; Zuhao Li13; Vitaly
Choutko6

1 Centro de Investigaciones Energéti cas Medioambientales y Tecno
2 Centre National de la Recherche Scientifique (FR)
3 University of Hawai’i at Manoa (US)
4 Universita e INFN, Bologna (IT)
5 Rheinisch Westfaelische Tech. Hoch. (DE)
6 Massachusetts Inst. of Technology (US)
7 Universita e INFN, Padova (IT)
8 Middle East Technical University (TR)
9 Universita e INFN, Perugia (IT)
10 Institute of High Energy Physics, Chinese Academy Sciences
11 Universita & INFN, Milano-Bicocca (IT)
12 LIP Laboratorio de Instrumentacao e Fisica Experimental de Part
13 Chinese Academy of Sciences (CN)
14 National Central University (TW)
15 KIT - Karlsruhe Institute of Technology (DE)
16 Academia Sinica (TW)
17 Cent.de Investigac.Energeticas Medioambientales y Tecnol. (CIEMAT)
18 Universidade de Sao Paulo (BR)
19 INFN Sezione di Pisa, Universita’ e Scuola Normale Superiore, P
20 Univ. degli Studi Milano-Bicocca (IT)
21 Universite de Geneve (CH)
22 University of Hawaii at Manoa
23 Univ + INFN
24 Universita & INFN Pisa (IT)

Corresponding Authors: matteo.duranti@cern.ch, andreas.bachlechner@cern.ch, yuan-hann.chang@cern.ch,
manuel.aguilar@ciemat.es, javier.berdugo@ciemat.es, bastian.beischer@cern.ch, stefan.zeissler@cern.ch, benoit.coste@cern.ch,
nikolas.zimmermann@cern.ch, stefan.schael@physik.rwth-aachen.de, di.falco.stefano@cern.ch, giovanni.ambrosi@cern.ch,
miguel.angel.velasco.frutos@cern.ch, ulrich.becker@cern.ch, mercedes.paniccia@cern.ch, jorge.casaus@cern.ch,
sadakazu.haino@cern.ch, francesca.giovacchini@cern.ch, marco.incagli@cern.ch, qi.yan@cern.ch, vitaly.choutko@cern.ch,
r.battiston@tiscali.it, michael.capell@cern.ch, xudong.cai@cern.ch, philip.doetinchem@cern.ch, hu.liu@cern.ch,
jie.feng@cern.ch, davide.grandi@cern.ch, henning.gast@cern.ch, laurent.derome@lpsc.in2p3.fr, chenhs@ihep.ac.cn,
iris.gebauer@cern.ch, travis.gordon.nelson@cern.ch, m.behlmann@cern.ch, wim.de.boer@kit.edu, maura.graziani@cern.ch,
senquan.lu@cern.ch, hsin-yi.chou@cern.ch, manuela.vecchi@cern.ch, domenico.d’urso@cern.ch, veronica.bindi@cern.ch,
cristina.consolandi@cern.ch, weiwei.xu@cern.ch, carlos.jose.delgado.mendez@cern.ch, stefano.della.torre@cern.ch,
claudio.corti@cern.ch, bruna.bertucci@cern.ch, francesco.dimiccoli@cern.ch, valerio.formato@cern.ch, zhicheng.tang@cern.ch,
cenzhang@ihep.ac.cn, giuseppe.la.vacca@cern.ch, andrei.kounine@cern.ch, melanie.heil@cern.ch, amaresh.datta@cern.ch,
corinne.goy@cern.ch, alexandre.ghefli@cern.ch, fernando.barao@cern.ch, bilge.demirkoz@cern.ch, matteo.boschini@cern.ch,
andrea.contin@cern.ch, paolo.zuccon@cern.ch, zhili.weng@cern.ch, chan.hoon.chung@cern.ch, zuhao.li@cern.ch,
alberto.oliva@cern.ch

The nitrogen flux in cosmic rays is expected to contain both primary and secondary components,
so the knowledge of their relative contributions is important in understanding the origin, acceler-
ation, and propagation of cosmic rays. A precise measurement of the nitrogen flux with rigidity
from 2 GV to 3 TV based on 2 million nuclei collected by AMS during first 5 years of operation is
presented.
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Astro-particle Physics and Cosmology / 746

Cosmological search of light dark matter
Author: kenji kadotaNone

Corresponding Author: kadotak@gmail.com

A few examples for the light dark matter will be
presented along with their cosmological (e.g. radio astronomy search) and
the particle physics (dark matter search experiments) constraints to illustrate the complementarity
between the particle physics and cosmology probes.

Astro-particle Physics and Cosmology / 482

In between the Observation Runs 2 and 3, a status report on the
Advanced LIGO and Advanced Virgo gravitational-wave detectors

Authors: The LIGO Scientific Collaboration and the Virgo CollaborationNone; Nicolas Arnaud1

1 LAL (CNRS/IN2P3 and Université Paris-Sud)

Corresponding Author: narnaud@lal.in2p3.fr

Following a fruitful Observation Run 2 (O2, November 2016 - August 2017) marked by the first three-
detector observation of a binary black hole merger and the first ever detection of a binary neutron
merger followed by the discovery of the optical counterpart of the gravitational-wave signal, the
LIGO and Virgo giant interferometers started a new upgrade phase with a twofold goal: to improve
the sensitivity and the duty cycle of the three instruments before starting the Observation Run 3
(O3) next fall, which should last about a year.

After a brief review of the O2 data taking period and a summary of the main results achieved, in-
cluding the successes of multi-messenger astronomy, we will describe the current upgrade campaign,
review the performance achieved to date and conclude by presenting some prospects for O3.

Astro-particle Physics and Cosmology / 513

Non-thermal WIMP baryogenesis
Authors: Jongkuk Kim1; Ki Young Choi1; Sin Kyu Kang2

1 Sungkyunkwan University
2 Seoul-Tech

Corresponding Authors: jongkuk.kim927@gmail.com, skkang@snut.ac.kr, kiyoung.choi@uam.es

We propose a WIMP baryogensis achieved by the annihilation of non-thermally produced WIMPs
from decay of heavy particles, which can result in low reheating temerature. Dark matter (DM)
can be produced non-thermally during a reheating period created by the decay of long-lived heavy
particle, and subsequently re-annihilate to lighter particles even after the thermal freeze-out. The
re-annihilation of DM provides the observed baryon asymmetry as well as the correct relic density
of DM. We investigate how wahout effects can affect the generation of the baryon asymmetry and
study a model suppressing them. In this scenario, we find that DM can be heavy enough and its
annihilation cross section also can be larger than that adopted in the usual thermal WIMP baryoge-
nesis.
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Astro-particle Physics and Cosmology / 721
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We report on the observation of new properties of secondary cosmic rays Li, Be, and B measured in
the rigidity (momentum per unit charge) range 1.9 GV to 3.3 TV with a total of 5.4 million nuclei
collected by AMS during the first five years of operation aboard the International Space Station.
The Li and B fluxes have an identical rigidity dependence above 7 GV and all three fluxes have an
identical rigidity dependence above 30 GV with the Li/Be flux ratio of 2.0±0.1. The three fluxes
deviate from a single power law above 200 GV in an identical way. This behavior of secondary
cosmic rays has also been observed in the AMS measurement of primary cosmic rays He, C, and
O but the rigidity dependences of primary cosmic rays and of secondary cosmic rays are distinctly
different. In particular, above 200 GV, the secondary cosmic rays harden more than the primary
cosmic rays.
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The spectral shape of the secondary isotopes in cosmic rays is completely determined by the source
spectrum of the parent elements and by the propagation process. In particular, 3He in cosmic rays
is believed to result from the interaction of primary 4He with the interstellar medium, providing a
powerful tool to constrain the parameters of the galactic cosmic rays propagation models. A precise
measurement of the helium isotopes ratio (3He/4He) and the individual 3He and 4He fluxes in the
kinetic energy per nucleon range from 1.0 GeV/nucl to 10 GeV/nucl based on data collected by AMS
during the first 5 years of operation are presented.
The 6Li/7Li ratio, as both isotopes are secondary and stable, is expected to reflect the ratio between
the production cross sections and therefore constitute a good check of the reconstruction method.
Measurement of the lithium isotopes ratio (6Li/7Li) as a function of the kinetic energy per nucleon
from 0.5 GeV/nucl to 10 GeV/nucl based on data collected by AMS during the first 5 years of operation
is presented.
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While grand unified theories offer potential solutions to problems with the Standard Model, such as
the origins of charge quantization, their signature prediction, proton decay, has not been observed ex-
perimentally. Hyper-Kamiokande is a next-generation water Cherenkov experiment with a 187˜kton
target volume that will provide unprecedented sensitivity to a variety of nucleon decay modes, in-
cluding many beyond the so-called flagship modes, p → e+π0 and p → ν̄K+.With improved de-
tector technologies to enhance signal efficiencies and reject backgrounds, Hyper-Kamiokande is
expected to search for these processes with sensitivities to proton lifetimes of 10ˆ{35} years and
longer, providing opportunities for a discoveries for lifetimes exceeding existing limits by an or-
der of magnitude.This presentation will describe the complete Hyper-Kamiokande nucleon decay
physics program and its expected sensitivities.

Astro-particle Physics and Cosmology / 577
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The Dark Energy Survey: Cosmological results from the first year
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Since 2013, the Dark Energy Survey (DES) has been mapping an entire octant of the sky to unprece-
dented depth, measuring the position on the sky, redshift and shape of over 200 million galaxies,
together with thousands of galaxy clusters and supernovae. With this data set, DES is studying the
properties of dark energy using four main probes: galaxy clustering on large scales, weak gravi-
tational lensing, galaxy-cluster abundance, and supernova distances. The data from the first year
of observations (DES-Y1), covering about 1500 sq. deg., have recently been analyzed to derive cos-
mological constraints from each of these four probes, achieving an unprecedented precision in the
determination of the cosmological parameters governing the growth of structure in the Universe.
The talk will present these results from the DES-Y1 observations, together with the first public DES
data release, and will discuss the expected precision after all the survey data will have been ana-
lyzed.
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It will be pointed out that lepton asymmetry can be generated through CP-preserving inflaton decay
into leptons when the Pontecorvo–Maki–Nakagawa–Sakata matrix has proper CP phases. Except
for the assumption of the inflaton decay, we do not introduce any new particle.
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In this letter we have explored the possibility of embedding the genesis
of lepton asymmetry within the well studied Scotogenic model. We have shown that in this model
one can have a Dark Matter in the TeV scale. The model is highly constrained in the context of dark
matter,neutrino mass, Flavor Physics and now also gets an additional
constraint on the relative complex phases from the required lepton asymmetry which eventually
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converts to the observed baryonic asymmetry
through the spheleron transition during the electroweak phase transitions.
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Revisiting electroweak phase transitions in SM with a singlet scalar:
gauge artifact issue
Author: Eibun Senaha1

Co-authors: Cheng-Wei Chiang 2; Yen-Ting Lee 3

1 IBS
2 National Taiwan University
3 National Taiwan Univerisity

Corresponding Authors: rch0421@gmail.com, eibunsenaha@gmail.com, chengwei@phys.ntu.edu.tw

First-order electroweak phase transition plays a central role in electroweak baryogenesis.
However, it is known that unwanted gauge dependence exists in critical temperature
and Higgs vacuum expectation value in an ordinary perturbative calculation scheme.
In this talk, we revisit the electroweak phase transition in the SM with a singlet scalar
utilizing a gauge-independent method proposed by Patel and Ramsey-Musolf
and make a comparison with previous results. Impact on deviation of triple Higgs coupling
from the standard model is also discussed.
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We propose a minimal extension of the standard model with U(1)_B−L × Z_2 symmetry. In this model
by assuming that the neutrinos are Dirac (i.e. B − L is an exact symmetry), we found a simultaneous
solution for non zero neutrino masses and dark matter content of the universe. The observed baryon
asymmetry of the universe is also explained using Dirac Leptogenesis, which is assisted by a dark
sector, gauged under a U(1)_D symmetry. The latter symmetry of the dark sector is broken at a TeV
scale and thereby giving mass to a neutral gauge boson Z_D . The standard model Z-boson mixes
with the gauge boson Z_D at one loop level and thus paves a way to detect the dark matter through
spin independent elastic scattering at terrestrial laboratories.

Astro-particle Physics and Cosmology / 813

Relaxion: A Landscape Without Anthropics
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The relaxion mechanism provides a potentially elegant solution to the hierarchy problem without re-
sorting to anthropic or other fine-tuning arguments. This mechanism introduces an axion-like field,
dubbed the relaxion, whose expectation value determines the electroweak hierarchy as well as the
QCD strong CP violating θ parameter. However, in the original model proposed by Graham, Kaplan
and Rajendran (2015), the relaxion does not solve the strong CP problem, and in fact contributes to
it, as the coupling of the relaxion to the Higgs field and the introduction of a linear potential for the
relaxion produces large strong CP violation. We resolve this tension by considering inflation with
a Hubble scale which is above the QCD scale but below the weak scale, and estimating the Hubble
temperature dependence of the axion mass. The relaxion potential is thus very different during infla-
tion than it is today. We find that provided the inflationary Hubble scale is between the weak scale
and about 3 GeV, the relaxion resolves the hierarchy, strong CP, and dark matter problems in a way
that is technically natural.
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The 6-year dataset of high-energy starting events (HESE) at IceCube indicates a spectrum of astro-
physical neutrinos much softer than expected from the Fermi shock acceleration mechanism. On the
other hand, IceCube’s up-going muon neutrino dataset and Fermi-LAT’s gamma-ray spectrum point
to an E−2 neutrino spectrum. If the HESE data above 200 TeV are fit with the latter flux, an excess
at lower energies ensues, which then suggests a multicomponent spectrum. We show that the HESE
dataset can be explained by a single E−2 power-law neutrino flux from a muon-damped pγ source
if neutrino interactions are modified by CPT violation. The low-energy excess is naturally explained
by the pileup of events from superluminal neutrino decay, and there is no cutoff at high energies
due to the contribution of subluminal antineutrinos. The best-fit scenario with CPT violation also
predicts the observation of Glashow resonance events in the near future.
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DAMPE (DArk Matter Particle Explorer) is a satellite mission of the Chinese Academy of Sciences
(CAS) dedicated to high energy cosmic ray detections. Since its successful launch on December 17th,
2015 a large amount of cosmic ray data has been collected. With relatively large acceptance, DAMPE
is designed to detect electrons (and positrons) up to 10 TeV with unprecedented energy resolution to
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search for new features in the cosmic ray electron plus positron (CRE) spectrum. It will also study
cosmic ray nuclei up to 100 TeV with good precision, which will bring new input to the study of
their still unknown origin and their propagation through the Galaxy.

In this talk, the DAMPE mission will be introduced, together with some details of the construction
and on-ground calibration of the detector subsystems. The in-orbit detector commissioning, calibra-
tion and operation will be described. First data analysis results will be presented.
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The Cosmic Ray Energetics And Mass experiment for the International Space Station (ISS-CREAM) is
a space-borne mission designed for the precision measurement of energy and elemental composition
of cosmic rays. It was launched and installed on the ISS in August 2017. The Silicon Charge Detector
(SCD), placed at the top of the ISS-CREAM payload, consists of 4 layers. Each layer has 2688 silicon
pixels and associated electronics arranged in such a fashion that its active detection area of 78 x 74
cm2 is free of any dead area. The 4-layer configuration was chosen to achieve the best precision in
measuring the charge of cosmic rays within the constraints on the mass, volume and power allotted
to it. The amount of material used for its support structure was minimized as well to reduce the
chance of interactions of the cosmic ray within the structure. Given the placement of the SCD, its
4-layer configuration and the minimal amount of material in the cosmic-ray trajectory, the SCD is
capable of measuring the charge of cosmic rays ranging from protons to iron nuclei with excellent
detection efficiency and charge resolution. We present the design and fabrication of the SCD, and
its performance during various ground tests before launch including a heavy-ion beam test. We also
present the operation and performance of the SCD on the ISS.
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The main aim of the LHC forward (LHCf) experiment [1] is to provide precise measurements of the
particles production rate in the forward region. These high energy calibration data are very impor-
tant for the tuning of hadronic interaction models used by ground-based cosmic rays experiments.
LHC is the most suitable place where we can perform these measurements because a proton-proton
collision at

√
s = 14 TeV is equivalent to the interaction of a 1017 eV cosmic ray with the atmosphere.

In order to do that, two small sampling calorimeters are installed at ±140 m from LHC IP1 (ATLAS In-
teraction Point), so that they can detect the neutral particles with η > 8.4 produced in p-ion collisions
[2].

In the past years, LHCf acquired data from p-ion collisions at different energies (p-p at
√
s = 0.9, 2.76,

7 and 13 TeV; p-Pb at √sNN = 5.02 and 8.1 TeV). In this talk, we would like to present the analysis re-
sults relative to photons [3], neutrons [4] and π0 [5] differential production cross sections, compared
with models predictions. In particular, we will discuss the measurement of the energy distributions
of secondary particles produced in

√
s = 13 TeV p-p collisions (photons, already published [6], and

neutrons) and in √
sNN = 8.1 TeV p-Pb collisions (photons). In all these cases, no model resulted to

be in good agreement with experimental observations in all the regions investigated by the analysis.
We will also discuss about the ATLAS-LHCf joint analysis, based on the common data taking that
the two experiments had in the last two operations at LHC. This activity is very important because
the information of the ATLAS detector in the central region is an useful tag to distinguish between
diffractive and non-diffractive events in the LHCf detector. Finally, we will present the measurement
relative to the contribution of diffractive dissociation to the production of forward photons in

√
s =

13 TeV p-p collisions [7], the first result from the ATLAS-LHCf joint analysis.
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Axions or axion-like particles are ubiquitous in many theoretical extensions of the Standard Model
of particle physics, in particular the ‘’string axiverse” scenario [1-3]. If the phenomenologically
defining parameters, the axion mass, ma, and (effective) decay constant, fa, fall in specific ranges,
then axions contribute to the cosmological dark matter and dark energy densities of the universe
[4]. In the framework of string/M theory a systematic construction of the axion decay constant
and mass spectrum in explicit realisations of the string axiverse is a daunting task to undertake,
often requiring the extensive details of instanton corrections to the superpotential and a detailed
knowledge of the full scalar potential for the supersymmetric theory when considering realistic
axion/moduli population numbers.

We present the background cosmological (quasi-)observables for a series of random matrix (RMT)
models inspired by several axion field alignment mechanisms [5,6], with the associated parameter
spectra for a large number of axion fields, nax ∼ O(10−100), where the masses and decay constants
are drawn from statistical distributions [7]. Using the RMT formalism we also consider the spectra of
more physically motivated models, specifically a class of G2 compactified M-theory models [3,8,9]
where all the moduli are stabilised in a non-supersymmetric minima. This process effectively re-
duces the number of parameters from 2nax to a limited number of ‘’hyperparameters” allowing us
to use Bayesian methods to constrain the hyperparameters of the distributions in the context of the
cosmological (quasi)-observables.
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These methods are also used to constrain the axion parameter space via the black hole superradiance
process [10,11]. The presence of multiple fields can enhance the exclusion bounds on both solar and
supermassive black holes in the so called Regge spin plane as apposed to considering just a single
field. We present an analysis of the statistical likelihoods for each of these models with recorded
black hole data in order to provide a picture of the significance of the axion parameter space its
phenomenology in effective theories.
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Tests of hadronic interactions using the Pierre Auger Observa-
tory
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1 IFLP (CCT La Plata-CONICET), Dpto. de Física, Fac. de Cs. Exactas y Dpto. de Cs. Básicas, Facultad de Ingeniería,
Universidad Nacional de La Plata, C. C. 67 - 1900 La Plata, Argentina.

Corresponding Author: hansen.patricia@gmail.com

Ultra-high energy cosmic rays (UHECR) can be used to study hadronic interactions beyond LHC en-
ergies. In this contribution we summarize relevant data from the Pierre Auger Observatory.

While the proton-air cross section has been measured at sqrt(s) = 57 TeV and found to be in good
agreement with extrapolations from LHC energies, other observables are significantly different to
what is predicted using current models. In particular, the predictions from models of showers based
on LHC data are in strong contradiction with the observed number of muons. More muons are de-
tected than predicted with the magnitude of the effect being model-dependent. Another observable
from the Auger Observatory, the distribution of the depths of muon production, is also poorly de-
scribed. Indeed no current model is capable of describing the full range of data from the Observatory,
thus highlighting deficiencies in extrapolations beyond LHC energies.

The discrepancy between hadronic models can be examined further by measuring separately the
muon and electromagnetic components of the signal recorded by detectors on the ground. The Auger
Observatory is being upgraded by the addition of plastic scintillators above the water-Cherenkov
detectors to achieve this. The new observations will enable rigorous testing of hadronic models up
to sqrt(s) ˜100 TeV and are crucial to the quest of determining the composition of UHECR.
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Precision measurements by the Alpha Magnetic Spectrometer on the International Space Station
of the primary cosmic-ray electron and positron fluxes in the energy range up to 1000 GeV are
presented. The electron flux and the positron flux are significantly different in their magnitude and
energy dependence. Their behavior is consistent with the contribution from a new source of high
energy particle contributing equally to the fluxes of both electrons and positrons.
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Analysis of anisotropy of the arrival directions of galactic protons, electrons and positrons has been
performed with the Alpha Magnetic Spectrometer on the International Space Station. These results
allow to differentiate between point-like and diffuse sources of cosmic rays for the explanation of the
observed excess of high energy positrons. The AMS results on the dipole anisotropy are presented
along with the discussion of implications of these measurements.
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Combined search for dark matter in the Galactic center with ANTARES
and IceCube
Author: Christoph Tönnis1
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To date the neutrino telescopes IceCube and ANTARES have been generating strong limits on the
thermally averaged annihilation cross-secttion of WIMP dark matter in the galactic center, with
ANTARES yeilding the currently strongest limits at WIMP masses exceeding 30 TeV. At a WIMP
mass range of 50 GeV to a few hundred GeV the current limitss from IceCube surpass those of
ANTARES offering a good opportunity for a combined analysis. In this presentation the results of a
first combined search for dark matter in the galactic center using the data of both these experiments
is presented. As a first step to a combined analysis using both detectors full datasets the 79-string
data sample taken from 2012 to 2014 was used from IceCube, while from ANTARES the data sample
collected from 2007 to 2015 was taken. The analysis considered dark matter with particle masses
between 50 and 100 GeV and a variety of different dark matter halo models and annihilation chan-
nels.
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The space experiment of DArk Matter Particle Explorer (DAMPE) developed in China is designed
to find the evidence of dark matter particle by observing primary cosmic rays and gamma rays in
energy range from 5 GeV to 10 TeV. Since its launch in December 2015, a large quantity of data has
been recorded.
The BGO Electromagnetic Calorimeter (BGO ECAL) of the DAMPE is a total absorption calorimeter
consisted of 308 BGO crystal bars that allows for a precise three-dimensional imaging of the shower
shape. It provides a good energy resolution (<1%@200 GeV) and high electron/hadron discrimina-
tion (>10ˆ5). The ECAL also provides a trigger capability for DAMPE. With the data set acquired
more than two years of operation in space, a precise time-dependent calibration for energy, shower
topologies measured by the BGO calorimeter had been developed.
In this report, the instrumentation and development of the BGO ECAL is briefly described. The
calibration on orbit, including the pedestal, minimum ionizing particle (MIP) peak, dynode ratio,
and etc. is discussed, and more details about calibration methods and the performance in space are
presented.

Astro-particle Physics and Cosmology / 463

The cosmic-ray electron spectrum measured with the CALorimet-
ric Electron Telescope
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Direct measurements of cosmic-rays (CRs) are important to understand the sites and the processes
of acceleration and propagation of high-energy particles in the interstellar medium. For example,
detailed measurements of the high-energy electron+positron (hereafter simply “electron”) spectrum
can provide information about nearby CR sources. The electron spectrum may also exhibit features
from Dark Matter (DM) annihilation.
The CALorimetric Electron Telescope (CALET) is a Japanese-led international space mission pro-
moted by JAXA (Japan Aerospace Exploration Agency) in collaboration with the Italian Space Agency
(ASI) and NASA. The apparatus is continuously operating on board of the International Space Sta-
tion (ISS) since October 2015. Its main objective is to perform precise direct measurements of the
electron cosmic-ray spectrum in the energy region above 1 TeV; other scientific objectives are the
measurement of hadron spectra, from proton to iron and above, up to several hundreds of TeV and
the detection of gamma-ray emissions up to 10 TeV.
The instrument consists of a deep homogeneous calorimeter, a sampling-imaging calorimeter and a
charge detector. The electron measurement is characterized by excellent energy resolution (about
1% at 1 TeV) and good proton rejection power (about 105 at 1 TeV). We will discuss the current status
of the electron data analysis, mainly focusing on the electron/proton discrimination methods. Also,
we will present a comparison between electron spectra measured by CALET and other experiments.
The current CALET electron measurement will be extended to higher energies in the next years,
with the increase of accumulated statistics.
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Precision measurements by AMS of the positron fraction and the combined electron and positron
flux in primary cosmic rays in the energy range from up to 1000 GeV based on 25 million positron
and electron events is presented. This measurement extends the energy range of our previous ob-
servation and increases its precision. The new results show that at ∼300 GeV the positron fraction
reaches its maximum. This behavior is consistent with a new source of high energy electrons and
positrons.
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Experiments aiming to directly detect dark matter (DM) particles have yet to make robust detec-
tions, thus underscoring the need for complementary approaches such as searches for new particles
at colliders, and indirect searches of DM decay or annihilation signatures in photon and cosmic ray
spectra. In particular, low energy (< 0.25 GeV/n) cosmic ray antiparticles such as antideuterons are
strong candidates for probing various DM models, as the yield of these particles from DM processes
can exceed the conventional astrophysical background by up to two orders of magnitude. The Gen-
eral Antiparticle Spectrometer (GAPS), a balloon borne cosmic ray detector, will exploit this idea and
perform a virtually background-free measurement of the cosmic antideuteron flux in the regime <
0.25 GeV/n, which will constrain a wide range of viable DM models. Additionally, GAPS will detect
approximately 1500 antiprotons in an unexplored energy range throughout one long duration bal-
loon (LDB) flight, which will constrain < 10 GeV DM models as well as validate the GAPS detection
technique. Unlike magnetic spectrometers, GAPS relies on the formation of an exotic atom within
the tracker in order to reliably identify antiparticles. The GAPS tracker consists of ten layers of
lithium-drifted silicon detectors which record dE/dx deposits from primary and nuclear annihilation
product tracks, as well as measure the energy of the exotic atom deexcitation X-rays. A two-layer,
plastic scintillator time of flight (TOF) system surrounds the tracker and measures the particle ve-
locity, dE/dx deposits, and provides a fast trigger to the tracker. The nuclear annihilation product
multiplicity, deexcitation X-ray energies, TOF, and stopping depth are all used together to discern
between antiparticle species. In this presentation, I will give a progress update on the construction of
the silicon tracker and TOF system, as well as an update on the simulated performance of the GAPS
experiment in light of the upcoming LDB flight from McMurdo Station, Antarctica in 2020.
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The Ultra-Light Axion (ULA) is a dark matter candidate with mass 10ˆ{-22} eV and
de-Broglie wavelength of order kpc. Such an axion, also called the Fuzzy Dark Matter (FDM), ther-
malizes via the gravitational force and forms a Bose-Einstein condensate. The quantum pressure
from FDM can significantly affect the structure formation in small scales, thus alleviating the so-
called “small-scale crisis.” We develop a new technique to discretize the quantum pressure and use
N-body simulations to show the formation of the dark matter halo and its inner structure. We find
a constant density solitonic core, which potentially solves the problems of small-scale crisis.
We also investigate the effects of quantum pressure (QP) in cosmological simulations and find that
QP leads to further suppression of the matter power spectrum at small scales. We then estimate the
flux power spectrum of Lyman-alpha forest, and compare it to the data from BOSS and XQ-100 to
set the lower bound on the FDM particle mass to 10ˆ{−23} eV.
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Astro-particle Physics and Cosmology / 848

Highlights from the Telescope Array Experiment
Authors: IL H. PARK1; on behalf of the Telescope Array collaborationNone

1 Sungkyunkwan University (SKKU)

Corresponding Author: ilpark@skku.edu

Telescope Array (TA) is the largest cosmic ray detector in the Northern hemisphere, constructed
to study ultra high energy cosmic rays (UHECRs) with energies above 10ˆ18 eV. The TA consists
of an array of scintillation counters with 1200 m spacing and three fluorescence detectors, each
viewing 3 to 30 degrees in elevation. The TA has also added a facility (TALE) to extend the energy
threshold down to 10ˆ15.8 eV, by addition of 10 additional fluorescence telescopes increasing the
elevation angle up to 59 degrees, and an infill array of plastic scintillation counters with spacing of
400 and 600 m. The TA has accumulated a large UHECR data set which allows us to determine the
energy spectrum and chemical composition of the primary particles, and search for anisotropy of
UHECR arrival directions and thus sources of cosmic rays. We discuss findings with the latest data
about the localized excess of events known as the TA “hotspot”. The experiment and its most recent
measurements - spectrum, composition, and anisotropy - will be presented.

Astro-particle Physics and Cosmology / 251

Constraining New Physics with high multiplicity
Author: Seong Chan Park1

Co-author: Yongsoo Jho 1

1 Yonsei University

Corresponding Author: sc.park@yonsei.ac.kr

Having no new physics signals observed at collider experiments, we are motivated to consider a sce-
nario that the new physics scale is higher than the current collider energies but still within the reach
of the cosmic ray experiments covering beyond TeV scale. In particular, we focus on the types of
new physics interactions accompanying with high multiplicities in their signals from the collision of
Ultra-High Energy (UHE) cosmic ray with nucleons in the Earth atmosphere with collision energy
E > O(100) PeV or Ecm > O(10) TeV in center-of-mass (CM) frame. The characteristic features of
neutrino-induced air-showers and proton-induced air-showers induced by new physics interactions
are identified then the experimental constraints on the new physics scale are obtained from the ex-
isting and future coming data from Telescope-Array (TA) and Pierre-Auger experiments. As specific
examples, we show the results from electroweak sphaleron and TeV scale microscopic black holes
in detail.

Astro-particle Physics and Cosmology / 27

The unusual structure detection in Extensive air shower events at
Horizon-8T cosmic rays detector system
Authors: R.U. BeisembayevNone; Dmitriy Beznosko1; Ayan BatyrkhanovNone; E.A. BeisembayevaNone; OLEG DALKA-
ROV2; Alexander Iakovlev1; Vladimir Ryabov3; T.Kh. SadykovNone; M.I. VildanovaNone; V.V. ZhukovNone

1 Nazarbayev University
2 P.N.Lebedev Physical Institute
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3 Lebedev Physical Institute

Corresponding Authors: ayan.batyrkhanov@nu.edu.kz, ryabov@x4u.lebedev.ru, dmitriy.beznosko@nu.edu.kz,
odalkarov@rambler.ru, aleksandr.iakovlev@nu.edu.kz

Horizon-8T is a detector system aimed to study Extensive Air Showers (EAS) temporal structure
in the energy range of the primary above ˜10ˆ16 eV. It is constructed at approximately 3340 meters
above the sea level at the Tien Shan high-altitude Science Station, part of Lebedev Physical Institute
of the Russian Academy of Sciences. Detector system consists of eight charged particle detection
points separated by the distance up to one kilometer.
During Physics Run 1 from October 2016 to April 2017, about 8000 total events were detected, a
sizable number of which exhibit the unusual spatial and temporal structure of pulses with several
maxima (or modes). The separation of the maxima can be from few tens of ns to several hundred ns.
The Run 1 dataset suggests that separation between maxima increases with distance from EAS core,
which cannot be obtained from simulations, and seem to occur only in events with energy above
˜10ˆ17 eV. The overview of Horizon-8T detector system and the details of the unusual events data
will be presented.

Astro-particle Physics and Cosmology / 31

 Search for Rotational Cross-Correlations in Emergent Space-Time
with the Holometer
Authors: Ohkyung Kwon1; Craig Hogan2

1 KAIST
2 U. Chicago and Fermilab

Corresponding Authors: o.kwon@kaist.ac.kr, cjhogan@fnal.gov

 We present a new phenomenology for the Fermilab Holometer, a pair of 39m-long, co-located but in-
dependent high-power Michelson interferometers. The differential position signals are cross-correlated
over a broad frequency band exceeding the inverse light crossing time, attaining sensitivity to both
timelike and spacelike correlations across the physical system. The second-generation experiment
employs a unique bent-arm configuration to search for rotational correlations associated with the
emergence of flat space-time and local inertial frames from a quantum system. A Planck density
spectrum in dimensionless strain units is shown to be consistent with causal diamonds of 4-position
whose degrees of freedom scale with the holographic information content of black hole event hori-
zons.

A Lorentz invariant framework is constructed to interpret data. Nonlocal entanglements among
states in relational space-time are statistically modeled as antisymmetric cross-covariances on past
and future light cones between world lines of Planck bandwidth in proper time, motivating a distinc-
tive signature: an imaginary broad-band cross-spectrum that is acausal in standard physics, with a
frequency response derived from the optical layout and its causal structure.

Astro-particle Physics and Cosmology / 490

Statistical Analyses of Higgs- and Z-Portal Dark Matter Models

Authors: Andrew Fowlie1; John Ellis2; Luca Marzola3; Martti Raidal4

1 Monash University
2 CERN
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3 University Of Tartu
4 National Institute of Chemical Physics and Biophysics (EE)

Corresponding Authors: martti.raidal@cern.ch, luca.marzola@ut.ee, johnellis@fastmail.fm, andrew.fowlie@monash.edu

I present results from 1711.09912 of frequentist and Bayesian statistical analyses of Higgs- and Z-
portal models of dark matter particles with spin 0, 1/2 and 1. Our analyses incorporate data from di-
rect detection and indirect detection experiments, as well as LHC searches for monojet and monopho-
ton events. We find acceptable regions of the parameter spaces for Higgs-portal models with real
scalar, neutral vector, Majorana or Dirac fermion dark matter particles, and Z-portal models with
Majorana or Dirac fermion dark matter particles.

Astro-particle Physics and Cosmology / 936

Low-scale leptogenesis with 3 right-handed neutrinos
Authors: Giorgio Arcadi1; Valerie Domcke2; Marco Drewes3; Juraj Klaric4; Michele Lucente5; Asmaa AbadaNone

1 MPIK Heidelberg
2 SISSA
3 Universite Catholique de Louvain (UCL) (BE)
4 Technische Universität München
5 CP3-UCL

Corresponding Authors: abada@th.u-psud.fr, marcodrewes@gmail.com, michele.lucente@uclouvain.be, jurak-
laric@gmail.com, valerie.domcke@sissa.it, arcadi@mpi-hd.mpg.de

We provide the first systematic study of the low-scale leptogenesis scenario in the minimal Standard
Model extended with 3 right-handed neutrinos having masses at the GeV scale.
We highlight and discuss the differences between the 2- and the 3-right-handed neutrino cases,
the major qualitative distinction being the possibility, in the latter scenario, of probing part of the
parameter space at the LHC. Moreover, 3-right-handed neutrinos allow for the generation of a CP-
asymmetry already in the oscillating sterile sector, without the need of relying on flavour asymmet-
ric washout. We quantitatively study the differences between the parameter space of solutions in
the two scenarios, highlighting the viability of the models and their testability in current and future
experiments, as well as the different impact of the identified solutions in neutrino observables, as
for instance in the neutrinoless double beta decay expected rate.

Astro-particle Physics and Cosmology / 690

Extremely weak and super-efficient production of keV sterile neu-
trino: phase transition and induced parametric resonance cre-
ation.
Authors: Anton Chudaykin1; Dmitry Gorbunov2; Fedor Bezrukov3

1 Institute for Nuclear Research
2 Russian Academy of Sciences (RU)
3 University of Manchester (GB)

Corresponding Authors: chudy@ms2.inr.ac.ru, fedor.bezrukov@manchester.ac.uk, dmitry.gorbunov@cern.ch

We study a model of a keV-scale sterile neutrino with a relatively large mixing with the Standard
Model sector. Usual considerations predict active generation of such particles in the early Universe,
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which leads to constraints from the total Dark Matter density and absence of X-ray signal from sterile
neutrino decay. These bounds together may deem any attempt of creation of the keV scale sterile
neutrino in the laboratory unfeasible. We argue that for models with a hidden sector coupled to
the sterile neutrino these bounds can be evaded, opening new perspectives for the direct studies at
neutrino experiments such as Troitsk ν-mass and KATRIN.

We estimate the generation of sterile neutrinos in scenarios with the hidden sector dynamics keeping
the sterile neutrinos either massless or superheavy in the early Universe. In both cases the genera-
tion by oscillations from active neutrinos in plasma is suppressed. In particular, we firstly explore
the hidden sector with the phase transition which makes the sterile neutrinos massless and oscilla-
tions inefficient in the early Universe. In the second case, we introduce the feebly interacting scalar
field which oscillates at late times and can compose all Dark Matter today avoiding any structure
formation constraints.

Beyond the Standard Model / 414

Light Dark Matter Showering under Broken U(1) –Revisited
Authors: Pyungwon Ko1; Hsiang-nan Li2; Jinmian Li1; Hiroshi Yokoya1; Junmou Chen3

1 KIAS
2 Academia Sinica
3 Korean Institute for Advanced Study

Corresponding Author: jmchen@kias.re.kr

The scenario of light dark matter fermion under a massive U(1) group has attracted some attention
lately. It was proposed recently that different chiralities of the DM can lead to different showering
patterns, resulting in distinguishable signatures in LHC. This can be helpful in understanding the
origin of the dark photon mass and the DM mass. Here we study this subject further by examining
the dark shower of two simplified models –named Chiral Model and Vector Model. We derive a more
complete set of collinear splitting functions by specifying the helicities of the fermion, incorporating
all degrees of freedom and splittings arising from symmetry breaking. We implement dark shower
with those splitting functions in the two models and analyze the jet profiles after the dark photons
decay back the SM particles. The effects of different aspects of splitting functions are demonstrated
and discussed.

Beyond the Standard Model / 57

The fate of the Littlest Higgs with T parity under 13 TeV LHC
data
Authors: Jürgen Reuter1; Daniel Dercks, né SchmeierNone; Gudrid Moortgat-PickNone; So Young Shim2

1 DESY Hamburg, Germany
2 DESY

Corresponding Authors: soyoung.shim@desy.de, daschm@uni-bonn.de, gudrid.moortgat-pick@desy.de, juer-
gen.reuter@desy.de

Little Higgs models - which can most easily be thought of as a variant of
composite Higgs models - explain a light Higgs boson at 125 GeV as an
pseudo-Nambu-Goldstone boson of a spontaneously broken global symmetry.
The mechanism of collective symmetry breaking shifts the UV scale of
these models to the 10 TeV scale and higher. T-parity is introduced as
a discrete symmetry to remove tree-level constraints on the electroweak
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precision data. Still after run 1 of LHC, electroweak precision observables
gave stronger constraints than Higgs data and direct searches. We present
a full recast of all available 13 TeV searches from LHC run 2 to show that
now direct searches supersede electroweak porecision observables. The latest
exclusion limits on the LHT model will be presented, as well as an outlook
on the full high-luminosity phase of LHC.

Beyond the Standard Model / 53

Spontaneous CP-violation in the Simplest Little Higgs Model
Author: Ying-nan Mao1

1 CFHEP,IHEP

Corresponding Author: maoyn@ihep.ac.cn

We proposed the possiblity of spontaneous CP-violation in the simplest little Higgs (SLH) model.
Based on the continuum effective field theory (CEFT) framework, we derived the properties of the
scalar potential of this model. We carefully discussed the theoretical and experimental constraints
on this model, and showed it is still alive. We also discussed the collider tests of CP-violation in the
scalar sector in this model.

Beyond the Standard Model / 37

CP violation in B –> D** tau nu
Authors: Abi Soffer1; Yuval Grossman2; Daniel Aloni3

1 Tel Aviv University (IL)
2 Cornell
3 Weizmann Institute of Science

Corresponding Authors: yg73@cornell.edu, abner.soffer@cern.ch, daniel.aloni@weizmann.ac.il

Current measurements of the branching fractions for b –> c tau nu processes yield results that
are more than 4 standard deviations higher than the standard-model expectations. This motivates
exploration of potential new physics in these decays, including searches for CP violation. A CP-
violating asymmetry requires interference between amplitudes with different CP-violating and CP-
conserving phases. We show that these conditions can be satisfied in B –> D** tau nu in the presence
of new physics, and describe a new method for measuring the asymmetry at Belle II or LHCb.

Beyond the Standard Model / 60

The MoEDAL Experiment at the LHC - a New Light on the High
Energy Frontier
Author: James Pinfold1

1 University of Alberta (CA)
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Corresponding Author: james.pinfold@cern.ch

MoEDAL, is a pioneering LHC experiment designed to search for anomalously ionizing messengers
of new physics such as magnetic monopoles or massive (pseudo-)stable charged particles, that are
predicted to existing a plethora of models beyond the Standard Model. It started data taking at the
LHC at a centre-of-mass energy of 13 TeV, in 2015. Its ground breaking physics program defines a
number of scenarios that yield potentially revolutionary insights into such foundational questions
as: are there extra dimensions or new symmetries; what is the mechanism for the generation of mass;
does magnetic charge exist; and what is the nature of dark matter. MoEDAL purpose is to meet such
far-reaching challenges at the frontier of the field. We will present the results from the MoEDAL
detector on Magnetic Monopole and highly ionizing electrically charged particle production that
are the world’s best. In conclusion, progress on the installation of MoEDAL’s MAPP (MoEDAL
Apparatus for the detection of Penetrating Particles) sub-detector prototype will be very briefly be
discussed.

Beyond the Standard Model / 55

Loop Induced Single Top Partner Production and Decay at the
LHC
Authors: Ian Lewis1; Jeong Han Kim2; K.C. Kong2; Haider AlhazmiNone

1 The University of Kansas
2 University of Kansas

Corresponding Authors: jeonghan.kim@ku.edu, kckong@ku.edu, ian.lewis@ku.edu

Most searches for top partners, T, are concerned with top partner pair production. However, as
these bounds become increasingly stringent, the LHC energy will saturate and single top partner
production will become more important. We study the LHC sensitivity to single top partner produc-
tion in a model where the Standard Model (SM) is extended by an SU(2) singlet top partner and a SM
gauge singlet scalar, S. In this model, it is possible that the scalar singlet can mediate loop induced
gg → T t production, where t is the SM top quark. In fact, we find that the production rate of this
channel can be comparable to top partner pair production at top partner masses of MT > 1.5 TeV.
In addition, while most current searches focus on the decays T → tZ, T → th, T → Wb decays, in
this model the decay pattern of the top partner can be significantly altered with new decay modes
T → gt, T → γt, and T → St. We give an overview of the various production and decay channels of
the top partner in this model and classify which modes are dominant in which regions of parameter
space. We then project the the sensitivity of the high luminosity LHC to gg → T t.

Beyond the Standard Model / 918

Scherk-Schwartz twists in GUT models
Authors: Dumitru Dan Smaranda1; David Miller1

1 University of Glasgow

Corresponding Authors: d.smaranda.1@research.gla.ac.uk, david.j.miller@glasgow.ac.uk

We address the question of whether non-trivial boundary conditions (Scherk - Schwartz twists) act-
ing on fields from the extra compactified dimensions can give a SM low energy spectrum with a
“naturally” broken SUSY? We explore a variety of minimal and non-minimal models, confronting
current experimental bounds, and discuss progress in formulating more contained and elegant mod-
els.
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Beyond the Standard Model / 118

Searches for electroweakly produced supersymmetry with CMS

Author: Valentina Dutta1

1 Univ. of California Santa Barbara (US)

Corresponding Author: valentina.dutta@cern.ch

In supersymmetric models where colored sparticles are beyond the reach of the LHC, the electroweak
production of SUSY particles may constitute the dominant SUSY processes that could be observed
at the LHC. In this talk, I will discuss the results of CMS searches for electroweakinos and sleptons.
These searches are challenging because of the low production cross sections, however the growing
LHC dataset allows us to improve our sensitivity to these signal processes.

Beyond the Standard Model / 259

Probing new intra-atomic force with isotope shifts
Author: yasuhiro yamamoto1

1 Yonsei U

Corresponding Author: yamayasu@yonsei.ac.kr

In the development of atomic clocks, some atomic transition frequencies are measured with remark-
able precision. These measured spectra may include effects of a new force mediated by a weakly
interacting boson. Such effects might be distilled out from possible violation of a linear relation
in isotope shifts between two transitions, as known as King’s linearity, with relatively suppressed
theoretical uncertainties. We discuss the experimental sensitivity to a new force in the test of the lin-
earity as well as the linearity violation owing to higher order effects within the Standard Model. The
sensitivity to new physics is limited by such effects. We have found that for Yb+, the higher order
effect is in the reach of future experiments. The sensitivity to a heavy mediator is also discussed. It is
analytically clarified that the sensitivity becomes weaker than that in the literature. Our numerical
results of the sensitivity are compared with other weak force search experiments.

Beyond the Standard Model / 899

BSM physics in energy-frontier DIS with the LHeC and the FCC-
eh
Authors: Nestor Armesto Perez1; Daniel Britzger2

1 Universidade de Santiago de Compostela (ES)
2 Ruprecht Karls Universitaet Heidelberg (DE)

Corresponding Author: daniel.britzger@cern.ch

Energy-frontier DIS can be realised at CERN through an energy recovery linac that would produce
60 GeV electrons to collide with the HL-LHC or later HE-LHC (LHeC) or eventually the FCC hadron
beams (FCC-eh). It would deliver electron-proton collisions with centre-of-mass energies in the
range 1.2-3.5 TeV, and luminosities exceeding 1034 cm−2s−1. In this talk we present new studies on
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the possibilities that the LHeC and FCC-eh offer for BSM physics. Among other aspects, we will dis-
cuss anomalous top couplings, searches for heavy and sterile neutrinos, contact interactions, FCNC
and EWK SUSY particles. We will also demonstrate how the precision PDF and QCD information
from ep will empower the search potential of the associated pp facilities, LHC and FCC-hh.

Beyond the Standard Model / 454

Spectral Decomposition of Missing Transverse Energy at Hadron
Colliders
Authors: Tae Hyun Jung1; Kyu Jung Bae2; Myeonghun Park3

1 Institute for Basic Science
2 Univ. of Oklahoma
3 Institute for basic Science (KR)

Corresponding Authors: myeonghun.park@cern.ch, thjung0720@ibs.re.kr, baekj81@gmail.com

We propose a spectral decomposition to systematically extract information of dark matter at hadron
colliders. The differential cross section of events with missing transverse energy (MET) can be ex-
pressed by a linear combination of basis functions. In the case of s-channel mediator models for dark
matter particle production, basis functions are identified with the differential cross sections of sub-
processes of virtual mediator and visible particle production while the coefficients of basis functions
correspond to dark matter invariant mass distribution in the manner of the Källén-Lehmann spectral
decomposition. For a given MET dataset and mediator model, we show that one can differentiate a
certain dark matter–mediator interaction from another through spectral decomposition.

Beyond the Standard Model / 870

Indirect detection of (Late-decoupling) Semi-Annihilating Dark
Matter
Author: Andrew Spray1

Co-author: Yi Cai 2

1 Institute for Basic Science
2 The University of Melbourne

Corresponding Authors: aps37@triumf.ca, andrew.spray@coepp.org.au, aspray@unimelb.edu.au, caiyi.pku@gmail.com

Semi-annihilation describes processes with an initial state of two dark matter particles, and a final
state of one plus standard model states. It is a generic feature of dark matter whenever the symmetry
group enforcing stability is not a discrete Z2. Semi-annihilation changes the expected signals in cur-
rent dark matter searches, weakening limits from direct and collider searches, but can still be probed
using cosmic ray observations. We discuss generic features of semi-annihilating searches and derive
model-independent bounds using effective operators. We additionally discuss the relation between
semi-annihilation and kinetic decoupling of the dark and visible sectors. The scattering processes
that maintain thermal contact are related by crossing symmetry to dark matter annihilation, which
can have an important effect on thermal freeze out. However, interesting parameter space remains
where the indirect signals today can be significantly enhanced. We illustrate this general feature
using a specific example, a dark matter explanation of the AMS positron flux.
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Beyond the Standard Model / 704

Monojet signatures at the High-Luminosity and High-Energy LHC

Author: Mihoko Nojiri1

1 Theory Center, IPNS, KEK

Corresponding Author: nojiri@post.kek.jp

In some class of BSM models, such as SUSY , DM may be searched using high pT jets + missing ET,
where DM (X) may be
produced from the decay of a heavy particle H. If mH is close to mX, the signature is ISR , and may
be monojet like, and there are much
information on the nature of H and X. I will discuss leading jet distribution contains the information
of both mH, color representation
and spin of the particles, but to extract the information fully, one need to predict the distribution
with less than 10% accuracy
for the parameter region that may be studied at HL-or HE-LHC. Then I turn into the theoretical error
in the current best NLO MC
based on MC@NLO scheme, such as MG5 and Sherpa, and discuss if such accuracy can be achieved.

Beyond the Standard Model / 133

Searches for SUSY with boosted objects at CMS
Authors: Arnd Meyer1; Rishi Gautam Patel2

1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 University of Colorado Boulder (US)

Corresponding Author: rpatel@cern.ch

Searches for supersymmetry at the LHC have pushed the mass limits for strongly-produced sparticles
to the TeV level and make the reconstruction and identification of boosted objects to an essential
tool for current and future searches for supersymmetry. These objects can originate from the final
stage of a short decay chain, or arise heavy gauge or Higgs bosons produced in a decay chain.
The talk summaries the use of large-radius jets and substructure techniques in searches such as the
ones for the pair production of gluinos or third generation squarks in proton-proton collisions at 13
TeV.

Beyond the Standard Model / 135

Searches for strongly-produced SUSY at CMS
Authors: Arnd Meyer1; Ana Ovcharova2

1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 Univ. of California Santa Barbara (US)

Corresponding Author: ana.ovcharova@cern.ch

Searches for the pair-production of colored supersymmetric particles are presented. The results
cover different scenarios of gluino and squark production, including models of split supersymmetry
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that predict long-lived gluinos. The results are based on proton-proton collisions recorded at sqrt(s)
= 13 TeV with the CMS detector.

Beyond the Standard Model / 140

Searches for long-lived particles and other non-conventional sig-
natures at CMS
Authors: Arnd Meyer1; Alberto Escalante Del Valle2

1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 Austrian Academy of Sciences (AT)

Corresponding Author: a.escalante.del.valle@cern.ch

Many extensions of the standard model including SUSY predict new particles with long lifetimes,
such that the position of their decay is measurably displaced from their production vertex, and par-
ticles giving rise to other non-conventional signatures. We present recent results of searches for
long-lived particles and other non-conventional signatures obtained using data recorded by the CMS
experiment at Run-II of the LHC.

Beyond the Standard Model / 137

Searches for new physics in dijet and multijet final states
Authors: Arnd Meyer1; Sung Won Lee2

1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 Texas Tech University (US)

Corresponding Author: sungwon.lee@cern.ch

Results of searches for new physics in the dijet and multijet final states are presented. These include
model-independent and model-specific searches using the dijet invariant mass spectrum and the
dijet angular distributions, searches for black holes, quantum and microscopic, in multijet events, as
well as searches for RPV SUSY in events with paired dijets. This talk focuses on the recent results
obtained using data collected at Run-II of the LHC.

Beyond the Standard Model / 138

Searches for new physics in lepton+jet final states
Authors: Arnd Meyer1; Muzamil Ahmad Bhat2

1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 Tata Inst. of Fundamental Research (IN)

Corresponding Author: muzamil.ahmad.bhat@cern.ch

Results of searches for new particles such as leptoquarks, heavy neutrinos, and W bosons with
right-handed couplings in final states with leptons (charged or neutral) and jets are presented. The
emphasis is given to the recent results obtained using data collected at Run-II of the LHC.
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Beyond the Standard Model / 170

Searches for new heavy resonances in final states with leptons
and photons at CMS
Authors: Arnd Meyer1; Benjamin Radburn-Smith2

1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 Seoul National University (KR)

Corresponding Author: benjamin.radburn-smith@cern.ch

Numerous new physics models, e.g., theories with extra dimensions and various gauge-group exten-
sions of the standard model, predict the existence of new particles decaying to leptons and photons.
This talk presents CMS searches for new resonances in the dilepton, lepton+MET, diphoton, and
other final states that include leptons and photons, focusing on the recent results obtained using
data collected at Run-II of the LHC.

Beyond the Standard Model / 136

Searches for non-resonant new phenomena in final states with
leptons and photons
Authors: Arnd Meyer1; Kyungwook Nam2

1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 Seoul National University (KR)

Corresponding Author: kyungwook.nam@cern.ch

Many new physics models, e.g., compositeness, see-saw, and extra dimensions models, are expected
to manifest themselves in the final states with leptons and photons. This talk presents searches for
new non-resonant phenomena in the final states that include leptons and photons, focusing on the
recent results obtained using data collected at Run-II of the LHC.

Beyond the Standard Model / 393

Searches for squarks and gluinos in final states involving dark
matter candidates with ATLAS
Author: Hernan Wahlberg1

1 La Plata

Corresponding Author: hernan.wahlberg@cern.ch

Despite the absence of experimental evidence, weak-scale supersymmetry remains one of the best
motivated and studied Standard Model extensions. This talk summarises recent ATLAS results on
inclusive searches for supersymmetric squarks of the first two generations, and gluinos in R-parity
conserving models that predict dark matter candidates. The searches target final states including
jets, leptons, photons, and missing transverse momentum.
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Beyond the Standard Model / 387

Searches for New Phenomena in Dijet Events with the ATLAS De-
tector
Author: Andrea Coccaro1

1 Genova

Corresponding Authors: andrea.coccaro@cern.ch, coccaro@cern.ch

Events with two hadronic jets in the final state are of particular interest in the search for physics
beyond the Standard Model: new phenomena produced in parton collisions are likely to produce
final states with (at least) two partons. In this talk several searches performed by the ATLAS collab-
oration are presented. The very high mass and the low mass regions have both been investigated,
by exploiting dedicated signatures and, in case of the latter, new techniques to overcome trigger
limitations. Final states with b-jets have also been explored.

Beyond the Standard Model / 392

Search for New Physics through the Reconstruction of Challeng-
ing Signatures with the ATLAS detector
Author: Marianna Testa1

1 Frascati

Corresponding Author: marianna.testa@lnf.infn.it

Many theories of beyond the Standard Model (BSM) physics predict unique signatures which are
difficult to reconstruct and the background rates are also a challenge. Signatures from displaced
vertices anywhere from the inner detector to the muon spectrometer as well as those of new particles
with fractional or multiple value of the charge of the electron or high mass stable charged particles
are experimentally demanding signatures. The results of searches using data collected by the ATLAS
detector of √s = 13 TeV pp collision is presented.

Beyond the Standard Model / 384

Search for vector-like quarks with the ATLAS Detector
Author: Allison Mccarn Deiana1

1 University of Michigan (US)

Corresponding Author: allison.renae.mc.carn@cern.ch

Vector like quarks appear in many theories beyond the Standard Model as a way to cancel the mass
divergence for the Higgs boson.  The current status of the ATLAS searches for the production of
vector like quarks will be reviewed for proton-proton collisions at 13 TeV.  This presentation will
address the analysis techniques, in particular the selection criteria, the background modeling and
the related experimental uncertainties.  The results and the complementarity of the various searches
will be discussed.
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Beyond the Standard Model / 385

Complementarity of ATLAS Searches for s-channel Resonance
Production in Bosonic an Leptonic Final States
Author: Stephane Yves G Willocq1

1 University of Massachusetts (US)

Corresponding Author: stephane.willocq@cern.ch

Many theories beyond the Standard Model predict new s-channel resonances decaying into two
bosons (WW,ZZ,WZ,WH,ZH) and possibly leptons (ll, lv), such as a new heavy scalar singlet, a new
heavy vector-boson triplet, or a heavy spin-2 graviton in the bulk Randall-Sundrum model. This talk
will summarize relevant ATLAS searches at the LHC using proton-proton collision data collected at
a centre-of-mass energy of 13 TeV and show their complementarity.

Beyond the Standard Model / 388

Searches for heavy resonances decaying to top quarks with the
ATLAS detector
Author: Farida Fassi1

1 Rabat

Corresponding Author: farida.fassi@cern.ch

Searches for new resonances that decay either to pairs of top quarks or a top and a b-quark will
be presented.  The searches are performed with the ATLAS experiment at the LHC using proton-
proton collision data collected at a centre-of-mass energy of 13 TeV.  The invariant mass spectrum
of hypothetical resonances are examined for local excesses or deficits that are inconsistent with the
Standard Model prediction.

Beyond the Standard Model / 389

Searches for new phenomena in leptonic final states using the
ATLAS detector
Author: Borut Paul Kersevan1

1 Ljubljana

Corresponding Author: borut.kersevan@cern.ch

Many theories beyond the Standard Model predict new phenomena which decay to well isolated,
high-pt leptons. Searches for new physics models with these signatures are performed using the
ATLAS experiment at the LHC.  The results reported here use the pp collision data sample collected
by the ATLAS detector at the LHC with a centre-of-mass energy of 13 TeV.

Beyond the Standard Model / 397
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Searches for direct pair production of stops and sbottoms with
the ATLAS detector
Author: Giacomo Polesello1

1 Pavia

Corresponding Author: giacomo.polesello@cern.ch

Naturalness arguments for weak-scale supersymmetry favour supersymmetric partners of the third
generation quarks with masses not too far from those of their Standard Model counterparts. The phe-
nomenology ranges from final states of top or bottom quark pairs and two dark matter candidates, to
more complex scenarios involving non-prompt sparticle decays or R-parity violating signatures. This
talk presents recent ATLAS results from searches for direct sbottom and stop pair production focus-
ing on the less conventional scenarios.

Beyond the Standard Model / 398

Searches for electroweak production of supersymmetric particles
involving the Higgs boson and the higgsino with ATLAS
Author: Anyes Taffard1

1 UCI

Corresponding Author: anyes.taffard@cern.ch

Fine-tuning arguments suggest the mass of the supersymmetric partner of the Higgs boson, the
higgsino, is not too far from the weak scale.  The search for higgsinos represents an experimental
challenge due to the near mass-degeneracy resulting in soft decay products, and the low production
cross section. This talk presents recent ATLAS results of analyses explicitly targeting the higgsino
with a variety of experimental techniques, as well as searches for electroweak production of super-
symmetric particles in final states involving the Higgs boson.

Beyond the Standard Model / 331

New results on R(D) and R(D*) from Belle
Authors: Shohei Nishida1; Kodai Matsuoka2

1 KEK
2 Nagoya University

Corresponding Authors: matsuoka@hepl.phys.nagoya-u.ac.jp, shohei.nishida@kek.jp

ndications for lepton flavour violation in the mode B → D() tau nu have triggered substantial interest
and could be a hint for New Physics effects such as a charged Higgs or leptoquark current. We report
new results from the Belle experiment at the KEKB e+e- collider on R(D), R(D) and on the longitudinal
polarisations of the Dand tau in the decay B→ D tau nu. Belle results on the purely leptonic modes
B → mu nu and B → l nu gamma will also be covered. The analyses are based on the full data set
recorded by the Belle detector at the Υ(4S) resonance containing 772 million BBbar pairs.

Beyond the Standard Model / 758
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Search for K+->pi+nunu at CERN
Author: Cristina Lazzeroni1

1 University of Birmingham (GB)

Corresponding Authors: karim.massri@cern.ch, cristina.lazzeroni@cern.ch

The decay K+ → π+νν, with a very precisely predicted branching ratio of less than 10-10, is one
of the best candidates to reveal indirect effects of new physics at the highest mass scales. The NA62
experiment at CERN SPS is designed to measure the branching ratio of the K+ → π+νν with a
decay-in-flight technique, novel for this channel. NA62 took data in 2016, 2017 and another year
run is scheduled in 2018. Statistics collected in 2016 allows NA62 to reach the Standard Model
sensitivity for K+ → π+νν, entering the domain of 10-10 single event sensitivity and showing the
proof of principle of the experiment. The analysis data is reviewed and the preliminary result from
the 2016 data set presented.

Beyond the Standard Model / 584

Flavour Anomalies in Rare Decays at LHCb
Author: Lorenzo Capriotti1

1 University of Manchester (GB)

Corresponding Author: lorenzo.capriotti@cern.ch

Rare decays are powerful probes for Physics beyond the Standard Model (SM), as new particles
can have a large impact on physics observables. Recent results on lepton universality tests and
measurements of branching fractions and angular distributions of rare b->sll decays have shown
tensions with the SM predictions. The LHCb experiment is ideally suited for the study of the these
flavour anomalies, due to its large acceptance, precise vertexing and powerful particle identification
capabilities. The latest results from LHCb on the flavour anomalies will be presented and their
interpretation will be discussed.

Beyond the Standard Model / 804

Search for invisible dark photon decay at BABAR
Authors: Fabio Anulli1; Gerald Eigen2

1 Sapienza Universita e INFN, Roma I (IT)
2 University of Bergen (NO)

Corresponding Authors: gerald.eigen@cern.ch, fabio.anulli@roma1.infn.it

We report on a search for single-photon events in 53 fb−1 of data collected with the BABAR detector.
We look for events consistent with production of a dark photon (A′) through the process e+e− →
γA′, A′ → invisible. Such particles are motivated by theories applying a U(1) gauge symmetry to
dark matter. We find no evidence for this process and set limits on the A′-photon coupling for a
dark photon mass below 8 GeV. These results greatly improve upon previous bounds, and exclude
the range of values suggested by the dark-photon interpretation of the muon (g−2) anomaly

Beyond the Standard Model / 906
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Recent progress with Muon g-2 Experiment at Fermilab
Author: Liang Li1

1 Shanghai Jiao Tong University

Corresponding Author: liangliphy@sjtu.edu.cn

The muon anomalous magnetic moment can be both measured and computed with high precision,
providing a sharp tool in testing the robustness of the Standard Model and searching for new physics.
The previous measurement by the Brookhaven E821 experiment found a 3.6 standard deviation dis-
crepancy from the predicted value. The new generation Muon g-2 experiment at Fermi National Lab-
oratory has started to take physics data since early this year. The first physics result is coming soon
with expected improvements in both the measurement precision and theory calculation.

Beyond the Standard Model / 531

Improved studies of B—>D(*) tau nu with vertexing at Belle II

Authors: Ida Peruzzi1; Abi Soffer2

1 Laboratori Nazionali di Frascati dell’INFN
2 Tel Aviv University (IL)

Corresponding Authors: abner.soffer@cern.ch, peruzzi@slac.stanford.edu

BABAR, Belle, and LHCb measure the rates for the decays B → D(∗)τν and Bc → J/ψτν to be
higher than the SM expectations, with a combined discrepancy of 4.1σ (for B → D(∗)τν only)
or ∼ 4.3σ (including all modes). In the coming years, Belle II and LHCb will greatly improve the
measurement precision, to the level that systematic uncertainties associated with the background
B → D∗∗ℓν become critical. We show how to utilize Belle II’s high spatial resolution to obtain a
model-independent handle on this background and improve the overall signal-backgroud. We also
study the impact of vertexing on Belle II’s capability to perform this measurement with the decay
τ → 3πν, as already demonstrated by LHCb.

Beyond the Standard Model / 401

Reconstruction techniques in supersymmetry searches in the AT-
LAS experiment
Author: Mark Hodgkinson1

1 Sheffield

Corresponding Author: mark.hodgkinson@cern.ch

Many supersymmetric scenarios feature final states with non-standard final state objects. The pro-
duction of massive sparticles can lead to the production of boosted top quarks or vector bosons,
high-pt b-jets. At the same time, transitions between nearly mass-degenerate sparticles can chal-
lenge the standard reconstruction because of the presence of very soft leptons or jets. The talk will
review the application of innovative reconstruction techniques to supersymmetry searches in AT-
LAS.
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Beyond the Standard Model / 985

The Light Dark Matter eXperiment
Author: Omar Moreno1

1 SLAC National Accelerator Laboratory

Corresponding Author: omoreno@slac.stanford.edu

The Light Dark Matter eXperiment (LDMX) proposes a high-statistics search for low-mass dark mat-
ter in fixed-target electron-nucleus collisions. Ultimately, LDMX will explore thermal relic dark
matter over most of the viable sub-GeV mass range to a decisive level of sensitivity. To achieve this
goal, LDMX employs the missing momentum technique, where electrons scattering in a thin target
can produce dark matter via “dark bremsstrahlung” giving rise to significant missing momentum and
energy in the detector. To identify these rare signal events, LDMX individually tags incoming beam-
energy electrons, unambiguously associates them with low energy, moderate transverse-momentum
recoils of the incoming electron, and establishes the absence of any additional forward-recoiling
charged particles or neutral hadrons. LDMX will employ low mass tracking to tag incoming beam-
energy electrons with high purity and cleanly reconstruct recoils. A high-speed, granular calorime-
ter with MIP sensitivity is used to reject the high rate of bremsstrahlung background at trigger level
while working in tandem with a hadronic calorimeter to veto rare photonuclear reactions. This talk
will summarize the small-scale detector concept for LDMX, ongoing performance studies, and near
future prospects.

Beyond the Standard Model / 309

New Precision Measurement of Muonium Hyperfine Structure

Authors: Sohtaro Kanda1; Shoichiro Nishimura2; Shun Seo2; Koichiro Shimomura3; Patrick Strasser3; Kazuo Tanaka4;
Toya Tanaka2; Hiroyuki Torii2; Daisuke Yagi2; Yasuhiro Ueno2

1 RIKEN
2 University of Tokyo
3 KEK
4 Tohoku University

Corresponding Author: yueno@radphys4.c.u-tokyo.ac.jp

Muonium is the bound state of a positive muon and an electron. MuSEUM (Muonium Spectroscopy
Experiment Using Microwave) is a new precise measurement of muonium hyperfine structure (MuHFS)
at J-PARC (Japan Proton Accelerator Research Complex). MuSEUM determines the MuHFS and
muon magnetic moment with a ten times better precision than the precursor experiments at Los
Alamos Meson Physics Facility (LAMPF) 1.

There are three major motivations for this new measurement.

1. Contribution to the search for BSM physics via muon g-2. Muon anomalous magnetic moment,
aµ, is known for the 3σ tension between the experimental value at BNL and the theoretical value
from the standard model[2]. Two new experimental projects to measure muon g-2 more precisely
(100 ppb) are ongoing at J-PARC and Fermilab using a muon storage ring. To extract aµ, these
storage ring experiments need an input parameter, µµ/µp, which can be precisely determined
by the MUHFS spectroscopy. MuSEUM determine the parameter with a precision of 10 ppb, a
factor of twelve improvement from the precursor experiment at LAMPF, without assuming the
bound-state QED is correct.
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2. Test of the bound-state QED. Muonium is a purely leptonic system and theoretical calculation of
its hyperfine structure is more precise than that of hydrogen. Although free-QED theory is well
verified by the electron g-2 experiment[3], for the bound-state situation theorists need to employ
different theoretical approach from free QED, so testing its validity is worthwhile.

3. Test of Lorentz invariance. If the Lorentz symmetry is broken, the hyperfine structure is shifted.
This causes the sidereal oscillation of MuHFS due to the earth’s rotation[4]. By analysing the
change of MuHFS in one sidereal day, MuSEUM can test the Lorentz invariance.

Recently, we have succeeded in measuring the MuHFS at J-PARC. This is the first measurement of
MuHFS using intense pulsed muon beam, thus this is a promising result for the improvement of
the statistics, which was the most dominant source of the uncertainty in the precursor experiments
at LAMPF. We are currently working on the measurement at very weak field, which has different
sources of systematic uncertainties from precursor experiments at high field (at 1.7T). We also plan a
measurement at high field and development of magnetometer using proton NMR in pure water is in
progress. The test measurement revealed that the precision of the magnetometer already surpassed
the precision of the one used in the LAMPF experiment. A new muon beam line (called H-Line) with
ten times more muon intensity is under construction and will be ready for use in a few years.

In this presentation, we report the recent results of the measurement at very weak field and R&D
for the high field measurement.

1 W. Liu, et al., PRL 82 711, (1999)
[2] G. W. Bennett, et al., PRD 73 072003 (2006)
[3] D. Hanneke, S. Fogwell, G. Gabrielse, PRL 100 120801, (2008)
[4] A. H. Gomes, V. A. Kostelecky, A. J. Vargas, PRD 90 076009 (2014)

Beyond the Standard Model / 582

Searches for Long Lived Particles at LHCb

Author: Carlos Vazquez Sierra1

1 Nikhef National institute for subatomic physics (NL)

Corresponding Author: carlos.vazquez@cern.ch

A flexible trigger system, excellent vertex locator, particle identification detectors, and forward ac-
ceptance allow unique searches for long-lived particles to be performed at LHC energies using data
collected with the LHCb detector. A summary of results will be presented, including searches for
long-lived particles decaying into lepton or jets or coming from B meson decays.

Beyond the Standard Model / 372

Limits on non-Newtonian gravity at 10µm scale by precision force
measurements with optically-levitated microspheres

Author: Akio Kawasaki1

Co-authors: Alexander Rider 1; Charles Blakemore 1; Giorgio Gratta 1

1 Stanford University

Corresponding Authors: twilight.hf@gmail.com, cblakemo@stanford.edu, arider@stanford.edu, gratta@stanford.edu
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The universal law of gravity has undergone stringent tests for a long time over a significant range
of length scale, from an atomic scale to a planetary scale 1. Of particular interest is the short dis-
tance regime, where modifications to Newtonian gravity may arise from axion-like particles [2] and
extra dimensions 1. We have constructed a precision force sensor based on optically-levitated micro-
spheres with a force sensitivity of ∼ 10−17 N/

√
Hz [3] for the purpose of increasing the sensitivity

of searches for non-Newtonian forces in the 1-100 µm range. In our scheme, the microsphere in-
teracts with a variable-density attractor mass made by alternating silicon and gold segments with
periodicity on the order of 10 µm, which is the same as the distance between the microsphere and
the attractor. We report on the performance of this technique, its sensitivity, and some initial re-
sults. Further technological developments to reduce background are expected to provide orders of
magnitude improvement in the sensitivity, going beyond current constraints [4-8].

Beyond the Standard Model / 760

Search for exotic particles at NA62
Authors: Cristina Lazzeroni1; Matthew Moulson2

1 University of Birmingham (GB)
2 INFN e Laboratori Nazionali di Frascati (IT)

Corresponding Authors: matthew.moulson@cern.ch, cristina.lazzeroni@cern.ch

The high-intensity setup, trigger system flexibility, and detector
performance – high-frequency tracking of beam particles, redundant
PID, ultra-high-efficiency photon vetoes ― make NA62 particularly
suitable for searching new-physics effect from different
scenarios. Results from a search for invisible dark photons produced
from pi0 decays are given. Fixed target experiments are a
particularly useful tool in the search of very weakly coupled
particles in the MeV-GeV range, which are of interest, e.g. as
potential Dark Matter mediators. The NA62 experiment at the CERN SPS
is currently taking data to measure rare kaon decays. Owing to the high beam-energy and a hermetic
detector
coverage, NA62 also has the opportunity to directly search for a
plaethora of long-lived beyond-the Standard Model particles, such as
Axion-like Particles and Dark Photons. In this talk, we will review
the status of this searches and give prospects for future data taking
at NA62.

Beyond the Standard Model / 514

Study of Electroweak Vacuum Stability from Extended Higgs Por-
tal of Dark Matter and Neutrinos
Authors: Abhijit Kumar Saha1; Purusottam Ghosh1; Arunansu Sil2

1 Dept. of Physics, IIT Guwahati
2 Dept of Physics, IIT Guwahati

Corresponding Authors: asil@iitg.ernet.in, abhijitsaha118@gmail.com, p.ghosh@iitg.ernet.in

We investigate the electroweak vacuum stability in an extended version of the Standard Model which
incorporates two additional singlet scalar fields and three right handed neutrinos. One of these extra
scalars plays the role of dark matter while the other scalar not only helps in making the electroweak
vacuum stable but also opens up the low mass window of the scalar singlet dark matter (< 500 GeV).
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We consider the effect of large neutrino Yukawa coupling on the running of Higgs quartic coupling.
We have analyzed the constraints on the model and identify the range of parameter space which
is consistent with neutrino mass, appropriate relic density and direct search limits from the latest
XENON 1T preliminary result as well as in realizing the stability of the electroweak vacuum upto
the Planck scale.

Beyond the Standard Model / 258

EWBG, alignment and searching for new scalar via triple top sig-
nature
Author: Tanmoy Modak1

1 National Taiwan University

Corresponding Author: tanmoyy@hep1.phys.ntu.edu.tw

The alignment phenomenon, that the 125 GeV h0 boson so resembles the Standard Model Higgs
boson, can be understood in a two Higgs doublet model without discrete symmetry. The Yukawa
couplings ρtt and ρtc offer new probes for the extra scalar H0 and pseudoscalar A0. We propose
to search for cg → tH0, tA0 followed by H0, A0 → tt̄, tc̄, where same-sign dileptons could be
the harbinger, with triple-top, in the signature of three leptons plus three b-jets, as confirmation.
Discovery could touch upon the origin of baryon asymmetry of the Universe.

Beyond the Standard Model / 315

The Reach of Thermal Supersymmetric Dark Matter
Authors: John Ellis1; Keith Alison OliveNone; Feng Luo1; Jiaming Zheng2; Jason Evans3

1 CERN
2 University of Tokyo
3 University of Minnesota

Corresponding Authors: f.luo@cern.ch, keith.olive@cern.ch, john.ellis@cern.ch, jasonevans27@gmail.com

The three main successes of supernumerary are: naturlaness, gauge coupling unification, and a
thermal dark matter candidate. Although experimental constraints on supersymmetry has pushed it
to a region of parameter space which is less natural, the other two motivations for supersymmetry
are still in tact. I will discuss under what conditions can we still get a good thermal dark matter
candidate. The two main ways being gluino coannihilation and stop coannihilation. These methods
of generating a thermal dark matter candidate will persist for dark matter masses up to of order 8
TeV, well beyond the reach of the LHC.

Beyond the Standard Model / 658

Hunting Z/H-resonant Neutralino Dark Mater at High-Luminosity
LHC
Authors: Yang Zhang1; Giancarlo Pozzo1

1 Monash University
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Corresponding Author: zhangyang@itp.ac.cn

In Supersymmetric Standard Models, bino-like or singlino-like neautralino dark matter (DM) can
achieve the right thermal relic density through Z boson or Higgs boson resonant annihilations
with tiny higgsino component, which makes it very hard to be detected. In this work we focus
on the reach for such scenarios at High-Luminosity LHC and their interplay with DM direct de-
tection experiments. We first find that Bino-like DM with mχ̃0

1
∈ [41, 46] or [58, 63] GeV and

mχ̃±
1

∈ [300, 1500] GeV can avoid all current constraints. Then we investigate the searches of
such samples at 14 TeV High-Luminosity LHC by chargino neutalino pair production in final states
of 3l + Emiss

T , 1l + 2b + Emiss
T and also two boost jet +Emiss

T to make use of the large mass
spitting between higgsino and bino. Our simulations indicate that each search mode can exclude
higgsino with mass smaller than 800 GeV, and the combination can further push the limit to 1 TeV.
Together with expected DM-neutron scattering limit from LUX-ZEPLIN, all the Z/H-resonant DM
can be explored.

Beyond the Standard Model / 383

Dark Matter searches with the ATLAS Detector
Author: Emma Tolley1

1 Ohio State U

Corresponding Author: emma.tolley@cern.ch

Dark matter could be produced at the LHC if it interacts weakly with the Standard Model. The search
for dark matter can be performed either directly, by looking for a signature of large missing trans-
verse momentum coming from the dark matter candidates escaping the detector, or more indirectly
by looking for the intermediate mediators which would couple the dark matter particles to the Stan-
dard Model. A broad and systematic search program covering these various possibilities with the
ATLAS detector is in place: the talk will review the latest results of these searches and show their
complementarity.

Beyond the Standard Model / 496

SModelS - new developments and applications
Authors: Andre Lessa1; Federico Ambrogi2; Sabine Kraml3; Suchita Kulkarni2; Ursula Laa4; Wolfgang Waltenberger2

1 CCNH - Univ. Federal do ABC
2 Austrian Academy of Sciences (AT)
3 LPSC Grenoble
4 Monash University

Corresponding Authors: lessa.a.p@gmail.com, sabine.kraml@gmail.com, suchita.kulkarni@cern.ch, federico.ambrogi@cern.ch,
uschi.laa@gmx.at, wolfgang.waltenberger@gmail.com

ATLAS and CMS have performed a large number of searches for physics beyond the Standard Model
(BSM). The results are typically presented in the context of simplified models, containing only a few
new particles with fixed decay branching ratios, and yielding generic upper limits on the cross sec-
tion as a function of particle masses. The interpretation of these limits within realistic BSM scenarios
is non-trivial and is best done by automated computational tools. SModelS is such an automatised
tool, allowing to decompose models of new physics obeying a Z2 symmetry into simplified model
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components, and to compare these against a large database of experimental results. The latest re-
lease, version 1.1, extended the functionality from comparing to upper limit maps to using also effi-
ciency maps (thus enabling the combination of simplified models), and includes likelihood and chi-
square calculations, extended information on the topology coverage as well as an extended database
of experimental results. I will present the tool emphasising in particular the new developments. I
will then discuss physics applications, including a recent study on the coverage of the pMSSM by
the available simplified model results. The discussion illustrates how SModelS can be used to iden-
tify important constraints, untested regions and interesting new signatures. An outlook to future
developments will also be given.

Beyond the Standard Model / 512

Bottom-quark Fusion Processes at the LHC for Probing Z′ Models
and B-meson Decay Anomalies
Author: Mykhailo Dalchenko1

Co-authors: Adrian Thompson 2; Bhaskar Dutta 2; Denis Rathjens 1; Mohammad Abdullah 3; Peisi Huang 2; Ricardo
Eusebi 1; Teruki Kamon 1

1 Texas A & M University (US)
2 Texas A&M University
3 University of California , Irvine

Corresponding Authors: ricardo.eusebi@cern.ch, huangpsdd@gmail.com, teruki.kamon@cern.ch, denis.rathjens@cern.ch,
mykhailo.dalchenko@cern.ch, maabdull@uci.edu, dutta@physics.tamu.edu, adrian.thompson@cern.ch

Anomalies in B-meson decays reported by the LHC experiment suggest a violation of lepton uni-
versality. This could be explained by introducing a heavy neutral gauge boson Z’ that selectively
couples to third generation quarks and second generation leptons. While the performance of ex-
perimental searches for such models is good for large Z’ masses, the low-mass region sensitivity is
aversely affected by large SM background (mostly Drell-Yan).

In this study, we present a novel approach searching for a Z’ decaying to muons in association with
at least two jets at least one of which is bottom-tagged. We demonstrate that regions of model
parameter space can be probed that current inclusive analyses are insensitive to.

Beyond the Standard Model / 422

Search for Light Scalars Produced in Association with a Z boson
at the 250 GeV stage of the ILC
Authors: Kiyotomo Kawagoe1; Yan Wang2

1 Kyushu University (JP)
2 Deutsches Elektronen-Synchrotron (DESY), Institute of High Ener

Corresponding Authors: yan.wang@desy.de, kiyotomo.kawagoe@cern.ch

In many models with extended Higgs sectors, e.g. in Two Higgs Doublet Models, in the NMSSM as
well as in Randall Sundrum models, there exists an additional scalar h, which can easily be lighter
than the Standard Model (SM) like Higgs. Its coupling to the Z boson is expected to be small if the
125 GeV Higgs boson is SM like. Such a light scalar with suppressed couplings to the Z boson would
have escaped detection at LEP due to its limited luminosity. With a factor of 1000 higher luminosity
and polarized beams, the International Linear Collider (ILC) is expected to have substantial discovery
potential for such states. Furthermore, searches for additional scalars at LEP and LHC are usually
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dependent on the model details, such as decay channels. Thus, it is necessary to have a more general
analysis with model-independent assumptions. We present a search for a such a light higgs boson
produced in association with Z boson at the ILC with a center-of-mass energy of 250 GeV, using
the full Geant4-based simulation of the ILD detector concept. In order to be as model-independent
as possible, the analysis is performed using the recoil technique, in particular with the Z boson
decaying into a pair of muons. Expected exclusion cross section limits for different higgs masses
between 10 and 120 GeV will be given in terms of a scale factor with respect to the Standard Model
Higgs-strahlung process cross section.

Beyond the Standard Model / 889

The absolute maximum and detailed phenomenology of the muon
magnetic moment in the 2HDM
Authors: Hyejung Stoeckinger-Kim1; Dominik Stoeckinger1; Adriano Cherchiglia2

1 TU Dresden, Germany
2 Federal University of ABC, Brazil

Corresponding Author: hyejung.stoeckinger-kim@tu-dresden.de

We investigated the muon g-2 in the two-Higgs doublet model (2HDM), employing the recent full
two-loop computation and making comprehensive use of experimental constraints from Higgs and
flavour physics. In the talk we present the result of detailed analysis in the flavour-aligned 2HDM
and
characterize the parameter regions possible to explain the current 3σ deviation. Particularly we
present the absolute maximum of the muon g-2 in the 2HDM as a function of the lightest Higgs
mass.

We focus on the light CP odd neutral Higgs Boson A, and show that large lepton Yukawa couplings
can enhance the muon g-2 in this mass region. We present in detail the maximum possible Yukawa
couplings to leptons and quarks of a light A allowed by the LHC and B-Physics results. As a result
we find that an overall maximum of 45×10−10 for the muon g-2 and large top and tau Yukawa
couplings are possible in the parameter region 20 < MA < 100 GeV in the 2HDM.

Beyond the Standard Model / 954

Higgs masses and couplings in a general 2HDM with unitarity
bounds
Author: Darius Jurciukonis1

Co-author: Luis Lavoura 2

1 Vilnius University (LT)
2 University of Lisbon, CFTP

Corresponding Author: darius.jurciukonis@cern.ch

We investigate a general two Higgs doublet model imposing both the unitarity conditions and the
bounded-from-below conditions. In the work we show that these conditions can be written in terms
of invariants. Both conditions make restrictions on the ranges of the model parameters. We study
model in the Higgs basis, together with the experimental bounds of oblique parameter T, to produce
scalar particles with masses and the cubic and quartic couplings of the Higgs in agreement with
the phenomenology. The numerical calculations of the model make the prediction that all the extra
scalars are heavier (more or less) than 200 GeV.
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Beyond the Standard Model / 929

SuperIso Relic new extensions for direct and indirect detection

Authors: Glenn Robbins1; Nazila Mahmoudi2; Alexandre Arbey3

1 Centre de recherche astrophysique de Lyon (FR)
2 Universite Claude Bernard Lyon I (FR)
3 Lyon U. & CERN TH

Corresponding Authors: nazila@cern.ch, glenn.robbins34@gmail.com, alexandre.arbey@cern.ch

SuperIso Relic is a public computing program for the calculation of flavour observables and relic
density in supersymmetry (MSSM and NMSSM). We present new extensions of the code dedicated
to the calculation of dark matter direct and indirect detection constraints from the latest experiment
results. Contrary to most of the existing programs, this new version allows the user to consider the
uncertainties related to nuclear form factors, dark matter density and velocity, as well as cosmic-
ray propagation through the galactic medium. The user will thus find a direct way to calculate
“conservative”, “standard” or “stringent” constraints according to the chosen set of uncertainties.
Some examplified results showing the impact of such uncertainties will also be presented.

Beyond the Standard Model / 995

Search for contact interactions in inclusive ep scattering at HERA

Authors: Matthew Wing1; Stefan Schmitt2; Oleksii Turkot3

1 University College London
2 Deutsches Elektronen-Synchrotron (DE)
3 DESY

Corresponding Authors: oleksii.turkot@desy.de, mw@hep.ucl.ac.uk, stefan.schmitt@cern.ch

The high-precision HERA data are used to search for Beyond
the Standard Model contributions to electron-quark scattering
in the framework of eeqq contact interactions (CI). Combined measurements
of the inclusive deep inelastic cross sections in neutral and charged
current ep scattering are considered, corresponding to a luminosity
of around 1 fb−1. The analysis of the inclusive ep data is based
on the simultaneous fits of parton distribution functions
together with contributions of CI couplings to ep scattering.
Results are presented for different CI scenarios and the resulting
95% CL limits on the CI mass scales extend up to the 10 TeV scale.

Beyond the Standard Model / 178

Search for new resonances coupling to third generation quarks
at CMS
Authors: Arnd Meyer1; Kevin Connor Nash2

1 Rheinisch Westfaelische Tech. Hoch. (DE)
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2 Rutgers State Univ. of New Jersey (US)

Corresponding Author: knash201@gmail.com

We present an overview of searches for new physics with top and bottom quarks in the final state,
using proton-proton collision data collected with the CMS detector at the CERN LHC at a center-
of-mass energy of 13 TeV. The results cover non-SUSY based extensions of the SM, including heavy
gauge bosons or excited third generation quarks. Decay channels to vector-like top partner quarks,
such as T’, are also considered. We explore the use of jet substructure techniques to reconstruct
highly boosted objects in events, enhancing the sensitivity of these searches.

Beyond the Standard Model / 62

The unexplored landscape of top-partner decays

Authors: Ian Lewis1; Jeong Han Kim2; Haider AlhazmiNone; K.C. Kong2

1 The University of Kansas
2 University of Kansas

Corresponding Authors: kckong@ku.edu, ian.lewis@ku.edu, jeonghan.kim@ku.edu

We discuss the LHC sensitivity to top partner production in a model where the Standard Model (SM)
is extended by an SU(2) singlet top partner and a SM gauge singlet scalar.
Unlike most searches for top partners which are concerned with three conventional decay modes,
Wb, tZ and tH, the decay pattern of the top partner in this model can be significantly altered with
new decay modes, gluon + top, photon + top and singlet scalar + top.
We present a new approach to search for a pair-produced top partner that decays to a top quark
and a gluon (photon). We give an overview of the various production and decay channels of the top
partner and project the sensitivity of the high luminosity LHC.

Beyond the Standard Model / 421

Common exotic decays of top partners
Authors: Thomas Flacke1; Giacomo CacciapagliaNone; Nicolas Bizot2

1 IBS CTPU
2 Universite Lyon 1, IPNL,

Corresponding Authors: tom.flacke@gmail.com, bizot@ipnl.in2p3.fr, g.cacciapaglia@ipnl.in2p3.fr, flacke@ibs.re.kr

Many Standard Model extensions which address the hierarchy problem contain Dirac-fermion part-
ners of the top quark at the TeV scale. Searches for these vector-like quarks mostly focus on their
decay into electroweak gauge bosons and a Standard Model quark.
In this talk we discuss several classes of composite Higgs models with top partners which have
underlying descriptions in terms of a fundamental gauge-fermion dynamics. All of these models
contain additional BSM states which are likely to be lighter than the top partners, and which thus
provide new decay channels for them. We identify the novel top partner decays which occur most
commonly, provide effective Lagrangians and benchmarks, and discuss phenomenological bounds
and opportunities for future searches.

Beyond the Standard Model / 335
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Search for Dark Particles and Dark Sector at Belle
Authors: Shohei Nishida1; Eunil Won2

1 KEK
2 Korea University

Corresponding Authors: eunil@hep.korea.ac.kr, shohei.nishida@kek.jp

Dark sector models can explain the relic abundance of our universe and are attractive scenarios after
13TeV LHC results on new physics searches. We are testing two broad categories of theories, those
that: couple to electron and that only couple to heavy-flavor muons or taus. In the first category,
we are looking for the dark photon that decays into leptons or hadrons in the radiative process. This
process is particularly interesting because it allows to search for light dark matter, chi, in the process:
e+ e- → A’ gamma, A’ → chi chi. In the later category, we are looking for the dark vector gauge
boson Z’ and the dark scalar Higgs boson h’ ‘ that decays into dimuons in the following processes:
e+ e- → mu+ mu- Z’ and e+ e- → tau+ tau- h’ ‘, respectively. We report search of these processes
using data taken at Belle detector from e+ e- collisions produced by the KEKB collider. We also
present search for dark sector particles in meson decays.

Beyond the Standard Model / 18

B+L violation at colliders and new physics
Author: Carlos Tamarit1

Co-authors: David G. Cerdeno 2; Reimitz Peter 3; Kazuki Sakurai 4

1 Technische Universität München
2 University of Durham
3 Heidelberg
4 University of Warsaw

Corresponding Authors: kazuki.sakurai@cern.ch, carlos.tamarit@tum.de, davidg.cerdeno@gmail.com, p.reimitz@thphys.uni-
heidelberg.de

Chiral electroweak anomalies predict fermion interactions that violate baryon (B) and lepton num-
ber (L), and can be dressed with large numbers of Higgs and weak gauge bosons. The estimation of
the total B+L violating rate from an initial two-particle state –potentially observable at colliders– has
been the subject of an intense discussion, mainly centered on the resummation of boson emission,
which is believed to contribute to the cross-section with an exponential function of the energy, yet
with an exponent (the “holy-grail” function) which is not fully known in the energy range of inter-
est. Focusing instead on the effect of fermions beyond the Standard-Model (SM) in the polynomial
contributions to the rate, it is shown that the latter can be enhanced by several orders of magnitude
with respect to the SM result, for high centre-of-mass energies and light enough masses. Further
calculations hint at a simple dependence of the holy grail function on the heavy fermion masses.
Thus, if anomalous B+L violating interactions are ever detected at high-energy colliders, they could
be associated with new physics.

Beyond the Standard Model / 173

Searches for heavy resonances decaying into Z, W and Higgs bosons
at CMS
Authors: Arnd Meyer1; Simon Regnard2
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1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 University of California Los Angeles (US)

Corresponding Author: simon.regnard@cern.ch

A summary of searches for heavy resonances with masses exceeding 1 TeV decaying into dibosons is
presented, performed on data produced by LHC pp collisions at

√
s = 13 TeV and collected with the

CMS detector during 2016 and 2017. The common feature of these analyses is the boosted topology,
namely the decay products of the considered bosons (both electroweak W, Z bosons and the Higgs
boson) are expected to be highly energetic and close in angle, leading to a non-trivial identification
of the quarks and leptons in the final state. The exploitation of jet substructure techniques allows
to increase the sensitivity of the searches where at least one boson decays hadronically. Various
background estimation techniques are adopted, based on data-MC hybrid approaches or relying only
in control regions in data. Results are interpreted in the context of the Warped Extra Dimension and
Heavy Vector Triplet theoretical models, two possible scenarios beyond the standard model.

Beyond the Standard Model / 370

The milliQan experiment: search for milli-charged particles at
the LHC
Author: Jae Hyeok Yoo1

1 Univ. of California Santa Barbara (US)

Corresponding Author: jae.hyeok.yoo@cern.ch

A recently proposed search for milli-charged particles produced at the LHC is discussed. The exper-
iment, named milliQan, is expected to obtain sensitivity to charges of between 0.1e and 0.001e for
masses in 0.1 - 100 GeV range. The detector is composed of 3 stacks of 80 cm long plastic scintillator
arrays read out by PMTs. It will be installed in an existing tunnel 33 m from the CMS interaction
point at the LHC, with 17 m of rock shielding to suppress beam backgrounds. In the fall of 2017 a
1% scale “demonstrator”of the proposed detector was installed at the planned site in order to study
the feasibility of the experiment, focusing on understanding various background sources such as
radioactivity of materials, PMT dark current, cosmic rays, and beam induced backgrounds. In this
talk I will discuss the general concept of the experiment, the results from the demonstrator, and the
plan for the future.

Beyond the Standard Model / 176

Beyond-Standard-Model Physics at the High-Luminosity LHC with
CMS
Authors: Arnd Meyer1; Sezen Sekmen2

1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 Kyungpook National University (KR)

Corresponding Author: sezen.sekmen@cern.ch

The High-Luminosity Large Hadron Collider (HL-LHC) is expected to deliver an integrated luminos-
ity of up to 3000 fb-1. The very high instantaneous luminosity will lead to about 200 proton-proton
collisions per bunch crossing (“pileup”) superimposed to each event of interest, therefore provid-
ing extremely challenging experimental conditions. The sensitivity to find new physics Beyond the
Standard Model (BSM) physics is significantly improved and will allow to extend the reach for heavy
vector bosons, for SUSY, dark matter and exotic long-lived signatures, to name a few.
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Beyond the Standard Model / 179

Searches for vector-like quarks at CMS
Authors: Arnd Meyer1; Justin Pilot2

1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 University of California Davis (US)

Corresponding Author: justin.pilot@cern.ch

We present results of searches for massive vector-like top and bottom quark partners using proton-
proton collision data collected with the CMS detector at the CERN LHC at a center-of-mass energy
of 13 TeV. Single and pair production of vector-like quarks are studied, with decays into a variety
of final states, containing top and bottom quarks, electroweak gauge and Higgs bosons. We search
using several categories of reconstructed objects, from multi-leptonic to fully hadronic final states.
We set exclusion limits on both the vector-like quark mass and cross sections, for combinations of
the vector-like quark branching ratios.

Beyond the Standard Model / 188

Measurements of R(D(∗) and other missing energy decays modes
at Belle II.
Authors: Ida Peruzzi1; Sophie HollittNone

1 Laboratori Nazionali di Frascati dell’INFN

Corresponding Authors: sophie.hollitt@gmail.com, peruzzi@slac.stanford.edu

The Belle II experiment is a substantial upgrade of the Belle detector and will operate at the Su-
perKEKB energy-asymmetric e+e− collider. The accelerator has already successfully completed the
first phase of commissioning in 2016 and first electron positron collisions in Belle II are expected for
April 2018. The design luminosity of SuperKEKB is 8 × 1035 cm−2s−1 and the Belle II experiment
aims to record 50 ab−1 of data, a factor of 50 more than the Belle experiment. With this amount
of data, decays sensitive to physics beyond the Standard Model can be studied with unprecedented
precision. In this talk we will present our prospects for studying lepton flavor non-universality with
the modes B → D(∗)τν. Prospects for other missing energy modes sensitive to physics beyond the
Standard Model such as B+ → τ+ν and B → K(∗)νν̄ will also be covered

Beyond the Standard Model / 320

Exotic signals of heavy scalar bosons through vectorlike quarks

Author: Jeonghyeon SongNone

Corresponding Author: jeonghyeon.song@gmail.com

Heavy vectorlike quarks (VLQs) in many new physics models are very attractive as they can play the
key role in the model building and easily fit in with the Higgs measurement as well as the electroweak
precision data. We study their loop level effects on the phenomenological signatures of a heavy
scalar boson S. Under some conditions, loop induced decays of S are significantly enhanced. First,
the longitudinal polarization enhancement in the decay of S →WW/ZZ can happen at loop level,
which is shown in a singlet extended standard model with VLQs. We find that the critical condition
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for the radiative enhancement is large mass differences among VLQs. Secondly, the heavy VLQs
running in the loop open new decay channels of the charged Higgs bosons into Wγ and WZ . In a
two Higgs doublet model with VLQs, the branching ratios can be as large as 10−3.

Beyond the Standard Model / 26

Dilaton-Assisted composite Higgs model at LHC
Author: Deog Ki Hong1

1 Pusan National University (KR)

Corresponding Author: d.hong@cern.ch

We study a recently proposed dilaton-assisted composite Higgs model, which addresses a new so-
lution to the Higgs naturalness problem, relying the scale symmetry of the dilator-Higgs effective
theory. The model predicts a heavy U(1) axial vector boson and two massive, oppositely charged,
pseudo Nambu-Goldstone bosons. We discuss the phenomenology of new particles, which might be
accessible at LHC.

Beyond the Standard Model / 400

Searches for sleptons with the ATLAS detector
Author: Margherita Primavera1

1 Lecce

Corresponding Authors: primaver@le.infn.it, primavera@le.infn.it, margherita.primavera@le.infn.it

Many supersymmetry models feature gauginos and sleptons with masses less than a few hundred
GeV. These can give rise to direct pair production rates at the LHC that can be observed in the data
sample recorded by the ATLAS detector. The talk presents recent ATLAS results from searches for
slepton pair production.

Beyond the Standard Model / 783

Global fits of the MSSM with GAMBIT
Author: Anders Kvellestad1

1 Nordita

Corresponding Author: anders.kvellestad@nordita.org

GAMBIT is an open-source and highly modular tool for performing large-scale global fits of BSM
theories. We give a brief introduction to GAMBIT and present results from global fits of seven- and
nine-dimensional parameterisations of the Minimal Supersymmetric Standard Model (MSSM). We
explore the MSSM parameter space in high detail using an efficient differential evolution algorithm.
Among other constraints, our fits incorporate direct simulations of LHC sparticle searches (8 TeV and
13 TeV), an up-to-date set of flavour observables and a detailed treatment of direct and indirect dark
matter searches. We identify the different mechanisms responsible for keeping the relic density
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within the allowed range and discuss the discovery prospects for future collider and dark matter
searches in light of the parameter regions preferred in our fits.

Beyond the Standard Model / 765

Test of Beyond-Standard-Model Scenarios with sub-keV Germa-
nium Detectors
Author: Lakhwinder Singh .1

1 Institute of Physics, Academia Sinica, Taipei 11529, Taiwan

Corresponding Author: lakhwinder@gate.sinica.edu.tw

The existence of physics beyond the standard model (BSM) is established with the observation of
neutrino flavor oscillations. Germanium detectors with their excellent energy response and sub-keV
sensitivities 1 provide a unique tool to probe a class of BSM scenarios. The TEXONO Collaboration
[2] has been pursuing these studies experimentally, complemented by adaptation of advanced atomic
physics theory techniques to derive neutrino interaction cross-sections at atomic-scale energy. We
will present highlights of the studies on neutrino electromagnetic interactions [3] as well as con-
straints on sterile neutrinos, axions and dark photons [4]. Additional subjects along these lines will
also be discussed.
1. A.K. Soma et al., Nucl. Instrum. Meth. A 836, 67 (2016).
2. H.T. Wong, The Universe 3 22, 2015.
3. J.-W. Chen et al., Phys. Rev. D 90, 011301(R) (2014); J.-W. Chen et al., Phys.Rev. D 91,013005
(2015).
4. J.-W. Chen et al., Phys. Rev. D93, 093012 (2016); S.K. Liu et al., Phys. Rev. D 95, 052006 (2017); S.
Bilmus et al, Phys. Rev. D 92, 033009 (2015).

Beyond the Standard Model / 961

The MUonE experiment: measuring the leading hadronic contri-
bution to the muon g-2 via space-like data
Author: Graziano Venanzoni1

1 INFN Sezione di Pisa, Universita’ e Scuola Normale Superiore, P

Corresponding Author: graziano.venanzoni@cern.ch

The precision measurement of the anomalous magnetic moment of the muon presently exhibits a
3.5σ discrepancy with the Standard Model (SM) prediction. In the next few years this measurement
will reach an even higher precision at Fermilab and J-PARC. While the QED and electroweak contri-
butions to the muon g-2 can be determined very precisely, the leading hadronic (HLO) correction is
affected by a large uncertainty which dominates the error of the SM prediction.
We propose a novel approach to determine the HLO contribution to the muon g-2 based on the
measurement of the effective electromagnetic coupling in the space-like region at low-momentum
transfer. We will discuss the possibility of performing this measurement at CERN by the MUonE
experiment, which aims at a very precise determination of the muon-electron elastic differential
cross-section, exploiting the scattering of 150 GeV muons (currently available at CERN’s North area)
on atomic electrons of a low-Z target. We will describe the experimental challenges posed by this
measurement, by the detector able to keep the systematic effects at the required level of 10 ppm and
the status of this proposal.
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Beyond the Standard Model / 925

(In)dependence of various LFV observables in the non-minimal
SUSY
Authors: Hyejung Stoeckinger-Kim1; Dominik Stoeckinger1; Wojciech Kotlarski1; Jae-hyeon Park2

1 TU - Dresden
2 KIAS

Corresponding Authors: dominik.stoeckinger@tu-dresden.de, jhpark@kias.re.kr, wojciech.kotlarski@tu-dresden.de,
hyejung.stoeckinger-kim@tu-dresden.de

We investigate the muon anomalous magnetic moment, the µ→ eγ branching ratio and the µ→ e
conversion rate in the nuclei from the point of view of the planned µ → e conversion experi-
ments.

In the MSSM these processes are strongly correlated through tanβ enhanced contributions. We
demonstrate how in the Minimal R-symmetric Supersymmetric Standard Model the µ→ eγ branch-
ing ratio and the µ → e conversion rate in the nuclei give distinct bounds on the parameter space.
We also consider the supersymmetric contributions to the muon anomalous magnetic moment, gen-
erated by a subset of topologies contributing to the LFV observables. We briefly discuss the generic
implementation of the aforementioned observables into the FlexibleSUSY spectrum-generator gen-
erator.

Looking at the current µ→ eγ searches, the analysis points to the need of constructing a dedicated
µ → e conversion experiment to cover as large parameter space as possible in the non-minimal
supersymmetric models.

Beyond the Standard Model / 803

Search for the forbidden charm meson decays D0 → hh′ll’
Authors: Fabio Anulli1; Fergus Wilson2

1 Sapienza Universita e INFN, Roma I (IT)
2 Science and Technology Facilities Council STFC (GB)

Corresponding Authors: fergus.wilson@stfc.ac.uk, fabio.anulli@roma1.infn.it

Decay modes with two oppositely charged leptons of different flavor correspond to lepton flavor
violating (LFV) decays and are essentially forbidden in the Standard Model (SM) because they can
occur only through lepton mixing. Decay modes with two leptons of the same charge are lepton-
number violating (LNV) decays and are forbidden in the SM. Hence, decays of the formD0 → hh′ll’
provide sensitive tools to investigate new mediators or couplings in physics beyond the SM.
D-mesons were copiously produced in e+e− → cc̄ continuum events at the PEP-II e+e− collider at
the SLAC National Accelerator Laboratory. In this talk, we report on a search for the three LFV and
nine LNV decays of the typeD0 → hh′ll’ (with h, h′ = K/π and l, l’ = e/µ) using data taken by the
BABAR experiment which had comparable sensitivity to both muons and electrons in the final state.
Upper limits on the branching fractions are improved by up to two orders of magnitude.

Beyond the Standard Model / 1022

Detecting Heavy Charged Higgs boson at the LHC
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Author: Monoranjan Guchait1
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Corresponding Author: monoranjan.guchait@cern.ch

Discovery of charged Higgs boson indicates a clear and unambiguous signal of the beyond standard
model. The signal of charged boson is well studied for lower mass range in the dominant τν decay
channel. For higher mass range, signal is difficult to probe because of its predominant decays in
the top and bottom quark. We attempt to investigate the signature of heavy charged Higgs following
its decay mode via top and bottom quark, in both hadronic and leptonic final states, where the main
dominant standard model backgrounds are from top quark pair and inclusive QCD production. The
jet substructure technique is used to reconstruct the top quark in order to avoid the recombinatorial
problem. The cut based analysis is performed constructing various kinematic variables, and signal
sensitivity is found to be not promising even for high luminosity options due to the huge SM
background cross sections. However, we re analyzed both signal and background employing Multi
variate analysis technique. We find an improvement in signal sensitivity in this method. The charged
Higgs signal up to the mass of about 500 GeV can be observed with 300 inverse femtobarn(invfb)
integrated luminosity option where as this range can be extended to 800 GeV with 3000 invfb inte-
grated luminosity.

Beyond the Standard Model / 308

Hearing the echoes of dark matter and new physics
Author: Fa Peng Huang 1

1 IBS-CTPU

Corresponding Authors: huangfp@ihep.ac.cn, huangfp@ibs.re.kr

Motivated the absence of dark matter signal in dark matter direct detection and
new physics signals at LHC, we study how to hear the echoes of the new physics, especially the dark
matter and baryogenesis by new approaches beyond the particle colliders, such as the pulsar timing
array experiments (such as SKA) and Laser Interferometer experiments (such as LISA).

Beyond the Standard Model / 756

The Potential of the ILC for Discovering New Particles

Authors: Gerald Eigen1; Michael PeskinNone; Keisuke Fujii2; Mikael Berggren3

1 University of Bergen (NO)
2 High Energy Accelerator Research Organization (JP)
3 Deutsches Elektronen-Synchrotron (DE)

Corresponding Authors: mikael.berggren@cern.ch, keisuke.fujii@cern.ch, mpeskin@slac.stanford.edu, gerald.eigen@cern.ch

Data from the LHC at 7, 8, and 13 TeV, have, so far, yielded no evidence for new particles beyond the
Standard Model Higgs boson. However, the complementary nature of physics with e+e- collisions
still offers many interesting scenarios in which new particles can be discovered at the ILC. These
scenarios take advantage of the capability of e+e- collisions to observe particles with missing energy
and small mass differences, to observe mono-photon events with precisely controlled backgrounds,
and to observe the full range of exotic decay modes of the Higgs boson. The searches that an e+e-
collider makes possible are particularly important for models of dark matter involving a dark sector
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with particles of 10–100 GeV mass. In this talk, we will review the opportunities that the ILC offers
for new particle discovery.

Beyond the Standard Model / 945

Tagging ”Dark-Jet” at collider
Authors: Myeonghun Park1; Mengchao Zhang2

1 SeoulTech
2 IBS-CTPU

Corresponding Author: mczhangchina@gmail.com

The phenomenology of dark matter would be complicated if dark matter is a composite particle as
a hadron under a dark gauge group. Once a dark parton is produced at a high energy collider, it
eventually evolves to a jet-like object and provides a collider signature depending on interactions
with the Standard Model particles. For example, a finite lifetime of dark hadron would provide a
displaced vertex. Thus by considering features in sub-detectors, one can identify a jet from a dark
parton (“dark jet”) with analysis methods in conventional exotic searches. However if a lifetime
of dark hadron is collider-negligible (too short to manifest a displaced vertex), dark jet would look
like a normal QCD jet. In this study, inspired by one-prong jet tagging technologies which have
been utilized in a quark- gluon jet discrimination, we propose that a combination of jet substructure
variables become useful to tag a dark jet . We study features of several jet substructure variables
with a dark jet. As an illustration, we apply jet substructure methods to O(100) GeV dark jet. Our
result shows that by combining various jet substructure methods one could get a good discriminant
power for a dark jet over QCD jets. We also discuss about a systematic uncertainty from the choice
of parameters in a Monte Carlo simulation in estimating the tagging efficiency of a dark jet.

Beyond the Standard Model / 373

Jet substructure shedding light on heavy Majorana neutrinos at
the LHC
Author: Arindam Das1

Co-authors: Partha Konar 2; Arun Thalapillil 3

1 KIAS
2 PRL, India
3 IISER, Pune

Corresponding Authors: konar@prl.res.in, dasarindamphysics@gmail.com, thalapillil@iiserpune.ac.in

The existence of tiny neutrino masses and flavor mixings can be explained naturally in various see-
saw models, many of which typically having additional Majorana type SM gauge singlet right handed
neutrinos (N ). If they are at around the electroweak scale and furnished with sizeable mixings with
light active neutrinos, they can be produced at high energy colliders, such as the Large Hadron Col-
lider (LHC). A characteristic signature would be same sign lepton pairs, violating lepton number,
together with light jets – pp→ Nℓ±, N → ℓ±W∓, W∓ → jj. We propose a new search strategy
utilising jet substructure techniques, observing that for a heavy right handed neutrino mass MN

much aboveMW± , the two jets coming out of the boostedW± may be interpreted as a single fat-jet
(J ). Hence, the distinguishing signal topology will be ℓ±ℓ±J . Performing a comprehensive study
of the different signal regions along with complete background analysis, in tandem with detector
level simulations, we compute statistical significance limits. We find that heavy neutrinos can be
explored effectively for mass ranges 300 GeV ≤MN ≤ 800 GeV and different light-heavy neutrino
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mixing |VµN |2. At the 13 TeV LHC with 3000 fb−1 integrated luminosity one can competently ex-
plore mixing angles much below present LHC limits, and moreover exceed bounds from electroweak
precision data.

Beyond the Standard Model / 982

Search for a Long-Lived Heavy Photon with the Heavy Photon
Search Experiment
Author: Matthew Solt1

1 SLAC National Accelerator Laboratory

Corresponding Author: mrsolt@slac.stanford.edu

The Heavy Photon Search experiment (HPS) at Jefferson Lab seeks to discover evidence for a new
dark-force mediator. A new U(1) vector boson could couple to the Standard Model photon through
kinetic mixing and could be produced by an electron beam in a dense target in a process similar
to bremsstrahlung. Subsequent decays into e+e- pairs, if kinematically allowed, would enable dis-
covery either as a resonance peak on a large Standard Model continuum distribution or as vertices
displaced from the target. Small couplings would lead to longer decay times, but also reduced cross
sections, requiring high currents (to produce any signal) and large detector acceptance, especially
close to the beam (to capture the boosted decay products). The HPS detector is a compact, large
acceptance, forward spectrometer consisting of a silicon vertex tracker and lead-tungstate electro-
magnetic calorimeter. Installed at the Jefferson Lab electron beam facility, it conducted successful
engineering runs in the spring of 2015 using a 1.056 GeV, 50 nA beam, and in 2016 using a 2.3 GeV,
200 nA beam. In this talk we will discuss the motivation for this heavy photon search, the detector
and its performance during these two engineering runs, as well as present details of the displaced
vertex analysis and prospects for discovery in the upcoming physics runs. A separate talk at this
conference will present details of a complementary analysis searching for peaks in the invariant
mass spectrum of the final-state electron-positron pairs

Beyond the Standard Model / 477

Ultra long-lived particles searches with MATHUSLA
Authors: Cristiano Alpigiani1; Paolo Camarri2

1 University of Washington, Seattle
2 INFN e Universita Roma Tor Vergata (IT)

Corresponding Authors: paolo.camarri@cern.ch, cristiano.alpigiani@cern.ch

Many extensions of the Standard Model (SM) include particles that are neutral, weakly coupled, and
long-lived that can decay to hadronic and leptonic final states. Long-lived particles (LLPs) can be
detected at colliders as displaced decays from the interaction point (IP), or missing energy if they
escape. ATLAS, CMS, and LHCb have performed searches at the LHC and significant exclusion limits
have been set in recent years.

The current searches performed at colliders have limitations. An LLP does not interact with the
detector and it is only visible once it decays. Unfortunately, no existing or proposed search strategy
will be able to observe the decay of non-hadronic electrically neutral LLPs with masses above ∼
GeV and lifetimes near the limit set by Big Bang Nucleosynthesis (cτ ∼ 107 − 108 m). Such ultra-
long-lived particles (ULLPs) produced at the LHC will escape the main detector with extremely high
probability.
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In this talk, we describe the MATHUSLA surface detector (MAssive Timing Hodoscope for Ultra
Stable neutraL pArticles) 1, which can be implemented with existing technology in time for the
turn-on of the high luminosity LHC (HL-LHC). The MATHUSLA detector will consist of an air-filled
decay volume surrounded by charged particles detectors (top, bottom, and sides) that provide timing
and a robust multilayer tracking system located in the upper region. Ref. 1 proposes covering a total
sensitive area of 200× 200 square meters on the surface in the region near the interaction point of
ATLAS or CMS detectors for the beginning of the HL-LHC run.

We installed a small-scale test stand (∼ 6.5 meters tall, covering an area of 2.5× 2.5 square meters)
on the surface above ATLAS IP in autumn 2017 that consists of three layers of resistive plate cham-
bers used for timing/tracking and two layers of scintillators (top, bottom) for timing measurements
to study efficiency of downward cosmic track rejection. The goal is to estimate cosmic background
that mimics upward going tracks and the proton-proton collision backgrounds from ATLAS during
nominal LHC operations. The test stand will resume operation above the ATLAS IP in April 2018
and collect data with pp collisions until December 2018. This will provide useful information for
the design of the main detector and important inputs for the future physics and detector simula-
tions.

We will present preliminary results obtained with data collected in 2017 and the on-going back-
ground studies. The sensitivity of MATHUSLA to various ULLP theoretical constructs will be sum-
marized and current design concepts reviewed.
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KLOE/KLOE-2 results and perspectives on dark force search
Authors: Enrico Graziani1; Elena Perez Del Rio2

1 INFN - Sezione Roma III
2 INFN - National Institute for Nuclear Physics

Corresponding Authors: elena.perezdelrio@lnf.infn.it, enrico.graziani@roma3.infn.it

During the last years several Dark Sector Models have been proposed in order to address striking
astrophysical observations which fail standard intepretations.
In the minimal case a new vector particle, the so called dark photon or U-boson, is introduced, with
small coupling with Standard Model particles. Also, the existence of a dark Higgs boson h’ is pos-
tulated, in analogy with the Standard Model, to give mass to the U-boson through the Spontaneous
Symmetry Breaking mechanism.

The experiment KLOE, working on the Dafne e+e- collider in Frascati, searched for the existence of
the U-boson in a quite complete way, investigating several different processes and final states:

• in dalitz decays of the Phi meson Phi-> eta U, with U->e+e- and eta-> pi+pi-pi0 and p0p0p0

• in e+e- -> U gamma events, with U decaying to electron, muon and pion pairs

• in the dark Higgsstrahlung process, e+e- -> Uh’, U-> mu+mu-, h’ invisible.

New results in U to muon and U to pion decays, and their combination, will be available at the time
of the ICHEP Conference.

Tight limits on the model parameters have been set at 90%CL. Further improvements are expected in
terms of sensitivity and discovery potential with the new KLOE-2 detector working on the improved
DAFNE e+e- collider.
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Constraining Right Handed Gauge Boson Mass from Lepton Num-
ber Violating Meson Decays in a Low Scale Left Right Model
Author: Sanjoy Mandal1

Co-authors: Nita Sinha 1; Manimala Mitra 2

1 The Institute of Mathematical Sciences
2 Institute of Physics

Corresponding Authors: manimala@iopb.res.in, smandal@imsc.res.in, nita@imsc.res.in

We analyze the lepton number violating (LNV) meson decays that arise in a TeV scale Left Right
Symmetry model. The right handed Majorana neutrino N along with the right handed or Standard
Model gauge bosons mediate the meson decays and provide a resonant enhancement of the rates if
the mass of N (MN ) lies in the range ∼ (100MeV − 5 GeV). Using the expected upper limits on
the number of events for the LNV decay modes M+

1 → ℓ+ℓ+π−˜(M1 = B,D,Ds,K), we derive
constraints plausible on the mass of the right handed charged gauge boson by future searches at the
ongoing NA62 and LHCb experiments at CERN, the upcoming Belle II at SuperKEK, as well as at the
proposed future experiments, SHiP and FCC-ee.
These bounds are complimentary to the limits from same-sign dilepton search at Large Hadron Col-
lider (LHC). The very high intensity of Charmed mesons expected
to be produced at SHiP will result in a far more stringent bound,MWR

> 18.4˜TeV (corresponding to
MN = 1.46˜GeV), than the other existing bounds from collider and neutrinoless double beta decay
searches.

Beyond the Standard Model / 1042

BSM @ Future Colliders
Author: Riccardo Torre1

1 CERN

Corresponding Author: riccardo.torre@cern.ch

I will review the ongoing studies on BSM physics at Future Colliders. I will cover a broad range
of new physics scenarios for several collider configurations, ranging from High Luminosity LHC,
passing through a potential 27 TeV LHC upgrade, the High Energy LHC, and arriving to the FCC
collider program, both in its ee and pp configurations. I will report advances from the recent and
ongoing CERN Workshops that led to the completion of a Yellow FCC report and will lead, by the
end of the year, to a new Yellow report on the physics of HL/HE LHC. These programs are crucial to
deliver a coherent input for the next European Strategy, determining the future of european collider
physics.

Beyond the Standard Model / 29

Search for new physics with the SHiP experiment at CERN

Authors: Collaboration SHiPNone; Iaroslava Bezshyiko1

1 Universitaet Zuerich (CH)

Corresponding Authors: iaroslava.bezshyiko@cern.ch, walter.bonivento@ca.infn.it
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SHiP is a new general purpose fixed target facility, whose Technical Proposal has been recently
reviewed by the CERN SPS Committee and by the CERN Research Board. The two boards recom-
mended that the experiment proceeds further to a Comprehensive Design phase in the context of
the new CERN Working group “Physics Beyond Colliders”, aiming at presenting a CERN strategy
for the European Strategy meeting of 2019. In its initial phase, the 400GeV proton beam extracted
from the SPS will be dumped on a heavy target with the aim of integrating 2×10ˆ20 pot in 5 years.
A dedicated detector, based on a long vacuum tank followed by a spectrometer and particle identi-
fication detectors, will allow probing a variety of models with light long-lived exotic particles and
masses below O(10) GeV /c2. The main focus will be the physics of the so-called Hidden Portals, i.e.
search for Dark Photons, Light scalars and pseudo-scalars, and Heavy Neutrinos. The sensitivity to
Heavy Neutrinos will allow for the first time to probe, in the mass range between the kaon and the
charm meson mass, a coupling range for which Baryogenesis and active neutrino masses could also
be explained. Another dedicated emulsion-based detector will allow detection of light dark matter
from dark photon decay in an unexplored parameter range

Beyond the Standard Model / 635

Search for a heavy dark photon at future eˆ+eˆ− colliders

Authors: Min He1; Xiao-Gang He2; Cheng-Kai Huang2; Gang LiNone

1 Shanghai Jiao Tong University
2 National Taiwan University

Corresponding Author: gangli@phys.ntu.edu.tw

A coupling of a dark photon A′ from a U(1)A′ with the standard model (SM) particles can be gen-
erated through kinetic mixing represented by a parameter ϵ. A non-zero ϵ also induces a mixing
between A′ and Z if dark photon mass mA′ is not zero. This mixing can be large when mA′ is close
to mZ even if the parameter ϵ is small. Many efforts have been made to constrain the parameter ϵ
for a low dark photon massmA′ compared with theZ boson massmZ . We study the search for dark
photon in e+e− → γA′ → γµ+µ− for a dark photon mass mA′ as large as kinematically allowed
at future e+e− colliders. For large mA′ , care should be taken to properly treat possible large mixing
between A′ and Z . We obtain sensitivities to the parameter ϵ for a wide range of dark photon mass
at planed e+ e− colliders, such as Circular Electron Positron Collider (CEPC), International Linear
Collider (ILC) and Future Circular Collider (FCC-ee). For the dark photon mass 20 GeV
lesssimmA′

lesssim330 GeV, the 2σ exclusion limits on the mixing parameter are ϵ
lesssim10−3 − 10−2. The CEPC with

√
s = 240 GeV and FCC-ee with

√
s = 160 GeV are more

sensitive than the constraint from current LHCb measurement once the dark photon mass mA′

gtrsim50 GeV. For mA′

gtrsim220 GeV, the sensitivity at the FCC-ee with
√
s = 350 GeV and 1.5 ab−1 is better than that

at the 13˜TeV LHC with 300 fb−1, while the sensitivity at the CEPC with
√
s = 240 GeV and 5 ab−1

can be even better than that at 13˜TeV LHC with 3 ab−1 for mA′

gtrsim180 GeV. We also comment on sensitivities of e+e− → γA′ with dark photon decay into
several other channels at future e+e− colliders.
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BSM searches at CLIC
Authors: The CLICdp CollaborationNone; Roberto Franceschini1

1 Rome 3 U.
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The Compact Linear Collider (CLIC) is a mature option for a future electron-positron collider oper-
ating at centre-of-mass energies of up to 3 TeV. CLIC will be built and operated in a staged approach
with three centre-of-mass energy stages currently assumed to be 380 GeV, 1.5 TeV and 3 TeV. This
talk discusses the prospects for CLIC to make direct and indirect measurements, or limits, of physics
beyond the Standard Model. New particles can be discovered in a model-independent way almost
up to the kinematic limit. Compared with hadron colliders, the low background conditions at CLIC
provide extended discovery potential, for example in the case of non-coloured TeV-scale SUSY parti-
cles. In addition to studying new particles directly, BSM models can be probed up to scales of tens of
TeV through precision measurements. Beam polarisation allows to constrain the underlying theory
further in many cases.

Beyond the Standard Model / 1135

Searches for electroweak production of supersymmetric gaugi-
nos and sleptons at LHC
Author: Zinonas Zinonos1

1 Max-Planck-Institut fur Physik, München (DE)

Corresponding Author: zinonas.zinonos@cern.ch

Supersymmetry is one of the most searched-for extensions of the Standard Model. In its minimal
realization, the Minimal Supersymmetric Standard Model, it predicts a new bosonic (fermionic) part-
ner for each fundamental standard Model fermion (boson), as well as an additional Higgs doublet.
The sector of sparticles with only electroweak interactions contains charginos, neutralinos, sleptons,
and sneutrinos. Charginos and neutralinos are the mass eigenstates formed by linear superpositions
of the superpartners of the charged and neutral Higgs bosons and electroweak gauge bosons. In R-
parity conserving models, sparticles can only be produced in pairs and the lightest supersymmetric
particle is stable. This is typically the lightest neutralino and can provide a natural candidate for
dark matter. When produced in the decay of heavier SUSY particles, a neutralino LSP would escape
detection, leading to an amount of missing transverse momentum significantly larger than for SM
processes, a canonical signature that can be exploited to extract SUSY signals. In this poster, a set
of recent searches for the electroweak production of charginos, neutralinos, sleptons, and gluinos
decaying to final states with at least four leptons will be presented. These searches rely on proton-
proton collision data delivered by the Large Hadron Collider at a center-of-mass energy of √s = 13
TeV, collected and reconstructed with the ATLAS detector.
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Particle identification at LHCb: new calibration techniques and
machine learning classification algorithms
Author: Anton Poluektov1

1 University of Warwick (GB)

Corresponding Author: anton.poluektov@cern.ch

Particle identification (PID) plays a crucial role in LHCb analyses. Combining information from
LHCb subdetectors allows one to distinguish between various species of long-lived charged and
neutral particles. PID performance directly affects the sensitivity of most LHCb measurements.
Advanced multivariate approaches are used at LHCb to obtain the best PID performance and con-
trol systematic uncertainties. This talk highlights recent developments in PID that use innovative
machine learning techniques, as well as novel data-driven approaches which ensure that PID perfor-
mance is well reproduced in simulation.
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Simulating fix-target and heavy-ion collisions in LHCb

Author: Benjamin Audurier1

1 Universita e INFN, Cagliari (IT)

Corresponding Author: benjamin.audurier@ca.infn.it

The LHCb experiment is a fully instrumented forward spectrometer designed for precision studies
in the flavour sector of the standard model with proton-proton collisions at the LHC. As part of its
expanding physics programme, LHCb collected data also during the LHC proton-nucleus collisions
in 2013 and 2016 and during nucleus-nucleus collisions in 2015. These datasets provide access to
unique kinematic coverage due to the forward pseudo-rapidity of LHCb. Furthermore, in 2015 LHCb
commissioned the internal gas target SMOG, becoming the only LHC experiment with a programme
of fixed target physics. Any of these particular collision conditions required a different operational
setup, as well as dedicated simulation production based on heavy-ion Monte-Carlo event generators
and interface extensions of the standard LHCb simulation framework. In this talk, we present the
work done to implement such a variety of simulation productions for heavy-ion collisions, and to
validate the produced samples. The future perspectives of the heavy-ion collision simulations at
LHCb will also be discussed.

Computing and Data Handling / 633

New approaches using machine learning for fast shower simula-
tion in ATLAS

Author: Hasib Ahmed1

1 The University of Edinburgh (GB)

Corresponding Author: a.hasib@cern.ch

Modeling the detector response to collisions is one of the most CPU expensive and time-consuming
aspects in the LHC. The current ATLAS baseline, GEANT4, is highly CPU intensive. With the large
collision dataset expected in the future, CPU usage becomes critical. During the LHC Run-1, a fast
calorimeter simulation (FastCaloSim) was successfully used by ATLAS. FastCaloSim parametrizes
the energy response of particles in the calorimeter cells, accounting for the lateral shower profile and
the correlation of the energy deposition among various calorimeter layers. It significantly speeds
up the calorimeter simulation. An improved version of FastCaloSim is currently under develop-
ment to reduce CPU and memory requirements and to improve the physics description. The new
FastCaloSim implements machine learning techniques, such as principal component analysis and
neural networks. Other new ideas being investigated include using deep generative models such as
Variational Auto-Encoders (VAEs) and Generative Adversarial Networks (GANs). These models take
into account the complex geometry of the ATLAS calorimeter and reproduce the shower characteris-
tics. They are enhanced to handle different particle types and energy level variations simultaneously.
This talk will describe these fast simulation methods, quantify the performance and discuss physics
applications.
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First assessment of new Evaluated Data Libraries for Monte Carlo
particle transport
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Evaluated data libraries are the foundation of physics modeling in Monte Carlo particle transport
codes, such as Geant4, FLUKA and MCNP, which are used in high energy and nuclear physics experi-
ments, accelerator studies and detector development. They encompass recommended cross sections,
nuclear and atomic parameters, which may derive from theoretical calculations, evaluations of exper-
imental data or a combination of both. New versions of major, widely used evaluated data libraries
were released in early 2018 by the IAEA (International Atomic Energy Agency) and the NNDC (Na-
tional Nuclear Data Center, BNL); among them, the new data libraries for electron-photon transport
represent substantial evolutions with respect to those currently in use, which date back to more than
20 years ago. The changes concern both the physics content and the data structure, which in turn
affect the reliability and the computational performance of simulations. We review the main fea-
tures of the new data libraries with emphasis on what has changed, and present a first assessment of
their physics quality and of their effects on computational performance in the Geant4 environment.
These results provide quantitative and objective elements for developers and users of Monte Carlo
codes to evaluate the impact of migrating simulations to new data libraries on sound grounds. The
assessment also highlights opportunities for improvement in future releases.

Computing and Data Handling / 735

ALICE Analysis Framework for the LHC Run III
Author: Markus Bernhard Zimmermann1

1 CERN
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In LHC Run 3, the ALICE experiment will record 100 times more events than in the runs before.
This is achieved with a continuous detector readout. To cope with such a huge amount of data, a
new integrated Online-Offline (O2) computing infrastructure is created. Part of this development is
a new analysis framework.
In Run 1 and Run 2 a large fraction of the time to analyze a dataset has been used to read the data
from disk and to deserialize it. Consequently a main focus of the new development is on this step.
A new flat data structure is developed which supports growing, skimming and pruning of the data.
Only the absolutely necessary information for an analysis will be read. Uninteresting event or track
information should not be processed. The important parts of the dataset will be read at dedicated
analysis facilities which are themselves optimized for a quick data access.
The new framework should be built on open source implementations to reduce the required work
within ALICE and to benefit from synergies with industry. By using open source implementations,
new code can be contributed and no dependency on proprietary software is created.
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Applying deep learning methods to HEP data
Author: Su Yong Choi1
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We apply deep learning methods to various aspects of high energy physics problems, from jet re-
construction to top quark reconstruction at hadron colliders. Various supervised and unsupervised
learning method use cases and failure cases are discussed. We describe our setup to make deep
learning methods easier for users who are used to analyzing with ROOT data formats.
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Machine Learning on Datacenter Operations
Author: Jeongheon Kim1

1 Korea Institute of Science and Technology Information

Corresponding Author: jh.kim@kisti.re.kr

Google said it has reduced electricity bills by introducing machine learning into its data center op-
erations. And what else is there?
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The LHCb Run 2 trigger as a benchmark for the upgrade
Author: Mark Peter Whitehead1
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Corresponding Author: mark.peter.whitehead@cern.ch

The LHCb upgrade trigger represents a new paradigm in high energy physics: A fully software
trigger operating at the LHC bunch crossing frequency with a triggerless readout. The existing
level-0 hardware trigger in Run 2 has allowed us to test much of the upgrade strategy at 1MHz.
In this talk, we will describe the performance of the Run 2 trigger in pp and special data taking
configurations, and the implications for the deployment of the upgrade trigger at 30MHz.
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CMS High Level Trigger performance at 13 TeV
Author: Laurent Thomas1

1 Universite Libre de Bruxelles (BE)
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The CMS experiment selects events with a two-level trigger system: the Level-1 trigger (L1) and the
High Level Trigger (HLT). The HLT is a farm made of approximately 30k CPU cores that reduces
the rate from 100 kHz to about 1 kHz. The HLT has access to the full detector readout and runs
a dedicated online event reconstruction to select events. In 2017, LHC instantaneous luminosity
during standard operations was about 1.5 · 1034cm−2s−1 with pile-up of 55, well above the design
values, and it is expected to exceed 2.0 · 1034cm−2s−1 in 2018 by increasing the number of proton
bunches. In these conditions, the online event selection is very challenging.

We present the most recent HLT performance results and the methods used at HLT to cope with a
high pile-up environment.
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Turbo: the flexible reduced data format for real-time analysis at
the LHCb experiment
Author: Alex Pearce1

1 CERN

Corresponding Author: alex.pearce@cern.ch

In 2015, the LHCb experiment implemented a unique data processing model that allows for recon-
structed objects created in the trigger to be persisted and analysed offline, without a loss in physics
performance. This model has recently evolved such that arbitrary additional objects, in addition to
those used in the trigger decision, can also be persisted. This allows for a more inclusive approach,
where persisted objects may or may not be required for present analyses but are available for future
study, whilst still reducing the average event size with respect to saving the raw detector data. This
talk motivates and describes the updated data model, and presents a study on the performance of
this triggering technique in the context of the LHCb upgrade detector, running from 2021, where it
is expected to be the de facto trigger strategy.

Computing and Data Handling / 563

PID strategy and performance at LHCb in Run 2
Author: Carla Marin Benito1
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The LHCb particle identification (PID) system is composed of two ring-imaging Cherenkov detec-
tors , a series of muon chambers and a calorimeter system. A novel strategy has been introduced
in Run 2, where the selection of PID calibration samples for charged particles and neutrals is im-
plemented in the LHCb software trigger. A further processing of the data is required in order to
provide samples for the determination of PID performance, which is achieved through a centralised
production that makes highly efficient use of computing resources. This talk covers the major steps
of the implementation, and highlights the PID performance achieved in Run 2.
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An Introduction of DAQ system for CUP experiments
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CUP, Center for Underground Physics, is one of the research centers belonging to Institute for Basic
Science (IBS), Korea. CUP is conducting several experiments in the field of neutrinoless double
beta decay, direct WIMP search, and neutrino oscillation, such as COSINE-100, AMoRE, and NEOS
experiment. CUP has developed the DAQ system for these experiments including hardware and
software. In this talk, DAQ system for CUP experiments is introduced focusing on electronics, online
DAQ software, and monitoring system.

Computing and Data Handling / 132

Muon performance with the CMS detector in Run2 of the LHC

Author: Kyeongpil Lee1
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Corresponding Author: kplee@cern.ch

The Compact Muon Solenoid (CMS) detector is one of the two multi-purpose experiments at the
Large Hadron Collider (LHC) and has a broad physics program. Many aspects of this program depend
on our ability to trigger, reconstruction and identify events with final state muons in a wide range
of momenta, from few GeV to the TeV scale. Displaced muons can also be used as a benchmark for
new new physics searches and do require special reconstruction techinques.

In this talk we present the full process of muon reconstruction in CMS, both offline and online. The
identification and isolation strategies to discriminate prompt muons from background, and their
performance with 13 TeV data collected with the CMS experiment. Finally, the performance on
benchmark channels will be shown.

Computing and Data Handling / 129

Measurements of the CMS jet energy scale and resolution at 13
TeV
Author: Milos Dordevic1
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Jets are the experimental signatures of energetic quarks and gluons produced in high energy pro-
cesses and they need to be calibrated in order to have the correct energy scale. A detailed understand-
ing of both the energy scale and the transverse momentum resolution of jets at the CMS is of crucial
importance for many physics analyses. In this talk, we present the measurements of CMS jet energy
scale and resolution using the data sample collected in proton-proton collisions at a center-of-mass
energy of 13 TeV.
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Geant4 Detector Simulations for Future HEP Experiments
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The experimental programs planned for the next decade are driving developments in the simulation
domain; they include the High Luminosity LHC project (HL-LHC), neutrino experiments, and stud-
ies towards future facilities such as Linear Colliders (ILC/CLIC) and Future Circular Colliders (FCC).
The next-generation detectors being planned for long-term future programs will have increased gran-
ularity. Detector simulation plays a crucial role in their design and conception. In order to achieve
the desired precision in physics measurements, whilst avoiding that the simulation dominates the
systematic uncertainties, more accurate simulations and larger Monte Carlo samples will be needed.
This presents major challenges both for the development of more accurate models of physics inter-
actions and for the performance of the software used to implement them. In this paper, we will
discuss the status of the most widely used detector simulation toolkit, Geant4, in the context of de-
tector R&D for present and future facilities. We highlight, in particular, the need to review some of
the physics models’assumptions, approximations and limitations in order to increase precision, and
to extend the validity of models up to FCC-hh energies (100 TeV). Results will be shown of recent
major improvements in the multiple scattering model of electrons and positrons and a more accu-
rate theoretical description of the Landau-Pomeranchuk-Migdal effect, which plays a significant role
at high energies. We will outline the ambitious plans that are foreseen for the further theoretical
review of major processes that are a high priority for future HEP experiments.

Computing and Data Handling / 199

Performance of Tau Reconstruction and Identification at CMS

Author: Olena Hlushchenko1
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Corresponding Author: olena.hlushchenko@cern.ch

Since the beginning of LHC Run 2, many improvements have been made to the triggering, recon-
struction, and identification of hadronic tau decays at CMS. The standard Hadron Plus Strips (HPS)
tau reconstruction algorithm now benefits from a dynamic strip reconstruction. The HPS method
has been extended to a version intended for highly Lorentz-boosted topologies and a version which is
used in High Level Triggers. In addition, multivariate discriminators used for tau identification now
combine isolation with tau lifetime variables. The excellent performance of the HPS reconstruction
is also retained under HL-LHC conditions, with an increased number of concurrent proton-proton
interactions and the upgraded CMS detector. The algorithms and performance of the newly devel-
oped tau algorithms and discriminators are presented using 35.9 fb-1 of proton proton data collected
with CMS from the 2016 run at the LHC.

Computing and Data Handling / 1035

Automated Monitoring Tools for the CMS Muon System Based on
Machine Learning Algorithms
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Monitoring the quality of the data being collected by the CMS Muon system to ensure that it fulfills
the requirements needed to be used for physics analyses is a time-consuming and labor-intensive
task. The CMS Muon group is developing a reliable and robust tool that will make use of automated
statistical tests and modern machine learning algorithms to reduce the resources needed to run and
monitor the muon sub-detectors. The challenge in the development of such a tool is that the running
conditions of the LHC experiments are not static, causing the quantities used for data monitoring to
evolve. Furthermore, the tool must be applicable to the monitoring of all four muon sub-detectors
(Cathode Strip Chambers, Drift Tube chambers, Gas Electron Multiplier chambers, Resistive Plate
Chambers), which all depend on different detector technologies and are located in different geomet-
rical areas of the detector. We will present an overview of the current tools and workflows used for
monitoring, together with the status of the state-of-the-art developments towards the automated
monitoring that we will implement for the future LHC runs.

Computing and Data Handling / 572

Fast calorimeter simulation in LHCb
Author: Fedor Ratnikov1

1 Yandex School of Data Analysis (RU)

Corresponding Author: fedor.ratnikov@gmail.com

In HEP experiments CPU resources required by MC simulations are constantly growing and become
a very large fraction of the total computing power (greater than 75%). At the same time the pace
of performance improvements from technology is slowing down, so the only solution is a more
efficient use of resources. Efforts are ongoing in the LHC experiments to provide multiple options
for simulating events in a faster way when higher statistics is needed. A key of the success for
this strategy is the possibility of enabling fast simulation options in a common framework with
minimal action by the final user. In this talk we will describe the solution adopted in Gauss, the LHCb
simulation software framework, to selectively exclude particles from being simulated by the Geant4
toolkit and to insert the corresponding hits generated in a faster way. The approach, integrated
within the Geant4 toolkit, has been applied to the LHCb calorimeter but it could also be used for
other subdetectors. The hits generation can be carried out by any external tool, e.g. by a static library
of showers or more complex machine-learning techniques. In LHCb generative models, which are
nowadays widely used for computer vision and image processing are being investigated in order to
accelerate the generation of showers in the calorimeter. These models are based on maximizing the
likelihood between reference samples and those produced by a generator. The two main approaches
are Generative Adversarial Networks (GAN), that takes into account an explicit description of the
reference, and Variational Autoencoders (VAE), that uses latent variables to describe them. We will
present how both approaches can be applied to the LHCb calorimeter simulation, their advantages
as well as their drawbacks.

Computing and Data Handling / 568

A palette of fast simulations in LHCb
Author: Mark Peter Whitehead1

1 Rheinisch Westfaelische Tech. Hoch. (DE)
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Corresponding Author: mark.peter.whitehead@cern.ch

LHCb is one of the major experiments operating at the Large Hadron Collider at CERN. The richness
of the physics program and the increasing precision of the measurements in LHCb lead to the need
of ever larger simulated samples. This need will increase further when the upgraded LHCb detector
will start collecting data in the LHC Run 3. Given the computing resources pledged for the produc-
tion of Monte Carlo simulated events in the next years, the use of fast simulation techniques will be
mandatory to cope with the expected dataset size. A number of fast simulation options are already
available or under development to complement the full simulation of the LHCb detector based on
Geant4. They include simulating a subset of the generated particles, simplifying the detector geome-
try, re-using the underlying event, replacing the detailed simulation of the calorimeter with a faster
version based on hit libraries, or using a fully parametric simulation of the detector. We present
the available options, describe their applications and discuss the future developments. We also men-
tion how we intend to make the different options transparently available in the LHCb simulation
framework.

Computing and Data Handling / 733

Reconstruction and study of hadronic showers with highly gran-
ular calorimeters
Authors: Frank Simon1; Marina Chadeeva2

1 Max-Planck-Institut fuer Physik
2 National Research Nuclear University MEPhI (RU)

Corresponding Author: marina.chadeeva@cern.ch

Prototype imaging electromagnetic and hadronic calorimeters developed and operated by the CAL-
ICE collaboration provide an unprecedented wealth of highly granular data of hadronic showers for
a variety of active sensor elements and different absorber materials. In this presentation, we discuss
the reconstruction and energy resolution of single hadrons in individual detectors and combined elec-
tromagnetic and hadronic systems using software compensation and semi-digital energy reconstruc-
tion. We report on the performance of particle flow algorithms, both in terms of improved energy
resolution with software compensation techniques for simulated particle jets and for the separation
of nearby particles. A prototype scintillator-based hadron calorimeter provides time information at
the few nanosecond level, extending previous studies of the time structure of hadronic showers in
steel and tungsten absorbers to larger detector volumes. These measurements, together with studies
of the spatial structure of hadronic showers with different active elements, provide four-dimensional
information for hadronic showers which are confronted with GEANT4 simulations using different
hadronic physics models.

Computing and Data Handling / 1039

Machine learning at CERN: ALICE, CMS, and other developments

Author: Markus Stoye1

1 Imperial College (GB)

Corresponding Author: markus.stoye@cern.ch

Machine learning is of increasing importance to high energy physics as dataset sizes and data rates
grow, while sensitivity to standard model and new physics signals are continually pushed to new
extremes. Machine learning has proven to be advantageous in many contexts, and applications now

Page 89



ICHEP2018 SEOUL / Book of Abstracts

span areas as diverse as triggering, monitoring, reconstruction, simulation, and data analysis. This
talk will discuss a subset of the applications of machine learning in the ALICE and CMS experiments,
as well as other areas of more general use in high energy physics at CERN.

Computing and Data Handling / 1040

Machine learning at CERN: ATLAS, LHCb, and other developments

Author: Steven Schramm1

1 Universite de Geneve (CH)

Corresponding Author: steven.schramm@cern.ch

Machine learning is of increasing importance to high energy physics as dataset sizes and data rates
grow, while sensitivity to standard model and new physics signals are continually pushed to new
extremes. Machine learning has proven to be advantageous in many contexts, and applications
now span areas as diverse as triggering, monitoring, reconstruction, simulation, and data analysis.
This talk will discuss a subset of the applications of machine learning in the ATLAS and LHCb
experiments, as well as other areas of more general use in high energy physics at CERN.

Computing and Data Handling / 270

Identification of Jets, Missing energy and Boosted Hadronic Res-
onances in high pile-up conditions with ATLAS
Author: Jeff Dandoy1

1 University of Pennsylvania (US)

Corresponding Author: jeff.dandoy@cern.ch

Accurate measurements and identification of jets, missing energy and boosted hadronic resonances
are crucial to most of the ATLAS physics programme both in domain of Standard Model precision
measurements and search for beyond the SM physics. The ever increasing LHC luminosity while
providing higher statistical sensitivity to rare processes, also leads to more challenging experimen-
tal conditions due to multiple simultaneous collisions (pile-up). Additional energy falling inside a
jet cone can affect both the jet energy scale and resolution leading to performance which depends
on the amount of pile-up. Missing Transverse Momentum, formed from all reconstructed objects,
is particularly affected by high pile-up. New techniques are developed and presented to improve
immunity to the effects of pile-up and maintain or improve resolution and identification capabilities
despite more challenging conditions.

Computing and Data Handling / 190

Application of machine learning techniques at BESIII experiment

Author: Beijiang LiuNone

Corresponding Author: liubj@ihep.ac.cn
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The BESIII detector is a general purpose spectrometer located at BEPCII. BEPCII is a double ring
e+e− collider running at center of mass energies between 2.0 and 4.6 GeV and has reached a peak
luminosity of 1× 1033cm−2s−1 at

√
(s) = 3770 MeV. As an experiment in the high precision fron-

tier of hadron physics, since 2009, BESIII has collected the world’s largest data samples of J/ψ ,
ψ(3686), ψ(3770), ψ(4040) and ψ(4260) decays. These data are being used to make a variety of
interesting and unique studies of light hadron spectroscopy, charmonium spectroscopy and high-
precision measurements of charmed hadron decays.
Machine learning techniques have been employed to improve the performance of BESIII software.
Novel approaches for “particle identification of lepton”and “track segment building for the CGEM
(Cylindrical Gas Electron Multiplier Inner Tracker)”will be discussed. The comparison of perfor-
mances with traditional approaches will be given.

Computing and Data Handling / 82

TrackML : a tracking Machine Learning challenge
Authors: Paolo Calafiura1; Steven Andrew Farrell2; Heather Gray3; Jean-Roch Vlimant4; Vincenzo Innocente5;
Andreas Salzburger5; Sabrina Amrouche6; Tobias Golling7; Moritz Kiehn7; Cecile Germain8; Isabelle GuyonNone;
David Rousseau9; Yetkin Yilmaz10; Vladimir Gligorov11; Mikhail Hushchyn12; Andrey Ustyuzhanin12

Co-author: Claudia Plant 13

1 University of California Berkeley (US)
2 Lawrence Berkeley National Lab (US)
3 LBNL
4 California Institute of Technology (US)
5 CERN
6 RSA - Universite de Geneve (CH)
7 Universite de Geneve (CH)
8 Universite Paris Sud
9 LAL-Orsay, FR
10 Laboratoire Leprince-Ringuet, France
11 Centre National de la Recherche Scientifique (FR)
12 Yandex School of Data Analysis (RU)
13 Universität Wien

Corresponding Authors: rousseau@lal.in2p3.fr, tobias.golling@unige.ch, cecile.germain@lri.fr, heather.gray@cern.ch,
vladimir.gligorov@cern.ch, guyon@clopinet.com, steven.farrell@cern.ch, claudia.plant@univie.ac.at, jean-roch.vlimant@cern.ch,
c.amrouche@cern.ch, andrey.ustyuzhanin@cern.ch, msmk@cern.ch, andreas.salzburger@cern.ch, vincenzo.innocente@cern.ch,
mikhail.hushchyn@cern.ch, yetkin.yilmaz@cern.ch, pcalafiura@lbl.gov

To attain its ultimate discovery goals, the luminosity of the Large Hadron Collider at CERN will
increase so the amount of additional collisions will reach a level of 200 interaction per bunch cross-
ing, a factor 7 w.r.t the current (2017) luminosity. This will be a challenge for the ATLAS and CMS
experiments, in particular for track reconstruction algorithms. In terms of software, the increased
combinatorial complexity will have to harnessed without any increase in budget.
To engage the Computer Science community to contribute new ideas, we organized a Tracking Ma-
chine Learning challenge (TrackML) running on the Kaggle platform from March to June 2018, build-
ing on the experience of the successful Higgs Machine Learning challenge in 2014.
The data were generated using [ACTS] (http://acts.web.cern.ch/ACTS/latest/doc/index.html), an open
source accurate tracking simulator, featuring a typical all silicon LHC tracking detector, with 10
layers of cylinders and disks. Simulated physics events (Pythia ttbar) overlaid with 200 additional
collisions yield typically 10’000 tracks (100’000 hits) per event.

The task to be performed by participants in the challenge is the “pattern recognition”: associate the
hits to tracks corresponding to the original charged particles. The participants are given 100’000
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events (including truth information) to train their algorithm, while the evaluation by Kaggle is run
on 100 other events. The score used to rank the candidates is the fraction of hits correctly assigned,
with a weighting mechanism to favor higher momentum tracks and hits in the innermost and out-
ermost detector layers. In this challenge, there is no CPU constraint, however a second phase of the
challenge to be run during the summer will have strong computational constraints.
The emphasis of the challenge is to explore innovative Machine Learning approaches, rather than
hyper-optimising known combinatorial approaches. In preliminary discussions with the ML commu-
nity, Convolutional Neural Network, LSTM, Deep Neural Nets, Monte Carlo Tree Search, geometric
Deep Learning have been mentioned. A very simplified 2D version of the challenge (see reference)
was successfully run as a two day hackathon in March 2017.

In this talk, the first lessons from the challenge (which will just have been completed) will be dis-
cussed. What algorithms have emerged and are the most promising ? How robust is the score,
compared to deeper performance evaluations ?

Computing and Data Handling / 779

Exploitation of heterogeneous resources for ATLAS Computing

Author: Jiri Chudoba1

1 Acad. of Sciences of the Czech Rep. (CZ)

Corresponding Author: jiri.chudoba@cern.ch

LHC experiments require significant computational resources for Monte Carlo simulations and real
data processing and the ATLAS experiment is not an exception. In 2017, ATLAS exploited steadily
almost 3M HS06 units, which corresponds to about 300 000 standard CPU cores. The total disk and
tape capacity managed by the Rucio data management system exceeded 350 PB.

Resources are provided mostly by Grid computing centers distributed in geographically separated
locations and connected by the Grid middleware. The ATLAS collaboration developed several sys-
tems to manage computational jobs, data files and network transfers. ATLAS solutions for job and
data management (PanDA and Rucio) were generalized and now are used also by other collabora-
tions.

More components are needed to include new resources such as private and public clouds, volunteers’
desktop computers and primarily supercomputers in major HPC centers.
Workflows and data flows significantly differ for these less traditional resources and extensive soft-
ware redesign was needed for some components of the ATLAS distributed computing software
stack. High Performance Computers might not allow internet connection directly from/to com-
puting nodes. Some provide hundreds of thousands cores each several times slower than a standard
Grid core, others require jobs running in parallel on many cores using MPI, still others allow ATLAS
jobs only as a backfill.
The newly developed and commissioned ATLAS software framework called Event Service has been
put in place to exploit these highly volatile resources.

The volunteer computing project ATLAS@Home is based on the BOINC platform. Virtualization
technologies enabled usage of various platforms and simplified installation. The project adds up to
several tens of thousands computing cores used for ATLAS simulations and serves as a unique tool
for outreach activities. Not only desktop computers are used; servers from computing clusters too
can increase total utilization by running ATLAS@Home on top of standard jobs.

We will discuss current usage of ATLAS pledged and opportunistic resources, evolution of the soft-
ware used for the management of the huge number of distributed jobs and need for a significant
upgrade of computational infrastructure for HL-LHC.
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Computing and Data Handling / 928

HEPfit: The Analysis Toolkit

Authors: HEPfit CollaborationNone; Ayan Paul1; Otto Eberhardt2

1 INFN, Sezione di Roma
2 Istituto Nazionale di Fisica Nucleare

Corresponding Authors: otto.eberhardt@roma1.infn.it, apaul2@alumni.nd.edu

HEPfit is a computational tool for the combination of indirect and direct constraints on High Energy
Physics models. The code is built in a modular structure so that one can select observables and mod-
els of interest. It can be used to build customized models and customized observables. It has a statis-
tical framework based on Markov Chain Monte Carlo (MCMC) driven Bayesian analysis. However,
any statistical framework can be used as an option. The goal of HEPfit is to implement electroweak,
Higgs and flavour physics observables to the highest degree of precision with minimum theoretical
assumptions built in. This has been done in the Standard Model and in several models beyond the
Standard Model, such as MSSM, THDM, L-R symmetric models, and several EFTs. Since the statisti-
cal treatment in HEPfit is based on MCMC, optimized computational time is of utmost importance,
HEPfit is massively parallelized to run over a large number of CPUs using openMPI.

Computing and Data Handling / 267

Performance of tau and muon leptons reconstruction and identi-
fication in the ATLAS experiment using pp collisions at sqrt(s)=13
TeV and their prospects for the HL-LHC
Author: David Kirchmeier1

1 Technische Universitaet Dresden (DE)

Corresponding Author: david.kirchmeier@mailbox.tu-dresden.de

The ATLAS experiment is a multi-purpose experiment installed at the Large Hadron Collider (LHC)
at CERN, designed to study elementary particles and their interactions in high-energy collisions of
proton and heavy ion beams.

Muon and Tau leptons play an important role in many physics processes that are being investi-
gated at the LHC. Hadronic decays of the taus are reconstructed from the combined analysis of the
calorimeter and inner tracker informations. This contribution details the performance of the iden-
tification, trigger, energy calibration and decay mode classification of hadronic decays of the tau
leptons with the ATLAS detector using the Run 2 dataset of pp collisions collected at the LHC at
a centre-of-mass energy

√
s=13 TeV. The algorithms and the criteria used in ATLAS for the recon-

struction and identification of muons with transverse momentum from a few GeV to the TeV scale
will also be presented. Their performance is measured with data based on the decays of Z and J/ψ
to pairs of muons, that provide a large calibration sample.
Reconstruction and identification efficiencies are evaluated, as well as momentum scales and res-
olutions, and the results are used to derive precise corrections for the MC simulation of ATLAS
events. Isolation selection criteria and their performances in presence of high pileup will also be
presented.

For the high-luminosity phase of the LHC (HL-LHC), the instantaneous luminosity will increase up
to L ≃ 7.5×1034cm−2s−1 leading to an average interactions per bunch crossing of up to 200 and
the ATLAS detector will undergo a significant upgrade of its sub-systems, including a complete re-
placement of its inner tracker.
The prospects of the reconstruction and identification of tau leptons for the HL-LHC are discussed.
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Computing and Data Handling / 1137

Discussion

Dark Matter Detection / 139

Searches for dark matter with CMS
Authors: Arnd Meyer1; Andreas Albert1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Author: andreas.albert@cern.ch

Searches in CMS for dark matter in final states with invisible particles recoiling against visible states
are presented. Various topologies and kinematic variables are explored, including jet substructure
as a means of tagging heavy bosons. The focus of the talk is the recent results obtained using data
collected at Run-II of the LHC.

Dark Matter Detection / 252

Heavy quarks flavored scalar dark matter
Authors: Peiwen Wu1; Seungwon BaekNone; pyungwon ko2

1 Korea Institute for Advanced Study (KIAS)
2 Korea Inst. for Advanced Study (KIAS)

Corresponding Authors: peiwen.wu123@gmail.com, pko@kias.re.kr, swbaek@kias.re.kr

The absence of confirmed signal in dark matter (DM) direct detection (DD) may suggest weak inter-
action strengths between DM and the abundant constituents inside nucleon, i.e. gluons and valence
light quarks. In this work we consider a real scalar dark matter S interacting only with SU(2)L
singlet Up-type quarks Ui = uR, cR, tR via a vector-like fermion ψ. The DM-nucleon scattering
can proceed through both h-mediated Higgs portal (HP) and ψ-mediated vector-like portal (VLP),
in which HP can receive sizable radiative corrections through the new fermions. We find that the
constraints of XENON1T results are strong on y1 from VLP scattering and on y3 from its radia-
tive contributions to HP scattering. Then we focus on DM-heavy quark interactions via y2, y3 in
terms of DM-gluon scattering at loop level. We find that renormalization group equation (RGE) and
heavy quark threshold effects are important. For the benchmarks y3 = 0.5, y2 = 0.5, 1, 3, com-
bined results from ΩDMh

2 ≃ 0.12, XENON1T, Fermi-LAT, 13 TeV LHC data have almost excluded
mS < mt/2 when only DM-{c, t} interactions are considered. FCNC of top quark are usually be-
low 10−9 after passing the other constraints, which are still safe from the current top quark width
measurements.

Dark Matter Detection / 325

Prospects of Higgs portal DM models at future colliders
Author: Jinmian Li1

1 KIAS
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Corresponding Author: phyljm@gmail.com

My talk will base on Higgs portal DM models with fermion, vector and scalar DMs.
I will show that the LHC is unable to probe any parameter space of these models. On the other hand,
in terms of four benchmark points, those model will be not only probable but also distinguishable
at 500 GeV electron-positron collider and 100 TeV proton-proton collider.

Dark Matter Detection / 717

Ultra-light dark matter in NEWS-G experiment using a gaseous
spherical detector
Authors: ioannis giomataris1; et al.None

1 CEA-Saclay

Corresponding Author: ioannis.giomataris@cea.fr

NEWS-G experiment is using a new type of radiation detector based on the spherical proportional
counter. The detector consists of a large spherical gas volume with a central electrode forming
a radial electric field. A small spherical sensor located at the center is acting as a proportional
amplification structure.
Combination of sub-keV energy threshold and versatility of the target (Ne, He, H) opens the way
to search for ultra light dark matter WIMPs down to 100 MeV. Recent results obtained with a low
radioactivity detector, 60 cm in diameter operated in LSM underground laboratory will be presented.
First NEWS-G results with Ne as target nuclei, exclude above 4.4・1037 cm2 for a 0.5 GeV/c2 WIMP.
The next project NEWS-G, under study, is a larger detector that consists in a selected pure copper
sphere of 1.4 meter of diameter to be installed at SNOLAB. This will allow benefiting from a larger
volume, relative to the current detector and a much lower background level.
I will discuss the status of the project and prospects for the future.

Dark Matter Detection / 833

Dark matter axion search experiments using 18T HTS magnet at
CAPP/IBS in KAIST
Authors: Byeonghun Min1; DongLak Kim2; Jiyoung Lee2; Heejun Park2; Jongkuk Kim3; Lee Youngjae 3; Ahn
Moohyun 4; Jonghee Yoo3

1 Institute for Basic Science (IBS)
2 Institute for Basic Science (IBS)
3 Department of Physics, Korea Advanced Institute of Science and Technology (KAIST)
4 Department of Physics, Seoul National University

Corresponding Authors: yoo.jonghee@gmail.co, moohyun@gmail.com, jongkuk.kim@kaist.ac.kr, phjun1010@naver.com,
bhmin90@ibs.re.kr, djfldlshs@kaist.ac.kr, donglkim@ibs.re.kr, jylee0124@ibs.re.kr

The presence of dark matter had profound consequences on the evolution of the Universe. The
Standard Model does not accommodate a suitable dark matter candidate. Therefore, the existence
of dark matter is a crucial phenomenological evidence for physics Beyond the Standard Model. The
pressing goal of current and future dark matter experiments is to answer the question of whether
dark matter interacts with normal matter other than gravity; i.e. if dark matter is detectable. Among
the plethora of dark matter candidate particles, the Weakly Interacting Massive Particles (WIMPs)
and the Axions are the most outstanding contender. In this talk, we will discuss about the dark
matter axion search projects at the Center for Axions and Precision Physics Research at CAPP/IBS
in KAIST, especially focused on the CAPP18T axion dark matter search experiment which utilizes a
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18T High Temperature Superconducting solenoid magnet, resonant cavity, dilution refrigerator and
linear amplifier system.

Dark Matter Detection / 834

Dark matter searches in XMASS
Author: Kazuyoshi Kobayashi1

1 ICRR, University of Tokyo

Corresponding Author: kenkou.kobayashi@gmail.com

XMASS is a multi-purpose experiment using a single-phase liquid-xenon
scintillator detector located underground at Kamioka Observatory
in Japan. We are continuously taking data since November 2013 for
more than four years.
With these long-term data, we conducted not only standard WIMP search,
but also search for annual modulation caused by dark matter, and
various dark matter searches such as light WIMPs, WIMP-129Xe
inelastic scattering,and bosonic super-WIMPs.
The XMASS detector is also capable of pursuing various researches
in particle and astroparticle physics such as supernova neutrino
observation, solar axion search, and double electron capture search.
In this talk, we will present recent dark matter searches in XMASS.

Dark Matter Detection / 183

New Physics searches at BESIII
Authors: BESIII CollaborationNone; Shenjian Chen1

1 Nanjing University (CN)

Corresponding Authors: shenjian.chen@cern.ch, fabrizio.bianchi@to.infn.it

Many models of physics beyond the SM, motivated by the recent astrophysical anomalies, include
the possibility of a new types of weak-interacting degrees of freedom. Typical models, such as Next-
to-Minimal Supersymmetric SM and Light Hidden Dark-sector model,predict a low-mass Higgs and
a Dark Bosons, respectively. The masses and decay modes of these particles are expected to be
accessible at the BESIII experiment. BESIII has recently performed searches of light Higgs and Dark
Bosons in several decay modes using the data collected at J/ψ,ψ(2S) and ψ(3770) resonances. In
the data sample at the J/ψ a search of possible invisible decays of light vector mesons V and pseudo-
scalar mesons via J/ψ → V P decays (V = ω, ϕ and P = η, η′)has also been performed. This talk
will summarize BESIII recent results on these searches for new physics.

Dark Matter Detection / 969

The DarkSide-20k Experiment and the future of Dark Matter Liq-
uid Argon Program
Author: Pietro GiampaNone

Corresponding Author: giampapietro@gmail.com
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DarkSide-20k is a proposed 20 tonne fiducial mass liquid argon TPC that will perform an instru-
mental background-free search for WIMP dark matter. The TPC will be outfitted with more than
100,000 specifically designed silicon photomultipliers (SiPM) grouped into several thousands single-
channel, 25 cm2 photosensors that are sensitive to single photoelectrons. We will present the re-
cently achieved performances of the photosensor and associated low-noise electronics at liquid ar-
gon temperature and discuss the strategy for the mass production for DarkSide-20k.

Dark Matter Detection / 659

Recent results in the COSINE-100 experiment
Author: Chang Hyon Ha1

1 IBS

Corresponding Author: changhyon.ha@gmail.com

The COSINE-100 experiment searches for dark-matter interactions using an array of scintillating
NaI(Tl) crystals, that serve both as a WIMP-interaction target and detector, in the low-background
environment of the Yangyang underground laboratory. The main goal is to check the annual modula-
tion signal observed by DAMA/LIBRA in an NaI(Tl) crystal array. The experiment has been running
for more than 1.5 years stably and several analyses were performed based on the current energy
threshold of ˜2 keV with a background rate of roughly 3 counts/day/kg/keV in the energy region
between 2 and 6 keV. The performance of the detector and recent results will be presented.

Dark Matter Detection / 842

On the Calibration of the DEAP-3600 Experiment

Author: Pietro GiampaNone

Corresponding Author: giampapietro@gmail.com

The DEAP-3600 experiment is a single phase liquid argon (LAr) dark matter detector, capable of
holding up to 3,6 tonnes of LAr. The target material is contained within an ultra-radiopure acrylic
vessel 85 cm in radius. Particle interactions within the active volume are observed via 255 HQE 8
inches Hamamatsu room-temperature PMTs, which are coupled to the detector via 50 cm long acrylic
light guides (LGs). The inner detector is sealed inside a stainless steel vessel, which is immersed in a
400 meter-cube water tank that functions as a muon veto. The experiment has been operational since
May 2016 and stable physics trigger data-taking has been underway since November 2016. In this
talk, we will report on the full (multi-year) calibration campaign completed for the PMTs response,
the energy response, and the pulse-shape discrimination, all necessary to achieve the ultimate WIMP-
nucleus sensitivity.

Dark Matter Detection / 16

Dark photons in the decay of a scalar
Author: Gennady Kozlov1

1 JINR

Corresponding Author: kozlov@jinr.ru
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The couplings of the Standard Model sector to the scale invariant degrees of freedom can open the
possibility to study dark photons (DP). The model for the DP particle solvable in 4-dimensional space-
time is studied at the lowest order of perturbative theory using canonical quantization. The model
is gauge and scale invariant and these symmetries are spontaneously broken with the following
properties: the DP field is massive. The Dalitz-like decay of the (Higgs-like) scalar boson into a single
photon and DP is studied. The interaction between DP and quarks is mediated by the derivative of
the scalar field - the dilaton. The mass of the dilaton does not enter the final solutions. The limits
are set on the DP mass, the mixing strength between the standard photon and DP. This study can be
used to probe the DP sector since the emitted energy of the single photon is encoded with measuring
of the missing of the recoil DP.

Dark Matter Detection / 789

Dark matter search with the SABRE experiment
Author: Giulia D’Imperio1

1 Sapienza Universita e INFN, Roma I (IT)

Corresponding Author: giulia.dimperio@cern.ch

The SABRE (Sodium Iodide with Active Background Rejection) experiment will search for an an-
nually modulating signal from Dark Matter (DM) using an array of ultra-pure NaI(Tl) detectors
surrounded by an active scintillator veto to further reduce the intrinsic background. The expected
rate of interactions between DM particles and the detector in fact modulates due to Earth’s changing
velocity relative to the DM halo.
The first phase of the experiment is the SABRE Proof of Principle (PoP), a single 5kg crystal detector
operated in a liquid scintillator filled vessel at the Laboratori Nazionali del Gran Sasso (LNGS). The
PoP installation is underway with the goal of running in 2018 and performing the first in situ mea-
surement of the crystal background, testing the veto efficiency, and validating the SABRE concept.
As part of this effort, GEANT4-based Monte Carlo simulations have been developed to estimate the
background in the PoP based on radio-purity measurements of the detector components. The most
recent simulations include detailed versions of the detector part geometries.
The second phase of SABRE will be twin arrays of NaI(Tl) detectors operating at LNGS and at the
Stawell Underground Physics Laboratory (SUPL) in Australia. By locating detectors in both hemi-
spheres, SABRE will minimize seasonal systematic effects.
In this talk, the status report of the SABRE PoP activities at LNGS will be presented as well as results
from the most recent Monte Carlo simulation.

Dark Matter Detection / 839

Cancelled
Author: Lino Miceli1

1 Institute for basic Science (KR)

Corresponding Author: lino.miceli@cern.ch

The CAST-IBS/CAPP experiment is a joint effort between the CERN Axion Solar Telescope (CAST)
collaboration 1 and the Center for Axion and Precision Physics Research (IBS/CAPP) [2], searching
for cold dark matter axions.
In this project, tunable rectangular cavities are inserted in the 9T CAST dipole magnet, an LHC
prototype, at CERN.
The traditional haloscope technique first suggested by Sikivie [3] is, for the first time, applied in a
rectangular geometry configuration, rather than the common cylindrical geometry. The status and
expected sensitivity of the experiment are presented.
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1 CAST Collaboration, K. Zioutas et al., Phy. Rev. Lett. 94 (2005) 121301.
[2] http://capp.ibs.re.kr/html/capp_en/
[3] P. Sikivie, Phys. Rev. Lett. 51, 1415 (1983).

Dark Matter Detection / 862

The LUX-ZEPLIN Dark-Matter Experiment
Author: S. Douglas LEONARD1

1 CUP, IBS

Corresponding Author: douglas.s.leonard@gmail.com

Cosmological and astrophysical evidence for the existence of dark matter in the universe and in the
Milky Way itself is compelling, with weakly interacting massive particles (WIMPs) being a leading
dark-matter candidate. The LUX-ZEPLIN experiment will search for nuclear recoils from dark matter
particles incident on 5.6 tonnes of liquid xenon contained within the fiducial volume of a two-phase
time projection chamber. The detector will operate at the Davis Cavern at 4850 ft depth at the Sanford
Underground Research Facility in Lead, South Dakota. The baseline spin-independent cross-section
sensitivity for 40 GeV WIMPs is 1.6 x 10ˆ{-48} cmˆ2 in 1000 days of livetime. An overview and the
status of the project will be presented.

Dark Matter Detection / 865

A frequentist analysis of proton-philic spin-dependent inelastic
Dark Matter (pSIDM) as an explanation of the DAMA effect
Authors: Jong-Hyun Yoon1; Stefano Scopel1; Sunghyun Kang1

1 Sogang University

Corresponding Authors: omega844@gmail.com, scopel@sogang.ac.kr, francis735@naver.com

In the proton-philic spin-dependent inelastic Dark Matter (pSIDM) scenario, the yearly modulation
effect in the DAMA experiment is consistent with other available constraints: from the latest ex-
perimental bounds from XENON1T, PANDAX-II, SuperCDMS, PICO-60 and CDMSlite, we obtain
updated ranges of its parameters by constructing their approximate frequentist confidence intervals
both in a halo-independent approach and adopting a truncated Maxwellian for the Weakly Inter-
acting Massive Particles (WIMP) velocity distribution. In our halo–independent analysis we have
implemented the WIMP halo function in terms of a step–wise parameterization. Our results confirm
the present viability of the pSIDM scenario as a possible explanation of the DAMA effect.

Dark Matter Detection / 917

Search for Boosted Dark Matter at ProtoDUNE
Authors: Animesh Chatterjee1; Albert De Roeck2; Doojin Kim2; Zahra Ghorbani Moghaddam2; Jong-Chul Park3;
Seodong Shin4; Leigh Howard Whitehead2; Jaehoon Yu1

1 University of Texas at Arlington (US)
2 CERN
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Corresponding Authors: jaehoonyu@uta.edu, shinseod@indiana.edu, leigh.howard.whitehead@cern.ch, animesh.chatterjee@uta.edu,
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We propose, for the first time, the potential of beyond the standard model opportunities at the Proto-
DUNE experiment in the context of dark matter physics. We explore various experimental signatures
at the cosmic frontier, arising in boosted dark matter scenarios, i.e., inelastic scattering of a relativis-
tic dark matter particle often created by the annihilation of its heavier component which usually
constitutes the dominant relic density. Although signal features are unique enough to isolate signal
events from potential backgrounds, vetoing an enormous amount of cosmic background is rather
challenging as the detectors are located on the ground. Nevertheless, we argue, with a careful esti-
mate, that such backgrounds can be well under control via performing dedicated analyses after data
acquisition. We then discuss some phenomenological studies which can be achieved with the Proto-
DUNE detectors, employing a dark photon scenario as our benchmark dark-sector model.

Dark Matter Detection / 966

Darkside latest results and future prospects
Author: Alfredo Cocco1

1 INFN/Na

Corresponding Authors: alfredo.cocco@cern.ch, alfredo.cocco@na.infn.it

DarkSide uses a dual-phase Liquid Argon Time Projection Chamber to search for WIMP dark matter.
The talk will present the latest result on the search for low mass (MWIMP < 20GeV /c2) and high
mass (MWIMP > 100GeV /c2)
WIMPs from the current experiment, DarkSide-50, running since mid 2015 a 50-kg-active-mass TPC,
filled with argon from an underground source. The next stage of the Darkside program will be
a new generation experiment involving a global collaboration from all the current Argon based
experiments.
DarkSide-20k, based on a >20-tonne fiducial mass TPC with SiPM based photosensors, is designed
to have a background well below that from coherent scattering of solar and atmospheric neutrinos.
Like its predecessor DarkSide-20k will be housed at the Gran Sasso (LNGS) underground laboratory,
and it is expected to attain a WIMP-nucleon cross section exclusion sensitivity of 10−47 cm2 for a
WIMP mass of 1TeV/c2 in a 5 yr run.

Dark Matter Detection / 974

Low radioactivity Argon for rare event searches
Author: Pietro GiampaNone

Corresponding Author: giampapietro@gmail.com

The DarkSide-50 two-phase liquid argon (LAr) detector has been searching for weakly interacting
massive particle (WIMP) dark matter for more than three years, and during the last two and a half
years has been successfully operating the detector with argon that was extracted from underground
CO2 wells in Cortez, Colorado in the USA. This source of argon is shielded from cosmic rays entering
Earth’s atmosphere, and thus has a concentration reduced by more that a factor 1000 of the cosmo-
genically produced isotope of 39Ar that beta decays with an endpoint energy that causes the beta
spectrum to entirely cover the LAr WIMP search region. This talk will focus on the details of two
new projects called Urania and Aria. Urania aims to extract up to 250 kg/day of UAr from the same
source of gas as that used to extract the UAr for DS-50. Aria will then further purify by cryogenic
distillation in a 350 m tall column the extracted UAr to produce >35 tonnes of detector grade UAr
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for use in a 20-tonne fiducial volume detector called DarkSide-20k, set to begin operations at the be-
ginning of the next decade. Both projects require industrial scale plants with potential applications
outside basic research.

Dark Matter Detection / 1020

Recent PandaX-II Results on Dark Matter Search and PandaX-4T
Upgrade Status
Author: Ning Zhou1

1 Shanghai Jiao Tong University (CN)

Corresponding Author: nzhou@sjtu.edu.cn

PandaX experiment, located at China JinPing underground Laboratory (CJPL), is a 500kg scale liquid
xenon dark matter direct detection experiment. With recent data, PandaX-II experiment obtained
stringent upper limits on the spin-independent (SI) and spin-dependent (SD) WIMP-nucleon elastic
scattering cross sections. Alternative models of dark matter are also explored using this data. Mean-
while, PandaX collaboration has launched an upgrade plan to build PandaX-4T detector with 4-ton
liquid xenon in the active volume. The PandaX-4T experiment will be relocated to CJPL-II and is
expected to run after 2020. Detailed simulation indicates that the sensitivity on SI WIMP-nucleon
scattering cross section could reach 10ˆ{-47} cmˆ2 after two-year’s running.

Dark Matter Detection / 1021

Synchrotron Emission from a Flavored Dark Matter Model as An
Explanation of ARCADE-2 Excess
Author: Elaine Cristina Ferreira Silva Fortes1

1 Universidade federal do Pampa UNIPAMPA (BR)

Corresponding Author: elainefortes@gmail.com

We explore the synchrotron signals generated by flavored Dark Matter candidate with mass region
between 10-20 GeV annihilating into the leptonic channels e+e− and µ+µ−. In these models, the
interactions are skewed in flavor space, so that a dark matter particle never couples directly to the
Standard Model matter fields of the same flavor, but only to the other two flavors. So, these models
can bring interesting results when analyzed as an attempt to explain the Radio observations at mul-
tiple frequencies, especially in the region between 22 MHZ and 10 GHz, the well known ARCADE-2
Excess. We present the signal brightness temperature for a sort of frequencies considering the mass
region of 10-20 GeV for the dark matter candidate and show that the analysed model can fit such
excess. We also explore the model concerning the 21 centimetre-wavelength transition of atomic hy-
drogen around redshift 20, detected by the 21-centimetre signal as a dark matter explanation.

Dark Matter Detection / 1045

First Results from the ADMX G2 dark matter axion search
Author: Gray RybkaNone

Corresponding Author: grybka@uw.edu
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The axion is a well-motivated dark matter candidate inspired by the
Peccei-Quinn solution to the Strong-CP problem. After decades of
work, the US DOE flagship axion dark matter search, ADMX G2, is the
first experiment to be sensitive to dark matter axions from the
plausible DFSZ coupling model, and has begun to search the
theoretically-favored axion mass region 2-40 micro-eV. ADMX G2 could
now discover dark matter at any time. I will report the first results
from exploring the range around 2.7 micro-eV last year, discuss this
year’s operations and review the ADMX G2 plans to continue the search
to cover the entire mass range.

Dark Matter Detection / 859

CAPP’s axion data with mass range from 2.45 to 2.75 GHz
Authors: Woohyun Chung1; Yannis Semertzidis2; Ohjoon Kwon3; Doyu Lee1; Danho Ahn4; Jinsu Kim4; Caglar
Kutlu4

1 Center for Axion and Precision Physics Research, IBS
2 CAPP/IBS and KAIST in South Korea
3 IBS/CAPP
4 IBS/CAPP, KAIST

Corresponding Authors: semertzidis@bnl.gov, gnuhcw@ibs.re.kr, du5698@kaist.ac.kr

CAPP’s flagship axion experiment, CULTASK, employs dilution refrigerators to lower the physical
temperature of resonant cavities to less than 40 mK - the coldest ever for axion search. We prepared
a complete set of the microwave axion detector (CAPP-PACE) equipped with an 8 T superconducting
magnet with 12 cm inner bore in order to search for axions with mass around 2.5 GHz. The frequency
tuning system installed in a split-design resonant cavity with a high Q-factor utilizes piezoelectric
actuators with interchangeable sapphire and copper rods and performs flawlessly in searching a
wide range of axion mass. The feeble signal ( 10−24 W) from the cavity is amplified and transmitted
through the RF receiver chain, specially designed to minimize the noise temperature of the system
employing an 1 K HEMT or a quantum-limited SQUID (Superconducting Quantum Interference
Device) amplifier in order to raise the sensitivity and eventually speed up the axion search. I will
present the results of CAPP’s first physics data runs in the axion mass range from 2.45 to 2.75 GHz
and discuss our future plans and R&D projects.

Dark Matter Detection / 819

The Beam Dump eXperiment
Authors: Mariangela Bondi1; Luca Marsicano2

1 INFN - National Institute for Nuclear Physics
2 INFN

Corresponding Authors: luca.marsicano@ge.infn.it, mariangela.bondi@ct.infn.it

The Beam Dump eXperiment (BDX) is an electron-beam thick-target experiment aimed to investi-
gate the existence of Light Dark Matter (LDM) particles in the MeV-GeV mass range. The experiment
has been conditionally approved and is expected to run in a dedicated underground facility located
20 m downstream of the JLab-Hall A beam-dump, receiving up to 1022 electrons on target in 1 year
time. The detector consists of two main components: a CsI(Tl) electromagnetic calorimeter (Ecal)
and a veto system used to suppress the background. The expected signature of the DM interaction
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in the Ecal is a ∼ GeV electromagnetic shower paired with a null activity in the surrounding ac-
tive veto counters. A complete small-scale prototype of the final detector has been constructed in
order to validate the proposed technology and demonstrate the capability to reject the cosmogenic
background. Beam-related background was estimated by means of Monte Carlo (MC) simulations.
In order to benchmark our simulation tools with on site data, we recently measured, with JLab sup-
port, the muon background produced by the 10.6 GeV e−-beam on the Hall-A dump at the location of
the proposed BDX facility with present shielding configuration. A hodoscope made by a BDX ECal
CsI(Tl) crystal sandwiched between a set of segmented plastic scintillators was used to measure the
muon rate.
This talk will present an overview of the BDX experiment with a particular focus on the results of the
recent muon-flux measurements and the comparison with the corresponding simulations.

Dark Matter Detection / 750

Dark Matter Direct Detection with Spin-2 Mediators
Authors: Alba Carrillo-Monteverde1; Hyun Min Lee2; Myeonghun Park3; Veronica Sanz1; Yoo-Jin Kang4

1 University of Sussex
2 CAU - Chung-Ang University (KR)
3 Seoul National University of Science and Technology
4 Chung-Ang University

Corresponding Authors: hyun.min.lee@cern.ch, yoojinkang91@gmail.com, a.carrillo-monteverde@sussex.ac.uk,
v.sanz@sussex.ac.uk, ishaed@gmail.com

We consider models where a massive spin-two resonance acts as the mediator between Dark Matter
(DM) and the SM particles through the energy-momentum tensor. We examine the effective theory
for fermion, vector and scalar DM generated in these models and find novel types of DM-SM interac-
tion never considered before. We identify the effective interactions between DM and the SM quarks
when the mediator is integrated out, and match them to the gravitational form factors relevant for
spin-independent DM-nucleon scattering. We also discuss the interplay between DM relic density
conditions, direct detection bounds and collider searches for the spin-two mediator.

Dark Matter Detection / 853

Present and future sensitivity of WIMP direct detection in EFT

Authors: Seong-Hyeong Kang1; Stefano Scopel1; Gaurav Tomar1; Jong-Hyun Yoon1

1 Sogang University

Corresponding Authors: tomarphysics@gmail.com, scopel@sogang.ac.kr, pledge200@gmail.com, francis735@naver.com

There are many underground experiments which are currently looking for Weakly Interacting Mas-
sive Particles (WIMPs) that are the most popular candidate of dark matter. In these direct detection
experiments, the signal are recoil events of WIMP elastic scattering off target nuclei. The effective
field theory (EFT) provides a general and efficient way to characterize experiment results. In par-
ticular, for non-vanishing momentum transfer, in addition to the standard spin-independent and
spin-dependent interactions, new operators arise giving rise to non-standard interactions.
Guided by non-relativistic EFT, we classify the most general interactions between scalar or fermionic
WIMP and nuclei. We study exclusion plots for different types of interactions which in WIMPs di-
rect detection are the measure of the relative sensitivity of different experiments. In this work, we
study exclusion plots for newly arising non-standard interactions for existing experiments including
the effects of isospin violation. We also discuss the spectral shape in WIMPs effective models and
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present the exclusion plots for current as well as future experiments. In our analysis, the velocity
distribution of dark matter is fixed to a Maxwellian.

Dark Matter Detection / 667

Lastest results from the XENON Dark Matter Project

Author: Michael MurraNone

Corresponding Author: michaelmurra89@gmail.com

The XENON1T experiment for the direct detection of dark matter is located at the Laboratori Nazion-
ali del Gran Sasso in Italy. The detector uses 3.2 tons of liquid xenon with ˜2 tons being inside the
dual phase time projection chamber (TPC).

A first dark matter search conducted between November 2016 and January 2017 in a 5-40 keVnr
energy window did not yield evidence for dark matter interactions within the 35.6 (ton × day) ex-
posure. This allowed to set the most stringent limits so far on the spin-independent scattering cross
section of Weakly Interacting Massive Particles (WIMP) on nucleons for WIMP masses above
10 GeV/c2. The limit features a minimum of 7.7 × 10−47cm2 for 35 GeV/c2 WIMPs at 90% con-
fidence level. Since this science run 0 result a total exposure of 1 (ton×year) has been acquired
allowing a significant step in sensitivity of direct dark matter search. Additionally to the large expo-
sure, XENON1T’s sensitivity relies on an electronic recoil background below
2× 10−4 events/(kg × day × keVee) - the lowest ever achieved for a dark matter detector.

This talk will describe the XENON1T detector, the data analysis and the results of the new science
run 1.

Dark Matter Detection / 488

Dark Matter Search with the DEAP-3600 experiment
Author: Eric Vázquez-Jáuregui1

Co-author: DEAP collaboration

1 Instituto de Física UNAM

Corresponding Author: ericvj@fisica.unam.mx

DEAP-3600 is a single-phase liquid argon (LAr) dark matter direct detection experiment sensitive
to spin-independent scattering of Weakly Interacting Massive Particles (WIMPs) on nucleons. The
experiment is located two kilometres underground at SNOLAB, in Canada, with a sensitivity of
10ˆ-46 cmˆ2 for a spin-independent WIMP-nucleon cross section at 100 GeV/cˆ2 WIMP mass for a
background-free exposure of 3 tonne-year. The LAr is contained in an acrylic vessel (85 cm radius)
viewed by 255 HQE 8 inches Hamamatsu PMTs, separated by 50 cm acrylic light guides. The de-
tector was designed and built to reach a background level of less than 0.6 events in 3 tonne-year
exposure. DEAP-3600 has been taking physics data since late 2016 and first results were recently
published which demonstrated stable detector operations and the power of pulse shape discrimina-
tion to distinguish electron recoil backgrounds from nuclear recoils, leading to the most sensitive
WIMP search to date using a LAr target. Results from the current analysis and future plans will be
presented in this talk.

Dark Matter Detection / 369
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PICO Bubble Chambers for Dark Matter Searches
Author: Eric Vázquez-Jáuregui1

Co-author: PICO collaboration

1 Instituto de Física UNAM

Corresponding Author: ericvj@fisica.unam.mx

The PICO collaboration uses bubble chambers to search for dark matter, with world-leading sensi-
tivity to spin-dependent (SD) WIMP-proton couplings via direct detection. The bubble chambers are
operated in a moderately superheated state, providing excellent rejection of the dominant gamma
background, and are located in the deep underground facility SNOLAB in Canada. The PICO-60
detector has set the most stringent limits to date for SD WIMP-proton couplings using C3F8. The
collaboration is currently installing PICO-40L, a new detector that will incorporate several design im-
provements to reduce backgrounds from neutrons and particulate contamination; and is also prepar-
ing PICO-500L, a ton-scale bubble chamber designed to cover a large range of mass and cross section
parameter space, proving a variety of theoretical models. The PICO collaboration has built a well es-
tablished technology, easily scalable and relatively inexpensive with flexibility to easily exchange tar-
gets following a discovery. The technology, latest results from the PICO-60 detector, recent progress
in PICO-40L and future plans towards PICO-500L will be presented in this talk.

Dark Matter Detection / 888

Direct dark matter search with the CRESST-III experiment
Author: Michele Mancuso1

1 Max-Planck-Institut für Physik

Corresponding Author: mancuso@mpp.mpg.de

Detecting dark matter particles is one of the most exciting experimental challenges in modern as-
troparticle physics. Despite many naturally motivated theoretical models for light dark matter, a
large part of the parameter space for spin-independent scattering off nuclei remains untested for
dark matter particles with masses below few GeV/cˆ{2}. The CRESST-III experiment (Cryogenic Rare
Events Search with Superconducting Thermometers), located at the underground facility Laboratori
Nazionali del Gran Sasso in Italy, uses detectors designed to probe the dark matter low-mass region
of the parameter space with a sensitivity never achieved before.
The CRESST-III experiment employs scintillating CaWO_{4} crystals as target material for dark mat-
ter interaction. Each detector consists of one ˜25 g CaWO_{4} crystal coupled with a smaller crystal
made of Silicon-On-Sapphire for the detection of the scintillating light. Both crystals are equipped
with Transition Edge Sensors (TES) and operated as cryogenic calorimeters down to temperatures
of ˜10 mK. The double read-out of scintillating light and total energy deposition allows an event-by-
event particle identification, which is used for background suppression.
CRESST-III, whose Phase 1 started data taking in August 2016, extends further the reach of a direct
search to the sub-GeV/cˆ{2} mass region.
In this contribution the achievements of the CRESST-III will be discussed focusing on the latest
results and the perspectives of future stages of the experiment.

Dark Matter Detection / 628

A dark matter search with NaI(Tl) crystals by using a pulse shape
discrimination analysis
Author: Kyungwon Kim1
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KIMS-NaI is an experiment aimed at directly detecting Weakly Interacting Massive Particle (WIMP)
via weak interactions with the nuclei in low-background NaI(Tl) crystals. Underground data for
the WIMP search were obtained in the Yangyang underground laboratory with two NaI(Tl) crystals
that have unprecedentedly high light-output. Since the scintillation characteristics of nuclear recoils
from WIMP interactions and electron recoils produced by many background processes are different,
it is possible to distinguish between the two types of events by means of pulse shape discrimination
(PSD) methods. We characterized the pulse shapes produced in an NaI(Tl) test crystal by neutrons
from a deuteron-based generator and gamma rays from a radioactive source. Surface nuclear recoils
that could be misidentified as candidates for WIMP-induced events were also investigated and taken
into account in the analysis. Preliminary results based on a PSD analysis of a 2967 kg*day data
exposure will be presented.

Dark Matter Detection / 196

Dark Sector Physics with Belle II
Authors: Ida Peruzzi1; Dmitrii Neverov2; Dmitry NeverovNone

1 Laboratori Nazionali di Frascati dell’INFN
2 Nagoya University

Corresponding Authors: dmitry.neverov@cern.ch, neverov@hepl.phys.nagoya-u.ac.jp, peruzzi@slac.stanford.edu

The Belle II experiment is a substantial upgrade of the Belle detector and will operate at the Su-
perKEKB energy-asymmetric e+e− collider. The accelerator has already successfully completed the
first phase of commissioning in 2016 and first electron positron collisions in Belle II are expected for
April 2018. The design luminosity of SuperKEKB is 8 × 1035 cm−2s−1 and the Belle II experiment
aims to record 50 ab−1 of data, a factor of 50 more than the Belle experiment. This data set offers the
possibility to search for a large variety of dark sector particles in the GeV mass range complementary
to LHC and dedicated low energy experiments. These searches will profit both from the size of the
Belle II data, and from specifically designed triggers for the early running of Belle II. This talk will
review planned dark sector searches with a focus on the discovery potential of the first data.

Dark Matter Detection / 942

The investigation on the dark sector at the PADME experiment.

Authors: Collaboration PADME1; Paola GianottiNone

1 LNF, INFN

Corresponding Authors: paola.gianotti@lnf.infn.it, stefania.spagnolo@le.infn.it

Among the theoretical models addressing the dark matter problem, the category based on a secluded
sector is attracting increasing interest. The PADME experiment, at the Laboratori Nazionali di Fras-
cati (LNF) of INFN, is designed to be sensitive to the production of a low mass gauge boson A’of a new
U(1) symmetry holding for dark particles. This ‘dark photon’is weakly coupled to the photon of the
Standard Model, and it provides an experimental signature for one of the simplest implementations
of the dark sector paradigm. The DAΦNE Beam-Test Facility of LNF will provide a high intensity,
mono-energetic positron beam impacting on a low Z target. The PADME detector will measure with
high precision the momentum of a photon, produced along with A’boson in e+e- annihilation in the
target, thus allowing to measure the A’mass as the missing mass in the final state. This technique,
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particularly useful in case of invisible decays of the A’boson, will be exploited for the first time in
a fixed target experiment. Simulation studies predict a sensitivity on the interaction strength (ε**2
parameter) down to 10−6, in the mass region 1 MeV<M_A’<22.5 MeV, for one year of data taking
with a 550 MeV beam.
In 2018 the first run will take place, and early data will give the opportunity to compare the detector
performance with the design requirements. Intense activity is taking place to deliver and commis-
sion the PADME experimental apparatus on site.
This talk will review the status of the experiment and the prospects.

Dark Matter Detection / 983

Resonance Search for a Heavy Photon with the Heavy Photon
Search Experiment
Author: Omar Moreno1

1 SLAC National Accelerator Laboratory

Corresponding Author: omoreno@slac.stanford.edu

The Heavy Photon Search (HPS) experiment at Jefferson Lab is searching for a new U(1) vector
boson (”heavy photon”, “dark photon” or A′) in the mass range of 20-500 MeV/c2. An A′ in this
mass region is natural in hidden sector models of light, thermal dark matter. The A′ couples to the
ordinary photon through kinetic mixing, which induces its coupling to electric charge. Since heavy
photons couple to electrons, they can be produced through a process analogous to bremsstrahlung,
subsequently decaying to an e+e−, which can be observed as a narrow resonance above the dom-
inant QED trident background. For suitably small couplings, heavy photons travel detectable dis-
tances before decaying, providing a second signature. Using the CEBAF electron beam located at
the Thomas Jefferson National Accelerator Facility incident on a thin tungsten target, along with
a compact, large acceptance forward spectrometer consisting of a silicon vertex tracker and lead
tungstate electromagnetic calorimeter, HPS is accessing unexplored regions in the coupling param-
eter space.

HPS conducted successful engineering runs in the springs of 2015 using a 1.056 GeV, 50 nA beam
and 2016 using a 2.3 GeV, 200 nA beam. This talk will present the results of a resonance search
for a heavy photon using the 1165 nb−1 (7.29 mC) of data collected during the 2015 engineering
run.

Dark Matter Detection / 520

MAGIS-100 at Fermilab
Authors: Jonathon Coleman1; Joseph Lykken2; Swapan Chattopadhyay3; Rob Plunkett2; Jason Hogan4; Steve
Geer2; Peter Graham4; Phil Adamson2; Roni Harnik2; Steve Hahn2; Mark Kasevich4; Jeremiah Mitchell5; Surjeet
Rajendran6; Linda Valerio2; Arvydas Vasonis2
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The Matter-wave Atomic Gradiometer Interferometric Sensor (MAGIS) collaboration seeks to con-
nect two quantum sensors across a long baseline. The phase in each device is compared across
this baseline, enabling broad applications for basic science. The science is enabled by the ongoing
advances in atomic clocks and atom interferometry.

The experiment is sensitive to the distortion of the space-time between the sensors, and can be used
to answer basic science questions in quantum mechanics, dark sector physics, and ‘mid-band’grav-
itational wave detection. It will be able to detect well-motivated ultra-light dark matter candidates
several orders of magnitude beyond current bounds, via time-varying signals. It can also probe
hitherto unconstrained parts of parameter space in the search for new fundamental forces.

This scheme is physically implemented in the configuration of MAGIS-100 by taking two atom in-
terferometers and separating them across the baseline of the vertical 100-meter-deep NuMi access
shaft at Fermilab.

The Status and plans for the experiment will be presented.

Dark Matter Detection / 551

DANAE - a new experiment for direct dark matter detection with
DEPFET silicon detectors

Authors: HEXI SHI1; Alessandro Baehr2; Holger Kluck3; Jelena Ninkovic2; Jochen Schieck1; Johannes Treis2

1 HEPHY OeAW
2 HLL MPG
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The sub-GeV mass region of WIMPs as a dark matter candidate is foreseeably to be explored inten-
sively in the next generation of direct detection experiments.
Essig and others 1 recently discussed the feasibility of detecting the energy deposit from the dark-
matter electron recoil using low-noise semiconductor detectors as the active target. With a readout
noise level below 1 electron RMS, the sensitivity allows us to test several theoretical models that
account for dark matters with sub-GeV mass.
One of the two silicon-based archetectures that are capable of reaching such noise level, is the
DEPFET (Deeply-depleted P-channel Field Effect Transistor) with Repetitive Non Destructive Read-
out (RNDR). The prototype of this detector has been developed by the Semiconductor Laboratory
of the Max Planck Society. and the readout of a single pixel has successfully reached the expected
sub-electron noise level as reported in [2].
In this presentation, we will first introduce the working concept of the DEPFET-RNDR based on
the recent publication [2]. Then we present a new project DANAE - Direct dArk matter detection
using DEPFET with reptitive Non-destructive readout Application Experiment, that plans to apply
this type of detector for the direct detection of dark-matter electron recoil.
We started in late 2017 the R&D for the experiment, with the following two objectives in the near
future. The first one is to build a setup including the readout for a 64 pixel × 64 pixel matrix with 75
μm × 75 μm pixel size, and to reach the noise level achieved in the single pixel measurement. The
second one is to measure the temperature dependence of the leakage current, which is crucial to de-
termine the operating temperature of the detector and to further optimize the number of repetitive
readout cycles to reach an optimal noise level. Ongoing efforts to reach the above goals and future
perspectives will be discussed.

Dark Matter Detection / 28
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Directional Search for Dark Matter Using Nuclear Emulsion

Authors: Murat Ali Guler1; NEWSdm CollaborationNone; NEWSdm CollaborationNone; Tatsuhiro Naka2

1 Middle East Technical University (TR)
2 Nagoya University

Corresponding Authors: naka@flab.phys.nagoya-u.ac.jp, ali.murat.guler@cern.ch

A variety of experiments have been developed over the past decades, aiming at the detection of
Weakly Interactive Massive Particles (WIMPs) via their scattering in an instrumented medium. The
sensitivity of these experiments has improved with a tremendous speed, thanks to a constant devel-
opment of detectors and analysis methods. Detectors capable of reconstructing the direction of the
nuclear recoil induced by the WIMP scattering are opening a new frontier to possibly extend Dark
Matter searches beyond the neutrino background. Exploiting directionality would also give a proof
of the galactic origin of dark matter making it possible to have a clear and unambiguous signal to
background separation. The NEWSdm experiment, based on nuclear emulsions, is a new experiment
proposal intended to measure the direction of WIMP-induced nuclear recoils with a solid-state de-
tector, thus with a high sensitivity. We discuss the discovery potential of a directional experiment
based on the use of a solid target made of newly developed nuclear emulsions and novel read-out
systems achieving nanometric resolution. We also report results of a technical test conducted in
Gran Sasso.

Dark Matter Detection / 413

Status and prospects of the China Dark Matter Experiment
Author: Qian Yue1

1 Tsinghua University

Corresponding Authors: lihb@gate.sinica.edu.tw, yueq@mail.tsinghua.edu.cn

There is compelling evidence that about one-quarter of the energy density of the Universe is made
up of Dark Matter, the identification and study of which are among the most important goals in
basic research. The China Dark Matter Experiment (CDEX) pursues direct searches of light Weakly
Interacting Massive Particles (WIMPs) at the China Jinping Underground Laboratory (CJPL), which
is the deepest operating laboratory for astroparticle research in the world. Recent results from a
prototype CDEX-1 pPCGe (p-type Point Contact Germanium) detector and CDEX-10 array detector
system are reported. The CDEX-10 experiment with a PCGe array of 10 kg target mass range is still
taking data. The CDEX program evolves into the targets of “CDEX-1T Experiment” with ton-scale
germanium detector arrays, which will compose of thousands of kg-mass prototype germanium
detectors and further contribute to the studies of Dark Matter search and neutrinoless Double Beta
Decay. The key technologies including HPGe detector fabrication, crystal growth and so on has been
pursued. A new large space in CJPL-II will be ready by the end of 2018 for CDEX experiment. Also,
the recent status of CJPL phase-II with deepest rock overburden and largest underground space in
the world will be introduced briefly.

Detector: R&D for Present and Future Facilities / 117

CMS electron and photon performance at 13 TeV
Author: Francesco Micheli1

1 Eidgenoessische Tech. Hochschule Zuerich (ETH)
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The Compact Muon Solenoid (CMS) detector is one of the two multi-purpose experiments at the
Large Hadron Collider (LHC) and has a broad physics program. Many aspects of this program depend
on our ability to trigger, reconstruction and identify events with final state electrons, positrons, and
photons with the CMS detector with excellent efficiency and high resolution.

In this talk we present the full process of electron and photon reconstruction in CMS, starting from
tracker hits and energy deposits in the electromagnetic calorimeter, the method to achieve the ulti-
mate precision in Run II energy measurements, the trigger and identification strategies (based both
on cut based approach and on multivariate analysis) to discriminate prompt electrons and photons
from background, and the methods to estimate the associated systematic uncertainties. Finally the
performance on benchmark channels (such as H->gamma gamma and Z->ee) will be shown.

Detector: R&D for Present and Future Facilities / 126

The CMS Tracker Upgrade for the High Luminosity LHC
Author: Martin Delcourt1

1 Universite Catholique de Louvain (UCL) (BE)

Corresponding Author: martin.delcourt@cern.ch

The LHC machine is planning an upgrade program which will smoothly bring the luminosity at
about 5*10ˆ34cm-2s-1 in 2028, to possibly reach an integrated luminosity of 3000fb-1 by the end
of 2037. This High Luminosity LHC scenario, HL-LHC, will require a preparation program of the
LHC detectors known as Phase-2 upgrade. The current CMS Outer Tracker, already running beyond
design specifications, and CMS Phase1 Pixel Detector will not be able to survive HL-LHC radiation
conditions and CMS will need completely new devices, in order to fully exploit the high-demanding
operating conditions and the delivered luminosity. The new Outer Tracker should have also trigger
capabilities. To achieve such goals, R&D activities are ongoing to explore options either for the
Outer Tracker, either for the pixel Inner Tracker. Solutions are being developed that would allow
including tracking information at Level-1. The design choices for the Tracker upgrades are discussed
along with some highlights of the R&D activities.

Detector: R&D for Present and Future Facilities / 127

Design and performance of the upgrade of the CMS L1 trigger

Author: Olivier Davignon1

1 University of Bristol (GB)

Corresponding Author: olivier.andre.davignon@cern.ch

During its second run of operation, the LHC delivered proton-proton collisions at a centre-of-mass
energy of 13 TeV with a peak instantaneous luminosity larger than 2 · 1034cm−2s−1, more than
double the peak luminosity reached during Run1 and far larger than the design value. The upgraded
CMS Level-1 trigger is designed to improve the performance at high luminosity and large number of
simultaneous inelastic collisions per crossing (pile-up). During the technical stop at the beginning
of 2016, all the electronic boards of the CMS Level-1 trigger have been replaced and the upgraded
electronics tested, and commissioned with data. Smarter, more sophisticated, and innovative algo-
rithms are now the core of the first decision layer of CMS: the upgraded trigger system implements
pattern recognition and MVA (Boosted Decision Tree) regression techniques in the trigger boards for
pT assignment, pile-up subtraction, and isolation requirements for electrons and taus. In addition,
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the new global trigger is capable of evaluating complex selection algorithms such as those involving
the invariant mass of trigger objects. The upgrade reduces the trigger rate and improves the trig-
ger efficiency for a wide variety of physics signals. In this presentation the upgraded CMS Level-1
trigger design and its performance are described.

Detector: R&D for Present and Future Facilities / 528

The CLIC detector
Author: Eva Sicking1

1 CERN

Corresponding Author: eva.sicking@cern.ch

The proposed Compact Linear Collider (CLIC) will provide electron-positron collisions at centre-of-
mass energies from a few hundred GeV up to 3 TeV. CLIC offers a rich precision physics program, and
a high sensitivity to a wide range of possible new phenomena. The precision required for such mea-
surements and the specific conditions imposed by the CLIC beam structure put strict requirements
on the detector design and technology developments. This includes ultra-low mass vertexing and
tracking systems with small cells, highly granular imaging calorimeters, and a precise hit-timing res-
olution for all subsystems. Ambitious R&D programs for silicon tracking detectors and calorimeters
are pursued, addressing the challenging detector requirements with innovative new technologies.
A variety of detector optimisation studies have been carried out to establish the overall detector
performance and to assess the impact of different technology options. The resulting optimised de-
tector model has been integrated in the CLIC full-detector simulation framework. This contribution
reviews the optimisation studies performed for critical parameters of the CLIC detector, presents the
detector performance achieved in full-detector simulations, and gives an overview of the ongoing
hardware R&D.

Detector: R&D for Present and Future Facilities / 626

The Mu2e crystal calorimeter
Author: Eleonora Diociaiuti1

1 LNF-INFN

Corresponding Author: eleonora.diociaiuti@lnf.infn.it

The Mu2e experiment at Fermilab will search for the charged-lepton flavour violating
neutrino-less conversion of a negative muon into an electron in the field of an aluminum nucleus.
The Mu2e detector is composed of a tracker and an electromagnetic
calorimeter and an external veto for cosmic rays.
The calorimeter plays an important role in providing excellent particle identification capabilities,
a fast online trigger filter while aiding the track reconstruction capabilities.
The calorimeter requirements are to provide a large acceptance for ˜100 MeV electrons and reach:
1) a time resolution better than 0.5 ns @ 100 MeV;
2) an energy resolution O(10\%) @ 100 MeV;
3) a position resolution of 1 cm.

The calorimeter consists of two disks, each one made of 674 undoped CsI
crystals readout by two large area 2× 3 array of UV-extended
SiPMs of 6x6 mm2 dimensions.
A large scale prototype has also been constructed and tested at the beam test facility in Frascati.
It consists of 51 pre-production crystals readout by two Mu2e SiPM.
We present the progresses done to complete the calorimeter design as well as
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a summary of results obtained in the production of components and on the test beam
of the prototype.

Detector: R&D for Present and Future Facilities / 559

The micro-Resistive-WELL detector for the phase 2 upgrade of
the LHCb muon detector

Authors: Katharina Mueller1; Marco Poli Lener2

1 Universitaet Zuerich (CH)
2 INFN e Laboratori Nazionali di Frascati (IT)

Corresponding Author: marco.polilener@lnf.infn.it

A phase 2 upgrade is proposed for the LHCb experiment in order to take full advantage of the fla-
vor physics opportunities at the HL-LHC. This upgrade could be installed during Long Shutdown
4 of the LHC (2030) and is targeting a luminosity of 2x10ˆ34 cm-2s-1, ten times that of the phase 1
upgrade. Hence it would require a completely revised detector strategy. One of the primary impor-
tance physics requirements will be a robust and efficient muon detection. The detector technology
suited for the upgrade muon detector should reach a stable and efficient operation up to particle
fluxes of several MHz/cm2 in the most illuminated region of the apparatus. It has to guarantee a ra-
diation hardness and effective spark quenching up to integrated charges of C/cm2, and have a high
granularity pixel readout to operate efficiently at high rate. In addition, it will be needed to replace
large area of the external region of the apparatus designed to operate a much lower particle fluxes.
The micro-Resistive-WELL (muRWELL) is one of the detector candidates to be used in the LHCb
phase 2 upgrade. The muRWELL has been conceived as a compact, simple and robust Micro-Pattern
Gaseous Detector (MPGD) for large area HEP applications requiring operation in harsh environ-
ment. The detector amplification stage is realized with a polyimide structure micro-patterned with
a blind- hole matrix, embedded through a thin Diamond Like Carbon (DLC) resistive layer with
the readout PCB. it is possible to achieve large gains (> 10ˆ4) in very safe operation, thanks to the
insertion of the resistive layer with surface resistivity typically in the range 10÷200 MOhm/square,
mitigating the transition from streamer to spark. Different detector layouts are studied: the simplest
one, based on a single-resistive layer with edge grounding, is designed for low-rate applications (up
to 30-40 kHz/cm2), while more sophisticated schemes are under study for high-rate purposes (up
to 2-3 MHz/cm2). The single-resistive layer scheme, under development with industrial partners,
was extensively validated, and it is ready for applications in HEP. The high-rate versions of the
muRWELL, based on different current evacuation schemes such as the double resistive layer, and
the single-resistive layout with conductive/resistive-grid grounding, are object of an intense R&D
phase, with the goal of optimizing the performances and the constructive process. Both of these de-
tector layouts are suitable for the phase 2 upgrade of the LHCb muon detector: the single-resistive
layer scheme aims at representing a cost-effective solution for the replacement of the external region
of the apparatus, the high-rate scheme is a perfect candidate for the much more challenging inner
region. After an introduction on the principle of operation of the detector, we will discuss the status
of the R&D, giving an overview of the different architectures under study.

Detector: R&D for Present and Future Facilities / 649

Near Detectors for Hyper-Kamiokande

Author: Stephen Michael Playfer1

1 University of Edinburgh (GB)

Corresponding Author: playfer@ph.ed.ac.uk
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The proposed Hyper-Kamiokande experiment (Hyper-K) is a next generation large water Cherenkov
(WD) detector with a broad physics program consisting of neutrino beam measurements in search
of leptonic CP violation, astrophysical measurements and a search for proton decay. Hyper-K will
act as the far detector to measure the oscillated neutrino flux from the long-baseline beam of 0.6
GeV neutrinos/anti-neutrinos produced by a 1.3 MW proton beam at J-PARC in Japan. To minimise
systematic uncertainties, particularly due to flux and cross-section uncertainties, detailed measure-
ments of the unoscillated flux are required with a suite of near detectors. This talk will review the
challenges, and present the planned components of the near detector measurement suite, including
a new intermediate Water Cherenkov Detector.

Detector: R&D for Present and Future Facilities / 674

Detector status of AMoRE-Pilot Experiment
Author: Inwook Kim1

Co-author: Yong-Hamb Kim 2
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Corresponding Authors: yhk@ibs.re.kr, tirstrike@snu.ac.kr

Advanced Molybdenum-based Rare-process Experiment (AMoRE) aims to search for the neutrino-
less double beta decay (0nbb) of Mo-100 in scintillating molybdenum-based crystals using cryogenic
metallic magnetic calorimeters (MMCs) at millikelvin temperature. Its commissioning phase, the
AMoRE-Pilot, is currently running in the 700-meter-deep Yangyang underground laboratory (Y2L)
with six 40Ca100MoO4 crystals weighing in total 1.9 kg. Throughout the pilot phase, the vibra-
tional noise coming from the pulse tube refrigerator, which is the main source of the noise, has
been reduced by installing vibration dampers in the dilution refrigerator. The origins of the main
background have also been tentatively identified, and the highly contaminated components have
been replaced. Detector modules for AMoRE-I, the first phase of AMoRE experiment, is currently in
preparation using the results of AMoRE-Pilot. In this presentation, we describe the current status of
AMoRE experiment.

Detector: R&D for Present and Future Facilities / 745

Development of Superconducting Tunnel Junction Far-Infrared
Photon Detector for Cosmic Background Neutrino Decay Search
- COBAND experiment
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We present the status of development of the Superconducting Tunnel
Junction (STJ) detector for the COsmic BAckground Neutrino Decay search
(COBAND) experiment. The signal of the cosmic background neutrino decay is
identified as a sharp cutoff at high energy end in a far-infrared region
ranging from 15meV to 30meV in the energy spectrum of the photons from the
space1. The COBAND experiment will be done as rocket and satellite
experiments in order to detect the far-infrared photons from the space.
For a photon detector of the COBAND experiment, we are developing the STJ
detectors[2][3]. We will use a combination of the diffraction grating and the
array of Nb/Al-STJ pixels with cryogenic amplifier for the rocket
experiment[4], and use Hf-STJ as a micro-calorimeter[5] for the future satellite
experiment. The present status of the detector R&D and the experimental design for the COBAND
experiment is reported in
more detail.

Detector: R&D for Present and Future Facilities / 863

Belle II iTOP Particle Identification Detector: Construction, Op-
eration and Commissioning
Authors: Hulya Atmacan1; On Behalf of the Belle II iTOP GroupNone
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The imaging Time Of Propagation (iTOP) counter is the primary Particle IDentification (PID) system
in the barrel region of Belle II. It contains 16 identical modules between the tracking detectors and
the calorimeter. The key elements of each module are the quartz radiator, the Micro-Channel Plate
PhotoMultiplier Tubes (MCP-PMTs), and the front end readout electronics. The Cherenkov photons
produced by the passage of charged particles through the quartz propagate through the quartz ra-
diator. After multiple internal reflections they reach the MCP-PMTs. Multi-gigasample per second
(GSa/s) waveform sampling Application Specific Integrated Circuits (ASICs) are used in readout to
provide precise photon timing. Arrival times and positions of the photons are used to identify parti-
cles. The construction and installation of the iTOP detector was completed successfully in 2016. The
iTOP counter has been in the Phase 2 commissioning together with the other Belle II sub-detectors
since February 2018. This talk presents the construction, general principles of operation, and com-
missioning of the Belle II iTOP detector.

Detector: R&D for Present and Future Facilities / 272
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ATLAS Calorimeter system: Run-2 performance, Phase-1 and Phase-
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The ATLAS detector was designed and built to study proton-proton collisions produced at the LHC
at centre-of-mass energies up to 14 TeV and instantaneous luminosities up to 10ˆ{34} cmˆ{−2} sˆ{−1}.
A liquid argon-lead sampling calorimeter (LAr) is employed as electromagnetic calorimeter and
hadronic calorimeter, except in the barrel region, where a scintillator-steel sampling calorimeter
(TileCal) is used as hadronic calorimeter.

ATLAS recorded 87 fbˆ{-1} of data at a center-of-mass energy of 13 TeV between 2015 and 2017. In
order to achieve the level-1 acceptance rate of 100 kHz, certain adjustments have been performed.
The calorimetry system performed accordingly to its design values and have played a crucial role in
the ATLAS physics programme. This contribution will give an overview of the detector operation,
monitoring and data quality, as well as the achieved performance, including the calibration and
stability of the energy scale, noise level, response uniformity and time resolution of the ATLAS
calorimetry system.

The upgrade projects of the ATLAS calorimeter system will also be presented.

For Run-3, where luminosities around L 2 × 10ˆ{34} cmˆ{−2} sˆ{−1} will be achieved, an upgrade
of the LAr trigger readout is necessary to keep a high signal efficiency. The LAr Trigger Digitizer
frontend system will digitize 34000 channels at 40 MHz with 12 bit precision after bipolar shaping.
The backend LAr Digital Processing system will compute the energy and time of the signals. Results
of ASIC developments including QA and radiation hardness evaluations, performances of the final
prototypes and results of the system integration tests will be presented along with the overall system
design.

For the high luminosity phase of the LHC (HL-LHC), the luminosity will increase up to L 7.5
× 10ˆ{34} cmˆ{−2} sˆ{−1} leading to an average pile-up up to 200 interactions per bunch crossing.
The electronics of both calorimeters has to be upgraded to cope with longer latencies of up to 35
µs needed by the trigger system at such high pileup levels. The expected radiation doses will also
exceed the qualification range of the current readout system.

Low-noise, low-power, radiation-tolerant and high-bandwidth electronics components are being de-
veloped in 65 and 130 nm CMOS technologies for the LAr system. First prototypes of the front-end
electronics components show good promise to match the stringent specifications. The off-detector
electronics will make use of FPGAs connected through high-speed links to perform energy recon-
struction, data reduction and buffering.
For the Tile system, the photomultiplier signals will be digitized and transferred off-detector to the
TileCal PreProcessors (TilePPr) for every bunch crossing, requiring a data bandwidth of 40 Tbps. The
TilePPr will reconstruct, store and send the calorimeter signals to first level of trigger at a rate of 40
MHz. In parallel, the data samples will be stored in pipeline memories and the data of the events
selected by the ATLAS central trigger system and transferred to the ATLAS global Data AcQuisition
(DAQ) system for further processing.
Results of tests of the first prototypes will be presented, along with design studies and simulations
of the performance of the readout system.

Detector: R&D for Present and Future Facilities / 283

Operational Experience and Performance with the ATLAS Pixel
detector at the Large Hadron Collider
Author: Marcello Bindi1
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The tracking performance of the ATLAS detector relies critically on its 4-layer Pixel Detector, that
has undergone significant hardware and readout upgrades to meet the challenges imposed by the
higher collision energy, pileup and luminosity that are being delivered by the Large Hadron Collider
(LHC), with record breaking instantaneous luminosities of 2 x 10ˆ34 cm-2 s-1 recently surpassed.
The key status and performance metrics of the ATLAS Pixel Detector are summarised, and the oper-
ational experience and requirements to ensure optimum data quality and data taking efficiency will
be described, with special emphasis to radiation damage experience.

In particular, radiation damage effects will be showed and signs of degradation which are visible
but which are not impacting yet the tracking performance (but will): dE/dX, occupancy reduction
with integrated luminosity, under-depletion effects with IBL in 2016, effects of annealing that is not
insignificant for the inner-most layers.
In addition, the strategy to contain the readout bandwidth limitation will be discussed, required by
the LHC over-performing.
Numbers and strategy will also be discussed.

Detector: R&D for Present and Future Facilities / 318

Construction and performance of the Top and Bottom Counting
Detectors for the ISS-CREAM experiment
Author: HongJoo Kim1
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The Cosmic Ray Energetics And Mass experiment for the International Space Station, ISS-CREAM,
aims to study the origin, acceleration and propagation mechanisms of high-energy cosmic rays. The
ISS-CREAM detector was launched in August 2017 to the ISS aboard the SpaceX-12 Dragon space-
craft. The Top Counting Detector (TCD) and Bottom Counting Detector (BCD) are parts of the ISS-
CREAM instrument and they are designed for electron and gamma-ray physics. The TCD/BCD can
distinguish electrons from protons using differences in shape between electromagnetic and hadronic
showers. In addition, the TCD/BCD can provide a complementary trigger to that from the calorime-
ter and a low energy trigger to the ISS-CREAM instrument. For these purposes, the TCD/BCD are
designed as 2-dimensional detectors, which consist of a plastic scintillator attached to 20 x 20 pho-
todiodes. The sizes of the TCD and BCD detectors are 500 mm × 500 mm × 5 mm and 600 mm × 600
mm × 10 mm, respectively. The ISS-CREAM experiment has many critical requirements for space
launch qualification. Thus the mechanical safety and performance in response to vibration and ther-
mal vacuum tests have been studied under various conditions prior to launch. In this presentation,
we report the design and construction of the TCD/BCD and the performance of the detector before
and after launch.

Detector: R&D for Present and Future Facilities / 1010

Test Beam Results of 3D Detectors in CVD Diamond
Authors: Harris Kagan1; William Trischuk2

1 Ohio State University (US)
2 University of Toronto (CA)
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Detectors based on Chemical Vapor Deposition (CVD) diamond have been used extensively and suc-
cessfully in beam conditions/beam loss monitors as the innermost detectors in the highest radiation
areas of Large Hadron Collider (LHC) experiments. Over the last two years the RD42 collaboration
has constructed a series of 3D detectors using CVD diamond as the active material and laser fabri-
cated columns in the bulk and characterized them in test beams. As a result, the 3D geometry in
diamond has been measured to collect more than two times the charge of a standard planar diamond
device. 3D cell sizes from 100um x 150um down to 50um x 50um have been tested. The electrical
properties and beam test results of the latest 3D devices will be presented.

Detector: R&D for Present and Future Facilities / 941

Prototype Production of Large Area Picosecond Photodetectors
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We report prototype production results achieved for fully functional sealed Large Area Picosecond
Photodetectors (LAPPD™). The LAPPD™ is a microchannel plate (MCP) based photodetector, capa-
ble of imaging with single-photon sensitivity at high spatial and temporal resolutions in a hermetic
package with an active area of 400 square centimeters. In December 2015, Incom Inc. completed in-
stallation of equipment and facilities for demonstration of early stage pilot production of LAPPD™.
Initial fabrication trials commenced in January 2016. The “baseline”LAPPD™ employs an all-glass
hermetic package with top and bottom plates and sidewalls made of borosilicate float glass. Sig-
nals are generated by a bi-alkali Na2KSb photocathode, amplified with a stacked chevron pair of
“next generation”MCPs produced by applying resistive and emissive atomic layer deposition coat-
ings to glass capillary array (GCA) substrates. Signals are collected on RF strip-line anodes applied
to the bottom plates which exit the detector via pin-free hermetic seals under the side walls. Fully
functional, sealed LAPPD™s tested to date have shown electron gains > 7.5 x10ˆ6 @ 850/950 V (en-
try/exit), low dark rates (9.5 Cts/s cmˆ2 ), space resolution along strips of 2.9 mm RMS for single
photoelectrons, cross strip spatial resolutions of 1.6 mm RMS, and along-strip time difference res-
olutions of 33.4 psec RMS. Many of these devices also had very high QE photocathodes that were
uniform over the full 8”X 8”window area (#15 QE% @ 365nm Max/Avg/Min = 25.8/22.3±3/15.7).
LAPPD™ performance results and test methods for product produced and delivered to early adopter
customers during the first half of 2018 will be reviewed. In addition, recent advances in the develop-
ment of LAPPD™ will also be reviewed as the baseline design is adapted to meet the requirements
for a wide range of emerging applications including DOE-supported R&D for the Deep Underground
Neutrino Experiment (DUNE), nuclear physics applications such as EIC, homeland security, medi-
cal imaging applications including for proton therapy and astronomical applications for direct and
indirect photon detection.
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Commissioning of the Baby MIND detector
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The Baby MIND (Magentized Iron Neutrino Detector) is characterized by its original magentization
design, as well as by the presence of air gaps allowing muons to be reconstructed down to 300
MeV/c and their charge identified. The detector was completed, assembled and tested at the neutrino
platform at CERN, and delivered to the T2K ND280 pit in December 2017. First results from test beam
at CERN and commissionning in the neutrino beam at T2K will be presented.

Detector: R&D for Present and Future Facilities / 282

Expected performance of the upgraded ATLAS experiment for
HL-LHC
Author: Hector De La Torre Perez1

1 Michigan State University (US)

Corresponding Author: hector.de.la.torre.perez@cern.ch

The Large Hadron Collider (LHC) has been successfully delivering proton-proton collision data at the
unprecedented center of mass energy of 13 TeV. An upgrade is planned to increase the instantaneous
luminosity delivered by LHC in what is called HL-LHC, aiming to deliver a total of up 3000/fb to
4000/fb of data per experiment. To cope with the expected data-taking conditions ATLAS is planning
major upgrades of the detector.

It is now a critical time for these upgrade projects and during the last year and half ATLAS six
Technical Design Reports (TDR) were produced by the ATLAS Collaboration. In these TDRs the
physics motivation and benefits of such upgrades are discussed together with details on the upgrade
project itself.

In this contribution we review the expected performance of the upgraded ATLAS detector and the
expected reach for physics measurements as well as the discovery potential for new physics that
is expected by the end of the HL-LHC data-taking. Performance of object reconstruction under
the expected pile-up conditions will be shown, including a fully re-optimized b-tagging algorithm.
Important benchmark physics projections including di-Higgs boson production sensitivity will be
discussed.

Detector: R&D for Present and Future Facilities / 571

Overview talk on detector performances at CMS
Author: Lucia Silvestris1

1 Universita e INFN, Bari (IT)

Corresponding Author: lucia.silvestris@cern.ch
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The performance of CMS detector on early 2018 data will be presented. Special attention will be
given to the performance of the recently upgraded components, and in particular to the silicon pixel
detector and hadronic calorimeters.

Detector: R&D for Present and Future Facilities / 565

The LHCb Velo Upgrade
Authors: Katharina Mueller1; Stefano De Capua2

1 Universitaet Zuerich (CH)
2 University of Manchester (GB)

Corresponding Author: decapua.stefano@gmail.com

The Large Hadron Collider Beauty detector is a flavour physics detector, designed to detect decays
of b- and c-hadrons for the study of CP violation and rare decays. At the end of Run-II, many of the
LHCb measurements will remain statistically dominated. In order to increase the trigger yield for
purely hadronic channels, the hardware trigger will be removed and the detector will operate at 40
MHz. This, in combination with the five-fold increase in luminosity necessitates radical changes to
LHCb’s electronics with entire subdetector replacements required in some cases. The Vertex Loca-
tor (VELO) surrounding the interaction region is used to reconstruct the collision points (primary
vertices) and decay vertices of long-lived particles (secondary vertices).

The upgraded VELO modules will each be equipped with 4 silicon hybrid pixel tiles, each read
out with by 3 VeloPix ASICs. The silicon sensors must withstand an integrated fluence of up to
8×10151MeV neq/cm

2, a roughly equivalent dose of 400 MRad. The highest occupancy ASICs will
have pixel hit rates of 900 Mhit/s and produce an output data rate of over 15 Gbit/s, with a total rate
of 1.6 Tbit/s anticipated for the whole detector. The detectors are located in vacuum, separated from
the beam vacuum by a thin custom made foil. The foil will be manufactured through a novel milling
process and possibly thinned further by chemical etching.

An additional challenge is the non uniform nature of the radiation damage, which results in requiring
a guard ring design with excellent high voltage control. In addition, the n-in-p design requires
the guard ring to be on the chip side making the high voltage reach the vicinity of the ground
plane (about 30 µm apart). This requires a high voltage tolerant setup for irradiated assemblies
which can be achieved using a vacuum chamber. The performance of the prototype sensors has
been investigated in a test beam in which a dedicated telescope system was created read out by
Timepix3 ASICs. Several different tests of the of the sensor prototypes were performed before and
after irradiation. A collection of preliminary results will be presented, as well as a comparison of
the performance of the different sensor prototypes.

The VELO upgrade modules are composed of the detector assemblies and electronics hybrid circuits
mounted onto a cooling substrate, which is composed of thin silicon plates with embedded micro-
channels that allow the circulation of liquid CO2. This technique was selected due to the excellent
thermal efficiency, the absence of thermal expansion mismatch with silicon ASIC’s and sensors,
radiation hardness of CO2, and very low contribution to the material budget. An alternative and
more conservative approach is also under development. The front-end hybrid hosts the VeloPix
ASICs and a GBTx ASIC for control and communication. The hybrid is linked to the opto-and-
power board (OPB) by 60 cm electrical data tapes running at 5 Gb/s. The tapes must be vacuum
compatible and radiation hard and are required to have enough flexibility to allow the VELO to
retract during LHC beam injection. The OPB is situated immediately outside the VELO vacuum tank
and performs the opto-electrical conversion of control signals going to the front-end and of serial
data going off-detector. The board is designed around the Versatile Link components developed
for high-luminosity LHC applications. From the OPB the detector data are sent through 300 m of
optical fibre to LHCb’s common readout board (PCIe40). The PCIe40 is an Altera Arria10-based
PCI-express control and readout card capable of 100 Gb/s data throughput. The PCIe40 firmware is
designed as a series of common components with the option for user-specific data processing. The
common components deal with accepting the input data from the detector over the GBT protocol,
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error-checking, dealing with reset signals, and preparing the data for the computing farm. The
VELO-specific code would, for example, perform clustering of hits and time reordering of the events
scrambled during the readout.

The design of the complete VELO upgrade system will be presented with the latest results from the
R\&D. The LHCb upgrade detector will be the first detector to read out at full LHC rate of 40 MHz.
The VELO upgrade will utilise the latest detector technologies to read out at this rate using while
maintaining the necessary radiation hard profile and minimising the detector material.

Detector: R&D for Present and Future Facilities / 566

The LHCb RICH Upgrade
Author: Michele Piero Blago1

1 CERN

Corresponding Author: michele.piero.blago@cern.ch

The LHCb RICH detectors have been operating successfully since 2010 and proven to be an essential
element of the experiment thanks to their excellent particle identification performance. During the
Long Shutdown II of the LHC in 2019-2020, the two detectors will be upgraded in order to maintain
their PID performance while operating at significantly increased luminosity, aiming to collect 5 fb-1
per year. This will allow to greatly enhance the statistical precision of physics measurements and to
advance the search for very rare B- and D-meson decays. To cope with the challenges of the 40 MHz
readout rate and increased occupancy the two detectors will undergo a major upgrade. The Hybrid
Photon Detectors will be replaced by multi-anode PMTs together with new front-end electronics
capable of reading out every bunch crossing of the LHC. Additionally, the optics of the upstream
RICH detector will be modified. Following many tests with particle beams and simulations, the LHCb
RICH Upgrade is now in its final stage. The current status of the upgrade will be presented.

Detector: R&D for Present and Future Facilities / 365

Fast Timing Detectors towards a 4-Dimensional Tracking
Authors: Valentina Sola1; Roberta Arcidiacono1; Nicolo Cartiglia2; Marco Ferrero1; Marco Mandurrino3; Amedeo
Staiano1

1 Universita e INFN Torino (IT)
2 INFN Torino (IT)
3 INFN

Corresponding Authors: marco.ferrero@cern.ch, cartiglia@to.infn.it, roberta.arcidiacono@cern.ch, valentina.sola@cern.ch,
marco.mandurrino@to.infn.it, amedeo.staiano@to.infn.it

In this contribution, I will review the growing interest in implementing larga area fast timing detec-
tors with a time resolution of 30-50 ps, based on Low-Gain Avalanche Detectors.
Precise time information added to tracking brings benefits to the performance of the detectors by
reducing the background and sharpening the resolution; it improves tracking performances and sim-
plify tracking combinatorics.
Large-scale high-precision timing detectors have to face formidable changes in almost every aspect:
sensors performance, segmentation and radiation tolerance, very low-power and low-noise electron-
ics, cooling, low material budget, and large data volumes.
I will report on the current status and new development of such detectors for high energy physics,
in view of their possible use in the experiment upgrades at the High Luminosity LHC.
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Detector: R&D for Present and Future Facilities / 326

The design and layout of the Phase-II upgrade of the Inner tracker
of the ATLAS experiment
Author: Francesco Costanza1

1 Centre National de la Recherche Scientifique (FR)

Corresponding Author: francesco.costanza@cern.ch

In the high luminosity era of the Large Hadron Collider (HL-LHC), the instantaneous luminosity
is expected to reach unprecedented values, resulting in about 200 proton-proton interactions in a
typical bunch crossing. To cope with the resultant increase in occupancy, bandwidth and radiation
damage, the ATLAS Inner Detector will be replaced by an all-silicon system, the Inner Tracker (ITk),
aiming to provide tracking coverage up to |η|<4. The ITk consists of an inner pixel and an outer strip
detector designed to provide a tracking performance at least as good as the current detector, but
in the HL-LHC environment. In this talk, the updated layout of the detector for the pixel technical
design report is presented, and the expected detector and tracking performance is discussed.

Detector: R&D for Present and Future Facilities / 655

Precision Timing with the CMS MIP Timing Detector
Author: Andrea Davide Benaglia1

1 Universita & INFN, Milano-Bicocca (IT)

Corresponding Author: andrea.benaglia@cern.ch

The Compact Muon Solenoid (CMS) detector at the CERN Large Hadron Collider (LHC) is undergo-
ing an extensive Phase II upgrade program to prepare for the challenging conditions of the High-
Luminosity LHC (HL-LHC). In particular, a new timing layer will measure minimum ionizing parti-
cles (MIPs) with a time resolution of ˜30ps and hermetic coverage up to a pseudo-rapidity of |η|=3.
This MIP Timing Detector (MTD) will consist of a central barrel region based on LYSO:Ce crystals
read out with SiPMs and two end-caps instrumented with radiation-tolerant Low Gain Avalanche
Diodes. The precision time information from the MTD will reduce the effects of the high levels of
pile-up expected at the HL-LHC and will bring new and unique capabilities to the CMS detector.
The time information assigned to each track will enable the use of 4D reconstruction algorithms and
will further discriminate interaction vertices within the same bunch crossing to recover the track
purity of vertices in current LHC conditions. For instance, in the analysis of di-Higgs boson produc-
tion decaying to heavy flavor and two photons, 30 ps timing resolution is expected to improve the
effective luminosity by 22% through gains in b-tagging and photon isolation efficiency. We present
motivations for precision timing at the HL-LHC and the ongoing MTD R&D targeting enhanced
timing performance and radiation tolerance, including test beam results.

Detector: R&D for Present and Future Facilities / 627

Characteristics of MCP-PMTs in magnetic field
Author: Michael Foley1

1 Incom Inc.

Corresponding Author: mrf@incomusa.com
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Performance of the microchannel plate photomultiplier (MCP-PMT) in magnetic field is an important
aspect for its application in the proposed electron ion collider (EIC). The motivation of this paper
is to explore the critical parameters that affect the performance of MCP-PMT in magnetic field,
and to guide the design optimization of MCP-PMTs for high magnetic field tolerance. MCP-PMTs
with two different designs were examined in magnetic field and the results were compared. The
magnetic field tolerance of MCP-PMT with new independent biased voltage design shows significant
improvement (up to 0.8 T) compared to that of the MCP-PMT with resistor chain design (up to
0.2 T), indicating that optimization of the individual MCP voltage is an important parameter for
magnetic field tolerance improvement. The effects of other parameters such as the rotation angle
relative to the magnetic field direction and the bias voltage between photocathode and entrance MCP
were thoroughly studied with the independent biased voltage design. The gain of the MCP-PMT
exhibits enhanced performance at ± 8 degree tilt angle due to the original MCP 8 degree bias angle.
Maximum gain values are observed dependent on the optimal bias voltages in different magnetic
field strength.

Detector: R&D for Present and Future Facilities / 795

Development of the Silicon Tracker for CEPC
Authors: Qun Ouyang1; Meng Wang2; Xiangming Sun3; Hongbo Zhu4; Yunpeng Lu4

1 Institute of High Energy Physics, Chinese Academy of Sciences
2 Shandong University
3 Central China Normal University
4 IHEP, CAS

Corresponding Authors: yunpeng.lu@cern.ch, sphy2007@126.com, zhuhb@ihep.ac.cn, yplu@ihep.ac.cn, ouyq@ihep.ac.cn,
mwang@sdu.edu.cn

The Circular Electron Positron Collider (CEPC) has been proposed as a Higgs/Z0 (flavor) factory,
which would allow precision measurements of the Higgs boson properties, as well as of W±/Z0
bosons. The baseline design of CEPC tracking system consists of a vertex detector with three con-
centric double-sided pixel layers and a silicon tracker with some layers on both barrel and end-cap
regions, besides a large volume time projection chamber (TPC). Driven by physics studies and ex-
perimental conditions, the silicon tracking system has similar performance requirements to the ILC
detectors, such as a single point resolution of a few micrometers, very low material budget (0.15%X0
per layer for the vertex region and <1%X0 per layer for the outer tracker) and power consumption,
but without power-pulsing, which leads to significantly additional constrains on detector specifica-
tions, especially for the case of machine operating at Z-pole energy region with high luminosity.
In this presentation, I will give an overview of the CEPC tracker design, the requirements and chal-
lenges for each sub-system with possible technologies. The on-going R&D activities will also be
reported on silicon pixel detector, based on monolithic CMOS pixel sensor (CPS) and Silicon on
Insulator (SOI) technologies.

Detector: R&D for Present and Future Facilities / 502

Status of CEPC-ECAL R&D
Author: Yazhou Niu1

1 USTC

Corresponding Author: niuyz@mail.ustc.edu.cn

Circular Electron Position Collider (CEPC) is proposed as a Higgs or Z factory. One option of CEPC-
ECAL(Electromagnetic calorimeter), designed based on the Particles Flow Algorithm(PFA), consists
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of tungsten and scintillator coupling with SiPM as active sensor. A advanced study of the gain with
single photon and the responding curve of SiPM will be presented. Scintillator module also had be
studied, different degrees of polishing and different ways of coupling with SiPM, to make light yield
meet the dynamic range requirements and improve the uniformity of output light. A 20 ×20
single layer prototype had be produced and the cosmic-ray test results also will be presented.

Detector: R&D for Present and Future Facilities / 840

A new particle identification method with the Belle II calorimeter
using pulse shape discrimination in CsI(Tl)
Authors: Savino Longo1; Michael Roney1; Claudia Cecchi2; Torben Ferber3; Andrea Fodor4; Christopher Hearty5;
Alexander Kuzmin6; Frank Meier7; Kenkichi Miyabayashi8; Isamu Nakamura9; Mikhail Remnev10; Vasily Shebalin11;
Alexei Sibidanov1; Yuji Unno12; Vladimir Zhulanov13

1 University of Victoria
2 Universita e INFN, Perugia (IT)
3 University Of British Columbia
4 McGill University
5 University of British Columbia
6 Budker Institute for Nuclear Physics (INP)
7 University of Sydney
8 Nara Women’s University
9 Department of Physics
10 Budker Institute of Nuclear Physics
11 Budker Institute of Nuclear Physics
12 Hanyang University
13 Budker Institute of Nuclear Physics (RU)

Corresponding Authors: isamu.nakamura@kek.jp, vladimir.zhulanov@cern.ch, longos@uvic.ca, miyabaya@cc.nara-
wu.ac.jp, ferber@physics.ubc.ca, mroney@uvic.ca, akuzmin@inp.nsk.su, hearty@physics.ubc.ca, frank.meier@sydney.edu.au,
claudia.cecchi@cern.ch

We will present studies on the development and first implementation of a novel technique to improve
particle identification at high energy physics experiments through the use of pulse shape discrimi-
nation (PSD) with CsI(Tl) scintillators used for electromagnetic calorimeters. Using 5× 5× 30 cm3

CsI(Tl) crystals, such as those used in the electromagnetic calorimeter of the Belle II experiment, we
will discuss a new method 1 for characterizing and simulating the CsI(Tl) scintillation response for
hadronic energy deposits developed with neutron and proton testbeam data collected at the TRIUMF
Proton Irradiation Facility. By implementing the measured pulse shape differences between electro-
magnetic and hadronic energy depositions into GEANT4 simulations of an array of CsI(Tl) crystals,
we demonstrate the potential for PSD to separate electromagnetic and hadronic showers in CsI(Tl)
calorimeters. In particular we show the potential for using PSD to distinguish between calorimeter
clusters originating from high energy photons and K0

L mesons or neutrons. In addition, progress
on the implementation of PSD for the Belle II experiment’s CsI(Tl) calorimeter will be outlined and
initial performance results using first Belle II collision data will be reported.

Detector: R&D for Present and Future Facilities / 737

Moliere radius measurement using a compact prototype of Lumi-
Cal in a test set-up
Authors: Veta GhenescuNone; Aharon Levy1
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1 Tel Aviv University (IL) and FCAL Collaboration

Corresponding Authors: ghenescu@spacescinece.ro, aharon.levy@cern.ch

The FCAL collaboration has performed a design study for luminometers at future electron-positron
colliders. Compact sampling calorimeters with precisely positioned silicon sensors and a fast readout
will reach the necessary performance even in the presence of background from beamstrahlung and
two-photon processes. A prototype calorimeter has been built with special focus on ultra-thin fully
instrumented sensor planes to ensure a very small Moliere radius. Results of a measurement in a 5
GeV electron beam on the performance will be presented.

Detector: R&D for Present and Future Facilities / 291

The upgrade of the ATLAS Muon System for High-Luminosity
LHC
Author: Yasuyuki Horii1

1 Nagoya University (JP)

Corresponding Author: yasuyuki.horii@cern.ch

The muon spectrometer of the ATLAS detector will undergo a major upgrade during the Long Shut-
down 3, in order to cope with the operational conditions at the high-luminosity LHC. The trigger
and readout system will be completely redesigned, to support Level-0 trigger rates of 1–4 MHz and
a latency of 10 us.
To do so, the readout electronics of all the trigger and precision chambers will be replaced and the
 precision chambers, that at the moment are not included in the hardware trigger, will be integrated
into the Level-0 trigger in order to sharpen the momentum threshold and increase the system re-
dundancy. New-generation RPC chambers will be installed in the inner barrel layer to increase the
acceptance and robustness of the trigger. Some of the MDT chambers in the inner barrel layer will be
replaced with new small-diameter MDTs. New TGC triplet chambers in the barrel-endcap transition
region will replace the current TGC doublets to suppress the high trigger rate from random coinci-
dences in this region. A major upgrade of the power system is also planned. The Phase-II upgrade
concludes the process of adapting the muon spectrometer to the ever increasing performance of the
LHC, which started with the Phase-I upgrade New Small Wheel (NSW) project that will replace the
innermost endcap wheels.

Detector: R&D for Present and Future Facilities / 280

ATLAS level-1 calorimeter trigger: Phase-I Upgrade Performance

Author: Chiao-Ying Lin1

1 University of Cambridge (GB)

Corresponding Author: chiao-ying.lin@cern.ch

Following the Run 2 LHC data taking, the ATLAS experiment at CERN will enter the first phase
(Phase-I) of the planned detector subsystem upgrades. Several systems, in particular, the hardware-
based Level-1 calorimeter trigger (L1Calo) will be significantly enhanced to provide improved selec-
tivity at the higher expected pileup in Run 3. During the second long shutdown (LS2) in 2019-2020,
the existing L1Calo
electronic processor modules will be replaced with new, advanced boards, called feature extractors,
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which will receive higher-granularity information from the calorimeters and will support the imple-
mentation of more sophisticated algorithms to select electrons or photons, jets, met and large-radius
jets.

This presentation will summarise the anticipated functionality of the upgraded L1Calo trigger sys-
tem. In particular, the performance of the preliminary trigger-level algorithms and a comparison to
the operation of the Run 2 L1Calo system will be described.

Detector: R&D for Present and Future Facilities / 297

Frontend and backend electronics for the ATLAS New Small Wheel
Upgrade
Author: Christos Bakalis1

1 National Technical Univ. of Athens (GR)

Corresponding Author: christos.bakalis@cern.ch

The Phase-I and Phase-II upgrades of the LHC accelerator will increase the LHC instantaneous lumi-
nosity to 2×1034 cm−2s−1 and 7.5×1034 cm−2s−1, respectively.  The luminosity increase drastically
impacts the ATLAS trigger and readout data rates. The present ATLAS small wheel muon detec-
tor will be replaced with a New Small Wheel (NSW) detector in 2019. The NSW will feature two
new detector technologies, Resistive Micromegas (MM) and small strip Thin Gap Chambers (sTGC)
conforming a system of ˜2.4 million readout channels. Both detectors will be used for muon trigger-
ing and precision tracking. A common readout path and two separate trigger paths are developed
for these two detector technologies. The frontend electronics will be implemented in about 8000
boards including the design of 4 custom ASICs capable of driving trigger and tracking primitives
to the backend trigger processor and readout system. The readout data flow is designed through a
high-throughput network approach. The large number of readout channels, short time available to
prepare and transmit trigger data, large volume of output data, harsh radiation environment, and the
need of low power consumption all impose great challenges on the system design. We will present
the overall design along with the status of all ASIC and board prototypes.

Detector: R&D for Present and Future Facilities / 296

Upgrade of the ATLAS Monitored Drift Tube Frontend Electron-
ics for the HL-LHC
Author: Oliver Kortner1

1 Max-Planck-Institut fur Physik (DE)

Corresponding Author: kortner@mppmu.mpg.de

To cope with large amount of data and high event rate expected from the planned High-Luminosity
LHC (HL-LHC) upgrade, the present ATLAS monitored drift tube (MDT) readout electronics will
be replaced. In addition, the MDT detector will be used at the first-level trigger to improve the
muon transverse momentum resolution and reduce the overall trigger rate. A new trigger and read-
out system has been proposed. Prototypes for two frontend ASICs and a data transmission board
have been designed and tested, and detailed simulation of the trigger latency has been performed.
We will present the overall design and focus on latest results from different ASIC and board proto-
types.
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Detector: R&D for Present and Future Facilities / 321

Luminosity measurement at the Circular electron-positron col-
lider CepC
Authors: Ivanka Bozovic-Jelisavcic1; Kai Zhu2; Suen Hou3; Manqi Ruan4; Hongbo Zhu4

1 University of Belgrade (RS)
2 Institute of High Energy Physics, China
3 Academia Sinica (TW)
4 Chinese Academy of Sciences (CN)

Corresponding Authors: ivanka.bozovic@cern.ch, suen.hou@cern.ch, hongbo.zhu@cern.ch, manqi.ruan@cern.ch,
zhuk@ihep.ac.cn

Abstract

The very forward region at CepC will be instrumented with a luminometer aiming to measure in-
tegral luminosity with a precision of 10- 3 and 10-4 in e+e- collisions at 240 GeV center-of-mass
energy and at the Z0 pole, respectively. Present understanding of the technology solutions for the
measurement, and an assessment of the systematic uncertainties are presented.

Detector: R&D for Present and Future Facilities / 548

Results of quality control of large size GEM detector based on Ko-
rean GEM foil for future upgrades of the CMS muon system
Author: Inseok Yoon1

1 Seoul National University (KR)

Corresponding Author: inseok.yoon@cern.ch

GEM detectors have been developed for the Phase II upgrade and will be installed in the endcap
stations of the CMS muon system. In detail, the detector station called GE1/1 will be installed during
long shutdown 2 scheduled in 2019 and the other detector stations, called GE2/1 and ME0, later. This
upgrade will improve the muon trigger and tracking performance in the high-eta region. The Korea
CMS group and Mecaro, a company in Korea, have developed large GEM foils using a double-mask
technique. Compared to the single-mask technique used so far, the production process is more
simple and the more symmetric shape of the GEM holes improves the amplification process. We
have built the first GEM chamber with such foils in double-mask technique and present results of
several quality control tests on this GEM chamber.

Detector: R&D for Present and Future Facilities / 553

Flavour Physics at the High Luminosity LHC: LHCb Upgrade II

Authors: Katharina Mueller1; Chris Parkes2

1 Universitaet Zuerich (CH)
2 University of Manchester (GB)
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The LHCb Collaboration is planning an Upgrade II, a flavour physics experiment for the high lumi-
nosity era. This will be installed in LS4 (2030) and targets an instantaneous luminosity of 1 to 2 x10ˆ34
cm-2 s-1, and an integrated luminosity of at least 300fb-1. Modest consolidation of the current ex-
periment will also be introduced in LS3 (2025). Physics goals include probing new physics scenarios
in lepton flavour universality, obtaining unprecedented precision on CKM tests, and expanding the
LHCb programme into new measurement areas such as Higgs decays to charm. The detector design
options include the introduction of timing information, with opportunities in vertexing and track-
ing, electromagnetic calorimetery, and RICH particle identification. Preliminary studies for the LHC
suggest that the luminosity goals will be achievable. The collaboration produced an Expression of
Interest in 2017 and will issue a physics case document in May 2018, with Technical Design Reports
planned for 2020.

Detector: R&D for Present and Future Facilities / 549

Upgrade of the CMS muon spectrometer in the forward region
with the GEM technology
Author: Marek Michal Gruchala1

1 Ghent University (BE)

Corresponding Author: marek.gruchala@cern.ch

The Large Hadron Collider (LHC) will be upgraded in several phases that will allow to significantly
expand its physics program and sustain the requirements to maintain sensitivity for the electroweak
and TeV scales. After the expected long shutdown in 2018 (LS2) the accelerator luminosity will be
increased to 2 − 3 × 10ˆ34cm−2s−1 exceeding the design value of 1 × 10ˆ34cm−2s−1 allowing the CMS
experiment to collect approximately 100 fb−1/year. A subsequent upgrade in 2022-23 will increase
the luminosity up to 5 × 10ˆ34cm−2s−1.

To cope with the corresponding increase in background rates and trigger efficiency requirements,
the installation of additional muon detectors is a necessity. Three major upgrades are planned for
the CMS muon endcap regions, referred to as GE1/1, GE2/1 and ME0. Each of the additional set
of detectors is based on the Gas Electron Multiplier (GEM) technology, a choice based on many
past R&D activities. While the installation of the GE1/1 chambers has been already approved and
scheduled by 2019/20, the GE2/1 project is in an advanced phase of design and the ME0 project is
now in the final phase of review.

We present an overview of the muon spectrometer upgrade based on GEM technology, the details of
the ongoing GE1/1 chamber production with the first results of the quality assurance tests. Moreover,
preliminary results obtained for the GE2/1 single module M4 will be shown along with the design
and the technical solution adopted for the foreseen GE2/1 and ME0 chambers.

Detector: R&D for Present and Future Facilities / 47

Status of single phase and dual phase DUNE prototype detectors
at CERN
Author: Leigh Howard Whitehead1

1 CERN

Corresponding Author: leigh.howard.whitehead@cern.ch
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Liquid Argon Time Projection Chamber (LAr TPC) is currently the most attractive technology for
neutrino oscillations studies, proton decay studies and Supernova explosions. Not only LAr TPCs
are cost-effective and scalable to multi-ton scales, but they are also excellent calorimeters and can 3D
reconstruct the tracks of ionising particles arising from neutrinos interaction products. Future giant
liquid Argon TPCs, at the ten-kiloton level, are now at the design and prototyping stage in the context
of the Deep Underground Neutrino Experiment (DUNE). DUNE will comprise four 10 kton LAr
TPC modules placed at the Sanford Underground Research Facility (SURF) in South Dakota (USA).
To gain experience in building and operating such large-scale LAr detectors two prototypes are
currently under construction in the extension of CERN north experimental hall area (EHN1) which
eventually will be exposed to the SPS beam. The prototypes consist of a single-phase LAr TPC, called
ProtoDUNE Single-Phase (SP), and a dual-phase LAr TPC, called ProtoDUNE Dual- Phase (DP). The
cryostats hosting the detectors have been already completed, and construction of the TPCs is already
ongoing. The detectors will be assembled by 2018. An overview of the status and progress of both
detectors and how they fit in the general context of DUNE will be addressed in this talk.

Detector: R&D for Present and Future Facilities / 187

The Belle II Experiment: Status and Prospects
Author: Shuji Tanaka1

1 KEK

Corresponding Author: shuji.tanaka@kek.jp

The Belle II experiment is a substantial upgrade of the Belle detector and will operate at the Su-
perKEKB energy-asymmetric e+e− collider. The accelerator has already successfully completed the
first phase of commissioning in 2016. First electron positron collisions in Belle II are expected for
April 2018. The design luminosity of SuperKEKB is 8 × 1035 cm−2s−1 and the Belle II experiment
aims to record 50 ab−1 of data, a factor of 50 more than the Belle experiment. This large data set will
be accumulated with low backgrounds and high trigger efficiencies in a clean e+e− environment.
This talk will review the detector upgrade, the achieved detector performance and the plans for the
commissioning of Belle II

Detector: R&D for Present and Future Facilities / 130

Performance of missing transverse momentum reconstruction at
the CMS detector in 13 TeV data
Author: Leonora Vesterbacka1

1 ETH Zurich (CH)

Corresponding Author: minna.leonora.vesterbacka@cern.ch

The precise measurement of the missing transverse momentum (MET) observable is critical for stan-
dard model measurements involving W, Z, and the Higgs bosons, and top quarks. In addition, MET
is one of the most important kinematic observable used in searches for physics beyond the standard
model targeting new weakly interacting neutral particles. A detailed understanding of various ef-
fects due to the high collision rate at the CMS detector during the 13 TeV data-taking period of the
LHC both in data and simulation is important to achieve the most optimal MET performance. In
this talk, we will present the studies of MET reconstruction algorithms using the CMS detector at
the LHC.
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Detector: R&D for Present and Future Facilities / 266

Electron and photon energy measurement calibration with the
ATLAS detector
Author: Stefanie Morgenstern1

1 CERN and Technische Universitaet Dresden (DE)

Corresponding Author: stefanie.morgenstern@cern.ch

An accurate calibration of the energy measurement of electron and photon is needed for many AT-
LAS physics analyses. The calibration of the energy measurement is performed in-situ using a large
statistics of Z->ee events. A pre-requisite of this calibration is a good understanding of the material
in front of the calorimeter and of the inter-calibration of the different calorimeter layers. The Z->ee
sample is also used to measure the energy resolution.
The results obtained with the pp collisions data at sqrt(s)=13 TeV in 2015-2017 corresponding to
an integrated luminosity of 80 fb-1 are presented as well as the corresponding uncertainties on the
electron and photon energy scales.

Detector: R&D for Present and Future Facilities / 276

Level1 Calorimeter Trigger: from Xilinx Virtex7 to Ultrascale+

Author: Marcel Weirich1

1 Johannes Gutenberg Universitaet Mainz (DE)

Corresponding Author: mweirich@students.uni-mainz.de

With the restart of the LHC in 2021 the ATLAS experiment will cope with high luminosity beams (2.5
x 10 34 cm -2 s -1 ). A new Level-1 Calorimeter trigger system (see Fig.1) will be introduced exploiting
a finer calorimeter readout granularity. The new system consists of three Feature EXtractors (FEXs),
electron (eFEX), jet (jFEX) and global (gFEX), that use FPGAs to reconstruct different physics objects
used for the trigger selection and that gather data from the calorimeters through a Fibre Optical
Plant. The Trigger Objects produced by the algorithms running on the FEXs are optically sent to
the Level-1 Topological Trigger where interesting physics events are selected by applying kinematic
and angular requirements on electromagnetic clusters, jets and total energy.

This contribution will focus on the new jFEX system and on the upgrade of the L1Topological trigger
giving an overview of the hardware as well as the algorithmic firmware.

The jFEX (see Fig. 2) and the upgraded L1Topological Trigger are Ultrascale+ based ATCA boards
that cope with input data rates of up to 3.6 Tb/s for a maximum of 120 Multi Giga Transceivers
(MGTs) per FPGA. To achieve the high transmission speed and high component density for these
boards, a number of challenges in power management, voltage distribution and signal integrity had
to be addressed in the design.
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The latest generation Ultrascale+ FPGAs provide large processing resources for sophisticated trigger
algorithms. The jFEX will allow to reconstruct small- and large-area jets including high-granularity
substructure observables. Energy from pile-up interactions can be determined on an event-by-event
basis and subtracted for jets and MET. On the L1Topological Trigger, kinematic reconstruction of full
events will be performed within 50ns, and even exotic triggers mixing information from different
bunch crossings will be possible.

This contribution will present the design, integrated tests programming of the jFEX and L1Topological
Trigger modules.

Detector: R&D for Present and Future Facilities / 275

The ATLAS FastTracker: Pioneering the next era of hardware track
triggers
Author: Tova Ray Holmes1

1 University of Chicago (US)

Corresponding Author: tova.ray.holmes@cern.ch

Though hardware-based trackers were a crucial element of the triggering systems for both D0 and
CDF, no such system has yet been incorporated into either ATLAS or CMS. The ATLAS FastTracKer
(FTK) is a first step towards this goal, and will soon provide full tracking information for all events
passing ATLAS’s Level-1 trigger. This system massively reduces the CPU required to identify track-
based signatures like b-jets and taus, and allows for the suppression of pile-up effects on missing
energy and jet triggers. This talk will present an overview of FTK commissioning and future plans,
along with updated projections for FTK performance.

Detector: R&D for Present and Future Facilities / 277

The ATLAS trigger in 2017 and 2018 –developments and perfor-
mance
Author: Daniele Zanzi1

1 CERN

Corresponding Author: daniele.zanzi@cern.ch

The ATLAS Trigger system has been operating successfully during LHC Run-2, between 2015 and
2017. Its excellent performance has been vital for the ATLAS physics program, selecting interesting
collision events for a wide variety of physics signatures with high efficiency.

The trigger selection capabilities of ATLAS during Run-2 have been significantly improved com-
pared to Run-1, in order to cope with the higher event rates and with the large number of simul-
taneous proton-proton interactions (pile-up). At the Level-1 trigger these improvements resulted
in more pile-up-robust selection efficiencies and event rates, as well as in a reduction of fake can-
didate particles. A new hardware system, designed to analyse event-topologies, supports a more
refined event selection at Level-1. Exemplary are the application of angular and invariant mass cuts
in low momentum di-lepton and di-jet triggers, keeping the Level-1 rate of such selections, which
are essential for many physics analyses, at an affordable level. A hardware-based, high-rate track
reconstruction, currently being commissioned, enables the high-level software trigger to make use
of tracking information at its full input rate. Such full-scan tracking has an important role in reduc-
ing the pile-up dependence of triggers based on isolated single leptons and those selecting on total
transverse energy. Together with an upgrade of the high-level trigger selections to deploy more
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offline-like reconstruction techniques, these changes dramatically improve the performance of the
trigger selection to nearly that of the offline reconstruction.

At the beginning of 2017 more than 1000 different ATLAS trigger selections had been carefully com-
piled into a “trigger menu”, covering all aspects of the ATLAS physics program and allowing for
the expected rise in LHC luminosity. An unexpected change in the LHC conditions in the middle
of 2017 toward an environment with much higher pile-up resulted in a much-increased CPU usage
of the software trigger and reduced performance, requiring adaptation of the selection software and
the general trigger menu design.

This presentation gives a comprehensive review of the ATLAS trigger system in 2017, covering
briefly the changes compared to 2016, operational aspects, and encountered constraints. The trig-
ger menu strategy for 2018, the last year of Run-2 will be shown. Focus will be put on the new
event-topology-based selections at the Level-1 trigger, and on the trigger performance at high pile-
up seen in 2017. The improvement measures taken for 2018 will be discussed and substantiated with
first 2018 trigger performance plots.

Detector: R&D for Present and Future Facilities / 288

ATLAS ITk Strip Detector for High-Luminosity LHC
Author: Stefania Antonia Stucci1

1 Brookhaven National Laboratory (US)

Corresponding Author: stefania.stucci@cern.ch

The ATLAS experiment is currently preparing for an upgrade of the inner tracking for High-Luminosity
LHC operation, scheduled to start in 2026. The radiation damage at the maximum integrated lumi-
nosity of 4000/fb implies integrated hadron fluencies over 2x10ˆ16 neq/cm2 requiring replacement
of the existing Inner Detector. An all-silicon Inner Tracker (ITk) is proposed with a pixel detec-
tor surrounded by a strip detector. The current prototyping phase, targeting an ITk Strip Detector
consisting of a four-layer central barrel and forward regions composed of six disks at each end, is
described in the ATLAS Inner Tracker Strip Detector Technical Design Report (TDR). With the ap-
proval of the TDR by the CERN Research Board, the pre-production readiness phase has started at
the institutes involved. In this contribution we present the design of the ITk Strip Detector, current
status of R&D on various detector components and preparations for production.

Detector: R&D for Present and Future Facilities / 295

Small-Strip Thin Gap Chambers for the Muon Spectrometer Up-
grade of the ATLAS Experiment
Author: Jesse Alan Heilman1

1 Carleton University (CA)

Corresponding Author: jesse.heilman@cern.ch

The instantaneous luminosity of the Large Hadron Collider at CERN will be increased up to a factor
of five with respect to the design value by undergoing an extensive upgrade program over the coming
decade. Such increase will allow for precise measurements of Higgs boson properties and extend the
search for new physics phenomena beyond the Standard Model. The largest phase-1 upgrade project
for the ATLAS Muon System is the replacement of the present first station in the forward regions
with the so-called New Small Wheels (NSWs) during the long-LHC shutdown in 2019/20. Along
with Micromegas, the NSWs will be equipped with eight layers of small-strip thin gap chambers
(sTGC) arranged in multilayers of two quadruplets, for a total active surface of more than 2500 m2.
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All quadruplets have trapezoidal shapes with surface areas up to 2 m2. To retain the good precision
tracking and trigger capabilities in the high background environment of the high luminosity LHC,
each sTGC plane must achieve a spatial resolution better than 100 μm to allow the Level-1 trigger
track segments to be reconstructed with an angular resolution of approximately 1mrad. The basic
sTGC structure consists of a grid of gold-plated tungsten wires sandwiched between two resistive
cathode planes at a small distance from the wire plane. The precision cathode plane has strips with
a 3.2mm pitch for precision readout and the cathode plane on the other side has pads for triggering.
The position of each strip must be known with an accuracy of 30 µm along the precision coordinate
and 80 µm along the beam. The mechanical precision is a key point and must be controlled and
monitored all along the process of construction and integration. The sTGC detectors are currently
being produced and tested in five countries and assembled into wedges at CERN for integration
into ATLAS. The sTGC design, performance, construction and integration status will be discussed,
along with results from tests of the chambers with nearly final electronics with beams and cosmic
rays.

Detector: R&D for Present and Future Facilities / 293

Performance and Calibration of 2mˆ2 -sized 4-layered Micromegas
Detectors for the ATLAS Upgrade
Author: Maximilian Herrmann1

1 Ludwig Maximilians Universitat (DE)

Corresponding Author: maximilian.georg.herrmann@cern.ch

The increased luminosity of the HL-LHC requires a new, high rate capable, high resolution detector
technology for the inner end cap of the muon spectrometer of the ATLAS experiment. For this
purpose the Micromegas technology is chosen as precision tracker. The SM2 modules are 2 mˆ2
-sized micromegas quadruplets. This large size requires a sophisticated construction to provide a
spatial resolution better than 100 µm. The first series SM2 modules were investigated using 120 GeV
pions and muons at SPS/CERN as well as with cosmic muons in a precision facility.

During the testbeam in August 2017 at the H8 beamline of the SPS 4 small size micropattern detec-
tors were used as tracking reference. The spatial resolution of the SM2 detector is analyzed using
two different methods. A charge weighted position reconstruction, the so-called centroid method,
achieves a spatial resolution of about 80 µm for perpendicular particle incident. A time projection
chamber like approach, the so-called µTPC method, yields a similar resolution for tracks inclined to
the active area of the module.

To investigate and calibrate the full active area of SM2 quadruplets a Cosmic Ray Facility (CRF) is
used. It uses two ATLAS Monitored Drift Tube chambers (MDT) to provide precise muon track
information in the order of 100 µm. A segmented trigger hodoscope provides additional position
information in the order of 10 cm along the wires of the MDTs. The angular acceptance of the CRF
is between −30 ◦ and +30 ◦ to the zenith angle over an area of about 8 mˆ2 .

We present results for the first series SM2 quadruplets with 12288 channels read out fully by 96
APVs connected to six FEC cards. A segmentation of the active area into smaller partitions enables
a detailed analysis of local detector properties, for example geometrical quality, homogeneity in
efficiency, in pulse height and in spatial resolution.

Detector: R&D for Present and Future Facilities / 447

R&D progress of CEPC HCAL

Authors: Jianbei Liu1; Tao Hu2; Boxiang YuNone
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Circular Electron Position Collider (CEPC) is proposed as a Higgs or Z factory. This work introduce
the R&D progress of CEPC HCAL. Three detector technologies including RPC detector, GEM detector
and plastic scintillator were researched for CEPC HCAL sensitive detector. For RPC detector, we
corporation with CALICE collaboration and do some analysis on beam test result. For GEM detector,
some module was tested. For plastic scintillator, different size detector cell was tested by Sr-90 source
and cosmic ray. In general, some progress of CEPC HCAL has been made.

Detector: R&D for Present and Future Facilities / 364

The KLOE-2 experiment at DAPHNE
Authors: Simona Giovannella1; Paolo Gauzzi1
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The KLOE-2 experiment at the INFN Laboratori Nazionali di Frascati has concluded the data-taking
at the e+e- DAPHNE phi-factory with more than 5 fb-1 of integrated luminosity collected. Record
performance in terms of 2.4 x 10ˆ32 cm-2s-1 peak luminosity and 14 pb-1 maximum daily integrated
luminosity were achieved with the crab waist scheme of beam collisions.

KLOE-2 represents the continuation of KLOE with a new physics program mainly focused on the
study of K short, η rare and decays as well as on kaon interferometry, test of discrete symmetries,
and search for physics beyond the Standard Model. The collected data sample will allow to perform
CPT symmetry and quantum coherence tests using entangled neutral kaons with an unprecedented
precision, studies of γγ-physics processes, and the search for signals of a hidden dark-matter sector,
among the fields to be addressed.

The general purpose KLOE detector, composed by one of the biggest Drift Chamber ever built sur-
rounded by a lead-scintillating fiber Electromagnetic Calorimeter among the best ones for energy
and timing performance at low energies, undergone several upgrades including State-of-The-art
cylindrical GEM detector: the Inner Tracker. To improve its vertex reconstruction capabilities near
the interaction region, KLOE-2 is the first high-energy experiment using the GEM technology with
a cylindrical geometry, a novel idea that was developed at LNF exploiting the kapton properties to
build a transparent and compact tracking system. To γγ-physics the detector has been upgraded with
two pairs of electron-positron taggers: the Low Energy Tagger (LET), inside the KLOE apparatus,
and the High Energy Tagger (HET) along the beam lines outside the KLOE detector.

An overview of the KLOE-2 experiment will be given including present status and achievements
together with physics plans.

Detector: R&D for Present and Future Facilities / 560

SciFi - A large Scintillating Fibre Tracker for LHCb
Authors: Katharina Mueller1; Janine Müller2

1 Universitaet Zuerich (CH)
2 Technische Universitaet Dortmund (DE)
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The LHCb detector will be upgraded during the Long Shutdown 2 (LS2) of the LHC in order to
cope with higher instantaneous luminosities and to read out the data at 40MHz using a trigger-less
read-out system. The current LHCb main tracking system, composed of an inner and outer tracking
detector, will not be able to cope with the increased particle multiplicities and will be replaced by a
single homogenous detector based on scintillating fibres. The new Scintillating Fibre (SciFi) Tracker
covers a total detector area of 340 m2 and should provide a spatial resolution for charged particles
better than 100 µm in the bending direction of the LHCb spectrometer. The detector will be built
from individual modules (0.5 m × 4.8 m), each comprising 8 scintillating fibre mats with a length of
2.4 m as active detector material. The fibre mats consist of 6 layers of densely packed blue emitting
scintillating fibres with a diameter of 250 µm. The scintillation light is recorded with arrays of state-
of-the-art multi-channel silicon photomultipliers (SiPMs). A custom ASIC will be used to digitize
the SiPM signals. Subsequent digital electronics performs clustering and data-compression before
the data is sent via optical links to the DAQ system. To reduce the thermal noise of the SiPM in
particular after being exposed to a neutron fluence of up to 10ˆ{12} neq /cmˆ2, expected for the
lifetime of the detector, the SiPMs arrays are mounted in so called cold-boxes and cooled down by
3D-printed titanium cold-bars to -40o C. Modules together with cold-boxes and readout electronics
are mounted on so-called C-frames which will provide the mechanical support structure and the
necessary services to power, read out and cool the detector elements. A proto-type frame is currently
being built. The serial assembly of these detector elements will start in summer 2018. The detector
installation is foreseen to start end of 2019. The talk will give an overview of the detector concept
and will present the experience from the series production complemented by most recent test and
quality assurance results.

Detector: R&D for Present and Future Facilities / 573

The Mu2e Tracker
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The Mu2e experiment will search for neutrinoless conversion of muons into electrons
In the field of an aluminum nucleus. The signature of this process is an electron with
energy nearly equal to the muon mass. Precise and robust measurement of the outgoing
electron momentum, combined with other background rejection methods, is essential to the
experiment. We rely on a low-mass straw tube tracker to achieve these goals. The tracking
system must operate in a vacuum and a 1 Tesla magnetic field. We have chosen to use about
20,000 thin-wall Mylar straws held under tension to avoid the need for supports within
the active volume. In addition to measuring distance from the wire by drift time,
subnanosecond measurement of signal propagation time will be used to measure position
along the wire. Charge will be measured using ADCs to provide particle identification
capability.
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High rate performance of Small-pad Resistive Micromegas. Re-
sults of different resistive protection concepts
Authors: Mariagrazia Alviggi1; Vincenzo Canale1; Massimo Della Pietra1; Camilla Di Donato1; Edoardo Maria
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Micromegas resistive detectors have already proven to be suitable for precision tracking at rates
up to few kHz/cm2. Rate capability up to few MHz/cm2 and low occupancy can be achieved by
using few mm2 readout pads. Such a rate capability will be required in upgrades of forward muon
detectors of LHC experiments as well as in experiments at future colliders.
We present the development of resistive micromegas with O(mm2) pad readout aiming at precision
tracking without efficiency loss up to several MHz/cm2. To achieve this goal the miniaturization of
the readout elements is a key element of the project.

A series of small-pad micromegas detectors have been built with the spark protection resistive layer
realised with different techniques: a pad-patterned embedded resistor with screen printing, and a
uniform DLC (Diamond Like Carbon structure) layer by sputtering. All detectors consist of a matrix
of 48x16 pads. Each pad has a rectangular shape with a pitch of 1 and 3 mm in the two coordinates.
The active surface is 48x48 mm2 with a total number of 768 channels, routed off-detector for read-
out.
Characterization and performance studies of the detectors have been carried out by means of ra-
dioactive sources, X-Rays guns, cosmic rays and high energy particle beam. The response under
high irradiation, high rate exposure, is compared with low irradiation performances. A comparison
of performance with different resistivity values will be presented.

A new prototype with integrated electronics readout, with front-end IC chip mounted (or bonded)
on the back side of the readout plane, is currently under assembly. Such a configuration guarantee
full scalability to large size detectors, overcoming the challenging problem (unsolvable for large size)
of routing off detector the pad readout lines. The design, the construction and preliminary data of
this new detector, will also be reported.

Detector: R&D for Present and Future Facilities / 645

A multi-PMT photodetector system for the Hyper-Kamiokande
experiment
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Hyper-Kamiokande (Hyper-K), a proposed one-megaton water Cherenkov detector to be built in
Japan, is the logical continuation of the highly successful Super-Kamiokande experiment. Its broad
physics programme includes neutrinos from astronomical sources, nucleon decay, with the main
focus the determination of leptonic CP violation.
To detect the weak Cherenkov light generated by neutrino interactions or proton decay, the employ-
ment of the multi-PMT concept, first introduced in the KM3NeT detector, is considered as possible
solution. A multi-PMT Optical Module based on a pressure vessel instrumented with multiple small
diameter photosensors, readout electronics and power, offers several advantages as higher sensitive
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surface, weaker sensitivity to Earth’s magnetic field, increased granularity and
directional information with an almost isotropic field of view. In this contribution the development
of a multi-PMT module for Hyper-K is discussed.

Detector: R&D for Present and Future Facilities / 798
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In the baseline design of the Circular Electron Positron Collider (CEPC) tracking system, the high
position resolution(˜100μm) Time Projection Chamber(TPC) would be as the main tracker detector
integrated with silicon tracker and ECAL. Unlike the detector at International Linear Collider (ILC),
the beam structure of CEPC is the continous mode, which determines the detector’s operation with-
out the ‘power-pulsing’, on both Higgs and Z-pole energy regions with the high rating.
To meet the critical physics requirements of the tracker, the new concept structure gaseous detec-
tor module as one option for the tracer detector has been developed and tested. In this talk, the
deviation of position resolution was calculated by the space charge causing the track distortions in
the drift chamber at Z pole run in CEPC, and the value was less than 10μm in the inner diameter
of TPC detector. Some performance of the conceptual detector module was obtained. The energy
resolution is better than 20% for 5.9 keV X-rays and it indicates that the continuous suppression of
ions backflow ratio about 0.1% can be reached at the gas gain of about 5000. Aimed to the calibration
and alignment of TPC module, the TPC prototype integrated with laser calibration system has been
designed with 5000mm drift length and 200mm*200mm active readout. The on-going R&D activities
and some preliminary results will also be briefly reported.

Detector: R&D for Present and Future Facilities / 732
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After the successful demonstration of the performance of highly granular electromagnetic and hadronic
calorimeters by the CALICE collaboration, emphasis has shifted to system issues and large scale
production. These are addressed by varied technological prototypes currently in production. We
present work on silicon, scintillator, and gas-detector based imaging calorimeters for future electron-
positron colliders, pointing out the relevance also for LHC upgrades and other applications. Empha-
sis will be placed on techniques developed for mass production, such as automatic testing of ac-
tive detector elements; packaging, wrapping, and mounting of scintillators; and automatised assem-
bly chains as well as on solutions for large-size detector components, precision mechanics and ser-
vices. We also report results from recent laboratory and beam tests of electromagnetic and hadronic
calorimeter prototypes using these production and testing techniques.
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Silicon Strip Detector for J-PARC Muon g-2/EDM Experiment
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The muon anomalous magnetic moment (g − 2)µ and electric dipole moment (EDM) are sensitive
to new physics beyond the Standard Model. J-PARC muon g-2/EDM (E34) experiment 1 aims to
measure (g − 2)µ with a precision of 0.1 parts per million and search for EDM with a sensitivity of
10−21e·cm with different concept from the muon g-2/EDM experiment at BNL and FNAL. We utilize
high intensity proton beam at J-PARC and newly developed technique of ultra-cold muon beam,
which is produced by thermal muonium productions 2 followed by laser ionization [3] and muon
linear acceleration [4]. The ultra-cold muon beam accelerated up to 300 MeV/c are injected into the
storage magnet with a 3 Tesla magnetic field [5]. The positron from muon decay is detected by the
silicon strip detector.

The 40 silicon strip vanes are placed radially inside the storage ring. Each vane has single-sided p-on-
n type silicon strip sensors on both sides with mutually orthogonal strips. Two-dimensional position
of a positron track is detected by two layers of the silicon strip sensor. The silicon strip sensor has
1024 readout strips at a constant strip pitch of 190 µm pitch [6]. The active area is 97.28 mm×
97.28 mm with 320 µm thickness. We started to fabricate the silicon strip sensors with Hamamatsu
photonics and estimate its characterization. The readout ASIC is required to tolerate a high hit rate
of 1.4 MHz per strip, to be stable to the change of hit rate by a factor of 1/150, and to have deep
memory for the period of ∼ 40 µs with 5 ns resolution. The prototype readout ASIC “SliT128A”
has been fabricated using the Silterra 0.18-µm CMOS process. We connected the SliT128A with a
silicon strip sensor thorough signal fan-out flex circuit (i.e., pitch adapters) made by Fujikura Ltd.
and tested them with a pulsed muon beam at J-PARC.

We developed software tools for our silicon strip detector. The timing stability is important for the
precise measurement of the (g− 2)µ. Therefore, we implemented the behavior of the ASIC into the
simulation, and estimated the timing shift due to the pileup. Track reconstruction efficiency should
be high and stable against change of hit rate. We developed a track finding tool based on Hough
transform method and confirmed the track reconstruction efficiency keeps greater than 90% even at
the expected highest hit rate.

In this talk, we present the design of the silicon strip detector, development status of the each com-
ponent, and the expected tracking performance based on simulation.

Detector: R&D for Present and Future Facilities / 821

Ageing and high rate studies on resistive Micromegas at the CERN
Gamma Irradiation Facility
Authors: Edoardo Maria Farina1; Barbara Alvarez Gonzalez2; Jona Bortfeldt3; Paolo Iengo3; Jerome Samarati3;
Ourania Sidiropoulou4; Joerg Wotschack5

1 Universita and INFN (IT)
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Two resistive-strip bulk Micromegas detectors have been installed in the Gamma Irradiation Facility
at CERN in 2015.
The primary goal was to assess the performance of the detectors after long term irradiation. This
study is particularly relevant in view of the adoption of the Micromegas technology for future up-
grades, as in the ATLAS inner muon system. In this region the expected accumulated charge in 10
years of HL-LHC operation has been estimated in 0.2 C/cm2. After 3 years of continuous irradiation
more than 0.3 C/cm2 have been accumulated, allowing to draw clear conclusions concerning ageing
effects on the detectors. During this period, the detector currents have been monitored and the per-
formance of the detectors has been studied by combining the photon background with muon beam
available at the facility. In particular, the spatial resolution and detector gain have been studied up
to about 70 kHz/cm2. Complementary to these, a precise estimation of the detectors sensitivity to
photons has been obtained by a Geant4 simulation.

Detector: R&D for Present and Future Facilities / 934

Characterization of the 20-inch Photomultiplier Tubes for the
JUNO Central Detector
Author: Wei Wang1

1 Sun Yat-Sen University

Corresponding Author: wenlj@ihep.ac.cn

The primary physics goal of the Jiangmen Underground Neutrino Observatory (JUNO) is to resolve
neutrino mass hierarchy, taking the advantage of the copious antineutrinos from two powerful nu-
clear power plants at distances of ˜53 km in Guangdong Province, China. To meet this goal, JUNO has
designed a 20 kt underground liquid scintillator (LS) detector which deploys 20,000 high quantum
efficiency (HQE) photomultiplier tubes(PMTs) to reach an energy resolution of 3%/√(E/MeV) and an
energy scale uncertainty better than 1%. Such performance numbers on such a massive LS detector
are unprecedented, which places stringent requirements on the two types of the 20-in PMTs used
by JUNO, the Hamamatsu HQE PMT and the newly developed micro-channel plate (MCP) PMT. To
select qualified PMTs and to supply the detector simulation with precise PMT performance data, we
have developed two PMT characterization systems, an industrial container-based mass PMT testing
system and a PMT photocathode uniformity scanning station. This talk will explain the require-
ments on the two types of JUNO PMTs in connection to its physical goals, the technical designs of
the two PMT evaluation systems, the PMT testing strategy and the preliminary JUNO 20-inch PMT
characterization results.

Detector: R&D for Present and Future Facilities / 933

Design, construction and performance of magnetised mini-ICAL
detector module
Authors: Suryanarayan Mondal1; Gobinda Majumder2

1 Tata Institute of Fundamental Research, Mumbai
2 Tata Inst. of Fundamental Research (IN)
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India-based Neutrino Observatory (INO) has proposed to build a 51kton magnetised Iron Calorimeter
(ICAL) in an underground laboratory to be constructed near Madurai, South India. ICAL is aimed
to precisely study the atmospheric neutrino oscillation parameters and determine the ordering of
neutrino masses. ICAL will be built by stacking 151 layers of 56mm soft iron plates, spanning es-
sentially a lateral area of 48m x 16m. The detector will deploy about 28,800 glass Resistive Plate
Chambers (RPCs) of approximately 2m x 2m in area, inserted between the iron layers. About 3.6
million detector channels are required to be instrumented to read data.

During the detector R&D phase, many RPC detector stacks were constructed and operated by the
collaboration for prolonged periods of time - several years, mainly studying long term performance
of the RPC detectors. But a magnetised ‘mini-ICAL’ was proposed to be built, essentially exactly of
the same design as that of ICAL and also using same detector components. This was expected to serve
the purpose of understanding the engineering issues in constructing the ICAL, and at the same time
provide important inputs on the ICAL’s operating parameters and physics measurement capabilities.
A veto wall is also being planned around the m-ICAL, to explore possibility of building ICAL like
detectors on surface or at shallow depths. The veto wall will be made of extruded scintillator tiles
and coupled to SiPMs through WLS fibres.

The mini-ICAL currently is in commissioning phase. It was built using 11 layers of 56mm soft iron
plates, spanning a lateral area of 4m x 4m. A nominal magnetic field of 1.5 Tesla will be produced
inside the iron plates, by passing about 650Amps current through two, 18-turn OFHC copper coils
which are water-cooled. A total of 20 RPCs of about 2m x 2m in area - two per gap in the central
region, will be inserted between the iron layers and readout using the electronics of the same design
as that of ICAL. A software framework for analysis of mini-ICAL data is already in place.

We will describe design and construction details of the m-ICAL magnet, RPC detectors and electron-
ics. We will also present performance of ICAL electronics in magnetic field, including its timing,
track reconstruction and momentum resolutions etc.

Detector: R&D for Present and Future Facilities / 1023

The Mu3e scintillating fiber tracker R&D

Authors: Sandro Bravar1; Angela PapaNone

1 Universite de Geneve (CH)

Corresponding Authors: angela.papa@psi.ch, alessandro.bravar@unige.ch

The Mu3e experiment searches for a rare lepton flavour violating μ+ → e+e+e− decay and it aims
at reaching an ultimate sensitivity of 10ˆ−16 on the branching fraction of the μ+ → e+e+e− decay,
four orders of magnitude better than the current limit B(μ+ → e+e+e−) < 10ˆ−12. The experiment
will be hosted at the Paul Scherrer Institute (Villigen, Switzerland) which delivers the most intense
low momentum continuous muon beam in the world (up to few ×10ˆ8 μ/s). In order to be sensitive
to the signal at this so high level, to reject the background and to run at the intensity beam frontier
excellent detector performances are needed. To match those requests the experiment has been design
based on completely new technologies, one of that given by a tracker made of the thinnest available
scintillating fibers coupled to silicon photomultipliers (SiPMs).

We will report in detail the status of the scintillating fiber tracker R&D, from the fiber through the
photosensors up to the electronics and the data acquisition, and we will discuss the results obtained
with our current prototypes. The final aim would be to provide a fiber tracker detecting minimum
ionizing particles (m.i.p.) with a minimal amount of material (the detector thickness below 0.4 % of
radiation length X0) with full detection efficiency, timing resolutions below 1 ns and spatial resolu-
tion below 100 μm. While expertise on scintillating fibers and SiPMs has been around for a while,
nobody has ever built a detector that matches these demands. Current measurements show very
promising results: a very high detection efficiency for m.i.p. with a single fiber layer (≥ 95%), and a
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full efficiency for multilayer configurations (≥ 99%); timing resolutions of the order of 500 ps (multi-
layer configuration); optical cross-talk between coated fibers at a negligible level (< 1%), for which
spatial resolutions < 50 μm are foreseen (multilayer configuration). We will also discuss the very
good agreement between data and Monte Carlo simulation predictions.

Detector: R&D for Present and Future Facilities / 1011

Latest Results on Radiation Tolerance of Diamond Detectors
Authors: Harris Kagan1; William Trischuk2; Alexander Oh3

1 Ohio State University (US)
2 University of Toronto (CA)
3 University of Manchester (GB)

Corresponding Authors: alexander.oh@cern.ch, william.trischuk@cern.ch, harris.kagan@cern.ch

At present most experiments at the CERN Large Hadron Collider (LHC) are planning upgrades in
the next 5-10 years for their innermost tracking layers as well as luminosity monitors to be able to
take data as the luminosity increases and CERN moves toward the High Luminosity-LHC (HL-LHC).
These upgrades will most likely require more radiation tolerant technologies than exist today. As a
result this is one area of intense research. Chemical Vapor Deposition (CVD) diamond is one such
technology. CVD diamond has been used extensively in beam condition monitors as the innermost
detectors in the highest radiation areas of BaBar, Belle, CDF and all LHC experiments. This talk will
describe the recent radiation tolerance measurements of the highest quality polycrystalline CVD
(pCVD) material for a range of proton energies, pions and neutrons obtained with this material
with the goal of elucidating the issues that should be addressed for future diamond based detec-
tors. The talk will also present the evolution of various semiconductor parameters as a function of
dose.

Detector: R&D for Present and Future Facilities / 1002

The TORCH time-of-flight detector
Authors: Timothy Gershon1; Thomas Blake2

1 University of Warwick (GB)
2 University of Warwick

Corresponding Authors: thomas.blake@cern.ch, tim.gershon@cern.ch

The TORCH detector is a time-of-flight based system that is being developed for use in particle
physics experiments with the aim of providing particle identification in the momentum range 2–10
GeV/c over a wide area. The detector exploits prompt Cherenkov light produced by charge parti-
cles traversing a 10 mm thick quartz plate. Photons propagate via total-internal reflection and are
focussed onto a detector plane comprising position-sensitive micro-channel plate (MCP) detectors.
The goal is to achieve a resolution of 15 ps per particle by combining information from around 30
detected photons, given a single-photon resolution of 70 ps. The MCP-PMT detectors have been
developed with a commercial partner (Photek), leading to the delivery of a 53 by 53 mm square tube,
with 8 by 128 pixels. A small-scale demonstrator of the TORCH has been tested in beam tests and
preliminary results indicate a single photon-resolution better than 100 ps. Progress towards a larger-
scale system with a 10 MCP-PMTs, and the possible impact on the physics programme of a future
LHCb upgrade, will be presented.
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Detector: R&D for Present and Future Facilities / 46

Status of DUNE experiment
Author: Jianming Bian1

1 University of California Irvine (US)

Corresponding Author: bianjm@uci.edu

The Deep Underground Neutrino Experiment (DUNE) provides a rich science program with the
focus on the neutrino oscillation physics, proton decay studies and Supernova explosions. The high-
intensity wide-band neutrino beam will be produced at Fermilab and will be directed to the 40 kt
Liquid Argon far detector at the Sanford Underground Research Facility (SURF), 1300 km from Fer-
milab. One of the most important goals of the experiment is to determine the neutrino mass ordering
and the measurement of the CP violating phase. The underground location of the large DUNE far
detector and its excellent energy and spatial resolution will allow also conducting non-accelerator
physics programs predicted by GUT models, such as nucleon decay or n-nbar oscillations. More-
over, it will be sensitive to measure of the electron neutrino flux from a core-collapse supernova
providing valuable information on the mechanism of a supernova. This ambitious project involves
worldwide contribution and extensive prototyping and testing program to guarantee that all parts
of the technology are fully understood and well tested. Two such prototypes, in both single phase
(ProtoDUNE-SP) and dual phase (ProtoDUNE-DP) technologies, are under construction and will be
operated at the CERN Neutrino Platform (NP) starting in 2018.

Detector: R&D for Present and Future Facilities / 222

Design of the CMS upgraded trigger from Phase I to Phase II of
the LHC
Author: Silvio Donato1

1 Universitaet Zuerich (CH)

Corresponding Author: silvio.donato@cern.ch

The CMS experiment implements a sophisticated two-level triggering system composed of the Level-
1, instrumented by custom-design hardware boards, and the High Level Trigger, a streamlined ver-
sion of the offline reconstruction software running on a computer farm (more than 30k CPU cores).
In 2017, the LHC delivered proton-proton collisions at a centre-of-mass energy of 13 TeV with a
peak instantaneous luminosity larger than 2 · 1034cm−2s−1, more than twice the peak luminosity
reached during Run1 and far larger than the design value. The CMS Level-1 trigger was upgraded
during the end-of-the year technical stop between 2015 and 2016, to improve its performance at high
luminosity and large number of simultaneous inelastic collisions per crossing (pile-up). All the elec-
tronic boards have been replaced and the upgraded electronics tested and commissioned with data.
Smarter, more sophisticated, and innovative algorithms are now the core of the first decision layer of
CMS: the upgraded trigger system implements pattern recognition and MVA (Boosted Decision Tree)
regression techniques in the trigger boards for pT assignment, pile-up subtraction, and isolation re-
quirements for electrons and tau leptons. In addition, the new global trigger is capable of evaluating
complex selection algorithms such as those involving the invariant mass of trigger objects. The High
Level Trigger features a trade-off between the offline complexity of the algorithms and the available
computing power, and between the selection efficiency the maximum sustainable output rate. The
trigger selections used in Run-2 will be presented, ranging from simpler single-object selections to
more sophisticated algorithms combining different objects and applying analysis-level reconstruc-
tion and selection. This presentation will cover the design and performance of the Phase I trigger
and how it influences the path towards the Phase II upgrade necessary for the LHC run at a center-of
mass energy of 14 TeV with luminosity of 5 − 7 · 1034cm−2s−1, corresponding to 140–200 pile-up
events. The addition of the tracker information at Level-1 and the enhanced computing resources at
HLT will maintain the trigger efficiency at a similar level as the present one.
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Detector: R&D for Present and Future Facilities / 323

Performance of the SoLid reactor neutrino detector
Author: Luis MANZANILLAS1

1 Laboratoire de l’Accélérateur Linéaire (LAL)

Corresponding Author: lmanzanillas@gmail.com

The SoLid collaboration is currently operating a 1.6 ton neutrino detector near the Belgian BR2
reactor, with as main goal the observation of the oscillation of electron anti-neutrinos to previously
undetected flavor states. The highly segmented SoLid detector employs a compound scintillation
technology based on PVT scintillator in combination with a LiFZnS screens containing 6Li isotopes.
The experiment has demonstrated a channel-to-channel response that can be controlled
to the level of a few percent, and energy resolution of better than 14% at 1 MeV, and a determination
of the interaction vertex with a precision of 5cm.

In this contribution we will highlight the major outcomes of the R&D program that preceded the
construction of the full-scale detector, the quality control during component manufacture and inte-
gration, as well as the current performance and stability of the full-scale system. The possibilities for
in-situ calibration of the detector with various radioactive sources will be discussed as well.

Detector: R&D for Present and Future Facilities / 355

Construction and performance tests of the COMET CDC
Author: Manabu Moritsu1

1 KEK

Corresponding Author: moritsu@post.kek.jp

The COMET experiment at J-PARC searches for the neutrinoless coherent transition of a muon to
an electron in the field of an aluminum nucleus, which violates the lepton flavor conservation and
has never been observed yet so far. The conversion rate is predicted to be enhanced in new physics
models beyond the Standard Model, while the process is extremely suppressed in the Standard Model.
The goal of the COMET Phase-I is to explore the muon-to-electron conversion with a single event
sensitivity of 3× 10−15, which is 100 times better than the current limit.

In the COMET Phase-I, the converted electrons, which possess monochromatic momentum of 105
MeV/c, are detected with a cylindrical drift chamber (CDC) in a solenoidal magnetic field of 1 T.
An inevitable physical background is the decay-in-orbit electrons emitted from the normal 3-body
muon decay in an atomic orbit. The momentum distribution of the decay-in-orbit electrons has a
high-momentum tail which is able to reach nearly 105 MeV/c. In order to distinguish the signal
from the background, good momentum resolution of 200 keV/c is required. Therefore the CDC is
designed to reduce material thickness to suppress the multiple scattering effect. We adopt a gas
mixture of He:i-C4H10 (90:10) as well as unplated 126-µm aluminum field wires and a 0.5-mm thin
plastic inner wall. In addition, an alternated all stereo layer configuration for 20 layers in total is
adopted to achieve good spatial resolution for the axial direction.

The wire stringing for 19548 wires in total was conducted. The wire tension was constrained so that
the gravitational sag difference in between wires should be less than 100 µm. The construction of
the CDC was successfully completed, and thereafter performance tests using cosmic rays are being
carried out. We have achieved spatial resolution of 170 µm and efficiency of 95% so far. A future
commissioning plan of the CDC will also be presented in this talk.
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Detector: R&D for Present and Future Facilities / 292

The Micromegas construction project for the ATLAS New Small
Wheel
Author: Athina Kourkoumeli-Charalampidi1
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Corresponding Author: athina.kourkoumeli-charalampidi@cern.ch

In order to meet the requirements of the upcoming luminosity upgrade of the LHC, the Micromegas
(MM) technology was selected to be adopted for the New Small Wheel (NSW) upgrade, dedicated to
precision tracking. A large surface of the forward regions of the Muon Spectrometer will be equipped
with 8 layers of MM modules forming a total active area of 1200 m2. The NSW is scheduled to be
installed in the forward region of 1.3 < |η| < 2.7 of ATLAS during the second long LHC shutdown.
The NSW will have to operate in a high background radiation region, while reconstructing muon
tracks as well as furnishing information for the Level-1 trigger. The project requires fully efficient
MM chambers with spatial resolution down to 100 μm, a rate capability up to about 15 kHz/cm2 and
operation in a moderate (highly inhomogeneous) magnetic field up to B=0.3 T. The required tracking
is linked to the intrinsic spatial resolution in combination with the demanding mechanical accuracy.
An overview of the design, construction and assembly procedures of the Micromegas modules will
be reported. Results and characterization with cosmic rays of the first series module will also be
presented.

Detector: R&D for Present and Future Facilities / 278

The upgraded trigger system and di-τ trigger strategies of the AT-
LAS detector at the HL-LHC
Author: Stephanie Majewski1

1 University of Oregon (US)

Corresponding Author: smajewsk@uoregon.edu

When LHC enters the High Luminosity (HL-LHC) phase, the instantaneous luminosity will increase
from the current 2 x 10ˆ34 cm-2 s-1 (Run II) to a maximum expected value of 7.5 x 10ˆ34 cm-2 s-1,
equivalent to 200 interactions per bunch crossing, and the estimated integrated luminosity will reach
3000 fb-1.
New strategies are needed in order to make triggers more selective and to keep pT thresholds for
leptons close to the current ones.
The current trigger system is based on a Level-1 hardware trigger plus a High Level Trigger (HLT)
implemented in software, two scenarios are being considered for the HL-LHC phase.
The first one is a single Level-0 which will do a preliminary selection of data to reduce the rate to 1
MHz with a latency of 6 μs followed by a High Level Trigger. This corresponds to a 200 kHz target
for a di-τ trigger.
The second scenario would reduce the event rate to 2-4 MHz at Level-0, then a Level-1 trigger will
further reduce it to 600-800 kHz, followed again by a High Level Trigger.
The new trigger system will rely on better spatial resolution of the LAr calorimeter of ATLAS, whose
granularity will be 4 times improved at Level-0 and 16 times at Level-1. This will improve the turn-on
curves and the matching between tracks and clusters, it will make transverse energy measurements
of reconstructed objects more accurate and it will allow the use of more sophisticated jet algorithms.
Physics motivations for the trigger upgrade at HL-LHC together with an overview of the new trigger
system will be given.
The current status of the di-τ trigger at the future HL-LHC Level-0 will then be shown. This study
has been performed through simulations of the hadronic decay of the Higgs boson into two taus at
a center of mass energy of 14 TeV under a pile-up conditions corresponding to 200 interactions per
bunch crossing.
In particular, results on the performance (in terms of turn-on curves and rejection power of the
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algorithm) will be shown along with the challenges related to the development of this trigger in
such a very high pile-up environment.

Detector: R&D for Present and Future Facilities / 470

Level-1 track finding with an all-FPGA system at CMS for the HL-
LHC
Author: Thomas Owen James1
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Corresponding Author: tom.james@cern.ch

The CMS experiment at the LHC is designed to study a wide range of high energy physics phenom-
ena. It employs a large all-silicon tracker within a 3.8 T magnetic solenoid, which allows precise
measurements of transverse momentum (pT) and vertex position.

This tracking detector will be upgraded to coincide with the installation of the High-Luminosity LHC,
which will provide up to about 10ˆ35 cmˆ2 /s to CMS, or 200 collisions per 25 ns bunch crossing. This
new tracker must maintain the nominal physics performance in this more challenging environment.
Novel tracking modules that utilise closely spaced silicon sensors to discriminate on track pT have
been developed that would allow the readout of only hits compatible with pT > 2-3 GeV tracks to off-
detector trigger electronics. This would allow the use of tracking information at the Level-1 trigger
of the experiment, a requirement to keep the Level-1 triggering rate below the 750 kHz target, while
maintaining physics sensitivity.

This talk presents a concept for an all FPGA based track finder using a time-multiplexed architec-
ture. Hardware demonstrators have been assembled to prove the feasibility and capability of such a
system. The performance for a variety of physics scenarios will be presented, as well as the proposed
scaling of the demonstrators to the final system and new technologies.

Detector: R&D for Present and Future Facilities / 624

The upgrade project of the T2K near detector
Author: Konosuke Iwamoto1

1 University of Tokyo (JP)

Corresponding Author: kiwamoto@hep.phys.s.u-tokyo.ac.jp

The upgrade project of the T2K near detector

The T2K neutrino oscillation experiment established the νµ → νe appearance with only 10\% of the
original beam request of 7.8×1021 30 GeV protons on target (p.o.t.). In view of the J-PARC program
of upgrades of the beam intensity, the T2K-II proposal requires to run up to 20× 1021 p.o.t., i.e. an
increase in the exposure by more than a factor 10 aimed at establishing CP violation at 3 σ level for a
significant fraction of the possible δCP values. The Hyper-K proposal consists in a further increase
by a factor 10 of the far detector mass. Facing the potential increase of statistics by two orders of
magnitude, it is of great importance to undertake a vigorous program of near detector upgrades,
with the aim of reducing the overall statistical and systematic uncertainties at the appropriate level
of better than 4\%.

The T2K collaboration has launched in 2017 the upgrade project for its near detector ND280. In
January 2018 the proposal has been submitted to the CERN SPSC (CERN-SPSC-P357) and to the
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JPARC PAC. The project aims at installing innovative detectors to significantly increase the physics
capabilities. It includes two High-Angle TPCs, a highly segmented Scintillator Detector built with
the Super-FGD technology (arXiv:1707.01785, 2018_JINST_13_P02006), and TOF detectors.

The rectangular TPCs will be built with a light field cage and resistive Micromegas detectors for the
charge readout. The SuperFGD is based on small plastic scintillator cubes (appr. 1cm side) read-out
by three WLS fibers, providing detailed informations for tracking and PID. TOF will complement the
TPC and SuperFGD PID information and determine the track direction. With these detectors we will
reach a full polar angle coverage for Charged Current Neutrino interactions, improve the tracking
performance for low energy pions and protons, and select a clean electron neutrino sample.

We will report on the goals of the project and its development program including prototypes, beam
tests at CERN and in Japan in 2018, and projected performances.

Detector: R&D for Present and Future Facilities / 558

LHCb Upgrade Detector
Authors: Katharina Mueller1; Giovanni Passaleva2

1 Universitaet Zuerich (CH)
2 INFN Florence (IT)

Corresponding Author: giovanni.passaleva@fi.infn.it

This year, at the end of LHC Run 2, LHCb will start replacing major parts of the detector and installing
new detector components in the underground cavern of LHC Interaction Point 8, thus realizing the
long-planned upgrade I of the LHCb experiment. The new detector is designed to operate at the
instantaneous luminosity of 2·10ˆ33 cm-2s-1, more than five times higher than in Run 2. All sub-
detectors are in production, some close to completion. This talk will present a status overview of
the new detector and highlight performance results of a few key sub-systems, such as the silicon
pixel vertex detector, the silicon-strip tracker, the scintillating-fibre tracker and the ring-imaging
Cherenkov system. A crucial part of the upgrade lies in the software-only trigger, which is facing
the extreme challenge to select the desired events at 30MHz input rate with around five to six visible
interactions per bunch crossing. Recent R&D progress on the trigger strategy and benchmarking will
be presented. In addition, the continuous expansion of the LHCb physics programme (in particular,
using fixed targets) and preparation for future challenges will be briefly outlined.

Detector: R&D for Present and Future Facilities / 855

Commissioning of liquid Xe detector with VUV-MPPC readout
for MEG II experiment
Authors: Shinji Ogawa1; Kei Ieki1; Toshiyuki Iwamoto1; Satoru Kobayashi1; Nobuo Matsuzawa1; Satoshi Mihara2;
Toshinori Mori1; Hajime Nishiguchi2; Rina Onda1; Wataru Ootani1
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hajime.nishiguchi@kek.jp, iekikei@icepp.s.u-tokyo.ac.jp, mori@icepp.s.u-tokyo.ac.jp

MEG II experiment is an upgrade of the MEG experiment which searches for the charged lepton
flavor violating decay of muon, µ → eγ. Target sensitivity of MEG II is 6 × 10−14, which is one
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order of magnitude better than MEG 1. The engineering run of the MEG II detectors is planned in
2018.

Liquid xenon (LXe) detector is designed to measure the hit position, energy, and timing of 53MeV
gamma-ray from µ → eγ decay, and its resolutions must be good enough to achieve the target
sensitivity.

For the upgrade of LXe detector, 216 PMTs (2-inch) on the gamma-ray entrance face were replaced to
4092 MPPCs (12× 12mm2), aiming to achieve better granularity and uniformity of the scintillation
readout. The position and energy resolution are expected to be improved by a factor of two. For
this purpose, a large area VUV-sensitive MPPC was developed in collaboration with Hamamatsu
Photonics 2.

In 2017, the construction of the detector was finished and the first operation of the LXe detector was
carried out. The control and purification of LXe were successfully performed, and good stability of
the light yield (i.e. purity) was demonstrated. The properties of the MPPCs operated in LXe was
measured. Gamma-rays around the signal energy from muon decay were successfully detected, and
the position and timing resolutions were being estimated. In this talk, the performance of the LXe
detector including the performance of the MPPCs will be presented.

Detector: R&D for Present and Future Facilities / 793

The R&D, Mass Production of the 20 inch MCP-PMT for neutrino
detector
Author: Sen Qian1
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Corresponding Authors: sjn@nvt.com.cn, rl@nvt.com.cn, liusl@ihep.ac.cn, qians@ihep.ac.cn

Researchers at IHEP have conceived a new concept of MCP-PMT several years ago. The small MCP
units replace the bulky Dynode chain in the large PMTs. In addition the transmission and reflection
photocathode in the same glass bulb to enhance the efficiency of photoelectron conversion. After
three years R&D, a num-ber of 8 inch prototypes were produced in 2013. The 20 inch prototypes
were followed in 2014, and its’per-formance were improving a lot in 2015. This type of PMT has
large sensitive area, high QE, and large P/V for good single photoelectron detection. Compensating
the PMT performances, cost, radioactivity, the JUNO ordered 15000 pic 20-inch MCP-PMT from the
NNVT in Dec.2015. The MCP-PMT collaboration group finished to build the mass production line
in Nanjing, and finished the batch test system in the same place in 2016. From 2017 to 2019, all the
20-inch PMTs will be produced and tested one by one in NNVT for JUNO. This presentation will talk
about the R&D, the mass production and batch test result of the 5K pieces of MCP-PMT prototypes
for JUNO.

Detector: R&D for Present and Future Facilities / 264

Electron and photon identification with the ATLAS detector
Author: Nadezda Proklova1

1 National Research Nuclear University MEPhI (RU)

Corresponding Author: nadezda.proklova@cern.ch
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Excellent electron and photon identification capabilities are crucial for many aspects of the ATLAS
physics program, from standard model measurements (including Higgs boson) to new physics searches.
The identification of prompt photons and the rejection of backgrounds, mostly coming from photons
from hadron decays, relies on the high granularity of the ATLAS calorimeter. Electron identification
is
based on a likelihood discrimination to separate isolated electron candidates from candidates origi-
nating
from photon conversions, hadron misidentification and heavy flavor decays. Isolation variables are
used
as further handles to extract the signal. The measurement of the efficiencies of the identification and
isolation cuts are performed using several high-statistics data samples, including Z->ee and J/psi->ee
decays, radiative Z decays, and inclusive high energy photon samples. The results of these
measurements, performed with pp collision data recorded at sqrt(s)=13 TeV during 2015-2017 and
corresponding to an integrated luminosity of 80 fb-1, are presented. The impact of the pile-up, espe-
cially
large in the second part of 2017 data taking, is discussed.

Detector: R&D for Present and Future Facilities / 121

The CMS HGCAL detector for HL-LHC upgrade
Author: Artur Lobanov1

1 LLR –Ecole Polytechnique (FR)

Corresponding Author: artur.lobanov@cern.ch

The High Luminosity LHC (HL-LHC) will integrate 10 times more luminosity than the LHC, posing
significant challenges for radiation tolerance and event pileup on detectors, especially for forward
calorimetry, and hallmarks the issue for future colliders. As part of its HL-LHC upgrade program,
the CMS collaboration is designing a High Granularity Calorimeter to replace the existing endcap
calorimeters. It features unprecedented transverse and longitudinal segmentation for both electro-
magnetic (ECAL) and hadronic (HCAL) compartments. This will facilitate particle-flow calorimetry,
where the fine structure of showers can be measured and used to enhance pileup rejection and par-
ticle identification, whilst still achieving good energy resolution. The ECAL and a large fraction of
HCAL will be based on hexagonal silicon sensors of 0.5 - 1 cmˆ2 cell size, with the remainder of
the HCAL based on highly-segmented scintillators with SiPM readout. The intrinsic high-precision
timing capabilities of the silicon sensors will add an extra dimension to event reconstruction, espe-
cially in terms of pileup rejection. An overview of the HGCAL project will be presented, covering
motivation, engineering design, readout and trigger concepts, and performance (simulated and from
beam tests).

Detector: R&D for Present and Future Facilities / 124

The upgrade of the CMS ECAL Barrel calorimeter at the HL-LHC
for high-precision energy and time measurements
Author: Chiara Ilaria Rovelli1

1 Sapienza Universita e INFN, Roma I (IT)

Corresponding Author: chiara.rovelli@cern.ch

The electromagnetic calorimeter (ECAL) of the Compact Muon Solenoid Experiment (CMS) has been
operating at the Large Hadron Collider (LHC) with proton-proton collisions at 13 TeV center-of-mass
energy, with a bunch spacing of 25 ns and instantaneous luminosity exceeding 10ˆ34 cm-2s-1. The
CMS ECAL design ensures that its superb performance extends over a very wide range of energies,
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up to electron and photon energies of ˜1 TeV, as required for physics searches beyond the standard
model. The Run II running conditions give a first impression of the challenging environment we
expect at the high luminosity LHC (HL-LHC). We review the design and R&D studies for the CMS
ECAL crystal calorimeter upgrade. Particular challenges at the HL-LHC are the harsh radiation en-
vironment, the increasing data rates, and the extreme level of pile-up events, up to 200 simultaneous
proton-proton collisions. We present test beam results on hadron irradiated PbWO crystals up to the
fluences expected at the HL-LHC and the status of the new readout and trigger electronics R&D. The
pile-up mitigation may be substantially improved by means of precision time tagging of calorimeter
clusters, by associating them to primary vertices via 4D triangulation. We present test beam results
on the precision timing potential of the CMS PbWO crystal calorimeter and discuss how the readout
electronics may be adapted to exploit this performance in CMS.

Detector: R&D for Present and Future Facilities / 273

A High-Granularity Timing Detector for the Phase-II upgrade
of the ATLAS Calorimeter system: detector concept, description
and R&D and first beam test results
Author: Ariel Gustavo Schwartzman1

1 SLAC National Accelerator Laboratory (US)

Corresponding Author: ariel.gustavo.schwartzman@cern.ch

The expected increase of the particle flux at the high luminosity phase of the LHC (HL-LHC) with
instantaneous luminosities up to L 7.5 × 10³⁴ cm¯² s¯¹ will have a severe impact on the ATLAS
detector performance. The pile-up is expected to increase on average to 200 interactions per bunch
crossing. The reconstruction and trigger performance for electrons, photons as well as jets and trans-
verse missing energy will be severely degraded in the end-cap and forward region, where the liquid
Argon based electromagnetic calorimeter has coarser granularity and the inner tracker
has poorer momentum resolution compared to the central region. A High Granularity Timing De-
tector (HGTD) is proposed in front of the liquid Argon end-cap calorimeters for pile-up mitigation
and for bunch per bunch luminosity measurements.

This device should cover the pseudo-rapidity range of 2.4 to about 4.0. Two Silicon sensors double
sided layers are foreseen to provide a precision timing information for minimum ionizing particle
with a time resolution better than 50 pico-seconds per hit (i.e 30 pico-seconds per track) in order to
assign the particle to the correct vertex. Each readout cell has a transverse size of 1.3 mm × 1.3 mm
leading to a highly granular detector with about 3 millions of readout electronics channels. Low
Gain Avalanche Detectors (LGAD) technology has been chosen as it provides an internal gain good
enough to reach large signal over noise ratio needed for excellent time resolution.

The requirements and overall specifications of the High Granular Timing Detector at the HL-LHC
will be presented as well as the conceptual design. Most recent results on the main R&D will be
discussed, with emphasis on the LGAD sensors (sensor optimisation as thickness, dead zone⋯., and
radiation hardness) and ASIC. Beam test results of gain,timing resolution and efficiency will be also
shown.

Detector: R&D for Present and Future Facilities / 547

Upgrades of the CMS muon system in preparation of HL-LHC

Author: Anna Colaleo1

1 Universita e INFN, Bari (IT)
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The present CMS muon system operates three different detector types: in the barrel drift tubes
(DT) and resistive plate chambers (RPC), cathode strip chambers (CSC) and RPCs in the forward
regions. In order to cope with the challenging conditions of increasing luminosity, several upgrades
are planned to the trigger and muon systems. For the existing DT and CSC detectors, the electronics
will be upgraded to handle higher rates. Accelerated ageing tests are being performed to study the
behaviour of these detectors under conditions which are one order of magitude beyond the design
values. New micro-pattern gas detectors will be added to improve the performance in the critical
forward region. Those detectors - large-area triple-foil gas electron multiplier (GEM) detectors - will
already be installed in upcoming long shutdown in the pseudo-rapidity region 1.6 < eta < 2.4. Only
with those additional high resolution detectors, the rate of background triggers can be controlled
while maintaining high trigger efficiency for low transverse momentum muons. For the HL-LHC
operation the muon forward region should be enhanced with another large area GEM based station,
called GE2/1, and with two new generation RPC stations, called RE3/1 and RE4/1, having low resis-
tivity electrodes. These detectors will combine tracking and triggering capabilities and can stand
particle rates up to few kHz/cm2. In addition to take advantage of the pixel tracking coverage exten-
sion a new detector, ME0 station, behind the new forward calorimeter, covering up to |η| = 3.

Detector: R&D for Present and Future Facilities / 281

The ATLAS Muon Trigger
Author: Alexander Held1

1 CERN

Corresponding Author: alexander.held@cern.ch

Events containing muons in the final state are an important signature for many analyses being car-
ried out at the Large Hadron Collider (LHC), including both standard model measurements and
searches for new physics. To be able to study such events, it is required to have an efficient and
well-understood muon trigger. The ATLAS muon trigger consists of a hardware based system (Level
1), as well as a software based reconstruction (High Level Trigger). Due to high luminosity and
pile up conditions in Run 2, several improvements have been implemented to keep the trigger rate
low while still maintaining a high efficiency. Some examples of recent improvements include requir-
ing coincidence hits between different layers of the muon
spectrometer, improvements for handling overlapping muons, and optimised muon isolation. We
will present an overview of how we trigger on muons, recent improvements, and the performance
of the muon trigger in Run-2 data.

Detector: R&D for Present and Future Facilities / 664

Design and performance studies of the calorimeter system for a
FCC-hh experiment
Authors: Coralie Neubuser1; Anna Zaborowska1; Ana Maria Henriques Correia1; Martin Aleksa1; Jana Faltova2;
Clement Helsens1; David Olivier Jamin3; Michele Selvaggi1

1 CERN
2 Charles University (CZ)
3 Academia Sinica (TW)

Corresponding Authors: michele.selvaggi@cern.ch, david.jamin@cern.ch, ana.maria.henriques.correia@cern.ch,
anna.zaborowska@cern.ch, coralie.neubuser@cern.ch, clement.helsens@cern.ch, martin.aleksa@cern.ch, jana.faltova@cern.ch
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The physics reach and feasibility of the Future Circular Collider (FCC) with centre of mass energies
up to 100 TeV and unprecedented luminosity is entering its final phase before releasing a Conceptual
Design Report. The new energy regime opens the opportunity for the discovery of physics beyond
the standard model. 100 TeV proton-proton collisions will produce very high energetic particle
showers in the calorimeters from both light jets and boosted bosons/top. The reconstruction of
such objects sets the calorimeter performance requirements in terms of shower containment, energy
resolution and granularity. Furthermore, high-precision measurements of photons and electrons
over a wide energy range are crucial to fully exploit the FCC-hh physics potential, especially given
the large amount of collisions per bunch crossing the detectors will have to face (pile-up of ⟨µ⟩ =
1000).
We will present the current reference technologies for the calorimeter system of the FCC-hh detector:
Liquid Argon (LAr) as the active material in the electromagnetic calorimeters, and the hadronic
calorimeters for |η| > 1.3 (Endcap and Forward region), and a Scintillator-Steel (Tile) calorimeter as
hadronic calorimeter in the Barrel region. The talk will focus on the performance studies for single
particles and jets in the combined calorimeter system. We will introduce the simulation framework
and the reconstruction chain, that includes the calibration and clustering of calorimeter cells and
the estimation of pile-up induced, and electronics noise. In conclusion, the achieved performances
will be compared to the physics benchmarks of the FCC-hh experiment.

Detector: R&D for Present and Future Facilities / 644

Development of 50 cm Photo-Detectors for Hyper-Kamiokande

Author: Yasuhiro NISHIMURA1

1 The University of Tokyo

Corresponding Author: ynisi@icrr.u-tokyo.ac.jp

Hyper-Kamiokande is a large water Cherenkov detector planned in Japan. It requires a large aper-
ture photo-detector with a high photon detection efficiency to explore various neutrino physics and
discover a nucleon decay. A photomultiplier tube (PMT), R12860 by Hamamatsu Photonics K.K., was
developed with a box-and-line dynode to achieve high resolutions of charge and timing, compared
with an R3600 PMT for Super-
Kamiokande. Compared with the R3600 PMT, a single photon detection efficiency of the new R12860
PMT is doubled due to the high collection efficiency of 95% and a higher quantum efficiency of 30%
at 390 nm wavelength. Recently the output dynamic range was improved and a dark count rate
is being reduced. We evaluated an individual difference of the performance measuring 140 PMTs.
Using an avalanche diode with a single structure inside of the bulb, we developed a 50 cm hybrid
photo-detector (HPD), R12850 by Hamamatsu. The timing resolution was improved to be 3.6 ns
(FWHM) by developing a preamplifier with a fast time response. A waterproofed HPD was pre-
pared and installed into a 200-ton water Cherenkov detector at Kamioka, Japan. Several designs of a
shockwave prevention cover by an implosion of the PMT in deep water were developed and tested.
It enables a light weight or low cost. The recent development and improved performance of the 50
cm photo-detectors will be presented.

Detector: R&D for Present and Future Facilities / 654

the 20-inch PMT system for the JUNO experiment
Author: Zhonghua Qin1

1 Institute of High Energy Physics, China

Corresponding Author: qinzh@ihep.ac.cn
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The Jiangmen Underground Neutrino Observatory (JUNO) is a multi-purpose neutrino experiment
under construction. The primary goal is to determine the neutrino mass hierarchy and precisely
measure the oscillation parameters by detecting reactor anti-neutrinos. There will be around 20000
PMTs with a large photo-cathode of 20-inch equipped for the JUNO experiment, which includes
15000 MCP PMTs from a Chinese company and 5000 Dynode PMTs from Hamamatsu company. To
achieve the designed 3% energy resolution, the PMTs are required to have high detection efficiency as
well as very tight positioning in the JUNO detector. The 20-inch PMT system for JUNO includes PMT
performance testing, design of high voltage divider, waterproof potting, chain implosion protection,
and installation on the detector. Testing of the PMTs will use a device developed in a container for
batch test and a scanning station for sampling test. Since the PMTs are required to work for 20 years
in water with a depth up to 45 m, the PMTs need to be potted to keep the high voltage divider away
from water. And in a situation that the PMTs will be closest possible arranged with the spacing
only a few mm to achieve a coverage larger than 75%, the protection for chain implosion and also
the installation are very challenging. In this talk, all aspects mentioned above for the JUNO 20-inch
PMT system will be addressed.

Detector: R&D for Present and Future Facilities / 907

Design and construction of, and physics results from an INO RPC
detector stack
Author: Gobinda Majumder1

1 Tata Inst. of Fundamental Research (IN)

Corresponding Author: gobinda@tifr.res.in

India-based Neutrino Observatory (INO) has proposed a 50kton magnetised Iron Calorimeter (ICAL)
in an underground laboratory to be constructed near Madurai. Main aims of this project are to pre-
cisely study the atmospheric neutrino oscillation parameters and to determine the ordering of neu-
trino masses. The detector will deploy about 28,800 glass Resistive Plate Chambers (RPCs) of approx-
imately 2m x 2m in area. About 3.6 million detector channels are required to be instrumented.

A detector stack comprising of 12 layers of 2m x 2m RPCs was designed and commissioned in Madu-
rai. These RPCs are readout through 60 pickup strips (of pitch 3cm) on the x-plane and 63 on y-plane.
The signals which are induced on strips due to passage of charged particles through RPC detectors
are processed by a series of electronic elements such as Analog-Front End (AFE), Digital-Front End
(DFE) and backend data acquisition (DAQ) system. On an event trigger mostly caused by passage
of atmospheric muon through the detector stack, the coordinates of all strip hits and their timing
with reference to the global trigger signal are recorded by the DAQ system. The entire electronics,
data acquisition and trigger systems were developed in-house using preamplifier, discriminator and
TDC ASICs as well as high-end FPGAs.

Apart from characterising and long term performance of RPC detectors and electronics, this stack
was utilised even to study a few physics problems such as integrated muon flux, polar and azimuthal
distribution of incident cosmic ray muons as well as multiplicity of muons passing through the stack.
Design, construction and performance features of the detector and electronics will be described in
this paper. We will also present a few results from the physics studies that we carried out using this
detector stack.

Detector: R&D for Present and Future Facilities / 937

Status of the PTOLEMY project for CNB detection and directional
direct detection of MeV dark matter
Authors: Chris Tully1; Alfredo Cocco2; Marcello Messina3
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Corresponding Authors: alfredo.cocco@cern.ch, marcello.messina@cern.ch, chris.tully@cern.ch

The PTOLEMY project aims to develop a scalable design for a Cosmic Neutrino Telescope, the first
of its kind and the only telescope conceived that can look directly at the image encoded in neutrino
density fluctuations of the Universe in the first second after the Big Bang. The past two years of
developments have established a compelling case to proceed to telescope design. The cryogenic
calorimeters aim to reach 0.05eV energy resolution, an order of magnitude beyond the original target
and the highest resolution of any calorimeter. The graphene substrate is stable under 40% loading
fraction of hydrogen, the highest on record. The Simons prototype at Princeton has become the
basis of a new world-wide collaboration consisting of seven countries (Netherlands, Spain, Sweden,
Israel, Italy, UAE, USA) and 29 institutions. The scope of work for the next three years is to complete
the design of the Cosmic Neutrino Telescope and to to validate with direct measurement that the
non-neutrino backgrounds are below the expected signal from the Big Bang by extrapolating broad
backgrounds that span over keV into the 0.1eV window of the signal under the operation of a newly
designed high stability HV system with MAC-E filter and TES calorimeter. A proposal to install
the PTOLEMY prototype at the LNGS is currently under review. By implementing high radio-pure
carbon-12 graphene, we will exploit a concurrent program in directional MeV dark matter searches
with 2D targets and CNTs. The number and deployment of CNB telescopes around the world will
depend on the next phase of PTOLEMY developments.

Detector: R&D for Present and Future Facilities / 1033

Large Area SiPM Readout and Signal Processing for nEXO
Author: Jonathan Manoah Echevers1

1 Univ. Illinois at Urbana Champaign (US)

Corresponding Author: jonathan.manoah.echevers@cern.ch

The EXO programme is a two-phase experiment to search for neutrinoless double beta decay. The
first phase, EXO-200, yielded the first measurement of two neutrino double beta decay in Xenon and
one of the most sensitive searches for neutrinoless double beta decay. The second phase, nEXO, is a
proposed 5 tonne liquid xenon time projection chamber (TPC) that will implement several improve-
ments over EXO-200. One such improvement is the usage of silicon photomultipliers (SiPMs) instead
of avalanche photodiodes (APDs) as scintillation light detectors. By optimizing the light collection,
reducing electronic noise and improving the SiPM performance, we can achieve a 1% energy reso-
lution at the Xe-136 double beta decay end point. In this presentation, I will discuss the electronics
readout of large area FBK UV sensitive SiPMs at liquid xenon temperatures and the digital filtering
of SiPM waveforms.

Detector: R&D for Present and Future Facilities / 938

An ultra-low radioactivity measurement HPGe facility at the Cen-
ter for Underground Physics
Author: Moo Hyun Lee1

Co-authors: Insik Hahn 2; Woongu Kang 3; Gowoon Kim 1; Yeongduk Kim 4; Eun Kyung Lee 3; Douglas Leonard
3; Suyeon Park 5

1 IBS
2 Ewha Womans University
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The Center for Underground Physics (CUP) at Institute for Basics Science (IBS) has been conducting
and preparing a few ultra-low background rare decay experiments at the Yangyang underground
laboratory (Y2L). In order to keep the background levels in the experiments low enough, it is critical
to screen raw materials or detector components to be used in the detectors. For the screening, a num-
ber of ultra-low radioactivity detectors are developed and installed. Among the detectors installed,
we have a number of HPGe (High Purity Germanium) detectors in the Y2L for measurements of gam-
mas from the background nuclei. Two of 100% p type coaxial single HPGe detectors were installed
and have been running from 2016 for the measurement of samples with close to 100% running time.
In addition, an array of 14 HPGe detectors was installed in 2017 spring after screening the array
detector materials with the single HPGe detectors for an efficient measurement of gamma rays from
samples with bigger volumes. Various scintillation crystals such as CaMoO4, Li2MoO4, and NaI(Tl)
have been grown with purified raw materials and tested for their radioactivity background levels.
In this contribution, a summary of their developments and performances will be presented.

Detector: R&D for Present and Future Facilities / 67

Ultra-Fast Hadronic Calorimetry
Authors: Dmitri Denisov1; Strahinja Lukic2; Nikolai Mokhov1; Sergei Striganov3; Predrag Ujic4

1 Fermi National Accelerator Lab. (US)
2 University of Belgrade (RS)
3 Fermilab
4 University of Belgrade

Corresponding Authors: strahinja.lukic@cern.ch, strigano@fnal.gov, mokhov@fnal.gov, denisovd@fnal.gov

Calorimeters for particle physics experiments with integration time of a few ns will substantially
improve the capability of the experiment to resolve event pileup and to reject backgrounds. In this
paper time development of hadronic showers induced by 30 and 60 GeV positive pions and 120 GeV
protons is studied using Monte Carlo simulation and beam tests with a prototype of a sampling steel-
scintillator hadronic calorimeter. In the beam tests, scintillator signals induced by hadronic showers
in steel are sampled with a period of 0.2 ns and precisely time-aligned in order to study the average
signal waveform at various locations w.r.t. the beam particle impact. Simulations of the same setup
are performed using the MARS15 code. Both simulation and test beam results suggest that energy
deposition in steel calorimeters develop over a time shorter than 3 ns providing opportunity for ultra-
fast calorimetry. Simulation results for an ideal calorimeter consisting exclusively of bulk tungsten
or copper are presented to establish the lower limit of the signal integration window.

Detector: R&D for Present and Future Facilities / 811

Four dimensional calorimetry with both-side readout of the CsI
calorimeter in the KL → π0νν̄ search
Author: Katsushige Kotera1

1 Osaka University
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The aim of the KOTO experiment 1 is the first observation of KL → π0νν̄ which is sensitive to
CP-violating new physics beyond the standard model (SM). The experimental signature is only two
photons from the π0. To detect this simple signature, the KOTO detector consists of a pure cesium
iodide (CsI) calorimeter and hermetical veto counters. The calorimeter is made of 50 cm long CsI
crystals stacked in a cylinder of 1.9 m diameter. Each crystal is read out with a PMT. KL → π0νν̄
is a rare decay: its SM prediction of the branching fraction is (3.0 ± 0.3) × 10−11. One of the
major backgrounds is caused by a single neutron generating two clusters in the calorimeter. We are
developing multiple countermeasures to reject such events. One of the methods is to distinguish
photon clusters from neutron clusters with the depth of their interactions in the CsI crystals. To this
end, we plan to install 4000 silicon photomultipliers (SiPMs) on the front surface of the crystals, and
locate the depths of interactions by measuring the timing difference between SiPMs and PMTs on
the back surface of the crystals.

I will report:
1) beam test results on the neutron rejection power of this method,
2) expected background suppression in the KOTO experiment, and
3) effect of expected radiation damage on the SiPM.

Reference
1 J. K. Ahn et al., Prog. Theor. Phys. 021C01 (2017).

Detector: R&D for Present and Future Facilities / 484

Performance in heavy -ion beam tests of a high time resolution
and two-dimensional position sensitive MRPC with transmission
line impedance matched to the FEE
Authors: Daniel Bartos 1; Ingo DEPPNER2; Jochen FRUEHAUF3; Laura Radulescu1; Mariana Petris1; Mihai Petro-
vici1; Norbert Herrmann2; Pierre-Alain LOIZEAU4; Victor Simion1

1 National Institute for Physics and Nuclear Engineering (IFIN-HH), Bucharest, Romania
2 Physikalisches Institut der Universitaet Heidelberg, Heidelberg, Germany
3 SI Helmholtz Center for Heavy Ion Research GmbH (GSI), Darmstadt, Germany
4 GSI Helmholtz Center for Heavy Ion Research GmbH (GSI), Darmstadt, Germany

Corresponding Authors: lradulescu@nipne.ro, mpetro@nipne.ro, mpetris@ifin.nipne.ro

We report on the result of the R&D activity focused on the development of a Multi-Gap Resistive
Plate Chamber with Multi-Strip readout architecture, for high counting rate and multiplicity envi-
ronment, specific for high interaction rate experiments.
An innovative chamber design which fulfills simultaneously two requirements for strip readout MR-
PCs, i.e. the granularity and the impedance matching to the front-end electronics, will be presented.
The results obtained with this prototype in two in-beam tests performed at CERN-SPS in both trig-
gered and trigger-less/free streaming readout mode operations will be reported.
The performance in terms of efficiency, time resolution, cluster size, and two-dimensional position
resolutions in conditions of exposure of the whole active area of the chamber to high flux and high
multiplicity reaction products will be discussed. The obtained results recommend such an archi-
tecture as solution for large area detectors with accurate simultaneous measurement of time and
position in high energy experiments.

Detector: R&D for Present and Future Facilities / 718

Performance of the 3x1x1 m3 Dual Phase Liquid argon TPC
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Author: Laura Molina Bueno1

1 ETH Zurich (CH)

Corresponding Author: laura.molina.bueno@cern.ch

Liquid Argon Time Projection Chamber (LAr TPC) is currently the most attractive technology for
neutrino oscillations studies. Not only LAr TPCs are cost-effective and scalable to multi-ton scales,
but they are also excellent calorimeters and are able to 3D reconstruct the tracks of ionising particles
arising from neutrinos decay products. Future giant liquid Argon TPCs, at the ten-kiloton level,
are now at the design and prototyping stage in the context of the Deep Underground Neutrino
Experiment (DUNE). DUNE will comprise four 10 kton LAr TPC modules placed at the Sanford
Underground Research Facility (SURF) in South Dakota (USA). Two different technologies will be
tested: single phase and dual phase. The dual phase operation allows to amplify and readout the
signal offering several advantages over the single phase. The first step towards large scale Dual-
Phase LAr TPCs has been the commissioning and operation of a 3x1x1 m3 detector at CERN with
4.2 tons of Argon. The construction, commissioning, performance and first results achieved with
this detector will be addressed in this talk.

Detector: R&D for Present and Future Facilities / 905

Scintillation crystal growth at the Center for Underground Physics

Author: SeJin Ra 1
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Kang 1; D. Leonard 1; H.J. Kim 3; Yeongduk KIM 4; Moo Hyun Lee 5
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dleonard@ibs.re.kr, wgkang@ibs.re.kr, hongjooknu@gmail.com, jschoe@ibs.re.kr, hyangkyu.park@gmail.com, yeong-
duk.kim@gmail.com, kdy1024@ibs.re.kr

The Center for Underground Physics (CUP) at the Institute for Basic Science (IBS) has been con-
ducting two major experiments, the COSINE experiment for dark matter search and the AMoRE
experiment for neutrinoless double beta decay search. The COSINE experiment is using NaI:Tl scin-
tillation crystals and the AMoRE is studying the 100Mo based scintillation crystals such as CaMoO4
and Li2MoO4. To minimize the internal background from the crystals, both experiments require
ultra-pure scintillation crystals grown from highly purified powder.
For the COSINE experiment upgrade with more amount of NaI:Tl crystals, we had set up a small-size
grower for an R&D of the crystal growth and a full-size grower for growing large size crystals for
the final detectors. We have been growing a few pure NaI crystals and a few Tl doped NaI crystals
(NaI:Tl) at the small-size grower and optimizing the growth condition of the NaI:Tl crystals before
trying the full-size grower.
For the AMoRE experiment, we grew the CaMoO4 and Li2MoO4 crystals successfully by a Czochral-
ski grower. The Li2MoO4 crystals were grown by using the purified MoO3 powders. We also suc-
ceeded in the double-crystallization growth of the Li2MoO4 which was grown by two of single-
crystallized Li2MoO4 crystals as raw materials.
Purities of the grown crystals (NaI, CaMoO4, Li2MoO4) were confirmed by ICP-MS measurements
and the Li2MoO4 crystals were measured further by a HPGe detector. The XRD patterns of the crys-
tals were also checked with references to confirm the compositions of the grown crystals. In this
study, we will present the growths and measurements results of crystals at the CUP.
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Detector: R&D for Present and Future Facilities / 740

Experimental Setup to capture high resolution images for Qual-
ity Control of GEM Foils
Authors: CESAR AUGUSTO RODRIGUEZ SUAREZ1; Rafael M Gutierrez2

1 UNIVERSIDAD ANTONIO NARIÑO
2 Universidad Antonio Nariño

Corresponding Authors: rafael.gutierrez@uan.edu.co, cesararodriguez@uan.edu.co

We present an experimental setup developed at the Detector Laboratory at Antonio Nariño Univer-
sity to automatically and precisely capture high resolution images of GEM foils. These high resolu-
tion images are then used for quality control of the corresponding GEM foils through an automatic
determination of defects and geometry changes of the thousands of the micro-holes contained in a
GEM foil. The setup consists of one 30 x 30 centimeters dual axis linear stepper with a camera with
a CMOS sensor to capture the high resolution images, and finally a software, SOFA Software for
Foils Analysis for the automatic quality control of the foils through image analysis. With this set up
and software, we can identifies variations in the geometry of the micro-holes of a GEM-foil up to
one pixel = 1.25 µm. The automatization of image capture and image analysis improve the present
quality control of GEM foils in accuracy, efficiency and cost reduction.

Detector: R&D for Present and Future Facilities / 909

Fast timing measurement for CMS RPC Phase II upgrade
Author: Maxime Gouzevitch1

1 Centre National de la Recherche Scientifique (FR)

Corresponding Author: maxime.gouzevitch@cern.ch

With the increase of the LHC luminosity foreseen in the coming years many detectors currently
used in the different LHC experiments will be dramatically impacted and some need to be replaced.
The new ones should be capable not only to support the high particle rate but also to provide time
information to reduce the data ambiguity due to the expected high pileup.

RPC using low-resistivity Bakelite are proposed to equip the very forward region of the CMS de-
tector. In their single-gap version they can stand rates of few kHz/cm2. New electronics equipped
with excellent timing precision measurement (<150ps) are being developed to read out the RPC de-
tectors from both side of the strips to allow good spatial resolution along them. The absolute time
measurement, determined by RPC signal (around 1 ns) will also reduce the data ambiguity due to
the highly expected pileup at the Level 1 trigger and help to identify Heavy Scalar Charged Particles
(HSCP).

Principle of the measurement, implementation in front-end electronic boards (Petiroc front-end
ASIC, wave-union TDC and PCB design) will be discussed. First results from cosmic tests and test
beams at Gamma Irradiation Facility (GIF) and SPS at CERN would also be presented.

Detector: R&D for Present and Future Facilities / 1057

Status Report on Inner Tracking System Upgrade of ALICE
Author: In Kwon Yoo1
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1 Pusan National University (KR)

Corresponding Author: yoo@pusan.ac.kr

The ALICE Collaboration is preparing a major upgrade of the ALICE detector, planned for installa-
tion during the second long LHC shutdown. The construction is expected to be completed by 2020
for data taking until 2029. A key element of the ALICE upgrade is the construction of a new, ultra-
light, high-resolution Inner Tracking System (ITS).
With respect to the current ITS, this upgrade is aiming at a better position resolution (5 micron), a
lower material budget (0.3% X0 for the three innermost layers) and a faster readout (up to 100 kHz
in Pb-Pb collisions). This will be obtained by seven concentric detector layers based on an advanced
Monolithic Active Pixel Sensor (MAPS) chip, with a pixel pitch of 30x30umˆ2.
I will present the general layout and main components of the new ITS, a summary of the R&D
activities, the current status and outlook.

Detector: R&D for Present and Future Facilities / 59

Upgrade of ALICE forward detectors
Author: Maciej Slupecki1

1 University of Jyvaskyla (FI)

Corresponding Author: maciej.slupecki@cern.ch

In 2019-2020 the upgrade of CERN LHC will increase the luminosity and the collision rate beyond
the design parameters of several of the key ALICE detectors 1. To benefit from the improved perfor-
mance of the LHC, ALICE will install two new forward detectors: the Fast Interaction Trigger (FIT)
2[3] and the Muon Forward Tracker (MFT) [4]. A further upgrade opportunity might arise during
the shutdown between Run 3 and Run 4 when the Forward Calorimeter (FoCal) may be added to the
ALICE setup.

The presentation will contain a short description of the new forward detectors. The required func-
tionality and the main physics goals will be given together with the main highlights concerning the
design and performance of the detector prototypes.

The main focus will be on FIT. It will replace existing trigger and multiplicity detectors: T0, V0 and
FMD. FIT will consist of two Cherenkov detector arrays and a large sectored scintillator ring on
opposite sides of the interaction point (IP). FIT will be capable of operating at the sustained Pb-Pb
interaction rate of 50 kHz in a continuous readout mode. It will provide the collision time with
resolution better than 40 ps and trigger with maximum latency of 400 ns. Several online triggering
modes will be available, including multiplicity (centrality) trigger and vertex position trigger. FIT
will be able to reconstruct the collision centrality and reaction plane with resolution similar to that of
the present ALICE apparatus, while the trigger efficiency for pp collisions will be improved.

The main role of MFT is to add secondary vertex reconstruction capabilities for muon tracks at
forward rapidity and to supplement the acceptance of the already operating Muon Spectrometer.
The MFT will consist of a stack of 5 disks mounted in front of the hadron absorber shielding the
Muon Spectrometer from the IP. The active part is made of custom-designed Monolithic Active Pixel
Sensors (MAPS). Most prominent properties of MFT include radiation hardness, low material budget,
high granularity of pixels and readout speed.

A SiW electromagnetic calorimeter, FoCal, is considered as a possible upgrade to the ALICE detector.
It should be characterized by a very high granularity allowing for γ/π0 discrimination, especially
for very high momenta. The main candidates to instrument the sensitive area are CMOS pixel sen-
sors.

Diversity and Inclusion / 298

Page 157

http://www.cern.ch/beck/Fig1.jpg
http://www.cern.ch/beck/Fig2.jpg


ICHEP2018 SEOUL / Book of Abstracts

Regional, Age and Gender Demographics in the ATLAS Collabo-
ration
Author: Luis Roberto Flores Castillo1

1 The Chinese University of Hong Kong (HK)

Corresponding Author: luis.flores.castillo@cern.ch

The ATLAS Collaboration consists of more than 5000 members, with nearly 100 different nationali-
ties. This study presents updated data showing aspects of the regional, age and gender demographics
of the collaboration. In particular the relative fraction of women is discussed, including their share
of contributions, recognition and positions of responsibility, and showing how this depends on other
demographic measures.

Diversity and Inclusion / 554

ECGD: Supporting early-career physicists, gender equality, and
diversity at LHCb
Author: Simon Akar1

1 University of Cincinnati (US)

Corresponding Author: simon.akar@cern.ch

LHCb is a collaboration of over 800 scientists from 72 institutions based in 16 countries, and repre-
senting many more nationalities. We aim to work together on experimental high energy physics,
and to do so in the best and most productive and collaborative conditions. The ECGD office exists
to support this goal, and in particular has a mandate to support early-career physicists, and to work
towards gender equality and support diversity in the collaboration. In this talk we discuss what we
have learned from analysis of the collaboration’s demographics and survey responses, share our ex-
periences from efforts to achieve these aims, and consider the broader context and challenges facing
the field.

Diversity and Inclusion / 503

Using HEP Expertise for Social & Humanitarian Impact
Author: Daniel Dobos1

Co-authors: Ines Knapper 2; Karolos Potamianos 3; Agnes Jakab 2; Andreou Christina

1 Global Humanitarian Lab
2 CERN
3 Deutsches Elektronen-Synchrotron (DE)

Corresponding Authors: daniel.dobos@cern.ch, agnes.jakab@cern.ch, karolos.potamianos@cern.ch, ines.knaepper@cern.ch

When humanitarian and social challenges from the United Nations, Red Cross and Non Govern-
mental Organisations meet HEP expertise impactful innovation steps become reality. THE Port
association at CERN combines physicists and engineers working on HEP topics in their day job with
researchers, refugees, entrepreneurs, artists, designers, humanitarian workers and other creative
minds. In 60-hour hackathons they co-create new technology opportunities, identify new methods,
materials and processes, that can be used in the humanitarian context and sometimes even feed
back into HEP. Examples of the last 5 years of humanitarian hackathons at CERN, their outcomes
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now utilised by UN, ICRC and others as well as future initiatives for HEP society impact are pre-
sented.

Diversity and Inclusion / 752

Broadening access to STEM via Gender inclusive teaching
Author: Genevieve Guinot1

Co-authors: Jeff Wiener 1; Ioanna Koutava 1

1 CERN

Corresponding Authors: ioanna.koutava@cern.ch, genevieve.guinot@cern.ch, jeff.wiener@cern.ch

Various studies have demonstrated that girls are less likely than boys to take up science subjects in
high schools, in most countries. This has later repercussions on professional choices. A 2015 study
by the OECD demonstrates that the main reason for boys’and girls’education choices is less related
to ability than self-perception.
Three years ago, with the initial support of an education researcher, CERN launched an awareness-
raising initiative on gender equality in the science classroom within its International High School
Teacher Programme. The objective of the initiative is to equip teachers with an understanding of
concepts used in diversity management, and explore how they apply to science teaching. This trans-
lates into helping them design actions that they will put in place in their classroom, and possibly
disseminate in their local education professionals’network. Sharing experience, addressing stereo-
types reproduced in physics classes and other aspects that may influence students’motivation are
part of the programme, as well as the exploration of collaborative tools to disseminate the lessons
learnt. Gender inclusive teaching has been acclaimed by the programme’s participants and has be-
come one of its yearly features.
The presentation will explain why and how the programme was set up, and draw an assessment of
what was achieved so far. It will also touch on the limits of the initiative and explain its possible dis-
semination towards a broader network actively developing and promoting ideas and tools.

Diversity and Inclusion / 753

Advancing inclusion through work-life balance policies.
Author: Genevieve Guinot1

1 CERN

Corresponding Author: genevieve.guinot@cern.ch

CERN, as an intergovernmental organisation with twenty-two Member States mainly from across
Europe, operates in a very particular environment. Complying with the necessity to promote the
geographical representation of Member States among its 4000 employees and students inevitably en-
genders talent attraction challenges. As a research performing organisation in high-energy physics
and related fields, fostering gender diversity also proves to be rather complex.
To remain an attractive employer, CERN regularly updates its financial and social conditions taking
into account the prevailing social trends and expectations from the new generation of internationally
mobile scientists. However, taking action at the time of recruitment is not sufficient to efficiently
promote diversity amongst personnel: long-term support policies covering the different stages of
life are necessary to help individuals shape their life with equal opportunities, while overcoming the
difficulties that may arise from their career and life choices.
To that aim, CERN has recently upgraded its employment policies through a review of its measures
enabling a better balance between professional and personal life, and developing an inclusive ap-
proach of family structures. Rather than working on pure gender equality plans, CERN has invested
in work-life balance policies.
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The presentation will give an overview of the policies, questioning whether they can help demand-
ing institutions like CERN re-think the work environment and change a normative work culture into
a more inclusive one.

Diversity and Inclusion / 691

A scientometric analysis of diversity in HEP over the past three
decades
Authors: Tullio Basaglia1; Zane W. Bell2; Arnold Burger3; Paul V. Dressendorfer4; Maria Grazia Pia5

1 CERN
2 ORNL
3 Fisk University
4 IEEE
5 INFN e Universita Genova (IT)

Corresponding Authors: p.dressendorfer@ieee.org, aburger@fisk.edu, tullio.basaglia@cern.ch, bellzw@ornl.gov,
maria.grazia.pia@cern.ch

This study addresses various aspects of diversity through a scientometric analysis of HEP publi-
cations spanning three decades –from the late 80’s to date. It analyzes physics and technological
research pertaining to high energy physics, and compares the evolution of a set of diversity param-
eters in this field and in other research domains, such as nuclear physics and astrophysics. The
scientometric analysis involves a variety of social and scientific characteristics of the data, such
as the geographical distribution of scholarly publications and their share among research and aca-
demic institutions, the funding agencies, the association of researchers with formal collaborations,
the spectrum of journals in pertinent research areas and evidence of interaction with other fields.
The data are collected from the Web of Science and are analyzed by means of econometric meth-
ods and techniques pertaining to statistical ecology, such as trend tests, inequality measures and
diversity indices. Correlations in evolution patterns are identified by means of statistical inference
methods. The results document quantitatively and objectively the evolution of the role of entities
traditionally active in HEP research as well the appearance of new players on the scene. Different
patterns observed in physics and technological research are discussed; specific features of diversity
evolution in HEP with respect to other physics research domains are highlighted.

Diversity and Inclusion / 236

Strategies to improve diversity and inclusion in physics
Author: Brian Beckford1

1 University of Michigan

Corresponding Author: bobeck@umich.edu

The number of physics and astronomy bachelor’s and doctoral degrees earned in the US continues
to increase. However, the degrees earned by underrepresented minority (URM) groups continues to
be a small percentage and is on a downward trend for Black/African American students.

National societies such as the American Physical Society (APS) and the American Institute of Physics
(AIP) have acknowledged there must be action taken to improve the situation. APS has started the
National Mentoring Network, the APS Bridge Program, sponsored the CUWiP conferences, and
published the LGBT climate in physics report. AIP has recently launched the TEAM-UP Task Force
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to investigate the reasons for the persistent underrepresentation of African American undergraduate
students in physics and astronomy.

In this talk, I will recap levels of representation in physical sciences, discuss current national efforts
and outline some initiatives at the University of Michigan aimed to improve diversity and inclusion
in physics.

Diversity and Inclusion / 763

Moving towards diversity and inclusion in science: Why it is es-
sential for Physics in Africa

Authors: Azwinndini Muronga1; Azwinndini MurongaNone

1 Nelson Mandela University

Corresponding Authors: azwinndini.muronga@gmail.com, azwinndini.muronga@mandela.ac.za

The challenge of diversity and inclusion in science is not solely about demographics. And although
improving the numbers is a necessary start, it is not enough to truly address the challenge. Many
institutions in South Africa, for example, are making concerted efforts to recruit students and staff
from historically marginalized groups, but this approach will only succeed if academics, administra-
tors, and the scientific community at large also consider the environment that the students and new
staff are being recruited into, and how to make those spaces truly inclusive arenas where a diverse
group of scholars can thrive.

For an environment to be inclusive, students and staff also need spaces to openly and honestly vocal-
ize their feelings and anxieties related to broader social issues. At the Nelson Mandela University,
for example, such spaces are created under the theme of ‘Courageous Conversations’.
Creating an inclusive scientific community, particularly within the context of South African aca-
demic science, is a challenging and multidimensional issue. Nonetheless, there are efforts that are
being championed by the South African Institute of Physics and the physics community of South
Africa and Africa as a whole.

This report will highlight efforts aimed at addressing the diversity and inclusion in science challenge.
The focus will be on physics as a discipline where the diversity and inclusion challenge is most
experienced. Physics, and in particular a diverse programme joining nuclear and particle physics
with astrophysics, astronomy, cosmology and theoretical physics, offers a model for driving diversity
and inclusion in science.

Diversity and Inclusion / 1107

Discussion

Diversity and Inclusion / 1108

Discussion

Education and Outreach / 472
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The ”social content” strategy of the ATLAS Experiment
Author: Katarina Anthony1

1 Universita degli Studi di Udine (IT)

Corresponding Author: katarina.anthony-kittelsen@cern.ch

Social media is an essential tool for communicating particle physics results to a wide audience. This
presentation will explore how the nature of social media platforms has impacted the content being
shared across them, and the subsequent effect this has had on the user experience. The ATLAS
Experiment has adapted its communication strategy to match this social media evolution, producing
content specifically targeting this emerging audience. The success of this approach is examined and
the effect on user experience is evaluated.

Education and Outreach / 52

The impact of Particle Physics Masterclasses on higher school
students’Understanding of Science and Attitudes towards Science

Author: Pamela Pergolini1

1 University of Perugia - INFN Perugia Italy

Corresponding Author: pampergola@gmail.com

This paper presents early results from a research into the impact of Particle Physics Masterclasses
on the Understanding of Science and the Attitudes towards science of higher school students. The
author has found that science communication efforts in plain science are criticized for being “deficit
–style”approaches or ones that seek to educate rather than engage. The literature is lacking when it
comes to fields such as Particle Physics Communication whereas much research into public engage-
ment has involved studying fields of research with an immediate impact on human life and society
(e.g. climate change, genetically modified organisms, nuclear power). Despite this deficit- style ap-
proach into the science communication research field, there is a large Particle Physics researchers
community really involved in communication. An example of this engagement are the Interna-
tional Masterclasses, an outreach programme run by IPPOG, International Particle Physics Outreach
Group. Each year (in February-March) more than 13.000 high school students in 52 countries were
involved; each country has usually several sites and experiments. The global Public Engagement in
the field has long been coordinated by IPPOG whereas in Italy the international Masterclasses are
coordinated by INFN, National Nuclear Physics Institute, involving in every edition around 3.000 stu-
dents (aged 15-18). This science engagement format was imported into Italy in 2005 and it involves
around 2.500- 3000 higher school students every year.

The sample was extracted from the population of the students that attended the Italian Particle
Physics Masterclasses during the 2017, edition that involved 2.700 students (source: Data INFN).
The paper focuses on the quantitative analysis of data which were collected at twice (1) via a paper-
based survey distributed to the students before attending the Masterclasses and (2) via an online-
based survey distributed to the students after attending the Masterclasses.
In order to measure the Understanding of Science were used variables - consisting of different items
- which through a factorial analysis were sum up to create 8 scales: Objectivity, Direct and Indi-
rect Observations, Interpretations, Culture and Society, Communication Findings, Accepting a New
theory, Disagree with a Theory, Governments and Politics; with a view to measure the “Attitudes
towards science”, the reference scale - consisting of several variables - is unique and was defined
properly as “attitudes towards science” scale. Futher, the questionnaire provided some open –ended
questions to provide more meaningful data as well. To verify any differences in Understanding of
Science and in the Attitudes towards Science because of attending the INFN Masterclass, was used
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a paired samples t-test. The results shown here refer to two topics among all those covered in the
survey and relate to a paired comparison between respondents ex ante and ex post:

(1) gender diversity - Concerning Understanding of Science, males appear to have higher scores
in “Direct and Indirect Observations”and in “Objectivity”categories; concerning Attitudes towards
Science, males in general turn out to have higher scores compared to females.

(2) interest in Physics - Concerning Understanding of Science, students interested in Physics turn
out to have higher scores in “Direct and Indirect Observations”; concerning Attitudes towards Sci-
ence,students interested in Physics appear to have in general higher scores in “Attitudes towards
Science”category.

The survey was part of the author’s research towards a PhD in Science Communication. This research
project for the first time collected data about this outreach format in Italy.

Education and Outreach / 13

The Italian Summer Students Program at the Fermi National Ac-
celerator Laboratory
Authors: Simone Donati1; Giorgio Bellettini2; Emanuela Barzi3; Carmela Luongo4

1 University of Pisa and INFN Pisa
2 University of Pisa, INFN Pisa, Fermi National Accelerator Laboratory
3 Fermi National Accelerator Laboratory, US
4 Istituto Nazionale di Fisica Nucleare, Pisa, Italy

Corresponding Authors: simone.donati@pi.infn.it, carmela.luongo@pi.infn.it, barzi@fnal.gov, giorgiob@fnal.gov

Since 1984 the Italian groups of the Istituto Nazionale di Fisica Nucleare (INFN), collaborating with
the DOE laboratory of Fermilab (US) have been running a two-month summer training program for
Italian university students. While in the first year the program involved only four physics students
of the University of Pisa, in the following years it was extended to engineering students. This exten-
sion was very successful and the enginering students have been since then extremely well accepted
by the Fermilab Technical and Accelerator Division groups.
Since 2004 the program has been supported in part by DOE in the frame of an exchange agreement
with INFN. An additional agreement for sharing support for engineers of the School of Advanced
Studies of S.Anna (SSSA) of Pisa was established in 2007 between SSSA and Fermilab. In the frame
of this program four SSSA students are supported each year. Over its 35 years of history, under
the management of the Cultural Association of Italians at Fermilab (CAIF.fnal.gov), the program has
grown in scope and size and has involved more than 500 Italian students from more than 20 Ital-
ian Universities, Since the program does not exclude appropriately-selected non-italian students, a
handful of students of European and non-European Universities were also accepted in the years.
Last year the program was extended to include three students to be trained in neutrino physics,
selected concurrently with the University of Oxford (UK), who are supported one month in Oxford
before the start of the program at Fermilab.
Each intern is supervised by a Fermilab Mentor who is responsible for performing the program.
Training programs spanned from Tevatron, CMS, MicroBooNE, Nova experimental data analysis,
development of particle detectors (e.g. silicon trackers, calorimeters, drift chambers, neutrino and
dark matter detectors), design of the Muon “g-2”and Mu2e experiments, design of electronic and ac-
celerator components, development of infrastructures and software for tera-data handling, research
on superconductive elements and on accelerating cavities, theory of particle accelerators.
Since 2010, within an extended CAIF program supported by the Italian Space Agency and the Italian
National Institute of Astrophysics, a total of 25 students in physics, astrophyics and engineering
have been hosted for two months in summer at US space science Research Institutes and laborato-
ries.
In 2015 the University of Pisa included these programs within its own educational programs. Ac-
cordingly, Summer School students are enrolled at the University of Pisa for the duration of the
internship and are identified and insured as such. At the end of the internship the students are re-
quired to write summary reports on their achievements, which are saved in the Fermilab web pages
and in the CAIF archives, After positive evaluation by a University Examining Board, interns are
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acknowledged 6 ECTS credits for their Diploma Supplement.
The CAIF program is now part of the outreach activities of the European MUSE (H2020-MSCA-RISE-
2015 GA 690835) and NEWS (H2020-MSCA-RISE-2016 GA 734303) projects, and is expected to grow
further in the near future.
Information on student recruiting methods, on training programs of recent years and on final stu-
dent‘s evaluation process at Fermilab and at the University of Pisa will be given in the presenta-
tion.

Education and Outreach / 574

A MOOC on HEP for French high schools

Authors: Nicolas ArnaudNone; Sebastien Descotes-Genon1

1 Laboratoire de Physique Théorique d’Orsay

Corresponding Authors: narnaud@lal.in2p3.fr, sebastien.descotes-genon@th.u-psud.fr

“Voyages de l’infiniment grand à l’infiniment petit” (”Journeys from the infinitely large to the in-
finitely small”) is a French Massive Online Open Course aimed at promoting nuclear and particle
physics as well as astrophysics and cosmology to high-school teachers and pupils. Designed by an
editorial team of physicists from CNRS and CEA and edited with the pedagogical and technical sup-
port from Ecole Polytechnique, this MOOC is composed of 4 courses (Physics of the infinitely small,
physics of the infinitely large, The links between the two, The connections with everyday life), con-
sisting in 10 modules of 10 minutes each, and a dozen of speakers have contributed in the writing of
the modules. The MOOC students can follow the 4 courses and test their knowledge through a se-
ries of quizzes on the Coursera platform. This MOOC aims at providing an overview of high-energy
physics to interested students with a high-school level in physics, and also at giving video and text
resources to high-school teachers willing to include high-energy physics in their lectures.

Education and Outreach / 487

Public analysis of Belle II Data
Author: Leo Piilonen1

1 Virginia Tech

Corresponding Author: piilonen@vt.edu

A small Belle II data sample will be available to the general public through an interactive graphical
application which includes basic particle selection tools for reconstructed particles. The application
is using an open source library Blockly running in an HTML5 capable browser. In the application,
different particle decays can be described by selecting and combining particles from the data file.
The application includes easy histogramming and cutting tools and enables display of the ROOT his-
tograms. After submission, a pseudocode is generated by the user interface. The code is interpreted
by the server which then runs back-end analysis and sends back the resolution histograms to the
client. The browser app also enables for the interactive fitting of the histograms, thus enabling even
more complex analyses. The application can be run on a single public web server aimed at a single
access or in a virtual appliance for use in a classroom consisting. The virtual appliance consists of a
Linux OS, data sample, an analysis framework and a private web server. In the presentation, I will
describe the application, demonstrate its use and outline our plans for future development.

Education and Outreach / 474
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ATLAS Open Data project
Author: Meirin Oan Evans1

1 University of Manchester (GB)

Corresponding Author: meirin.oan.evans@cern.ch

Exploring the many ways that public High Energy Physics resources are employed to teach and
outreach particle physics and computer science.

The current ATLAS model of Open Access to recorded and simulated data offers the opportunity to
access datasets with a focus on education, training and outreach. This mandate supports the creation
of platforms, projects, software, and educational products used all over the planet. We describe the
overall status of ATLAS Open Data (http://opendata.atlas.cern) activities, from core ATLAS activi-
ties and releases to individual and group efforts, as well as educational programs, and final web or
software-based (and hard-copy) products that have been produced or are under development. The
relatively large number and heterogeneous use cases currently documented is driving an upcoming
release of more data and resources for the ATLAS Community and anyone interested to explore the
world of experimental particle physics and the computer sciences through data analysis.

Education and Outreach / 555

Status of outreach activities at LHCb
Authors: Katharina Mueller1; Luca Pescatore None

1 Universitaet Zuerich (CH)

Corresponding Authors: luca.pescatore@cern.ch, jihyun.bohm@cern.ch

Status of outreach activities at the LHCb experiment at LHC is presented. LHCb is visible on the web
with the public page news, Instagram, Facebook and online event display. Masterclasses activities
for school boys and girls cover the whole planet. The surface exhibition above the LHCb proton-
proton collision point is being constantly developed. Cameras in the control room allow Virtual
Visits of the LHCb experiment. Laser scan of LHCb detector is performed to archive its 3D images
as an important heritage for humanity. These images will also be used to develop 3D Virtual Reality
files for visitors and schools. New film covering a major LHCb discovery is finalized.

Education and Outreach / 473

Taking science to festivals: engaging the public where they least
expect it
Authors: ATLAS CollaborationNone; Roger Jones1

1 Lancaster University (GB)

Corresponding Author: roger.jones@cern.ch

Over the past several years, a team based around the ATLAS Experiment at CERN in Geneva has
organised public engagement and education activities at a variety of non-scientific venues. These
have included the Montreux Jazz Festival (Montreux, Switzerland), the Bluedot Festival (Jodrell Bank,
UK), the WOMAD Festival (Charlton Park, UK), Moogfest (Durham, NC, USA), and the Sofia Music
Weeks in Bulgaria, with discussions on-going with a major European music festival as well as a fes-
tival in the United States. The goal of this effort is to engage new audiences who normally would
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not be drawn to science festivals and to investigate our ability to communicate scientific messages
to broad, diverse audiences.

The results have been impressive, as measured through attendance (example: the first Physics Pavil-
ion at WOMAD received 4500 visitors over 3 days and such was the success that a return invitation
was received immediately for 2017 with additional space, resulting in an increased footfall of ˜5500),
and enthusiasm of the audience and the scientists hosting the activities. We describe the presenta-
tion material and format, the hands-on workshops, and other methods employed, as well as lessons
learned on how to best optimise audience engagement. The concept can be reproduced for other
festival-type environments, and adapted to suit the particular audience demographic and format of
the festival.

Education and Outreach / 666

Particle Physics Masterclasses: Sharing LHC Research and Dis-
covery with High School Students
Author: Uta Bilow1

1 Technische Universitaet Dresden (DE)

Corresponding Author: uta.bilow@tu-dresden.de

Masterclasses are a proven tool to engage high school students with particle physics. In a Master-
class, participants learn about high energy physics in a day-long course. Moreover, they can actively
take part in cutting-edge research and experience methods and tools used in research by performing
a tailor-made physics analysis involving real LHC data under the supervision of physicists. During
a Masterclass students not only explore the fundamental forces and building blocks of nature, but
they can also improve their understanding of science and the scientific discovery process. Particle
Physics Masterclasses offer an authentic experience and add a new dimension to physics education
at school, thus stimulating the students´ interest in science.

More than 300 Masterclasses are organized in the framework of the program International Master-
classes each year. During a 6-week period spanning roughly February to April, research institutes
and universities in more than 50 countries invite high school students for a Masterclass. At the end
of each day, the participants join in a videoconference with other student groups and CERN, Fermi-
lab, or TRIUMF. Like an international research collaboration, they share and combine the results of
their analyses and can thus experience for themselves an important part of the experimental particle
physics working process. The program attracts more than 13,000 high school students each year and
is run by IPPOG, the International Particle Physics Outreach Group, and is centrally coordinated at
Technische Universität Dresden and University of Notre Dame.

The successful Particle Physics Masterclasses are also arranged in other contexts. In 2017, an extra
effort was started by IPPOG to support and promote the access of girls to science. To accomplish this,
IPPOG launched Masterclass activities especially for girls on the UN International Day of Women
and Girls in Science.

In Germany, the nationwide program Netzwerk Teilchenwelt, which includes 30 universities and
research labs, has been established. For Netzwerk Teilchenwelt, Particle Physics Masterclasses are
instrumental as a basic level, but is builds up several higher levels of engagement, e.g. workshops at
CERN or research projects at universities and institutes for the most motivated and interested high
school students. On total, this program offers activities for 4000 high school students per year on
four levels.

In the United States, QuarkNet offers International Masterclasses, a World Wide Data Day with LHC
data, and Masterclass preparation activities as important components of a program to bring particle
physics to high school teachers and students.
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Education and Outreach / 812

The role of nuclear and particle physics, astrophysics, and cos-
mology in building capacity for Physics in Africa
Authors: Azwinndini MurongaNone; Azwinndini MurongaNone

Corresponding Authors: azwinndini.muronga@gmail.com, azwinndini.muronga@mandela.ac.za

In Africa particle physics, nuclear physics, astrophysics, and cosmology have been grabbing our
attention, and that of our students for years. In the last decade, the field of a diverse research
programme joining nuclear and particle physics with astrophysics, astronomy, cosmology and the
enticing ‘new worlds’ imagined in theoretical physics has become particularly exciting due to the
unprecedented scale of modern machinery and the discoveries that come with it. There are so many
opportunities for students, teachers, and the public to learn about modern science such as the value
of blue-skies research to society and everyday applications. For teachers, students, and academics
this is also an opportunity to rethink the African science curriculum.

The South African Institute of Physics has created opportunities for the physics community in Africa
to engage in physics education and outreach. The nuclear and particle physics community partic-
ipates through iThemba LABS and the South Africa-CERN Consortium while the astrophysics and
cosmology community participates in the astronomy facilities such as the Southern African Large
Telescope (SALT) and the Square Kilometre Array (SKA) and its precursor MeerKAT. Teachers, re-
searchers in education and science communication, professionals who work in engagement and out-
reach in particle physics, nuclear physics, astrophysics, and cosmology, as well as academics across
both areas, collaborate in physics education and outreach programmes.

The aim of this report is to highlight the challenges Africa faces in building capacity in physics and
the positive impact particle physics, nuclear physics, astrophysics, and cosmology has on physics
education, communication, and outreach in Africa.

Education and Outreach / 951

Engineering Physics : Bridging Basic Sciences Based R&D And
Technology Developments And Adaptation.
Authors: AVINASH SHARMA1; SHRUTI AGGARWAL1

1 GGS INDRAPRASTHA UNIVERSITY

Corresponding Author: acsharma1956@yahoo.com

Most of the newer emerging technologies have their origin well rooted in the Basic Sciences driven
RD; and therefore requires specialized skills for their adaptations. Engineering Physics is the area
that addresses to this gap.

A post-M.Sc. program has been designed, implemented to bridge the gap between research in Ba-
sic Sciences, in particular, with physics and mathematics with the latest emerging technologies and
it’s industrial impact. The curriculum has been designed to acquire skills for critical R&D input to
some of the areas like Nano-Technology, Material Sciences for PV Engineering applications, Sensors
Bio-medical applications, Nuclear Technologies for civilian purposes, computer science based indus-
tries, etc. The program is expected to produce experts with requisite on-hand specialized skills to
undertake the Basic Sciences based R&D leading to industrial products for commercial applications
in identified areas. The model has been analysed including it’s impact. Some of the future guidelines
have been identified and discussed.

Education and Outreach / 475
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CERN’s Education and Education Research Projects
Author: Ines Knapper1

Co-authors: Sascha Schmeling 1; Julia Woithe 1; Jeff Wiener 1

1 CERN

Corresponding Authors: julia.woithe@cern.ch, jeff.wiener@cern.ch, sascha.schmeling@cern.ch, ines.knaepper@cern.ch

The CERN educational programme aims for a broad spectrum of educational opportunities from
high-school students to professional and well experienced science teachers.
In 2017 three new projects have been launched to complement these efforts. The High-School Stu-
dents Internship Programme (HSSIP) offers a two weeks national internship experience for students
aged 16 to 19, enabling them to strengthen their understanding of science. The S’Cool LAB Summer
Camp extends the S’Cool LAB offers by a two weeks residential programme enabling high-school
students from around the world to experience hands-on science in an international research labora-
tory. The International Teacher Weeks is a two weeks programme that enables high-school teachers
to develop further in the field of particle physics and exchange knowledge and experience among
teachers from all over the world. CERN’s Physics Education Research team and its projects and pro-
grammes will be presented, and the first experience with the above-mentioned programmes will be
discussed together with the future plans to monitor and evaluate these programmes.

Education and Outreach / 913

Belle2VR –An Interactive Virtual Reality Visualization of Parti-
cle Physics
Author: Leo Piilonen1

1 Virginia Tech

Corresponding Author: piilonen@vt.edu

I describe a novel interactive virtual reality visualization of particle physics, designed as an edu-
cational tool for learning about and exploring the electron-positron collision events in the Belle II
experiment at the SuperKEKB colliding-beam facility at KEK in Japan. The visualization is designed
for untethered, locomotive virtual reality, allowing multiple simultaneous users to walk naturally
through a virtual model of the Belle II detector and interact with and gather information about the
particles that result from collisions. Belle2VR displays the detailed GEANT4-simulated history of
each collision event superimposed on the complete detector geometry; the user can move freely
through the scalable detector geometry and manipulate the history timeline with handheld con-
trollers. Developed by an interdisciplinary team of researchers in physics, education, and virtual
environments, the simulation will be integrated into the undergraduate physics curriculum at Vir-
ginia Tech. I describe the tool, including visualization features and design decisions, and outline our
plans for future development.

Education and Outreach / 921

8 Hours of the NicoNico live webcast from the Belle II experimen-
tal hall
Author: Shota Takahashi1

1 KEK
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Corresponding Author: shotakah@post.kek.jp

Phase 2 of the Belle II experiment is about to begin. A new super-B factory facility, utilizing the
SuperKEKB accelerator and the Belle II detector, is designed to search for as yet unknown “New
Physics”.

The outreach teams of KEK and the Belle II collaboration worked together for more than a year to
make the Belle II/SuperKEKB project better known in Japan as well as in the world.

Significant milestones in our roadmap are:
(1) the start of Phase 1 in Feb. 2016 and first turns in the SuperKEKB accelerator,
(2) “the Belle II roll-in”, integration of the detector and the accelerator in Apr. 2017, and
(3) Phase2 and first collisions in the coming months,
the list will go on as the project develops towards its design luminosity.

In this talk, we will focus on “the Belle II roll-in” .
We cooperated with the “Niconico” livestreaming service in Japan and live-casted the roll-in event
from the Belle II experimental hall for over 8 hours.

We would like to share know-how on how we collaborated, how we risk-hedged , and how impres-
sive it was, and exchange opinions with other institutions who have tried livecasting important
events.

Education and Outreach / 657

Phantom of the Universe: A State-of-the-Art Planetarium Show
on Dark Matter
Authors: Michael Barnett1; Kaushik De2; Reinhard Schwienhorst3; Uta Bilow4

1 LBNL
2 University of Texas at Arlington
3 Michigan State University
4 Technische Universitaet Dresden (DE)

Corresponding Authors: uta.bilow@tu-dresden.de, rmbarnett@lbl.gov, schwier@pa.msu.edu, kaushik@uta.edu

Phantom of the Universe is a planetarium show that showcases an exciting exploration of dark mat-
ter, from the Big Bang to the Large Hadron Collider. The show reveals the first hints of its existence
through the eyes of Fritz Zwicky. Viewers see the astral choreography witnessed by Vera Rubin in
the Andromeda galaxy. They plummet deep underground to see a very sensitive dark matter detec-
tor. From there, they end the journey at the Large Hadron Collider, speeding alongside particles
before they collide in visually stunning explosions of light and sound, and learning how scientists
around the world are collaborating to track down the constituent of dark matter. The show is of-
fered to planetariums worldwide free of charge, and is currently in more than 300 planetariums in 56
countries in 17 languages. It features sound by Skywalker Sound and narration by Academy-Award
winning actress Tilda Swinton, as well as the writing and producing talents of award-winning film-
maker, Carey Ann Strelecki. Michael Barnett, Kaushik De, and Reinhard Schwienhorst were the
Executive Producers.

Formal Theory Development / 744

\theta=\pi in SU(N)/Z_N Theory
Author: Takao Suyama1

1 KEK
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Corresponding Author: 48amayus@gmail.com

In SU(N) gauge theory, it is argued recently that there exists a “mixed
anomaly” between the CP symmetry and the 1-form ZN symmetry at \theta=\
pi, and the anomaly matching requires CP to be spontaneously broken at \
theta=\pi if the system is in the confining phase. In this talk, we
elaborate on this discussion by examining the large volume behavior of
the partition functions of the SU(N)/Z_N theory on Tˆ4 a la ‘t Hooft.
The periodicity of the partition function in \theta, which is not 2\pi
due to fractional instanton numbers, suggests the presence of a phase
transition at \theta=\pi.

Formal Theory Development / 943

Analyticity Properties of Scattering Amplitude in Higher Dimen-
sional Field Theories
Author: Jnanadeva Maharana1

1 Institute of Physics, Bhubaneswar

Corresponding Author: maharana@iopb.res.in

I consider analyticity properties of scattering amplitude in higher dimensional field theories in the
frame works of LSZ Axiomatic field theory. I prove existence of the Lehmann-Martin ellipse and
prove generalized Jost-Lehmann-Dyson theorem
to achieve this goal. Here the basis for partial wave expansion is Gegenbaur
polynomial. I also prove analog of the Froissart-Martin bound for such theories.
J. Maharana, J. Math. Phys. (1917)

Formal Theory Development / 923

Prediction for the Cosmological Constant and Constraints on SUSY
GUTS: Status Report for Resummed Quantum Gravity
Author: Bennie Ward1

1 Baylor University, Waco, TX, USA

Corresponding Authors: bennie.ward@cern.ch, bfl_ward@baylor.edu

Working in the context of the Planck scale cosmology formulation of Bonanno and Reuter, we use
our resummed quantum gravity approach to Einstein’s general theory of relativity to estimate the
value of the cosmological constant as ρΛ = (0.0024eV )4. We show that susy GUT models are
constrained by the closeness of this estimate to experiment. We also present various consistency
checks on the calculation and use the Heisenberg uncertainty principle to remove a large part of the
remaining uncertainty in our estimate of ρΛ

Formal Theory Development / 522

Non-orientable surfaces and electric-magnetic duality
Author: Siye Wu1
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1 National Tsing Hua University

Corresponding Authors: swu27@yahoo.com, swu@math.nthu.edu.tw

Kapustin and Witten showed that a twisted version of N=4 gauge theory in four dimensions com-
pactifies to a two-dimensional sigma-model whose target space is the Hitchin moduli space. In this
talk, I consider the reduction of the gauge theory on a four dimensional orientable spacetime man-
ifold which is not a global product of two surfaces but contains a non-orientable surface. The low
energy theory is a sigma-model on a two dimensional worldsheet whose boundary components end
on branes constructed from the Hinthin moduli space of a non-orientable surface. I will also compare
the discrete topological fluxes in four and two dimensional theories and verify the mirror symmetry
on branes as predicted by the S-dualty in gauge theory.

Formal Theory Development / 312

SSB in tensor theories and matrices
Author: Pablo Diaz Benito1

1 IBS

Corresponding Author: pablodiazbe@gmail.com

Counting observables in tensor and in matrix theories reveals a non-trivial relation between them.
By means of a SSB mechanism, we explore the connection between tensor theories with symme-
try group U(N)ˆd and symmetrized tensor theories which transform under U(N). We see that, in
such a case, the Goldstone boson space precisely organizes itself into a collection of d-1 matrices
transforming in the adjoint.

Formal Theory Development / 239

Casimir scaling and Yang-Mills glueballs
Author: Deog Ki Hong1

1 Pusan National University (KR)

Corresponding Author: d.hong@cern.ch

We conjecture that in Yang-Mills theories the ratio between the ground-state glueball mass squared
and the string tension is proportional to the ratio of the eigenvalues of quadratic Casimir operators
in the adjoint and the fundamental representations. The proportionality constant depends on the
dimension of the space-time only, and is henceforth universal. We argue that this universality, which
is supported by available lattice results, is a direct consequence of area-law confinement. In order
to explain this universal behaviour, we provide three analytical arguments, based respectively on a
Bethe-Salpeter analysis, on the saturation of the scale anomaly by the lightest scalar glueball and on
QCD sum rules, commenting on the underlying assumptions that they entail and on their physical
implications.

Formal Theory Development / 521

Supersymmetrizing the map between W symmetry and affine Yan-
gian
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Author: Wei Li1

Co-authors: Matthias Gaberdiel 2; Cheng Peng 3; Hong Zhang 1

1 Institute of Theoretical Physics, Chinese Academy of Sciences
2 ETH Zurich
3 Brown University

Corresponding Author: u.duality@gmail.com

Higher spin symmetry and integrability are two different types of symmetry structures with strong
constraining power. I will explain an interesting and useful map between the two in the example of
the W symmetry and affine Yangian of gl(1). Then I will explain how to supersymmetrize this map
via gluing. This method then allows us to construct new types of affine Yangian algebras.

Formal Theory Development / 319

Extensive quantum entanglement and localization in quantum
spin chains
Authors: Fumihiko Sugino1; Pramod Padmanabhan1; Vladimir Korepin2

1 Institute for Basic Science
2 C.N.Yang Institute for Theoretical Physics

Corresponding Authors: korepin@gmail.com, fusugino@gmail.com, pramod23phys@gmail.com

Quantum entanglement is the most surprising feature of quantum theory. Ground states of quan-
tum many-body systems typically exhibit the area law behavior in the entanglement entropy, which
measures the amount of entanglement between a subsystem and the rest of the system. Recently, a
class of solvable spin models with local interactions has been constructed by Mavassagh and Shor
and by Salberger and Korepin, in which the ground state is expressed as a superposition of random
walks, and has much larger entanglement. Its entanglement entropy is shown to be proportional to
the square root of the volume.
In this talk, after a brief review of the models, we construct an extension of these models based on
symmetric inverse semigroups, and discuss entanglement properties of ground states and its impli-
cations in quantum gravity and string theory. As a feature of the extended models that is not found
in the original models, there are excited states corresponding to disconnected paths in decorated ran-
dom walks. Interestingly, Anderson localization phenomena occur in such excited states.

Formal Theory Development / 1038

On Geometric classification of 5d SCFTs
Author: Heechoel Kim1

1 Postech

Corresponding Author: heecheol1@gmail.com

We formulate geometric conditions necessary for engineering 5d superconformal field theories (SCFTs)
via M-theory compactification on a local Calabi-Yau 3-fold. Extending the classification of the rank
1 cases, which are realized geometrically as shrinking del Pezzo surfaces embedded in a 3-fold, we
propose an exhaustive classification of local 3-folds engineering rank 2 SCFTs in 5d. This systematic
classification confirms that all rank 2 SCFTs predicted using gauge theoretic arguments can be real-
ized as consistent theories, with the exception of one family which is shown to be non-perturbatively
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inconsistent and thereby ruled out by geometric considerations. We find that all rank 2 SCFTs de-
scend from 6d (1,0) SCFTs compactified on a circle possibly twisted with an automorphism together
with holonomies for global symmetries around the Kaluza-Klein circle.

Formal Theory Development / 1037

Modular Constraints with (Super-)Virasoro Algebras
Author: Jinbeom Bae1

1 Korea Institute for Advanced Study

Corresponding Author: kastalean4@gmail.com

In this talk, we will discuss how the modular property constraints partition function of two-dimensional
conformal field theories(CFT). We apply the semi-definite programming to the modular constraints
with assuming the presence of holomorphic/anti-holomorphic currents and twist gap in spectrum.
The level-one WZW models with Degline’s exceptional series, cousins of extremal CFTs and novel
c=8 and c=16 CFTs without Kac-Moody symmetry are reailzed on the numerical boundary. Strik-
ingly, it turns out that the modular constraints determine the degeneracies of primary states, also the
partition function of theories on the numerical boundary. We extend the above analysis by imposing
W-algebra or N=1, N=2 super-Virasoro algebra.

Formal Theory Development / 1015

D-instantons in Klebanov-Witten model
Author: Ali ImaanpurNone

Corresponding Author: aimaanpu@theory.ipm.ac.ir

I discuss D-instanton solutions in type IIB supergravity on AdS5×T1,1, which has a dual N=1 SU(N)×SU(N)
super Yang-Mills theory. Apart from ordinary D(-1)-brane instantons, I consider wrapped D1-branes
over minimal 2-cycles and derive explicit solutions preserving half the supersymmetries. These solu-
tions are identified with Yang-Mills instantons which are (anti)self-dual in both gauge group factors
with instanton charge (k,k′). By examining the boundary behaviour of the solutions I derive the cou-
pling to the corresponding dual boundary operators, and identify their vacuum expectation values.
I also discuss the boundary terms and compute the action for these solutions.

Heavy Ions / 144

Charmonium production in pPb and PbPb collisions at 5.02 TeV
from CMS
Authors: Arnd Meyer1; Kisoo Lee2

1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 Korea University (KR)

Corresponding Author: kisoo.lee@cern.ch

The nuclear modification factors of the ground and excited states of J/psi were measured via dimuon
channels in pPb and PbPb collisions at 5.02 TeV. The analysis was performed as functions of collision
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centrality, rapidity, and transverse momentum. The results are discussed in the framework of the
modified nuclear parton distribution function (for pPb) and the interaction of charmonia with dense
partonic matter.

Heavy Ions / 172

nPDF studies with electroweak bosons in pPb collisions with the
CMS detector

Author: Andre Govinda Stahl Leiton1

1 Centre National de la Recherche Scientifique (FR)

Corresponding Author: andre.govinda.stahl.leiton@cern.ch

Yields of W and Z bosons can be used to probe the nuclear parton distribution functions of quarks
and antiquarks. Results on W boson and Drell-Yan production in pPb collisions using the CMS
detector will be presented. The lepton decay channel is used to study both positive and negative W
bosons as a function of lepton pseudorapidity. Rapidity and charge asymmetries in the W yield are
studied. The Drell-Yan cross section is extracted as functions of the dimuon mass for the first time in
pPb collisions, and both as a function of dimuon transverse momentum and rapidity, in the Z boson
mass region.

Heavy Ions / 314

Freeze-out Conditions in Au+Au collisions at √
sNN = 7.7 − 39

GeV at RHIC

Author: DEBADEEPTI MISHRA1

1 NATIONAL INSTITUTE OF SCIENCE EDUCATION AND RESEARCH, INDIA

Corresponding Author: dibyadeepti@gmail.com

The exploration of QCD phase diagram and study of the dynamics and mechanism of particle pro-
duction in heavy-ion collisions is one of the research interests in the field of high energy physics.
In addition, the search for the QCD critical point in the phase diagram has been the main moti-
vation to carry out the Beam Energy Scan Phase - I (BES-I) program at the Relativistic Heavy Ion
Collider (RHIC) facility at BNL. Under this program in the years 2010 and 2011, Au+Au collisions
were recorded at √sNN = 7.7, 11.5, 19.6, 27 and 39 GeV by the STAR detector at RHIC. Later in the
year 2014, Au+Au collisions at √sNN = 14.5 GeV were added to this BES program.

We will present results of the identified particle production from the BES energies. Our study focuses
on the extraction of the chemical and kinetic freeze-out properties of the system and understand-
ing the evolution and dynamics of particle production. This study is also interesting since at the
top RHIC energies it was found that the hadron-QGP phase transition occurs close to the chemical
freeze-out temperature. With this in mind, we will present the measured transverse momentum (pT )
spectra, particle yields (dN/dy) and average transverse momentum (⟨pT ⟩) of π±, K±, p(p̄). Using
these observables, the calculated freeze-out parameters, most importantly the chemical freeze-out
temperature (Tch), baryon chemical potential (µB), kinetic freeze-out temperature (Tk) and radial
flow velocity (β) will be presented. The variation of all these observables with the collision centrality
and center of mass energy will be discussed with the published data from STAR. A comparison of
these results with the published results of STAR in Au+Au collision at √sNN = 62.4 and 200 GeV
and ALICE in Pb+Pb collision at √sNN = 2.76 TeV will also be shown.
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Heavy Ions / 579

Quarkonia production in pPb collisions with LHCb
Author: Shanzhen Chen1

1 Universita e INFN, Cagliari (IT)

Corresponding Author: shanzhen.chen@cern.ch

We present new results on quarkonia production in pPb collisions, using the data collected in 2016
at 8.16 TeV nucleon-nucleon centre-of-mass energy, in the unique forward region (pseudorapidity
between 2 and 5) covered by the LHCb detector. Both forward and backward rapidities are covered
thanks to the possibility of beam reversal. Measurements include the vector bottomonia states and
the J/psi and psi(2S), where the prompt and from-b-decay components can be disentangled. The large
increase in size of the heavy flavour sample, compared to 5 TeV sample collected in 2013, allows a re-
markable improvement in the accuracy of the determination of nuclear modification factors.

Heavy Ions / 459

Anisotropic flow of identified particles in Pb–Pb collisions at√sNN
= 5.02 TeV with ALICE
Author: Ya Zhu1

1 Central China Normal University CCNU (CN)

Corresponding Author: ya.zhu@cern.ch

Anisotropic flow plays a critical role in understanding the properties of the quark-gluon plasma. In
this talk we present the elliptic and triangular flow of identified particles in Pb–Pb collisions at√sNN
= 5.02 TeV. The measurements are presented at mid-rapidity for a wide range of particle transverse
momenta. The results are compared to those for elliptic and triangular flow in Pb–Pb collisions at
lower energy reported by the LHC experiments and also to theoretical predictions.

Heavy Ions / 479

Recent results on correlations and fluctuations in pp, p+Pb, and
Pb+Pb collisions from the ATLAS Experiment at the LHC
Authors: The ATLAS CollaborationNone; Mariusz Przybycien1

1 AGH University of Science and Technology (PL)

Corresponding Author: mariusz.przybycien@agh.edu.pl

The azimuthal anisotropies of particle yields observed in relativistic
heavy-ion collisions have been traditionally considered as a strong
evidence of the formation on a deconfined quark-gluon plasma produced in
these collisions. However multiple recent measurements from the ATLAS
Collaboration in pp and p+Pb systems show similar features as those
observed in Pb+Pb collisions, indicating the possibility of the
production of such a deconfined medium in smaller collision systems.
This talk presents a comprehensive summary of ATLAS measurements in pp
collisions at 2.76, 5.02 and 13˜TeV and in p+Pb collisions at 5.02 and
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8.16 TeV. It includes measurements of two-particle hadron-hadron and
muon-hadron correlations in Δϕ and Δη, with a template fitting procedure
used to subtract the dijet contributions. Measurements of multi-particle
cumulants c_n{2−8} are also presented. The standard cumulant
measurements confirm presence of collective phenomena in p+Pb
collisions, but are biased by non-flow correlations and are not able to
provide evidence for collectivity in pp collisions. To address this,
measurements from a new sub-event cumulant method that suppresses the
contribution of non-flow effects are presented. More detailed studies
of longitudinal flow decorrelations, and higher-order cumulants in
ultra-central Pb+Pb collisions are also presented to provide deeper
insight into the details of the geometry of the initial state.

Heavy Ions / 480

Recent results on hard processes in p+Pb, Pb+Pb, and photon-
photon collisions from the ATLAS Experiment at the LHC

Authors: The ATLAS collaborationNone; Radim Slovak1

1 Charles University (CZ)

Corresponding Author: radim.slovak@cern.ch

Relativistic heavy-ion collision events containing rare final states
involving high transverse momentum objects provide in situ probe which
allow characterization of the hot, dense QCD matter formed in these
collisions. When compared with comparable yields in proton-lead and
proton-proton collisions, hadronic jets and quarkonia (both for charm
and bottom quarks) are observed to have significantly modified yields
and fragmentation properties in lead-lead collisions. Details of these
modifications carry information about the interaction of partons with
the medium as well as the properties of the medium. By comparison,
yields of photons and massive electroweak bosons in lead-lead and
proton-lead collisions are found to be essentially unmodified compared
to expectations, including isospin effects. With increasing integrated
luminosities, these measurements can be used to measure nuclear parton
distribution functions and other geometric aspects of the initial state.
This talk will present the most recent results on quarkonia, jet, heavy
flavor and electroweak boson production, measured in Pb+Pb and p+Pb
collisions. The talk covers also includes recent results on gamma-gamma
and photonuclear processes studied in ultraperipheral collisions. This
is a growing program, complementary to inelastic heavy ion collisions,
which produces hard probes via electromagnetically.

Heavy Ions / 578

Production of open charm and beauty states in pPb collisions
with LHCb
Author: Benjamin Audurier1

1 Universita e INFN, Cagliari (IT)

Corresponding Author: benjamin.audurier@ca.infn.it
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A rich set of open heavy flavour states is observed by LHCb in pPb collisions data collected at 5
and 8.16 TeV nucleon-nucleon center-of-mass energy. Results include the new measurements of
production of beauty hadrons in pA collisions through cleanly reconstructed exclusive decays. Open
charm states include the Lambda_c baryon, that was also observed in pA collisions for the first time
by LHCb.

Heavy Ions / 1005

Heavy ion collision experiments at NICA
Authors: Vladimir Kekelidze1; Vadim Kolesnikov1; Richard Lednicky2; Viktor Matveev1; Alexander Sorin1; Grigory
Trubnikov3

1 Joint Institute for Nuclear Research (RU)
2 Joint Institute for Nuclear Research, Dubna, Russia
3 JINR

Corresponding Authors: vladimir.kekelidze@cern.ch, alexander.sorin@cern.ch, viktor.matveev@cern.ch, trub-
nikov@jinr.ru, vadim.kolesnikov@cern.ch, lednicky@fzu.cz

The NICA (Nuclotron-based Ion Collider fAcility) project is under realization at the Joint Institute
for Nuclear Research (JINR, Dubna). The main goal of the project is an experimental study of hot and
dense strongly interacting matter in heavy ion (up to Au) collisions at center-of-mass energies up to
11 GeV per nucleon. The physics program will be performed at two experiments, BM@N (Baryonic
Matter at Nuclotron) at beams extracted from the Nuclotron, and at MPD (Multi-Purpose Detector)
at the NICA collider. This program covers a variety of phenomena in strongly interacting matter of
the highest net baryonic density.

Heavy Ions / 580

pA collisions in fixed-target mode at LHCb

Author: Jihyun BhomNone

Corresponding Author: jihyun.bohm@cern.ch

LHCb has the unique capability to study collisions of the LHC beams on fixed targets. Internal gas
targets of Helium, Neon and Argon have been used so far. Updated results and prospects on soft
particle production and open and hidden charm productions will be presented. The measurements
are of great interest to cosmic ray physics. The charm production measurements provide crucial con-
straints on intrinsic charm and nuclear parton distribution functions at moderate and large Bjorken
x.

Heavy Ions / 828

Prompt photon production by gluon fusion in a magnetized medium
for heavy-ion collisions

Authors: Jorge David Castaño Yepes1; Alejandro Ayala2; Cesareo DominguezNone; Hernández LuisNone; Maria Elena
Tejeda-Yeomans3; Saúl Hernández OrtízNone

1 Instituto de Ciencias Nucleares, UNAM
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2 Instituto de Ciencias Nucleares, Universidad Nacional Autonoma de Mexico
3 Universidad de Sonora

Corresponding Authors: jorge.castano@correo.nucleares.unam.mx, unidusu@gmail.com, ayala@nucleares.unam.mx

We compute the prompt photon production by gluon fusion and the v2 harmonic coefficient for a
the magnetized medium created in heavy-ion collisions. Our calculation is based in the existence of
very intense magnetic fields at the early times of the collisions which varies from 1 to 3 times pion
mass squared, and open new channels to the photon production. Our calculation take into account
several parameters which are relevant to the description of the experimental transverse momentum
distribution, and elliptic flow for RHIC and LHC energies. Also, the high occupation number for
gluons and the saturation scale are included as well as the flux velocity and geometrical factors. The
results are compared with data from PHENIX, and recent hidrodynamical models.

Heavy Ions / 869

Soft QCD measurements with ALICE
Author: Beomkyu Kim1

1 Inha University (KR)

Corresponding Author: beomkyu.kim@cern.ch

Particle production at LHC energies involves perturbative (hard) and non-perturbative (soft) QCD
regimes. The charged-particle multiplicity cannot be calculated using purely perturbative methods
and is generally described by phenomenological models. In this contribution, we report on soft QCD
variables, such as inelastic, single, double and central diffractive cross-sections, charged-particle
multiplicities and observables characterizing the Underlying Event. Results are presented for all
collision systems (pp, p-Pb, Pb-Pb and Xe-Xe) and for all centre of mass energies from

√
s = 0.9 to

13 TeV and √
sNN = 2.76 to 8.16 TeV. This covers a large range of energy, system and multiplicities

with new results recently measured by ALICE in pp high multiplicity, p-Pb and Xe-Xe events at the
LHC. Finally, we investigate the evolution of particle production with energy and system size and
compare to models based on various particle production mechanisms and different initial conditions,
summarizing the understanding of soft QCD 8 years after the start of data taking at the LHC.

Heavy Ions / 902

Energy frontier electron-ion physics with the LHeC and the FCC-
eh
Authors: Nestor Armesto Perez1; Zhiqing Philippe Zhang2

1 Universidade de Santiago de Compostela (ES)
2 LAL, Orsay (FR)

Corresponding Authors: zhangzq@lal.in2p3.fr, larry@pku.edu.cn

Energy-frontier DIS can be realised at CERN through an energy recovery linac that would produce
60 GeV electrons to collide with the HL-LHC or later HE-LHC (LHeC) or eventually the FCC hadron
beams (FCC-eh). It would deliver electron-lead collisions with centre-of-mass energies in the range
0.8-2.2 TeV per nucleon, and luminosities exceeding 5× 1032 cm−2s−1. In this talk we will present
novel ways for the accurate determination of nuclear PDFs, in a hugely extended space of x and
Q2, and the resulting constraints for the theory of parton dynamics in nuclei. We will then discuss
diffractive physics and, finally, the possibilities for establishing the existence of a new non-linear
regime of QCD at small x beyond the dilute regime described by collinear factorisation. Furthermore,
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we will comment on the possibilities at the LHeC and FCC-eh for analysing the transverse partonic
structure of hadrons and nuclei and its corresponding fluctuations, with expected strong, direct
implications on our understanding of the results obtained in present and future high-energy heavy-
ion programmes.

Heavy Ions / 1001

Exclusive Photoproduction of J/Psi’s in Peripheral AA Collisions

Authors: M.Beatriz Gay Ducati1; Sony Martins1

1 UFRGS

Corresponding Authors: sony.martins@ufrgs.br, beatriz.gay@ufrgs.br

The exclusive photoproduction of the heavy vector mesons
J/ψ
is investigated in the context of
peripheral lead-lead collisions for the energies available at the LHC,
√
s
= 2
.
76
TeV and
√
s
= 5
.
02
TeV. In order to evaluate the robustness of the light-cone color dipole formalism, previously tested
in the ultraperipheral regime, it was calculated the rapidity distribution as well as the nuclear
modification factor for the three centrality classes: 30%-50%, 50%-70% and 70%-90%. In our
calculations, three approaches were considered, in which are applied gradually modifications on the
components of the cross section of the process. In the comparison with the ALICE measurements,
once we corrected for the effective interaction region the photon flux and the photonuclear cross
section better agreement with the data is obtained, mainly in the more central regions (30%-50%
and 50%-70%) where the incertainty is small.

Heavy Ions / 14

The Critical Point and Random Fluctuation Walk
Author: Gennady Kozlov1

1 Joint Institute for Nuclear Research (RU)

Corresponding Author: gennady.kozlov@cern.ch

The critical phenomena of strongly interacting matter are presented in the random fluctuation walk
model at finite temperature. The phase transitions are considered in systems where the Critical Point
(CP) is a distinct singular one existence of which is dictated by the dynamics of conformal symmetry
breaking.
The physical approach to the effective CP is predicted through the influence fluctuations of two-
particle quantum correlations to which the critical mode couples. The finite size scaling effects are
used to extract the vicinity of deconfinement phase transition.
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We obtain the size of the particle emission source affected by the stochastic forces in thermal medium
characterized by the Ginzburg-Landau parameter which is defined by the correlation length of char-
acteristic dual gauge field. The size above mentioned blows up when the temperature approaches
the critical value as correlation length becomes large enough.
The results are the subject to the physical programs at accelerators to search the hadronic matter
produced at extreme conditions.

Heavy Ions / 147

Open charm measurements in heavy ion collisions with the CMS
detector
Author: Hyunchul Kim1

1 Chonnam National University (KR)

Corresponding Author: hyunchul.kim@cern.ch

Charm mesons are excellent probes for studying the properties of the hot and dense medium created
in heavy-ion collisions. The measurement of their nuclear modification factor, elliptic and triangular
flow can provide strong constraints for the mechanisms of in-medium energy loss. In this talk, the
latest measurements of the D0 in PbPb collisions at 5.02 TeV will be presented.

Heavy Ions / 145

Bottomonium production in PbPb collisions from CMS
Author: Jaebeom Park1

1 Korea University (KR)

Corresponding Author: jaebeom.park@cern.ch

The relative yields and the nuclear modification factors of the ground and excited Upsilon states
were measured via dimuon channels in PbPb collisions at 5.02 TeV. The analysis was performed as
functions of collision centrality, rapidity, and transverse momentum. The results in PbPb are com-
pared with the previous ones in pPb collisions. The results are discussed in terms of the sequential
melting scenario in dense partonic matter.

Heavy Ions / 467

Transverse momentum distributions of charged particles in pp
and nuclear collisions with ALICE at the LHC
Author: Edgar Perez Lezama1

1 Johann-Wolfgang-Goethe Univ. (DE)

Corresponding Author: edgar.perez.lezama@cern.ch

The charged-particle transverse momentum spectrum in pp collisions is an important observable
for testing perturbative QCD calculations and serves as a reference for heavy-ion collisions to study

Page 180



ICHEP2018 SEOUL / Book of Abstracts

the properties of deconfined matter created in nucleus-nucleus (AA) collisions. The study of in-
clusive charged particle spectra gives information on parton energy loss in the medium created in
AA collisions, leading to a suppression of hadron production at high transverse momentum (pT).
This effect can be investigated by calculating the nuclear modification factor, defined as the ratio
between the pT spectrum measured in nucleus-nucleus collisions and a reference spectrum in pp
collisions scaled by the number of binary collisions. ALICE has measured pp collisions over a large
energy range

√
s =13, 7, 5.02 and 2.76 TeV, p-Pb at √sNN =5.02 TeV, Xe-Xe at √sNN =5.44 TeV

and Pb-Pb √sNN =5.02 TeV and 2.76 TeV. We show the pT spectra in pp and nuclear collisions as
well as the nuclear modification factors with a exceptional precision as compared to previous results.
Comparisons to theoretical models and event generators will be shown.

Heavy Ions / 327

Charmonium production in pp collisions with ALICE at the LHC

Author: Lucas Altenkamper1

1 University of Bergen (NO)

Corresponding Author: lucas.altenkamper@cern.ch

In pp collisions at LHC energies, charmonium resonances are predominantly produced in hard scat-
tering processes and a subsequent hadronization of the heavy quark pair into a bound state. The
production process involves very different energy scales, with the initial quark pair being produced
in a high-Q2 process that allows for a perturbative treatment while the following formation of the
bound state is a soft process. Moreover, recent observations have shown an enhancement of the
J/ψ production in high multiplicity pp collisions compared to minimum bias events at LHC ener-
gies. This suggests, that multi parton interactions (MPI) may also play a role in hard processes and
not only, as initially thought, in soft particle production. The production of inclusive charmonia as a
function of the event activity in pp collisions was studied by ALICE in different transverse momen-
tum intervals at mid- and forward-rapidity. Measurements of the angular correlations between J/ψ
mesons and associated hadrons produced in the same event can shed light on the production of J/ψ
mesons as well as eventual global event correlations hypothesized to appear in high multiplicity
events.

In this talk, we will present recent ALICE results on J/ψ production as a function of event multiplic-
ity in pp collisions at

√
s =13 TeV. These results will be discussed in comparison to measurements at

different collision energies and model calculations. Additionally, we will present the current status
on J/ψ - hadron angular correlations in pp collisions at

√
s =13 TeV at mid-rapidity.

Heavy Ions / 515

Open heavy-flavour production in Pb-Pb and Xe-Xe collisions mea-
sured with ALICE at the LHC
Authors: Andrea Rossi1; on behalf of ALICE CollaborationNone

1 Universita e INFN, Padova (IT)

Corresponding Author: andrea.rossi@cern.ch

Heavy quarks (charm and beauty) are effective probes of the properties of the Quark-Gluon Plasma
(QGP) formed in high-energy heavy-ion collisions at the LHC. Produced mainly in initial hard par-
ton scatterings on shorter time scales compared to the QGP formation time, they witness the full
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evolution of the system, interacting with the medium constituents and losing energy. The measure-
ment of open-heavy-flavour hadron and jet production in heavy-ion collisions and the comparison
(nuclear modification factor, RAA) with what expected from pp collisions give insight into the mi-
croscopic processes behind parton in-medium energy loss, in particular on its dependence on quark
mass and colour charge, and on the interplay of elastic and radiative processes. At low transverse
momentum the measurement of the relative abundances of different particle species, in particular
non-strange D mesons, Ds

+ mesons, and Λc
+ baryons, is fundamental to address the possible for-

mation of hadrons via coalescence of charm quarks with medium quarks. The study of the heavy-
flavour azimuthal anisotropy (elliptic flow, v2) allows to constrain the path-length dependence of
energy loss and, also thanks to the “Event-Shape Engineering”technique, the level of heavy-quark
thermalisation and coupling to the system.

Open-heavy-flavour production is measured with ALICE over a wide rapidity range: at mid-rapidity
via the full reconstruction of hadronic decay channels of non-strange D mesons, Ds

+ mesons, and
Λc

+ baryons, and via the identification of electrons from charm and beauty semi-leptonic decays. At
forward rapidity heavy-flavour hadron decay muons are detected. The properties of heavy-flavour
jets are investigated with angular correlation of heavy-flavour hadron decay electrons with charged
particles, as well as by directly reconstruct charm jets tagged by the presence of a D meson among
its constituents.

In this contribution new and most recent ALICE measurements of open heavy-flavour RAA and v2
in Pb-Pb and Xe-Xe collisions at the LHC will be presented. The comparison with measurements at
different collision energies and with available theoretical calculations will be also discussed.

Heavy Ions / 182

Measurements of strange and non strange beauty production in
PbPb collisions at 5.02 TeV with the CMS detector
Author: Hao Qiu1

1 Purdue University (US)

Corresponding Author: hqiu0114@gmail.com

Beauty quark production in heavy-ion collisions is considered to be one of the key measurements to
address the flavour-dependence of in-medium energy loss in heavy-ion collisions. On the other hand,
the measurement of the production of strange beauty mesons can provide fundamental insights into
the relevance of mechanisms of beauty recombination in the quark-gluon plasma. In this talk, we
will present the state of the art of beauty measurements in PbPb collisions in CMS that includes the
RAA measurement of fully reconstructed B+ mesons and the latest measurements of non-prompt
D0 and J/ψ from B decay over a wide transverse momentum range in the same colliding system.
The first measurement of the Bs RAA in PbPb collisions will also be presented as well as the ratio
between the production yield of Bs and B+.

Heavy Ions / 499

Strangeness and hadronic resonance production in pp, p-Pb and
Pb-Pb collisions measured by ALICE at the LHC

Authors: Jihye Song1; ALICE CollaborationNone

1 Pusan National University (KR)

Corresponding Author: jihye.song@cern.ch
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The measurement of strangeness production is one of the powerful tools to study the thermal prop-
erties of the QGP and while strangeness enhancement is a well established experimental observation
in heavy ion collisions, its interpretation is still debated.

In particular the study of (multi-)strangeness particle production as a function of the event multi-
plicity in different collision systems, reported by ALICE, has shown a smooth increase of strange
particles relative to the non-strange ones with event multiplicity.

We here present the latest results on multiplicity-dependent strangeness production in all the avail-
able colliding systems at the top LHC energy. Furthermore, recent measurements of mesonic and
baryonic resonances will be presented to discuss the system size dependence, to investigate how
hadronic scattering processes affect measured resonance yields, as well as the interplay between
canonical suppression and strangeness enhancement.
The experimental results obtained in pp, p-Pb and Pb-Pb collisions will also be compared with the
theoretical predictions.

Heavy Ions / 51

HYDJET++ model for the ultra-relativistic heavy-ion collisions:
new results and developments
Authors: Serguei Petrushanko1; Larisa Bravina2; Gyulnara Eyyubova1; Vladimir Korotkikh1; Igor Lokhtin1; Lud-
mila Malinina3; Elizaveta Nazarova1; Alexandre Snigirev1; Evgeny Zabrodin2

1 M.V. Lomonosov Moscow State University (RU)
2 University of Oslo (NO)
3 SINP MSU

Corresponding Authors: alexandre.sniguirev@cern.ch, gyulnara.eyyubova@cern.ch, elizaveta.nazarova@cern.ch,
igor.lokhtin@cern.ch, vladimir.korotkikh@cern.ch, larissa.bravina@fys.uio.no, serguei.petrouchanko@cern.ch, zabrodin@fys.uio.no,
malinina@lav01.sinp.msu.ru

HYDJET++ model combines the description of soft processes with the treatment of hard partons
propagating medium. The model is employed for the analysis of PbPb collisions at LHC energies,
particularly, the azimuthal anisotropy phenomena, flow, femtoscopy, hard probes. The influence
of geometric and dynamical anisotropies on the development of flow harmonics and, simultane-
ously, on the second- and third-order oscillations of femtoscopy radii were studied. The interplay
of soft hydro-like processes and jets is able to describe the violation of the mass hierarchy of me-
son and baryon elliptic and triangular flows at transverse momentum pT > 2 GeV/c, the fall-off
of the anisotropic flow harmonics at intermediate transverse momenta, and the worsening of the
number-of-constituent-quark (NCQ) scaling of elliptic/triangular flow at LHC compared to RHIC
energies. The cross-talk of elliptic and triangular flows leads to emergence of higher order har-
monics in the model and to appearance of ridge structure in dihadron angular correlations in a
broad pseudorapidity range. Recently, the model was further extended to describe quantitatively
the event-by-event fluctuations of the anisotropic flow. The model calculations agree well with the
experimental data.

Heavy Ions / 87

Elliptic flow of direct photons in Pb-Pb collisions at √sNN = 2.76
TeV from ALICE
Author: Mike Henry Petrus Sas1

1 Nikhef National institute for subatomic physics (NL)
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Corresponding Author: mike.sas@cern.ch

Elliptic flow of direct photons in Pb-Pb collisions at √sNN = 2.76 TeV from ALICE

Direct photons are produced in all stages of a ultrarelativistic heavy-ion collisions and are sensitive
to details of the space-time evolution of the produced medium. The low pT part of the direct photon
spectrum is expected to be dominated by thermal direct photons - thermal radiation of hot matter, i.e.,
of the quark-gluon plasma and the hadron gas. At RHIC energies it is a challenge for hydrodynamical
models to simultaneously described the yield and the elliptic flow of direct photons which is often
referred to as the direct-photon puzzle.

The ALICE detector is equipped with two electromagnetic calorimeters and a central tracking system
that make it well suited to study direct photon production at low and intermediate pT. Photons are
also detected via conversions in the ALICE detector material with the e+e− pair reconstructed in
the central tracking system.

In this talk the final results on the direct photon elliptic flow (vγ,dir2 ) at √sNN = 2.76 TeV from
the Pb-Pb run in 2010 will be presented for central and semi-central collisions. This is the first time
that the direct photon flow is calculated by combining conversion and calorimetric measurements
in the pT range of 0.9 < pT < 6.2 GeV/c. Comparisons to PHENIX results and to predictions of
several theoretical models will be presented in order to shed light on the direct photon puzzle at
LHC energies.

Heavy Ions / 351

Multiplicity dependence of azimuthal particle correlations as a
probe of collectivity in deep inelastic electron-proton collisions
at HERA

Author: Mariusz Przybycien1

Co-author: Matthew Wing 2

1 AGH, Krakow
2 University College London

Corresponding Authors: mariusz.przybycien@agh.edu.pl, mw@hep.ucl.ac.uk

Recent observations at RHIC and the LHC of two- and multi-particle correlations in high multiplicity
relativistic proton-proton and proton-ion collisions and similarity of the results to those observed
in central heavy-ion collisions are often interpreted as an evidence for collective particle production
in small collision systems. These results motivate a study in even smaller systems, such as produced
in relativistic electron-proton collisions. We present a measurement of two-particle correlations in
collisions of electron beams at 27.5 GeV with beams of protons at 920 GeV, which corresponds to 318
GeV centre-of-mass energy. A sample of events equivalent to the integrated luminosity of 350 pb−1

was recorded with the ZEUS experiment in 2003-2007. The correlations are measured for charged
hadrons as a function of event multiplicity for the lab pseudorapidity range −1.5 < ηlab < 2. To
probe the possible contribution due to collective effects, the correlations are studied as a function of
the particle’s pair separation in pseudo-rapidity and the pair mean transverse momentum. The ob-
served correlations are compared to available Monte Carlo models of deep inelastic electron-proton
scattering. Observations based on the analysis of the ZEUS data put a limit on the possible collective
effects in high multiplicity
electron-proton collisions.

Heavy Ions / 242
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Long-range angular correlations of charged particles in high mul-
tiplicity e+e- collisions using archived data from the ALEPH de-
tector at LEP
Authors: Yen-Jie Lee1; Austin Alan Baty1; Christopher Mcginn1; Gian Michele Innocenti1; Jesse Thaler2; Marcello
Maggi3; Michael Peters1; Paoti Chang4; Tzu-An Sheng5; Anthony Badea1

1 Massachusetts Inst. of Technology (US)
2 MIT
3 Universita e INFN, Bari (IT)
4 National Taiwan University (TW)
5 National Taiwan University

Corresponding Authors: marcello.maggi@cern.ch, abaty@mit.edu, paoti.chang@cern.ch, cfmcginn@mit.edu,
badea@mit.edu, yen-jie.lee@cern.ch, gian.michele.innocenti@cern.ch, m.peters@cern.ch, jthaler@mit.edu

First results on two-particle angular correlations for charged particles emitted in e+e− collisions
using 730 pb−1 of data collected between 91 and 209 GeV with the ALEPH detector at LEP are pre-
sented. With the archived data, the correlation functions are studied over a broad range of pseudo-
rapidity η (rapidity y) and azimuthal angle ϕwith respect to the electron-positron beam axis and the
event thrust axis. Short-range correlations in ∆η (∆y), which are studied with e+e− annihilations
which reveal jet-like correlations. Long-range azimuthal correlations are studied differentially as a
function of charged particle multiplicity. Those results are compared to event generators and are
complementary to the studies of the ridge signals in high multiplicity pp, pA and AA collisions at
the RHIC and the LHC.

Heavy Ions / 788

Recent results from the strong interaction programme of the NA61/SHINE
experiment
Author: Grzegorz Stefanek1

1 Jan Kochanowski University (PL)

Corresponding Author: greg.stefanek@cern.ch

The exploration of the QCD phase diagram (T-µB) particularly the search for a phase transition from
hadronic to partonic degrees of freedom and the QCD critical point is one of the most challenging
theoretical and experimental tasks in present heavy ion physics. Unfortunately the QCD predictions
are to a large extent qualitative, as QCD phenomenology at finite temperature and baryon number
is one of the least explored domains of the theory. The experimental study of the properties of the
onset of deconfinement and the search for the QCD critical point is very challenging because of the
rapid expansion of the hot dense medium created in ion-collisions.

The fixed-target NA61/SHINE experiment at CERN SPS is pursuing a rich programme on strong
interactions, which covers the study of the onset of deconfinement and the search for the QCD
critical point. To obtain these goals NA61/SHINE scans a broad region of the QCD phase diagram by
varing the momentum (13A-158A GeV/c) and the size of colliding systems (p+p, p+Pb, Be+Be, Ar+Sc,
Xe+La, Pb+Pb). New NA61/SHINE results on particle spectra and event-by-event fluctuations in p+p,
Be+Be and Ar+Sc collisions will be discussed together with previous NA49 results. In particular the
results concerning the observation of the onset of deconfinement as well as multiplicity fluctuations
measurements will be presented. The observation of rapid change of hadron production properties
that starts when moving from Be+Be to Ar+Sc collisions will be explained. It is interpreted as the
beginning of the formation of large clusters of strongly interacting matter - the onset of fireball.
The future ion program of the NA61/SHINE experiment including planned measurements of charm
hadrons, mostly D mesons, production in Pb+Pb collisions will be presented.

Page 185



ICHEP2018 SEOUL / Book of Abstracts

Heavy Ions / 262

A Fixed-Target Program at the LHC (AFTER@LHC): where do we
stand ?

Authors: Jean-Philippe Lansberg1; Zhenwei Yang2

1 IPN Orsay, Paris Sud U. / IN2P3-CNRS
2 Tsinghua University (CN)

Corresponding Authors: zhenwei.yang@cern.ch, lansberg@in2p3.fr

We review the physics opportunities 1 which are offered by a next generation and multi-purpose
fixed-target program exploiting the LHC beams in order to study pp, pd and pA collisions at√sNN ∼
115 GeV as well as Pbp and PbA collisions at √sNN ∼ 72 GeV. These opportunities span spin, heavy-
ion, nucleon-structure and astroparticle physics.

We propose two possible implementations, namely with an internal (polarised) gas target or with a
“splitted” beam by a bent crystal which both provide typical instantaneous luminosities [1,2] for pp
and pA collisions which surpass that of RHIC by more than 3 orders of magnitude and are comparable
to those of the LHC collider mode.

We also discuss our most recent figures of merit [3,4,5] based on two already existing detector set-
ups, the LHCb and the ALICE detectors.

Heavy Ions / 581

Photon production and correlations in pp and pPb collisions with
LHCb

Author: Jihyun BhomNone

Corresponding Author: jihyun.bohm@cern.ch

LHCb offers the opportunity to perform unique correlation and production measurements at for-
ward rapidity beyond the heavy-flavour sector: direct photons can be reconstructed with good res-
olution via conversions in the material of the detector, primary tracks can be exploited to perform
precise correlation measurements. Recent measurements including the nuclear modification factor
of isolated photons in proton-lead collisions at sqrt(s)=5 TeV and the measurement of the dihadron
correlation as function of pseudorapidity eta and azimuthal angle phi in pp at sqrt(s)=13 TeV will
be shown. The measurements will be put into context with physics of the saturation scale and and
with the collective behaviour observed in small collision systems.

Heavy Ions / 871

Investigating jet modification in heavy-ion collisions at \sqrt{s_{\rm{NN}}}
= 5.02 and 2.76 \rm{TeV} with ALICE

Author: Hiroki Yokoyama1

1 University of Tsukuba (JP)

Corresponding Author: hiroki.yokoyama@cern.ch
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The LHC heavy-ion physics programme aims at investigating the fundamental properties of nuclear
matter under extreme conditions of energy density and temperature, where a transition to a Quark-
Gluon Plasma (QGP) is expected. Jets, the sprays of hadrons resulting from the fragmentation of
high-energy partons, are one of the most powerful probes for QGP transport properties, due to
the substantial energy loss of partons while traversing the medium. The modification of jets is
confirmed by several experimental observables, such as yield, fragmentation pattern and structure
of jets.

In this presentation, charged jet nuclear modification factors at \sqrt{s_{\rm{NN}} = 5.02 \rm{TeV}
with different jet resolution from 0.2 to 0.4, which are measured down to few ten GeV/c thanks
to optimal tracking capabilities of ALICE detector at low momentum, are compared to that at 2.76
\rm{TeV}. These results will be discussed with the recent results of jet measurements in pp, p-Pb and
Pb-Pb collisions for the comprehensive understanding of jet modification at LHC.

Heavy Ions / 711

Spin alignment measurements of K∗0 vector mesons in ALICE at
the LHC
Author: Sourav Kundu1

1 National Institute of Science Education and Research, HBNI, Jatni-752050, India

Corresponding Author: sourav.kundu@cern.ch

Spin alignment of K∗0 vector mesons produced in non-central heavy-ion collisions could occur due
to the presence of large angular momentum and large magnetic field expected in the initial stages of
the collisions. This phenomenon leads to a non-uniform angular distribution of the decay daughters
of K∗0 with respect to its quantization axis in the rest frame of K∗0. This quantization axis can be
the normal to the production plane (plane subtended by the K∗0 momentum and the beam axis) or
normal to the reaction plane (defined by the impact parameter and the beam axis) of the system. The
study of the angular distribution leads to the estimation of the spin density matrix element ρ00. A
significant deviation of the value of ρ00 from 1/3 would indicate the presence of spin alignment.

We will present recent ALICE results from the spin alignment study of K∗0 vector mesons at mid-
rapidity in Pb-Pb collisions and in pp collisions at center of mass energies of 2.76 TeV, 5.02 TeV
and 13 TeV, respectively. Transverse momentum and centrality dependence of ρ00 will be presented
and the result will also be compared and discussed together with those obtained for Ks

0 (spin zero)
mesons.

Heavy Ions / 481

Low mass dielectron measurements in pp, p-Pb and Pb-Pb colli-
sions with ALICE at the LHC
Author: Ivan Vorobyev1

1 Technische Universitaet Muenchen (DE)

Corresponding Author: ivan.vorobyev@cern.ch

Low-mass dielectron pairs are unique experimental tool for the studies of the Quark-Gluon Plasma
(QGP) created in ultra-relativistic heavy-ion collisions at the LHC. Such pairs are produced during all
stages of the collision and carry the information about the whole space-time evolution of the system
unperturbed by final-state interactions. The dielectron continuum is very rich in physics sources:
on top of ordinary Dalitz and resonance decays of pseudo-scalar and vector mesons, thermal black-
body radiation is of particular interest as it contains the information about the temperature of the
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hot and dense system created in such collisions. The dielectron invariant-mass distribution is also
sensitive to medium modifications of the spectral function of short-lived vector mesons that are
linked to the potential restoration of chiral symmetry at high temperatures. Correlated electron
pairs from semi-leptonic charm and beauty decays provide complementary information about the
heavy-quark energy loss. Such pairs dominate in the intermediate mass region (1.2 < mee < 2.8
GeV/c2) and can be used for a complementary measurement of the heavy-flavour production cross-
section. The studies of the minimum-bias proton-proton and proton-ion collisions provide crucial
vacuum and cold-nuclear matter references needed for the interpretation of the heavy-ion results.
Recent observations of collective effects in high-multiplicity pp and p-Pb collisions show surprising
similarities with those in heavy-ion collisions. Measurements of low-mass dielectrons in such events
could provide additional information regarding the underlying physics processes.

In this talk, we present the latest results from the ALICE experiment in all three collisions systems:
in pp at

√
s = 7 TeV and 13 TeV, in p-Pb at √sNN = 5.02 TeV and Pb-Pb at √sNN = 2.76 TeV and 5.02

TeV. This includes analyses making use of impact parameter information to identify dielectrons from
heavy-flavour decays as well as machine learning techniques to improve electron identification and
combinatorial background rejection. To single out the interesting phenomena, the dielectron spectra
are compared to the expectations from known hadronic sources. The implications for the heavy-
flavour and direct photon production will be discussed. Furthermore, the results will be shown as a
function of the charged-particle event multiplicity and of the centrality of the collision.

Higgs Physics / 427

Gravitational waves from first order electroweak phase transi-
tion in models with the U(1)_X gauge symmetry
Author: Toshinori MatsuiNone

Co-authors: Katsuya Hashino 1; Shinya Kanemura 2; Mitsuru Kakizaki 3; Pyungwon Ko 4

1 University of Toyama/Osaka University
2 Osaka University
3 University of Toyama
4 Korea Inst. for Advanced Study (KIAS)

Corresponding Authors: t.matsui0616@gmail.com, pko@kias.re.kr, hashino@het.phys.sci.osaka-u.ac.jp, kanemu@het.phys.sci.osaka-
u.ac.jp, kakizaki@sci.u-toyama.ac.jp

In this talk, we consider models with the U(1)X gauge symmetry, which is spontaneously broken
by dark Higgs mechanism. We discuss patterns of the electroweak phase transition and detectability
of gravitational waves (GWs) when strongly first order phase transition occurs. We find the collider
bounds exclude a part of parameter space that could generate detectable GWs otherwise. We show
that GWs produced in the multi-step phase transitions can be detected by future observations such
as LISA and DECIGO. In addition, we expect that most of the parameter regions can be covered by
direct searches for the singlet scalar boson and prediction measurements of various Higgs boson
couplings. Furthermore, we discuss the complementarity of dark photon searches or dark matter
searches with the GW observations in the models of the dark gauge symmetry. This talk is based on
arXiv:1802.02947 with Hashino, Kanemura, Kakizaki and Ko.

Higgs Physics / 946

Higgs mass from high-scale (split) supersymmetry
Author: Jae-hyeon Park1

1 KIAS
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Corresponding Authors: jhyeon@gmail.com, jhpark@kias.re.kr

In the high-scale (split) MSSM, the measured Higgs mass sets an upper bound on the supersymmetric
scalar mass scale m̃ around 1010 (108) GeV, for tanβ in the standard range and the central value of
the top mass. It is demonstrated that m̃ can be pushed up close to the Planck scale while reproducing
a correct Higgs mass due to potentially large negative sbottom/stau threshold corrections to the
Higgs quartic coupling. This mechanism applies to the split as well as the high-scale MSSM. Also
discussed are the vacuum stability constraints.

Higgs Physics / 395

FlexibleSUSY: Precise automated calculations in any BSM theory

Authors: Peter AthronNone; Dominik Stockinger1; Alexander Voigt2; Dylan Harries3; Jae-hyeon Park4; Thomas
Kwasnitza5; Markus Bach5; Jobst Ziebell5

1 University Glasgow
2 RWTH Aachen
3 Charles University Prague
4 KIAS
5 TU Dresden

Corresponding Authors: thomas.kwasnitza@mailbox.tu-dresden.de, d.stockinger@physics.gla.ac.uk, peter.athron@coepp.org.au,
jobst.ziebell@tu-dresden.de, alexander.voigt@physik.rwth-aachen.de, jhpark@kias.re.kr, harries@ipnp.mff.cuni.cz,
markus.bach1@mailbox.tu-dresden.de

FlexibleSUSY is a software package that can solve boundary value problems and calculate the Higgs
and BSM particle masses, as well as other observables such as the anomalous magnetic moment of
the muon and EDMs in any BSM model (not just supersymmetric models). FlexibleSUSY is designed
to be adaptable, fast, precise and reliable. I will describe FlexibleSUSY with particular emphasis on
recent developments and the state of the art Higgs mass calculations it can perform. I will then
show some applications to illustrate how it can be used to obtain interesting physics results with the
highest precision possible and with remarkable speed.

Higgs Physics / 652

Partially Composite Higgs Models
Author: Martin Rosenlyst Jørgensen1

1 University of Southern Denmark

Corresponding Author: mrosenlyst@sdu.dk

We study the phenomenology of partially composite-Higgs models where electroweak symmetry
breaking is dynamically induced, and the Higgs is a mixture of a composite and an elementary state.
The models considered have explicit realizations in terms of gauge-Yukawa theories and allow for a
very SM-like Higgs state.

Higgs Physics / 167
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Measurements of ttH production at CMS
Author: Carmen Diez Pardos1

1 Deutsches Elektronen-Synchrotron (DE)

Corresponding Author: carmen.diez.pardos@cern.ch

The latest results of the measurement ttH production will be presented. The talk includes the search
of tHq production.

Higgs Physics / 700

Phenomenology in a Zee-Babu type model with local U(1)Lµ−Lτ

symmetry
Authors: Takaaki Nomura1; Hiroshi Okada2

1 Korea Institute for Advanced Study
2 National Center for Theoretical Sciences

Corresponding Author: nomura@kias.re.kr

We discuss extension of the Zee-Babu model introducing local U(1)Lµ−Lτ symmetry with several
singly-charged bosons. We find a predictive neutrino mass texture in a simple hypothesis that mix-
ings among singly-charged bosons are negligible. Also lepton flavor violations are less constrained
compared with the original model in such a scenario. Then we explore phenomenology of the model
focusing on a doubly-charged boson physics at collider experiments such as the LHC and the ILC.
This presentation is based on arXiv:1803.04795

Higgs Physics / 836

Status of the semileptonic B decays and muon g-2 in general 2HDMs
with right-handed neutrinos
Authors: Syuhei Iguro 1; Yuji Omura2

1 Nagoya University
2 KMI, Nagoya University

Corresponding Authors: yujiomur@kmi.nagoya-u.ac.jp, iguro@eken.phys.nagoya-u.ac.jp

We study the extended Standard Model (SM) with an extra Higgs doublet and right-handed neutri-
nos.
If the symmetry to distinguish the two Higgs doublets is not assigned,flavor changing neutral cur-
rents (FCNCs) involving the scalars are predicted even at the tree level. In this talk, we investigate
the constraints on the FCNCs at the one-loop level, and especially study the semileptonic B meson
decays, e.g.B → D(∗) τν and B → K(∗) ll processes, where the SM predictions are more than 2
σ away from the experimental results. We also consider the flavor-violating couplings involving
right-handed neutrinos and discuss if the parameters to explain the excesses of the semileptonic B
decays can resolve the discrepancy in the the anomalous muon magnetic moment.
Based on the analysis, we propose the smoking-gun signals of our model at the LHC.

Page 190



ICHEP2018 SEOUL / Book of Abstracts

Higgs Physics / 927

Global constraints on the dimension-6 Standard Model Effective
Field Theory
Authors: Jorge de Blas1; Marco Ciuchini2; Enrico Franco3; Satoshi Mishima4; Maurizio Pierini5; Laura Reina6; Luca
Silvestrini7; Otto Eberhardt8

1 INFN-Padova
2 INFN
3 INFN (Istituto Nazionale Fisica Nucleare)
4 KEK
5 CERN
6 Florida State University (US)
7 INFN Rome
8 Istituto Nazionale di Fisica Nucleare

Corresponding Authors: otto.eberhardt@roma1.infn.it, enrico.franco@roma1.infn.it, jorge.deblasmateo@pd.infn.it,
maurizio.pierini@cern.ch, reina@hep.fsu.edu, marco.ciuchini@roma3.infn.it, satoshi.mishima@kek.jp, luca.silvestrini@roma1.infn.it

We derive global constraints on new physics within the framework of the dimension-6 Standard
Model Effective Field Theory. Our results include the latest theoretical and experimental updates on
the electroweak precision observables, as well as the latest Higgs results from the LHC run 2. We
also include in the combination the limits from diboson measurements. The results are presented as
limits on the Wilson coefficients of the dimension-6 interactions, discussing the complementarities
between the different types of observables. All the results have been obtained using the HEPfit
code.

Higgs Physics / 169

Searches for extended Higgs boson sectors with CMS
Author: Chayanit Asawatangtrakuldee1

1 Deutsches Elektronen-Synchrotron (DESY)

Corresponding Author: chayanit.asawatangtrakuldee@cern.ch

The latest results on searches of for extended Higgs boson sectors will be presented. MSSM Htautau,
Hbb, high mass searches, and charged Higgs will be covered.

Higgs Physics / 123

Measurements of Higgs boson production and properties in the
ZZ decay channel using the CMS detector
Author: Toni Sculac1

1 University of Split. Fac.of Elect. Eng., Mech. Eng. and Nav.Arc

Corresponding Author: toni.sculac@cern.ch

New results on the on-shell and off-shell Higgs boson production in proton-proton collisions at the
LHC are presented. The properties of the Higgs boson are measured in the four-lepton final state

Page 191



ICHEP2018 SEOUL / Book of Abstracts

using the latest dataset collected at center-of-mass energy of 13 TeV recorded by the CMS detector.
The production cross section of the Higgs boson times its branching fraction to four leptons relative
to the standard model expectation is measured and constraints on the main Higgs boson production
modes are established. Joint constraints are set on the width and mass of the Higgs boson, as well
as on the width and parameters that express its anomalous couplings to two electroweak vector
bosons.

Higgs Physics / 125

Higgs to WW measurements with CMS
Author: Lorenzo Viliani1

1 Universita e INFN, Firenze (IT)

Corresponding Author: lorenzo.viliani@cern.ch

The latest set of results on Higgs decay to a W boson pair is presented. With a statistics of 36/fb
collected by the CMS experiment at the LHC at 13 TeV center of mass energy, the Higgs to WW
decay has been observed at CMS with more than 5 sigma for the first time, providing a significant
contribution to the current fit of the Higgs boson couplings to fermions and vector bosons. Exploit-
ing the large cross section times branching ratio of this channel, and using 78/fb of data, differential
distributions as a function of the Higgs boson transverse momentum and as a function of the number
of jets produced in association have been measured. Finally a search for high mass scalar resonances
decaying to W boson pairs is performed ranging up to 3 TeV of mass.

Higgs Physics / 128

Fiducial inclusive and differential Higgs boson cross sections at
CMS
Author: Vittorio Raoul Tavolaro1

1 ETH Zurich (CH)

Corresponding Author: vittorio.tavolaro@cern.ch

The measurement of fiducial inclusive and differential Higgs boson cross sections allows the study
of its properties under a minimal set of assumptions. By defining a fiducial phase-space, the un-
certainties due to model dependence and extrapolations are minimized. A new, extended set of
measurements performed using 35.9/fb of pp collisions collected by the CMS experiment at LHC
in 2016 is presented. The measurements, obtained in the diphoton and ZZ decay channels, cover a
wide range of differential observables, describing the kinematic properties of the Higgs boson, of
its decay products and of particles produced in association with it. Fiducial measurements targeting
individual production mechanisms are also presented.

Higgs Physics / 174

Prospects for Higgs Boson Measurements at the High-Luminosity
LHC with CMS
Author: Sylvie Braibant-Giacomelli1
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1 Universita e INFN, Bologna (IT)

Corresponding Author: sylvie.braibant@cern.ch

The High-Luminosity Large Hadron Collider (HL-LHC) is expected to deliver an integrated luminos-
ity of up to 3000 fb-1. The very high instantaneous luminosity will lead to about 200 proton-proton
collisions per bunch crossing (“pileup”) superimposed to each event of interest, therefore providing
extremely challenging experimental conditions. Prospects for measurements of the properties of
the standard model Higgs boson and searches for beyond the standard model Higgs bosons with the
CMS experiment at the HL-LHC are presented.

Higgs Physics / 162

Constraints on CP-violating couplings of the Higgs boson using
its decay to fermions in the CMS experiment
Author: Senka Duric1

1 Kansas State University (US)

Corresponding Author: senka.duric@cern.ch

A study of anomalous Higgs boson couplings and CP violation is presented using the Higgs boson
decay mode with a pair of fermions in the final state. Associated production of the Higgs boson
with two jets is used in this analysis, which is driven by the VBF, VH, and gluon fusion production
mechanisms. Constraints on the anomalous couplings and CP-violating parameters are obtained by
the CMS experiment with the Run-II data.

Higgs Physics / 166

Measurements of the Higgs boson mass, production and decay
rates and constraints on its couplings at CMS
Author: Nicholas Wardle1

1 Imperial College (GB)

Corresponding Author: nicholas.wardle@cern.ch

Combined measurements of the Higgs boson mass, production and decay rates, as well its couplings
to vector bosons and fermions, are presented. The analysis uses the LHC pp collisions recorded by
the CMS detector in 2016 at centre-of-mass energies of 13 TeV.

Higgs Physics / 164

The latest results of the measurement of the Higgs boson decay-
ing to bottom quarks pair at CMS
Author: Pierluigi Bortignon1

1 University of Florida (US)
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Corresponding Author: pierluigi.bortignon@cern.ch

The latest results of the measurement of the Higgs boson decaying to bottom quark pair will be
presented. The analysis is performed using data collected with the CMS experiment in 2016 and
2017 at the LHC from pp collisions at centre-of-mass energies of 13 TeV.

Higgs Physics / 165

The latest results of the measurement of the Higgs boson decay-
ing to tau lepton pairs at CMS
Author: Abdollah Mohammadi1

1 Kansas State University (US)

Corresponding Author: abdollah.mohammadi@cern.ch

The latest results of the measurement of the Higgs boson decaying to tau lepton pairs will be pre-
sented. The analysis is performed using data collected with the CMS experiment in 2016 and 2017
at the LHC from pp collisions at centre-of-mass energies of 13 TeV.

Higgs Physics / 163

The latest results of the measurement of the Higgs boson decay-
ing into two photons at CMS
Author: Edward John Titman Scott 1

1 Imperial College, Univ. of London

Corresponding Author: ed.scott@cern.ch

The latest results of the measurement of the Higgs boson decaying into two photons will be pre-
sented. The analysis is performed using data collected with the CMS experiment in 2016 and 2017
at the LHC from pp collisions at centre-of-mass energies of 13 TeV.

Higgs Physics / 433

Measurement of cross sections and properties of the Higgs boson
in decays to four leptons using the ATLAS detector
Author: Oliver Kortner1

1 Max-Planck-Institut fur Physik (DE)

Corresponding Author: kortner@mppmu.mpg.de

Measurements of Higgs boson properties and cross sections measured in Higgs boson decays to four
leptons based on pp collision data collected at 13 TeV are presented.
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Higgs Physics / 432

Measurement of cross sections and properties of the Higgs boson
in decays to two photons using the ATLAS detector
Author: Liza Mijovic1

1 Edinburgh

Corresponding Author: liza.mijovic@cern.ch

Measurements of Higgs boson properties and cross sections measured in Higgs boson decays to two
photons based on pp collision data collected at 13 TeV are presented.

Higgs Physics / 436

Evidence for Higgs boson production in decays to two b-quarks
using the ATLAS detector
Author: Yuji Enari1

1 University of Tokyo (JP)

Corresponding Author: yuji.enari@cern.ch

The analysis that studies VH process with H->bb decays is presented based on the 13 TeV pp collision
data. A clear excess of the VH with H->bb process over the predicted background is shown providing
evidence for such a process. In addition a search for VBF production in the same decay channel is
presented.

Higgs Physics / 435

Higgs boson production in decays to two tau leptons using the
ATLAS detector
Author: Zinonas Zinonos1

1 Munich MPI

Corresponding Author: zinonas.zinonos@cern.ch

Measurements of Higgs boson production in Higgs boson decays to two tau leptons based on pp
collision data collected at 13 TeV are presented.

Higgs Physics / 440

Search for rare decays of the Higgs boson
Author: Haifeng Li1

1 Shandong
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Corresponding Author: haifeng.li@cern.ch

The Standard Model predicts decay channels of the Higgs boson that are rare and have not yet been
seen. Searches for Higgs boson decays to two muons or to a Z boson and a photon based on pp
collision data collected at 13 TeV are presented.

Higgs Physics / 168

Searches of Higgs boson rare decays at CMS
Author: Raffaele Angelo Gerosa1

1 Univ. of California San Diego (US)

Corresponding Author: raffaele.gerosa@cern.ch

The latest results on searches of Higgs boson rare decays will be presented. The talk includes H to
\mu\mu and H to invisible analyses.

Higgs Physics / 441

Searches for non-Standard Model decays to a light meson and a
photon of the Higgs boson
Author: Andrew Chisholm1

1 CERN

Corresponding Author: andrew.chisholm@cern.ch

Theories beyond the Standard Model predict Higgs boson decays at a much enhanced rate compared
to the Standard Model, e.g. for decays to Z+photon or a meson and a photon. This talk presents
recent results based pp collision data collected at 13 TeV.

Higgs Physics / 119

Searches for light Higgs bosons at CMS
Author: Somnath Choudhury1

1 Indian Institute of Science (IN)

Corresponding Author: somnath.choudhury@cern.ch

The searches for light pseudoscalar Higgs bosons pair produced from the decay of the 125 GeV Higgs
boson and resulting in various final states (4mu, 4tau, 2mu2tau, 2b2tau) and low mass Higgs bosons
will be summarised. The analyses are performed using data collected with the CMS experiment at
the LHC from pp collisions at centre-of-mass energies of 13 TeV.

Higgs Physics / 442
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Searches for non-Standard Model decays to two light bosons of
the Higgs boson
Author: Ariel Gustavo Schwartzman1

1 SLAC National Accelerator Laboratory (US)

Corresponding Author: ariel.gustavo.schwartzman@cern.ch

Theories beyond the Standard Model predict Higgs boson decays that do not exist in the Standard
Model, such as decays into two light bosons (a). This talk presents recent results based on pp collision
data collected at 13 TeV.

Higgs Physics / 446

Searches for additional charged Higgs bosons in the MSSM
Author: Lluisa-Maria Mir1

1 Barcelona

Corresponding Author: mir@ifae.es

The MSSM predicts the existence of additional neutral and charged Higgs bosons. This presentation
will discuss results from recent searches for charged Higgs bosons in several decay channels based
on collision data collected at 13 TeV, and their interpretation within the MSSM.

Higgs Physics / 445

Searches for additional neutral Higgs bosons in the MSSM
Author: Junichi Tanaka1

1 Tokyo ICEPP

Corresponding Author: junichi.tanaka@cern.ch

The MSSM predicts the existence of additional neutral and charged Higgs bosons. This presentation
will discuss results from recent searches for neutral Higgs bosons in several leptonic decay channels
based on collision data collected at 13 TeV, and their interpretation within the MSSM.

Higgs Physics / 444

Searches for high-mass resonances
Author: Kirill Grevtsov1

1 DESY

Corresponding Author: kirill.grevtsov@cern.ch

Several theories beyond the Standard Model predict the existence of new heavy particles decaying
into pairs of gauge bosons. In this presentation the latest ATLAS results on searches for resonances
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decaying into pairs of W or Z bosons or photons, or into a Z boson and a photon, based on 36 fb-1
of pp collision data collected at 13 TeV will be discussed.

Higgs Physics / 434

Measurement of cross sections and properties of the Higgs boson
in decays to two W bosons using the ATLAS detector
Author: Dominik Duda1

1 Munich MPI

Corresponding Author: dominik.duda@cern.ch

Measurements of Higgs boson properties and cross sections measured in Higgs boson decays to two
W bosons based on pp collision data collected at 13 TeV are presented.

Higgs Physics / 443

Search for di-Higgs production

Authors: ATLAS CollaborationNone; Andrew Mehta1

1 University of Liverpool (GB)

Corresponding Author: andrew.mehta@cern.ch

Di-Higgs final states can arise through non-resonant production of two Higgs bosons and through
potential heavy states decaying to two Higgs boson. This talk presents searches in several Higgs
boson decay channels using 36 fb-1 of pp collision data recorded at 13 TeV.

Higgs Physics / 437

Evidence for Higgs boson production in association with a ttbar
pair
Author: Yasuyuki Horii1

1 Nagoya University (JP)

Corresponding Author: yasuyuki.horii@cern.ch

The search for the production of the Higgs Boson with a pair of top-anti-top quarks is both very
important and very challenging. This talks presents the analyses using Higgs boson decays to bbbar
pairs, to multi-lepton final states using pp collision data collected at 13 TeV, as well as their combined
results including also Higgs boson decays to two photons or Z bosons.

Higgs Physics / 439
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Measurement of the Higgs boson mass

Author: William Axel Leight1

1 DESY

Corresponding Author: william.axel.leight@cern.ch

Measurements of the Higgs boson mass in Higgs boson decays to two photons or four leptons, as
well as their combination, based on pp collision data collected at 13 TeV are presented.

Higgs Physics / 438

Measurements of Higgs boson properties using a combination of
different Higgs decay channels

Author: Nicolas Morange1

1 Orsay LAL

Corresponding Author: nicolas.morange@cern.ch

Measurements of Higgs boson production and cross sections based on the combination of several
Higgs boson decay channels based on pp collision data collected at 13 TeV are presented.

Higgs Physics / 201

Searches for charged Higgs bosons at CMS

Author: Santeri Henrikki Laurila1

1 Helsinki Institute of Physics (FI)

Corresponding Author: santeri.laurila@helsinki.fi

An overview of the latest results on the charged Higgs boson searches by the CMS collaboration
is presented. Different production mechanisms, as well as multiple final states (e.g. tau nu, tb and
cb) are covered, as different BSM models predict different dominant production and decay modes.
Most of the results presented are based on the dataset of proton-proton collisions at center of mass
energy 13TeV, collected with the CMS detector in 2016, corresponding to an integrated luminosity
of 36 fbˆ{-1}.

Higgs Physics / 177

HH production at the High-Luminosity LHC with CMS

Author: Luca Cadamuro1

1 University of Florida (US)
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Corresponding Author: luca.cadamuro@cern.ch

The High-Luminosity Large Hadron Collider (HL-LHC) is expected to deliver an integrated luminos-
ity of up to 3000 fb-1. The very high instantaneous luminosity will lead to about 200 proton-proton
collisions per bunch crossing (“pileup”) superimposed to each event of interest, therefore providing
extremely challenging experimental conditions. CMS prospects on Higgs self-coupling measure-
ments and HH production at the HL-LHC are presented.

Higgs Physics / 241

Search for single top + Higgs production with CMS
Author: Benjamin Stieger1

1 University of Nebraska Lincoln (US)

Corresponding Author: stiegerb@cern.ch

We present recent results from searches for the production of a Higgs boson in association with a
single top quark (tHq), using data samples collected by the CMS detector in pp collisions at center-
of-mass energy of 13 TeV. The searches exploit different top quark and Higgs boson decay modes
resulting in final states with photons, bottom quarks, and multiple leptons, and employ multivariate
techniques to maximize the sensitivity to the signal. Due to a strong interference between the two
main leading-order diagrams, the tHq process is sensitive to the relative sign of the couplings of the
Higgs to the top quark and the vector bosons, and thus provides unique information on Higgs boson
properties.

Higgs Physics / 524

Higgs physics at CLIC

Authors: CLICdp CollaborationNone; Matthias Artur Weber1

1 CERN

Corresponding Author: matthias.artur.weber@cern.ch

The Compact Linear Collider (CLIC) is a mature option for a future electron-positron collider oper-
ating at centre-of-mass energies of up to 3 TeV. CLIC will be built and operated in a staged approach
with three centre-of-mass energy stages currently assumed to be 380 GeV, 1.5 TeV and 3 TeV. This
contribution discusses the physics potential of CLIC in the area of Higgs physics based on bench-
mark analyses using full detector simulations 1. The initial stage of operation allows study of Higgs
production in Higgsstrahlung and WW-fusion, resulting in precise measurements of the production
cross sections and the total Higgs-boson decay width. Operation at high energy will provide high-
statistics samples of Higgs bosons produced in WW-fusion enabling tight constraints on Higgs cou-
plings. High-energy operation also gives access to the ttH process and Higgs self-coupling, through
the measurement of double Higgs production. Global fits to all possible measurements at CLIC are
presented.
1 Eur. Phys. J. C77, 475 (2017)

Higgs Physics / 898

SM and BSM Higgs physics at the LHeC and the FCC-eh
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Author: Chen Zhang1

1 Peking, China

Corresponding Author: larry@pku.edu.cn

Energy-frontier DIS can be realised at CERN through an energy recovery linac that would produce
60 GeV electrons to collide with the HL-LHC or later HE-LHC (LHeC) or eventually the FCC hadron
beams (FCC-eh). It would deliver electron-proton collisions with centre-of-mass energies of 1.2 and
3.5 TeV, respectively, at luminosities exceeding 1034 cm−2s−1. The SM cross section for charged
current (CC) Higgs production in polarised e−p scattering is 0.2 (1) pb, respectively, which offers a
unique potential for high precision and novel Higgs physics. A summary will be given on the CC, as
well as NC, SM decay fraction and resulting coupling measurements, and different possibilities are
presented on BSM Higgs physics, both regarding exotic H decays, such as into DM, and extended
Higgs theories.

Higgs Physics / 698

Learning from Higgs Physics at Future Higgs Factories
Author: Shufang Su1

1 University of Arizona

Corresponding Author: shufang@email.arizona.edu

Future Higgs factories can reach impressive precision on Higgs property measurements. In this talk,
we explore its sensitivity to new physics models at the electron-positron colliders. In particular, we
study two categories of new physics models, Standard Model with a real scalar singlet extension,
and Two Higgs Double Model as examples of weakly-interacting models, Minimal Composite Higgs
Model and three typical patterns of the more general operator counting for strong interacting models
as examples of strong dynamics. We perform a global fit to various Higgs search channels to obtain
the 95 C.L. constraints on the model parameter space. We also compare the sensitivity of various
future Higgs factories, namely Circular Electron Positron Collider, Future Circular Collider-ee and
International Linear Collider.

Higgs Physics / 766

An Improved Model-Independent Higgs Precision Analysis
Author: Sunghoon JungNone

Corresponding Author: nejsh21@gmail.com

We discuss an improved model-independent Higg precision analysis of d=6 effective operators based
on measurements of future lepton colliders. In particular, we focus on how to improve single Higgs
couplings and Higgs triple coupling precisions. We identify main obstacles on obtaining sub-percent
precisions on them and provide insights on how we may overcome them.

Higgs Physics / 500

Deep learning approaches to the Higgs boson self coupling
Authors: Jung Chang1; Kingman Cheung2; Jae Sik Lee3; Chih-Ting Lu4; Jubin Park3
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1 National Center for Theoretical Sciences, Physics Division
2 National Tsing Hua University/Konkuk University
3 Chonnam National University
4 National Tsing Hua University

Corresponding Authors: jslee@jnu.ac.kr, timluyu@hotmail.com, chang.jung@mx.nthu.edu.tw, kingman8cheung@gmail.com,
honolov77@gmail.com

Deep learning has been applied to many studies in high energy physics with substantial improve-
ment over the traditional selection-cut methods. Based on deep-learning approaches, we perform a
comprehensive signal-background analysis for Higgs-pair production inHH → bb̄γγ channel at the
HL-LHC, with the goal of probing the self-coupling λ3H of the Higgs boson. We show that the multi-
class classification using Deep Neural Network can indeed give better performance in disentangling
signal and backgrounds.

Higgs Physics / 376

Constraining Sterile Neutrinos from Precision Higgs Data
Author: Arindam Das1

Co-authors: Bhupal Dev ; C. S. Kim

1 KIAS

Corresponding Author: dasarindamphysics@gmail.com

We use the LHC Higgs data to derive updated constraints on electroweak-scale sterile neutrinos
that naturally occur in many low-scale seesaw extensions of the Standard Model to explain the
neutrino masses. We also analyze the signal sensitivity for a new final state involving a single
charged lepton and two jets with missing energy, which arises from the decay of sterile neutrinos
produced through the Higgs and W, Z boson mediated processes at the LHC. Future prospects of
these sterile neutrino signals in precision Higgs measurements, as well as at a future 100 TeV collider,
are also discussed.

Higgs Physics / 35

Background study of HW production with the Higgs decaying to
a b-quark pair
Author: Fernando Febres Cordero1

1 University of Freiburg

Corresponding Author: ffebres@physik.uni-freiburg.de

We present next-to-leading order QCD predictions forWbb̄+n-jet (n = 0, 1, 2, 3) production at the
Large Hadron Collider with

√
s = 13 TeV. We work in the four-flavor number scheme with a non-

vanishing bottom-quark mass and include all subprocesses at leading electroweak order as well as all
heavy-fermion-loop effects. We show the impact of QCD corrections for total as well as differential
cross sections and make an assessment of theoretical uncertainties of Wbb̄ production viewed as an
irreducible background to H(→ bb̄)W studies. For the calculations we have employed an upgraded
version of the BlackHat library which can handle massive fermions in combination with SHERPA.
Our results can be explored through publicly available n-tuple sets.
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Higgs Physics / 768

Boosted Higgs decay in a pair of light jets
Authors: Linda Carpenter1; Tao Han2; Khalida Hendricks1; Zhuoni Qian3; Ning Zhou4

1 Ohio State University
2 University of Pittsburgh
3 IBS
4 Shanghai Jiao Tong University (CN)

Corresponding Authors: nzhou@sjtu.edu.cn, zhuoniqian@gmail.com, lmc@physics.osu.edu, hendricks.189@osu.edu,
than@pitt.edu

We study the Higgs boson (h) decay to two light jets at the 14 TeV High-Luminosity-LHC (HL-
LHC), where a light jet (j) represents any non-flavor tagged jet from the observational point of view.
The decay mode h→gg is chosen as the benchmark since it is the dominant channel in the Stan-
dard Model (SM), but the bound obtained is also applicable to the light quarks (j=u,d,s). We esti-
mate the achievable bounds on the decay branching fractions through the associated production
Vh (V=W±,Z). Events of the Higgs boson decaying into heavy (tagged) or light (un-tagged) jets are
correlatively analyzed. We find that with 3000 fb−1 data at the HL-LHC, we should expect approx-
imately 1σ statistical significance on the SM Vh(gg) signal in this channel. This corresponds to a
reachable upper bound BR(h→jj)≤4 BRSM(h→gg) at 95% confidence level. A consistency fit also
leads to an upper bound BR(h→cc)<15 BRSM(h→cc) at 95% confidence level. The estimated bound
may be further strengthened by adopting multiple variable analyses, or adding other production
channels.

Higgs Physics / 469

Higgs and Electroweak symmetry breaking at the FCC-hh
Author: Michele Selvaggi1

1 CERN

Corresponding Author: michele.selvaggi@cern.ch

The future circular hadron-hadron collider FCC-hh is expected to produce collisions at the unrivaled
center of mass energy of sqrt(s) = 100 TeV and to deliver an integrated luminosity of few tens of ab-1.
As a result, billions of Higgs bosons will be produced. Having at disposal such humongous samples
opens a wide range of possibilities in the realm of precision Higgs measurements. The Top Yukawa
and the Higgs self-coupling can be potentially measured respectively to percent level precision. In
addition final states involving Higgs bosons can be studied in highly boosted kinematical regimes
where the impact of systematic uncertainties can be reduced. Large statistics also offer the possibility
of studying rare decays, in particular the Higgs coupling to light quarks.

Higgs Physics / 975

Higgs measurements at the Future Circular Colliders
Author: Paolo Giacomelli1

1 INFN Sezione di Bologna
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Corresponding Author: paolo.giacomelli@bo.infn.it

After the Higgs boson discovery, the precision measurements and searches for new phenomena in
the Higgs sector are among the most important goals in particle physics. Experiments at the Future
Circular Colliders (FCC) are ideal to study these questions. Electron-positron collisions up to an
energy of 350 GeV (FCC-ee) provide the ultimate precision with studies of Higgs boson couplings,
mass, total width and CP parameters, as well as searches for exotic and invisible decays. The feasi-
bility of observation of the s-channel production e+e- → H(125) is reviewed. We conclude by noting
the remarkable complementarity of the FCC-ee and FCC-hh colliders, which in combination offer
the best possible overall study of the Higgs boson properties.

Higgs Physics / 931

Status of the (p)MSSM Higgs sector
Author: Alexandre Arbey1

Co-authors: Marco Battaglia 2; Abdelhak Djouadi ; Nazila Mahmoudi 3; Michael Spira 4

1 Lyon U. & CERN TH
2 University of California,Santa Cruz (US)
3 CERN and Lyon University (FR)
4 Paul Scherrer Institut (CH)

Corresponding Authors: alexandre.arbey@cern.ch, michael.spira@psi.ch, abdelhak.djouadi@cern.ch, nazila.mahmoudi@cern.ch,
marco.battaglia@cern.ch

During this talk, the current constraints on the phenomenological MSSM (pMSSM) will be reviewed,
focusing in particular on the Higgs sector. I will discuss the status of the pMSSM parameter space,
and evaluate how future colliders, and higher energies or luminosities, can help probing the pMSSM
Higgs sector.

Higgs Physics / 84

Prospects for measuring Higgs triscalar coupling at the HL-LHC
and HL-100 TeV hadron collider
Author: Chih-Ting LuNone

Co-authors: Jae Sik Lee 1; Jubin Park 1; Jung Chang 2; Kingman Cheung 3

1 Chonnam National University
2 National Center for Theoretical Sciences, Physics Division
3 National Tsing Hua University (TW)

Corresponding Authors: timluyu@yahoo.com.tw, honolov77@gmail.com, chang.jung@mx.nthu.edu.tw, jslee@jnu.ac.kr,
kingman.cheung@cern.ch

We perform the most up-to-date comprehensive signal-background analysis for Higgs-pair produc-
tion in HH → bb̄γγ channel at the HL-LHC with the goal of probing the self-coupling λ3H of the
Higgs boson. We simulate all the standard-model signal and background processes with the simu-
lation tools almost as sophisticated as what experimentalists are using. At the HL-LHC, the Higgs
boson self-coupling would be constrained to −1.0λ3H < 7.6 at 95 \% confidence level after consid-
ering the uncertainties associated with the top-Yukawa coupling and the estimation of backgrouds.
Some crucial kinematic distributions and significance performances are also shown to display our
analysis informaitons. Here we also extend the study to the HL-100 TeV hadron collider. We find
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that, at the SM value, the coupling can be measured with about 20 (7) \% accuracy assuming 3 (30)
ab−1.

Higgs Physics / 419

Light resonances from fundamental composite Higgs models: LHC
and future colliders
Author: Giacomo Cacciapaglia1

1 Inst. Nat. Phys. Nucl et Particules (FR)

Corresponding Author: giacomo.cacciapaglia@cern.ch

The possibility that the Higgs boson is a composite scalar is still open. In models that enjoy an
underlying description in terms of a fundamental gauge-fermion dynamics, light scalars at the elec-
troweak scale are predicted. Their properties can also be calculated starting from the underlying
models. This leaves us with a predictive and controllable framework that can be tested at the LHC
and at future colliders. I will present the most interesting and characteristic channels, which provide
new standard candles to search for signs of compositeness in the electroweak sector. One of them is
a singlet pseudo-scalar, associated to a U(1) global symmetry, that decays into a pair of gauge boson
via anomalies, or a pair of fermions. I will show how an open window in the mass range 14 to 65
GeV can be closed by searching for boosted di-tau systems.

Higgs Physics / 550

Current status of Two-Higgs-Doublet models with a softly broken
Z_2 symmetry
Author: Otto Eberhardt1

Co-author: Debtosh Chowdhury 2

1 Istituto Nazionale di Fisica Nucleare
2 INFN, Roma

Corresponding Authors: otto.eberhardt@roma1.infn.it, debtosh.chowdhury@roma1.infn.it

One of the most popular extensions of the Standard Model is the Two-Higgs-Doublet model (2HDM),
in which a second Higgs doublet is added to the conventional Standard Model particle content.
2HDM’s with a softly broken Z2 symmetry avoid flavour-changing neutral Higgs currents at tree-
level. They also comprise the Higgs sector of the Minimal Supersymmetric Standard Model. Current
Higgs observables put strong constraints on these models. We present global fits to these data and
combine them with information from theoretical bounds, electroweak precision observables and the
most important flavour constraints, using the open-source package HEPfit. The resulting limits on
the 2HDM parameters like mixing angles, the heavy Higgs masses as well as the allowed Higgs mass
splittings will be discussed.

Higgs Physics / 38

Sensitive study of the Higgs-strange coupling at FCC-ee
Authors: Abi Soffer1; Jordi Duarte Campderros2; Matthias Schlaffer3; Gilad Perez4

Page 205



ICHEP2018 SEOUL / Book of Abstracts

1 Tel Aviv University (IL)
2 Universidad de Cantabria (ES)
3 Weizmann Institute of Science
4 CERN & Weizmann

Corresponding Authors: gilad.perez@cern.ch, matthias.j.schlaffer@gmail.com, jorge.duarte.campderros@cern.ch,
abner.soffer@cern.ch

Precise measurment of the Higgs couplings is a central part of the energy-frontier physics program.
Obtaining the small couplings to light states is particularly difficult. We describe a new technique
for studying the Higgs coupling to the strange quark using H –> ssbar events at a 250 GeV e+e-
collider. With this method, the sensitivity of the proposed FCC-ee collider is at a level of only a few
times the standard-model expectation. This is a large improvement over previous proposals, yielding
sensitivity to a variety of new-physics scenarios.

Higgs Physics / 978

Supervising Deep Neural Networks with Topological Augmenta-
tion in search for di-Higgs Production at the LHC
Authors: Won Sang Cho1; Chan Beom Park2; Jae-hyeon Park3; Dongsub Lee1

1 Seoul National University
2 Center for Theoretical Physics of the Universe, IBS
3 KIAS

Corresponding Authors: wscho@snu.ac.kr, dongsub93@snu.ac.kr, cbpark@ibs.re.kr, jhpark@kias.re.kr

We present a new machine learning technique for the classification of scattering processes which
include invisible particles missing in detector. With this purpose, new high-level feature variables
are introduced, which can be obtained in the process of topological augmentation –a general recon-
struction procedure of invisible missing momenta subject to various hypothetical decay topologies.
Given visible particle information, each augmented feature can be used as an optimized event projec-
tion basis, and we utilize them all in together for the classification of many hypothetical topologies
possibly involved. As an important application, we focus on the (non-resonant) di-Higgs production
in the channel of 2 b-jets, 2 leptons + MET, and demonstrate our new multi-class classification anal-
ysis using deep neural networks supervised by the topologically augmented features. We provide
an update on the future expectation of di-Higgs discovery at the LHC, and discuss on the impor-
tance of our method for general scattering processes with missing information, which can even
improve the conventional deep learning technique which works well with full visible low-level in-
formation.

Higgs Physics / 171

Searches of double Higgs boson production with CMS
Author: Devdatta Majumder1

1 University of Kansas (KU)

Corresponding Author: devdatta.majumder@cern.ch

The search for standard model (SM) double Higgs boson (HH) production using data collected by the
CMS detector at the CERN LHC will be presented, using final states from various decay channels:
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HH->bbbb, bbVV, bbtautau, and bbgammagamma. The HH production serves to measure the self-
coupling of the Higgs boson, the rate of which is small in the SM. However, contributions from
beyond standard models can significantly enhance the rate. Furthermore, many BSM particles may
decay to HH, which are then manifested as a resonance in the HH invariant mass spectrum. Also
final state topologies are considered with highly Lorentz-boosted H bosons, which occur for high
mass resonance decays, and for large non-SM contributions to the top quark-Higgs boson coupling
strength. In this case, jet substructure-based H tagging techniques are used to identify H bosons in
the hadronic decay channel. The results showcase the latest upper limits on the production cross
sections of the double Higgs boson production, assuming SM and several non-SM Higgs boson self-
coupling values. Upper limits are also placed on the production cross sections of massive spin-0 and
spin-2 resonances decaying to a HH.

Higgs Physics / 755

Precision Higgs Measurements at the 250 GeV ILC

Authors: Keisuke Fujii1; Michael PeskinNone; Tomohisa Ogawa2

1 High Energy Accelerator Research Organization (JP)
2 High Energy Accelerator Research Organization

Corresponding Authors: ogawat@post.kek.jp, keisuke.fujii@cern.ch, mpeskin@slac.stanford.edu

The plan for the International Linear Collider is now being prepared as a staged design, with the
first stage at 250 GeV and later stages achieving the full project specifications with 4 ab-1 at 500 GeV.
This talk will present the capabilities for precision Higgs boson measurements at 250 GeV and their
relation to the full ILC program. It will show that the 250 GeV stage of ILC will already provide
many compelling results in Higgs physics, with new measurements not available at LHC, model-
independent determinations of key parameters, and tests for and possible discrimination of a variety
of scenarios for new physics.

Higgs Physics / 307

Flavor Changing Neutral Higgs Interactions with Top and Tau at
Hadron Colliders
Author: Chung Kao1

1 University of Oklahoma

Corresponding Author: chung.kao@ou.edu

A general two Higgs doublet model (2HDM) is adopted to study the signature of
flavor changing neutral Higgs (FCNH) decay
ϕ0 → tc̄+ t̄c and ϕ0 → τµ, where
ϕ0 could be a CP-even scalar (H0) or a CP-odd pseudoscalar (A0)
as well as t→ ch0.
Measurement of the light 125 GeV neutral Higgs boson (h0) couplings at the
Large Hadron Collider (LHC) favor the decoupling limit or the alignment limit
of a 2HDM, in which gauge boson and diagonal fermion couplings of h0
approach Standard Model values.
In such limit, FCNH couplings of h0 are naturally
suppressed by a small mixing parameter cos(β − α), while the
off-diagonal couplings of heavier neutral scalars ϕ0 are sustained by
sin(β − α) ∼ 1.
We study physics background from dominant processes with realistic acceptance
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cuts and tagging efficiencies. Promising results are found for the LHC running
at 13 or 14 TeV collision energies as well as future pp colliders
at 27 TeV, or 100 TeV.

Higgs Physics / 411

Study of the Higgs couplings to leptons and Higgs CP properties
at the ILC
Authors: Kiyotomo Kawagoe1; Daniel JeansNone

1 Kyushu University (JP)

Corresponding Authors: daniel.jeans@kek.jp, kiyotomo.kawagoe@cern.ch

In the Standard Model the many Yukawa couplings between the Higgs and fermions, responsible for
the mass generation for fermions, are predicted to be strictly proportional to the masses of fermions.
Any deviation from this prediction would clearly signal new physics beyond the SM. Many alter-
native ways of introducing Yukawa couplings in BSM models can result in quite different charac-
teristics for different types of fermions, e.g. up- or down-type, lepton- or quark-type, 3rd-, 2nd- or
1st-generation. More over, if the SM-like Higgs is an admixture of CP even and CP odd states, as pre-
ferred in the electroweak baryon genesis models which can potentially explain the baryon number
asymmetry in our universe, the Higgs Yukawa couplings will be modified at the tree level. In partic-
ular the Higgs to tau tau decay process provides an ideal place for probing the Higgs CP properties.
In this talk, we will give the prospects about the measurements of Htautau and Hmumu couplings
at the International Linear Collider (ILC), including the Higgs CP phase measurement in Higgs to
tautau process using a novel tau reconstruction method. All the simulation studies are performed
based on the full detector simulation for the International Large Detector (ILD).

Higgs Physics / 682

Heavy resonances and the electroweak effective theory
Co-authors: Antonio Pich 1; Juan José Sanz-Cillero 2; Claudius Krause 3; Joaquin Santos 1

1 University of Valencia
2 Universidad Complutense de Madrid
3 IFIC Valencia - Fermi National Accelerator Laboratory

Corresponding Authors: claudius.krause@ific.uv.es, joaquin.santos@ific.uv.es, rosell@uch.ceu.es, antonio.pich@uv.es,
jjsanzcillero@ucm.es

Direct searches for New Physics states have given so far negative results, so there is a mass gap
between SM fields and possible new fields. This mass gap justifies the use of electroweak effective
Lagrangians for current energies. Implications of new, higher scales can be analyzed through next-
to-leading order corrections of the electroweak effective theory. There are two main ingredients for
this analysis. Firstly, a non-linear realization of the electroweak symmetry breaking with a singlet
Higgs and a strongly-coupled UV-completion at low energies is assumed. And secondly, a high-
energy Lagrangian which incorporates a set of new heavy states is considered. By integrating out
these heavy resonances, we study the pattern of low-energy constants among the light fields, which
are generated by these massive states.

Higgs Physics / 39
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Phenomenological consequences of Higgs inflation in the NMSSM
at the electroweak scale
Author: Sebastian Paßehr1

Co-authors: Wolfgang G. Hollik 2; Stefan Liebler 3; Gudrid Moortgat-Pick 4; Georg Ralf Weiglein 2

1 LPTHE
2 DESY
3 ITP, KIT
4 Universität Hamburg

Corresponding Authors: georg.weiglein@desy.de, gudrid.moortgat-pick@desy.de, stefan.liebler@kit.edu, w.hollik@desy.de,
passehr@lpthe.jussieu.fr

It has been shown that the Next-to-Minimal Supersymmetric Standard Model (NMSSM) is a valid
theory to describe inflation by Higgs bosons. In this model, the inflaton is a linear combination of the
Higgs doublets while the Higgs singlet stabilizes the Higgs potential during inflation. The inflaton
has a non-minimal coupling to gravity which appears in the low-energy effective Superpotential.
Different from the Z3-invariant NMSSM an additional bilinear µ parameter is introduced which
changes the phenomenology at the electroweak scale.

We investigate the impact of this inflation-inspired model on low-energy physics with the focus
set on vacuum stability and Higgs phenomenology. We explore the extended parameter space and
point out differences compared to the standard Z3-invariant NMSSM due to the additional µ term.
Thereby, we take into account various experimental constraints.

Neutrino Physics / 45

Implications of µ − τ Reflection Symmetry in Minimal Seesaw
Formalism
Author: Newton Nath1

Co-authors: Jue Zhang 2; Zhi-zhong Xing 1

1 Institute of High Energy Physics, Beijing, China
2 Center For High Energy Physics, Peking University, Neijing, China

Corresponding Author: newton@ihep.ac.cn

We discuss µ− τ reflection symmetry embedded in minimal seesaw model which predicts maximal
atmospheric mixing angle and Dirac CP phase together with trivial Majorana phases for neutrinos.
In this formalism, we add two right-handed neutrinos in the Standard Model which are essential to
explain the tiny nature of neutrino mass under the type - I seesaw formalism. Assuming that both
the left- and right-handed neutrino fields transform under µ − τ reflection symmetry, we obtain
the required forms of the neutrino Dirac mass matrix and the Majorana mass matrix for the right-
handed neutrinos. To investigate the neutrino phenomenology at low energies, we first consider the
breaking of µ− τ reflection symmetry due to the renormalization group running. Later, we present
a systematical study of different breaking schemes by introducing explicit breaking terms at Dirac
and Majorana neutrino mass matrices respectively.

Neutrino Physics / 98

Results from the CUORE experiment

Page 209



ICHEP2018 SEOUL / Book of Abstracts

Authors: CUORE Collaboration1; Stefano Pozzi2

1 CUORE
2 INFN - National Institute for Nuclear Physics

Corresponding Author: stefano.pozzi@mib.infn.it

The Cryogenic Underground Observatory for Rare Events (CUORE) is the first bolometric experi-
ment searching for neutrinoless double beta decay that has been able to reach the 1-ton scale. The
detector consists of an array of 988 TeO2 crystals arranged in a cylindrical compact structure of 19
towers. The construction of the experiment and, in particular, the installation of all towers in the
cryostat was completed in August 2016 and data taking started in spring 2017. In this talk we present
the neutrinoless double beta decay results of CUORE from examining a total TeO2 exposure of 86.3
kg yr, characterized by an effective energy resolution of 7.7 keV FWHM and a background in the
region of interest of 0.014 counts/(keV kg yr). In this physics run, CUORE placed a lower limit on the
decay half-life of 130Te > 1.3 10ˆ25 yr (90% C.L.). We then discuss the improvements in the detector
performance achieved in 2018, the new results on the background model and the latest update on
the study of rare processes in Tellurium.

Neutrino Physics / 911

Recent EXO-200 results

Author: Michal TarkaNone

Corresponding Author: michal.tarka@stonybrook.edu

The EXO-200 experiment consists of a time projection chamber filled with ˜150 kg of liquid xenon
enriched at 80.7% of the 136Xe isotope. The low background level reached within the detector made
possible the detection of the two neutrinos double decay of 136Xe, set the most precise measurement
of a double beta decay half life to date and provided one of the most sensitive search for the neu-
trinoless double beta decay. After a brief hiatus in operations, the experiment restarted data taking
with upgrades to its front-end electronics and a Rn suppression system. This presentation will cover
the recent results of the EXO-200 collaboration published last year,including one year of data with
the upgraded detector.

Neutrino Physics / 255

Probing the Light Sterile Neutrino Through the Heavy Charged
Higgs Decay at the LHC

Author: Yilei TangNone

Corresponding Author: grandsimilar@gmail.com

We show the 13 TeV proton-proton collider simulation in a ν-two-Higgs-doublet-model (ν-THDM).
The heavy charged Higgs bosons are produced in pairs through the electroweak processes and decay
to the light sterile neutrinos. The light sterile neutrino further decays into a jet-like object with a
muon in it. This helps us discriminate the signal from the backgrounds with the standard model
jets.

Neutrino Physics / 650
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Electromagnetic neutrino properties: present status and future
prospects

Author: Alexander StudenikinNone

Corresponding Author: studenik@srd.sinp.msu.ru

Abstract:

A review of theory and phenomenology of neutrino electromagnetic properties is presented. A
massive neutrino even in the easiest generalization of the Standard Model inevitably has nonzero
electromagnetic characteristics, at least nonzero magnetic moment. Although its value, determined
by the neutrino mass, is very small, in other BSM theories much larger values of magnetic moments
are predicted.

A short introduction to the derivation of the general structure of the electromagnetic interactions of
Dirac and Majorana neutrinos is presented.

A thorough account of electromagnetic interactions of massive neutrinos in the theoretical formu-
lation of low-energy elastic neutrino-electron scattering is discussed on the basis of our recently
published paper. The formalism of neutrino charge, magnetic, electric, and anapole form factors
defined as matrices in the mass basis with account for three-neutrino mixing is presented.

Then we discuss experimental constraints on neutrino magnetic and electric dipole moments, elec-
tric millicharge, charge radius and anapole moments from the terrestrial laboratory experiments.
A special credit is done to bounds on neutrino electromagnetic characteristics (including magnetic
and electric dipole moments, millicharge and charge radius) obtained by the reactor (MUNU, TEX-
ONO and GEMMA) and solar Super-Kamiokande and the recent Borexino and COHERENT experi-
ments.

The effects of neutrino electromagnetic interactions in astrophysical and cosmological environments
are also reviewed. The main manifestation of neutrino electromagnetic interactions, such as: 1) the
radiative decay in vacuum, in matter and in a magnetic field, 2) the Cherenkov radiation, 3) the plas-
mon decay, 4) spin light in matter, 5) spin and spin-flavour precession, 6) neutrino pair production
in a strong magnetic field, and the related processes along with their astrophysical phenomenology
are also considered.

The best world experimental bounds on neutrino electromagnetic properties are confronted with the
predictions of theories beyond the Standard Model. It is shown that studies of neutrino electromag-
netic properties provide a powerful tool to probe physics beyond the Standard Model.
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Neutrino Physics / 254

Updated MiniBooNE Neutrino Oscillation Results within the Con-
text of Global Fits to Short-Baseline Neutrino Data
Author: Alejandro Diaz1

1 Massachusetts Institute of Technology

Corresponding Author: diaza@mit.edu

In its original 2002-2007 run, MiniBooNE observed an anomalous and yet-unexplained excess of
electromagnetic events at low energy neutrino energies. This observation is one of several that has
pushed the discussion and search for sterile neutrinos. Since 2016, MiniBooNE has been collecting
new neutrino-mode data, doubling the statistics from the original 2002-2007 run. We will revisit the
originally observed excess, with one analysis treating the new data as stand alone, and another anal-
ysis looking at the combined data. We will then discuss the global fits to the world’s short-baseline
neutrino data, focusing on models with sterile neutrinos and including the updated MiniBooNE re-
sults.

Neutrino Physics / 546

The Short Baseline Neutrino Program at Fermilab
Authors: Jaroslaw Nowak1; Diego Garcia-GamezNone

1 Lancaster University

Corresponding Authors: diego.garciagamez@manchester.ac.uk, j.nowak@lancaster.ac.uk

The Fermilab Short-Baseline Neutrino (SBN) program, with three liquid argon time projection cham-
ber (LAr-TPC) detectors located along the Booster Neutrino Beam, presents a rich physics and R&D
opportunity. SBN will perform sensitive searches for neutrino oscillations in both appearance and
disappearance channels at the 1 eVˆ2 mass- splitting scale, thereby testing the sterile neutrino inter-
pretation of the anomalous excesses of electron (anti)neutrinos observed by LSND and MiniBooNE.
Also, the SBN detectors play a major role in on-going R&D efforts aimed at realizing multi-kiloton-
scale LAr-TPC detectors in the next generation long-baseline neutrino oscillation experiment DUNE.
To form the SBN program, two additional detectors will join MicroBooNE (currently operational at
470m along the beam); the new Short-Baseline Near Detector (SBND) will be installed at 110m, and
the largest existing LAr-TPC, the ICARUST600, will be placed at 600m. In this talk, we present the
current status of the SBND and ICARUS detectors and review the physics reach of the full three-
detector SBN program.

Neutrino Physics / 58

Reactor antineutrino physics with DANSS experiment
Author: Igor Alekseev1

1 Alikhanov Institute for Theoretical and Experimental Physiscs
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Corresponding Author: igor.alekseev@itep.ru

DANSS is a solid state scintillation detector of reactor antineutrino,
placed just below 3.1 GW industrial light water reactor of Kalininskaya Nuclear
Power Plant about 350 km NW from Moscow. A cubic meter sensitive volume of
the detector is formed by 2500 scintillator strips with individual SiPM
readout. Groups of 50 strips are also readout by conventional PMTs.
Reactor antineutrinos are detected by inverse beta-decay (IBD).
The sensitive volume has passive shielding of copper (5 cm), borated
polyethylene (two layers of 8 cm), lead (5 cm) and active shielding of
double layer scintillation counters. The position below reactor
provides overburden about 50 m.w.e. A movable platform of the detector
allows to change its distance to the reactor from 10.7 to 12.7 m
(center to center). 5000 IBD events are detected daily in the
position closest to the reactor.
Ratio of the antineutrino spectra at different distances measured
with the DANSS detector is sensitive to neutrino oscillations to sterile
neutrinos in the most interesting region of the oscillation parameters
space (delta m squared ˜ 1 eVˆ2), where the effect is suspected
by Gallium and Reactor antineutrino anomalies. The DANSS collaboration
presents results of 1.5 year detector running with three positions
(10,7, 11.7 and 12.7 m) cycled weekly. The talk covers sterile neutrino
search results as well as analysis details.

Neutrino Physics / 843

Status of NEOS
Author: Yoomin Oh1

Co-authors: Youngju Ko 2; NEOS Collaboration

1 Institute for Basic Science
2 Institute for Basic Science (IBS)

Corresponding Author: ohyoumean@gmail.com

The NEOS experiment has successfully measured the reactor antineutrino energy spectrum at 24 m
distance from Hanbit reactor unit 5 for 180 days of reactor operation and constrained the active-to-
sterile oscillation parameters. An extended measurement for a whole burnup cycle by the NEOS
Phase-II will be a unique probe for the dependence of the reactor antineutrino flux and spectrum on
the fuel composition. Physics goal and schedule of the NEOS-II will be presented in this talk.

Neutrino Physics / 543

PROSPECT, A Precision Reactor Oscillation and SPECTrum Short-
Baseline Antineutrino Experiment
Author: Xianyi Zhang1

1 Illinois Institute of Technology

Corresponding Author: xzhan135@hawk.iit.edu

PROSPECT (Precision Reactor Oscillation and Spectrum) is a short-baseline reactor antineutrino ex-
periment. PROSPECT consists of a segmented 4-ton 6Li liquid scintillator antineutrino detector that
will precisely measure the 235U fission antineutrino spectrum from the High-Flux Isotope Reactor
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(HFIR) at Oak Ridge National Laboratory (ORNL). PROSPECT’s high statistics and high resolution
measurements of the antineutrino energy spectrum and flux from HFIR’s 235U core will be vital to
understanding the discrepancies between predicted and measured antineutrino spectra and fluxes
observed in previous commercial power reactor neutrino experiments; in addition, PROSPECT will
search for the existence of sterile neutrino oscillations at the eV2-scale. PROSPECT’s assembly
was completed in late 2017 and physics data taking at HFIR began in 2018. This talk will explain
PROSPECT’s physics objectives, describe its experimental design, and cover its installation and ini-
tial data-taking at ORNL.

Neutrino Physics / 1014

STEREO search for a sterile neutrino at the ILL Grenoble reac-
tor
Authors: david lhuillier1; Jacob Lamblin2; Torsten Soldner3; Henri Pessard4; Stereo Member5; Laura BERNARD6

1 CEA Saclay
2 Universite de Grenoble
3 Institut Laue Langevin
4 LAPP-IN2P3-CNRS
5 Cnrs-CEA-Ill
6 Université de Paris 6 - Pierre et Marie Curie

Corresponding Author: laura.bernard1@etu.upmc.fr

In the recent period, re-evaluations of the neutrino flux and spectrum emitted by nuclear reactors
have led to the so-called Reactor Antineutrino Anomaly (RAA). This anomaly could be caused by the
existence of a light sterile neutrino eigenstate participating in the neutrino oscillation phenomenon.
This implies the presence of a fourth mass eigenstate, while global fits of reactor experimental data
favor oscillation parameters of the order sinˆ2(2\theta)=0.1 and Delta mˆ2=1 eVˆ2.
The STEREO experiment was built to search for eV sterile neutrinos at a short baseline of 10 me-
ters from the compact core of the research reactor of the Institut Laue-Langevin (ILL) in Grenoble,
France. The segmentation of the detector in six target cells allows for independent measurements of
the neutrino spectrum at multiple baselines. STEREO takes data since end of 2016 and started to pro-
duce constraining results on an active-sterile flavor oscillation. The talk will describe the STEREO
experiment principles and will detail the status of its data analysis.

Neutrino Physics / 545

Physics Programme for the SBND (Short-Baseline Near Detector)

Authors: Jaroslaw Nowak1; Joel Mousseau2

1 Lancaster University
2 University of Michigan

Corresponding Authors: joelam@fnal.gov, j.nowak@lancaster.ac.uk

SBND (Short-Baseline Near Detector) is a 112-ton liquid argon TPC neutrino detector under con-
struction in the Fermilab Booster Neutrino Beam. Together with MicroBooNE and ICARUS-T600
detectors, SBND will search for short baseline neutrino oscillations in the 1 eV2 mass range. SBND
will also perform detailed studies of the physics of neutrino-argon interactions, thanks to a data
sample of millions of electron and muon neutrino interactions. Finally, SBND plays a vital role in
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the on-going R&D effort to develop the LArTPC technology, testing several technologies that can be
used in a future kiloton-scale neutrino detectors for a long-baseline experiment. We will the physics
program, with a particular focus on the neutrino cross-section measurements and search for BSM
physics as well as discuss the detector design, its current status.

Neutrino Physics / 979

The MicroBooNE Detector
Authors: Joshua Spitz1; David Caratelli2

1 University of Michigan
2 Fermilab

Corresponding Authors: devish.c@gmail.com, spitzj@umich.edu

MicroBooNE is a large 170-ton liquid-argon time projection chamber (LArTPC) neutrino experiment
located on the Booster neutrino beamline at Fermilab. The experiment first started collecting neu-
trino data in October 2015. The detector serves as a next step in a phased program towards the
construction of massive kiloton scale LArTPC detectors for future long-baseline neutrino physics
(DUNE) and is
the first detector in the short-baseline neutrino program at Fermilab. We will present results on
the performance of the detector, including measurements of cosmic-ray reconstruction efficiencies,
on Michel electron and muon momentum reconstruction, on noise characterisation and filtering,
processing of ionisation electron signals, and on the use of advanced analysis techniques for event
reconstruction.

Neutrino Physics / 519

Latest Results from MicroBooNE
Author: Pip Hamilton1

1 Syracuse University

Corresponding Author: phhamilt@syr.edu

The MicroBooNE experiment has been taking data in a LArTPC detector at Fermilab since late 2015.
This talk will present initial cross-section results from MicroBooNE, alongside our progress on a
short-baseline neutrino oscillation analysis in the region of the MiniBooNE low-energy excess. These
results will be discussed in the wider context of MicroBooNE’s long-term physics goals of neutrino in-
teraction rates, neutrino oscillations, exotic searches and detector research and development.

Neutrino Physics / 759

Searches for heavy neutral lepton production and lepton flavour
violation in kaon decays at the NA62 experiment
Authors: Cristina Lazzeroni1; Michal Zamkovsky2

1 University of Birmingham (GB)
2 Charles University (CZ)
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Searches for heavy neutral lepton (HNL) production in charged kaon
decays using the data collected by the NA62 experiment at CERN are
reported. Upper limits are established on the elements of the extended
neutrino mixing matrix for heavy neutral lepton mass in the range
130-450 MeV, improving on the results from previous HNL production
searches. The status and prospects of searches for lepton flavour and
lepton number violation in kaon decays at the NA62 experiment is also
presented.

Neutrino Physics / 529

Results from Borexino on solar and geo-neutrinos
Author: Daniele Guffanti1

1 GSSI

Corresponding Author: daniele.guffanti@gssi.it

Borexino is running at the “Laboratori del Gran Sasso”in Italy since 2007. Its technical distinctive
feature is the unprecedented ultralow background of the inner scintillating core, which is the foun-
dation for the outstanding achievements accumulated by this experiment.
In the present talk, after recalling the main features of the detector, the impressive solar data gath-
ered so far by Borexino will be summarized.
Special emphasis will be given to the illustration of the recent release of the fluxes as stemming from
the simultaneous real time spectroscopy of the neutrinos from the entire pp nuclear fusion chain in
the Sun, opening with the remarkable 2.7% accuracy of the Be7 flux the era of precision measure-
ments also in the realm of the sub-MeV solar neutrinos.
Such results put Borexino in the unique situation of being the only detector able to perform solar
neutrino spectroscopy over the entire solar spectrum; the counterpart of this peculiar status, in the
flavor conversion interpretation of the solar neutrino data, is the capability of Borexino alone to
perform the full validation across the solar energy range of the MSW-LMA paradigm.
The talk will be concluded with an account of the Borexino accomplishments in the geo-neutrino
field, marked by the detection of the geo-neutrino signal with a significance as high as 5.9 sigma.

Neutrino Physics / 641

Astrophysical Neutrinos at Hyper-Kamiokande

Author: Itaru ShimizuNone

Corresponding Author: shimizu@awa.tohoku.ac.jp

Hyper-Kamiokande (Hyper-K) is a proposed next generation underground large water Cherenkov
detector with 260 kton of water and 40% photo coverage.
With about 10 times larger fiducial volume than Super-Kamiokande, the sensitivities for astrophysi-
cal neutrinos, like solar neutrinos or supernova neutrinos, will be greatly improved in Hyper-K. In
this presentation, we will discuss the physics potential of Hyper- K on astrophysical neutrinos and
expected performance of the detector.

Neutrino Physics / 486
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Hadron Production Measurements for Neutrino Oscillation Ex-
periments with NA61/SHINE
Author: Scott Robert Johnson1

1 University of Colorado Boulder (US)

Corresponding Author: scott.robert.johnson@cern.ch

The uncertainty in the flux of neutrino beams is dominated by our understanding of both the primary
interactions of protons and the secondary interactions of protons, kaons and pions with target and
beamline material. Hadron production measurements from a comprehensive set of interactions will
allow modern neutrino experiments to make more precise neutrino cross section and oscillation
measurements. Measurements of charged hadron spectra and total cross sections have recently
been obtained by NA61/SHINE, a fixed target experiment at the CERN SPS, for a variety of beam
particles, beam momenta and target materials. From the 2010 dataset of 31 GeV/c protons interacting
with a T2K replica target, multiplicities of π+, π−, K+, K− and protons have been obtained. These
measurements supplement the results from the 2009 thin target measurements, which have been
used to constrain the T2K neutrino flux prediction. The application of the replica target results is
ongoing and is expected to further reduce the uncertainties in the flux prediction. Starting in 2015
and continuing through 2018, NA61/SHINE has been recording interactions relevant to the neutrino
beams at NuMI and LBNF located at FNAL. These beams are used by the ongoing experiments NOνA
and MINERνA and the future experiment DUNE. In 2015, total inelastic and production cross section
measurements have been obtained from interactions of K+ at 60 GeV/c and π+ at 31 and 60 GeV/c
with carbon and aluminum targets. In 2016 and 2017, NA61/SHINE recorded interactions of π+, π−

and protons with momenta ranging from 31 to 120 GeV/c with carbon, aluminum and beryllium
targets. The first of these interactions to be analyzed is 60 GeV/c π+ with thin carbon and beryllium
targets, where multiplicities of π+, π−, K+, K− and protons are being measured. In the summer of
2018, NA61/SHINE will resume data taking including interactions of 60 GeV/c K+ with carbon and
120 GeV/c protons on a NOνA replica target.

Neutrino Physics / 967

Progress on the IsoDAR Antielectron Neutrino Experiment
Author: Alejandro Diaz1

1 Massachusetts Institute of Technology

Corresponding Author: diaza@mit.edu

IsoDAR is a compact, accelerator-based source for anti-electron neutrinos produced through 8Li
decay. When paired with a large scintillator-based detector, IsoDAR allows for a high-precision
investigation of the reactor and source-based neutrino oscillation anomalies. This talk will discuss
this physics, as well as other beyond Standard Model precision measurements that can be performed.
We will also briefly review recent technical developments on the source.

Neutrino Physics / 36

First Measurement of Monoenergetic Muon Neutrino Charged
Current Interactions
Authors: Joshua Spitz1; Johnathon Jordan1

1 University of Michigan
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We report the first measurement of monoenergetic muon neutrino charged current interactions.
MiniBooNE has isolated 236 MeV muon neutrino events originating from charged kaon decay at
rest (K+→+ ) at the NuMI beamline absorber. These signal -carbon events are distinguished from
primarily pion decay in flight and backgrounds produced at the target station and decay pipe using
their arrival time and reconstructed muon energy. The significance of the signal observation is at
the 3.9σ level. The muon kinetic energy, neutrino-nucleus energy transfer ( = E−E), and total
cross section for these events is extracted. This result is the first known-energy, weak-interaction-
only probe of the nucleus to yield a measurement of ω using neutrinos, a quantity thus far only
accessible through electron scattering.

Neutrino Physics / 302

An overview of the neutrino interaction cross-section measure-
ments in the T2K experiment
Authors: Marat Khabibullin1; Callum David Wilkinson2

1 Russian Academy of Sciences (RU)
2 Universitaet Bern (CH)

Corresponding Authors: callum.wilkinson@lhep.unibe.ch, marat.khabibullin@cern.ch

In addition to its contributions to our understanding of neutrino oscillation
parameters, the T2K long-baseline neutrino oscillation experiment has a
complementary program of neutrino interaction cross-section measurements with
its near detector complex. With multiple targets (carbon, water, argon, iron),
and with on- and off-axis detectors which sample different neutrino spectra
from the same beamline, T2K is able to investigate atomic number and energy
dependent behavior in a single experiment.
This talk presents an overview of the T2K neutrino cross sections, focusing on
the latest results.

Neutrino Physics / 1032

First observation of coherent elastic neutrino-nucleus scattering
and continued efforts of the COHERENT Collaboration
Author: Grayson Rich1

1 U of Chicago

Corresponding Author: gcrich@uchicago.edu

More than 40 years after its theoretical description, the process of coherent elastic neutrino-nucleus
scattering (CEvNS) has been observed for the first time by the COHERENT Collaboration, using a
14.6-kg CsI[Na] detector at the Spallation Neutron Source of Oak Ridge National Lab. COHERENT
and other groups continue to work towards additional CEvNS measurements because of the breadth
of physics sensitivity shown by the process, including connections to nuclear structure, astrophysics,
dark sector physics, and other physics beyond the Standard Model. Details of the initial observation
of CEvNS will be presented along with an overview of the physics program within the COHERENT
Collaboration, comprised of measurements of both CEvNS on other target nuclei as well as addi-
tional neutrino processes, including charged-current interactions on iodine and neutrino-induced
neutron production on lead. The complementarity of additional CEvNS measurements will be ex-
plored, emphasizing the importance of additional, diverse experimental efforts.
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Neutrino Physics / 301

The latest oscillation results from the T2K Experiment

Authors: Marat KhabibullinNone; Phillip Litchfield1

Co-author: Marat Khabibullin 2

1 UCL
2 Russian Academy of Sciences (RU)

Corresponding Authors: p.litchfield@imperial.ac.uk, marat.khabibullin@cern.ch

The T2K long-baseline neutrino oscillation experiment has been running since
January 2010 and has doubled the data set in both neutrino and anti-neutrino
beam mode since results were last reported at ICHEP (2016).
We will present a joint analysis of both the neutrino and anti-neutrino
data in the disappearance and appearance channels.
This analysis uses a new event reconstruction algorithm, fiTQun, which
provides both improved selections and an increased fiducial volume.
These improvements are used to obtain world-leading measurements of
theta_23, Delta m2_23 and delta_CP, as well as to search for the first
evidence of nue_bar appearance.

Neutrino Physics / 642

Physics Potentials of the 2nd Hyper-Kamiokande Detector in Ko-
rea
Authors: Seon Hee Seo1; Seon-Hee Seo2

1 Seoul National University (KR)
2 Seoul National University

Corresponding Authors: sunny.seo@cern.ch, shseo@phya.snu.ac.kr

Hyper-Kamiokande (Hyper-K) succeeds the very successful Super-K experiment and will consist of
a large detector filled with 260 kton water and equipped with 40% photo- coverage. Physics program
of Hyper-K is broad, covering from particle physics to Astrophysics.
The 1st Hyper-K detector will be built in Japan, and the 2nd detector is considered to be built in Ko-
rea because locating the 2nd detector in Korea improves physics sensitivities in most cases thanks
to the longer baseline (˜1,100 km) and larger overburden (˜1000 m) for Korean candidate sites.
In this talk, we present overview and physics potentials of the 2nd Hyper-K detector in Korea.

Neutrino Physics / 24

Discovery of Massive Sterile Neutrinos at the LHC
Author: Choong Sun Kim1

1 Yonsei Uiversity

Corresponding Author: cskim@yonsei.ac.kr
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We will discuss all the possibilities of discovering the massive
sterile neutrinos at the LHC.

Neutrino Physics / 43

Neutrino Oscillation Probabilities in Matter
Author: Peter Denton1

Co-author: Stephen Parke 2

1 Niels Bohr International Academy
2 Fermi National Accelerator Lab. (US)

Corresponding Authors: peterbd1@gmail.com, parke@fnal.gov

Recent advances in ways to calculate the neutrino oscillation probabilities in matter will be present as
well as their utility for long baseline oscillation experiments. These methods are not only numerically
accurate enough for all current and future experiments but provide better analytic understanding
then other methods. How accurate an oscillation probability is needed for long baseline experiments
will also be discussed as well as the significance of variations in the matter density along the neutrino
path line.

Neutrino Physics / 107

Long-range interactions at current and future neutrino oscilla-
tion experiments

Authors: Sushant Raut1; Hye-Sung Lee2; Hooman Davoudiasl3; William MarcianoNone

1 IBS CTPU, Daejeon, South Korea
2 Institute for Basic Science
3 BNL

Corresponding Authors: hooman@bnl.gov, leeprime@gmail.com, sushantkr@gmail.com

The presence of flavoured symmetries like U(1)Le−Lµ , etc. can affect the propagation of neutrinos
by introducing new interactions. If the mediating gauge bosons corresponding to these symmetries
are ultra light, then the nucleons and electrons in the sun can generate a long-range potential that
can modify the neutrino oscillation probabilities for earth-based experiments. We study the effect of
these long-range interactions on long-baseline and atmospheric neutrino experiments. We constrain
the parameter space of these new physics scenarios using current oscillation data. We discuss the
effect that these interactions can have on future data, and calculate the projected bounds from future
experiments. We also discuss the smoking-gun signatures that can distinguish these scenarios from
other non-standard interactions.

Neutrino Physics / 122

New Results from Double Chooz
Authors: Achim Stahl1; Anatael Cabrera2
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Corresponding Authors: anatael.cabrera@gmail.com, stahl@physik.rwth-aachen.de

The reactor neutrino experiment Double Chooz observes electron-antineutrinos from two French
power plants at Chooz with two identical detectors at different baselines. From the observed neu-
trino deficit the mixing angle theta_13 can be determined within the three flavour-scenario and
signatures from further generations can be searched for. We will report the status of the experiment
and present new results.

Neutrino Physics / 677

Recent results of the AMoRE-pilot experiment, a search for neu-
trinoless double beta decay of Mo-100
Author: Young Soo Yoon1

1 Institute for Basic Science

Corresponding Author: ysy@ibs.re.kr

The Advanced Mo-based Rare process Experiment (AMoRE) is a search for neutrinoless double beta
decay of <sup>100</sup>Mo in calcium molybdate (CaMoO<sub>4</sub>) crystals by using cryo-
genic detectors at a temperature range of tens of millikelvin. The crystals are made of Molybde-
num enriched on <sup>100</sup>Mo (≥95%) and Calcium depleted on <sup>48</sup>Ca isotopes
(≤0.002%). The ongoing pilot experiment at the YangYang underground laboratory consists of a num-
ber of commissioning runs using six <sup>40</sup>Ca<sup>100</sup>MoO<sub>4</sub> crystals
of a total mass 1.9 kg. At the same time, the fist phase of the AMoRE experiment with about 5 kg
of CaMoO<sub>4</sub> crystals is in preparation. The physics data of the AMoRE-pilot were ana-
lyzed and fitted with Monte Carlo simulation results to identify their background sources. In this
presentation, the fit results will be presented and discussed.

Neutrino Physics / 838

Phenomenology of minimal seesaw model with S4 symmetry
Author: Sin Kyu Kang1

1 Seoul Tech

Corresponding Author: skkang@snut.ac.kr

We consider a modication of tribimaximal (TBM) mixing matrix which accommodates non-
zero mixing angle 13 and CP violation. We show that such a modication of TBM mixing can be
achieved in a minimal seesaw model with discrete symmetry S4. This model is very predictive and
the undetermined parameters are either mass of heavy neutrinos and a Majorana phase. Possible
values of the Dirac-type CP phase D can be predicted with regards to two neutrino mixing angles
in the standard parametrization of the neutrino mixing matrix. The unknown parameters are
constrained through leptogenesis by imposing the recent experimental neutrino data.

Neutrino Physics / 374
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Bounds on heavy right handed neutrinos and implications for
collider searches
Author: Arindam Das1

Co-author: Nobuchika Okada 2

1 KIAS
2 University of Alabama

Corresponding Authors: dasarindamphysics@gmail.com, okadan@ua.edu

The neutrino masses and flavor mixings, which are missing in the Standard Model (SM), can be
naturally incorporated in the type-I seesaw extension of the SM with heavy Majorana neutrinos
being singlet under the SM gauge group. If the heavy Majorana neutrinos are around the electroweak
scale and their mixings with the SM neutrinos are sizable, they can be produced at high energy
colliders, leaving characteristic signatures with lepton-number violations. Employing the general
parametrization for the neutrino Dirac mass matrix in the minimal seesaw scenario, we perform a
parameter scan and identify allowed regions to satisfy a variety of experimental constraints from the
neutrino oscillation data, the electroweak precision measurements and the lepton-flavor violating
processes. We find that the resultant mixing parameters between the heavy neutrinos and the SM
neutrinos are more severely constrained than those obtained from the current search for heavy
Majorana neutrinos at the LHC. Such parameter regions can be explored at the High-Luminosity
LHC and a 100 TeV pp-collider in the future. We will also discuss the scenarios about the inverse
seesaw briefly.

Neutrino Physics / 810

Recent results from the MAJORANA DEMONSTRATOR
Author: Jordan Myslik1

1 Lawrence Berkeley National Laboratory

Corresponding Author: jwmyslik@lbl.gov

The MAJORANA DEMONSTRATOR is an experiment constructed to search for neutrinoless double-
beta decay in 76Ge and to demonstrate the feasibility to deploy a large-scale experiment in a phased
and modular fashion. It consists of two modular arrays of natural and 76Ge-enriched germanium de-
tectors totalling 44.1 kg, operating on the 4850’ level of the Sanford Underground Research Facility
in Lead, South Dakota, USA. Commissioning running began in June 2015, followed by the full detec-
tor array acquiring data since August 2016. The ultra-low background and record energy resolution
achieved by the MAJORANA DEMONSTRATOR enable a sensitive neutrinoless double-beta decay
search, as well as additional searches for physics beyond the Standard Model. I will discuss the de-
sign elements that enable these searches, along with our latest results, focusing on the neutrinoless
double-beta decay search. I will also discuss the current status and the future plans of the MAJO-
RANA DEMONSTRATOR, as well as the plans for a future tonne-scale 76Ge experiment.

Neutrino Physics / 823

Search for neutrinoless double-beta decays in Ge-76 in the LEG-
END experiment
Author: Jordan Myslik1

1 Lawrence Berkeley National Laboratory
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The search for neutrinoless double-beta decay is the most sensitive technique to establish the Majo-
rana nature of neutrinos. Two operating experiments that look for such decays in <sup>76</sup>Ge
—GERDA and MAJORANA DEMONSTRATOR—have achieved the lowest backgrounds and the best
energy resolution in the signal region. These are two of the most important detector characteristics
for sensitive searches of this undiscovered decay. The Large Enriched Germanium Experiment for
Neutrinoless Double Beta Decay (LEGEND) Collaboration has been formed to pursue a tonne-scale
<sup>76</sup>Ge experiment that integrates the best technologies from these two experiments and
others in the field. The Collaboration is developing a phased experimental program that uses exist-
ing resources as appropriate to expedite physics results, with the ultimate discovery potential at a
decay half-life beyond 10<sup>28</sup> years. In this talk, we will present the physics case, R&D
efforts and implementation strategies of the LEGEND experiment.

Neutrino Physics / 932

Double beta decay search with CUPID-0: results and perspectives

Author: Laura Cardani1

1 INFN - National Institute for Nuclear Physics

Corresponding Author: laura.cardani@roma1.infn.it

CUPID-0 is the first large mass experiment based on cryogenic calorimeters (bolometers) that im-
plements the dual read-out of light and heat for background rejection. The detector, consisting of
24 enriched Zn82Se crystals (5.28 kg of 82Se), is taking data in the underground LNGS (Italy) from
March 2017.
In this contribution we present the analysis that allowed to set the most stringent limit on the half-
life of neutrino-less double beta decay of 82Se.
We prove that the particle identification, enabled by the simultaneous read-out of heat and light, pro-
vides an unprecedented background level for cryogenic calorimeters of 3×10−3 counts/keV/kg/y.
Finally, we discuss the impact of these results on next generation projects.

Neutrino Physics / 955

New results from GERDA Phase II
Author: Matteo Agostini1

1 Technical University Munich

Corresponding Author: matteo.agostini@ph.tum.de

GERDA is performing a background-free search for neutrinoless double-beta decay of Ge-76. An
observation of this nuclear transition would unambiguously prove that neutrinos are Majorana par-
ticles and that the lepton number is violated. Thanks to a factor two increase in statistics, the exper-
imental sensitivity doubled compared to the last data release making GERDA the first experiment
exploring neutrinoless double beta decay half-lives at the order of 1e26 years. First results and
prospects of this pioneering exploration will be presented.

Neutrino Physics / 988
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Three Neutrino Oscillations in Uniform Matter
Author: Ara IoannisyanNone

Corresponding Author: ara.ioannisyan@cern.ch

Following similar approaches in the past, the Schrodinger equation for three neutrino propagation in
matter of constant density is solved analytically by two successive diagonalizations of 2x2 matrices.
The final result for the oscillation probabilities is obtained directly in the conventional parametric
form as in the vacuum but with explicit simple modification of two mixing angles (θ12 and θ13) and
mass eigenvalues.

Neutrino Physics / 1036

Recent Results from the NOvA experiment
Author: Jianming Bian1

1 University of California Irvine (US)

Corresponding Author: bianjm@uci.edu

NOvA is a long-baseline neutrino experiment that uses an upgraded NuMI neutrino source at Fer-
milab and a 14-kton detector at Ash River, Minnesota. The detector has a highly active, finely seg-
mented design that offers superb event identification capability. The latest results on muon (anti-
)neutrino disappearance and electron (anti-)neutrino appearance will be shown, as well as neutral
current measurements. The results will include the implications for neutrino oscillation mixing pa-
rameters, CP violation and the mass ordering.

Neutrino Physics / 95

The ENUBET neutrino beam
Author: Francesco Terranova1

1 Universita & INFN, Milano-Bicocca (IT)

Corresponding Author: francesco.terranova@cern.ch

ENUBET has been designed to monitor lepton production in the decay tunnel of neutrino beams at
single particle level and to provide a 1% measurement of the neutrino flux at source. In particular,
the three body semileptonic decay of kaons monitored by large angle positron production offers a
fully controlled nu_e source at the GeV scale for a new generation of short baseline experiments. The
ENUBET Collaboration will present at ICHEP the first end-to-end simulation of the beamline and a
complete review of the performance of this non-conventional technique. Special emphasis will be
given to the new static focusing system that has been validated in 2018. Beyond positron monitoring,
such scheme gives the opportunity to correlate in time the lepton at source and the neutrino at the
detector. Time-coincidences enable an unprecedented purity and the possibility to reconstruct the
neutrino kinematics at source on an event by event basis. We will also present the performance of
the positron tagger tested at CERN in 2017-2018 and the expected sensitivity of ENUBET for nu_e
and nu_mu cross section measurements.

Neutrino Physics / 30
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Neutrino physics with the SHiP experiment at CERN

Authors: Collaboration SHiP None; Chunsil Yoon1

1 GNU

Corresponding Authors: chunsil.yoon@ymail.com, walter.bonivento@ca.infn.it

SHIP is a new general purpose fixed target facility, whose Technical Proposal has been recently
reviewed by the CERN SPS Committee and by the CERN Research Board. The two boards recom-
mended that the experiment proceeds further to a Comprehensive Design phase in the context of
the new CERN Working group “Physics Beyond Colliders”, aiming at presenting a CERN strategy
for the European Strategy meeting of 2019. In its initial phase, the 400GeV proton beam extracted
from the SPS will be dumped on a heavy target with the aim of integrating 2×10ˆ20 pot in 5 years. A
dedicated detector will allow the study of neutrino cross-sections and angular distributions. ντ deep
inelastic scattering cross sections will be measured with a statistics 1000 times larger than currently
available, with the extraction of the F4 and F5 structure functions, never measured so far and allow
for new tests of lepton non-universality with sensitivity to BSM physics.

Neutrino Physics / 305

Search for heavy neutrinos with the near detector ND280 of the
T2K experiment
Authors: Marat Khabibullin1; Mathieu Lamoureux2

1 Russian Academy of Sciences (RU)
2 Université Paris-Saclay (FR)

Corresponding Authors: mathieu.lamoureux@cern.ch, marat.khabibullin@cern.ch

Heavy Neutral Leptons (HNLs, heavy neutrinos) with masses below the electroweak
scale are introduced in some extensions of the Standard Model to address
consistently such effects as neutrino oscillations, light neutrino masses,
dark matter and baryon asymmetry. In the mass range below 500 MeV/c2 these
heavy neutrinos can be produced in pion or kaon decays, and further decay
themselves into charged particles, hence giving a possibility for their
detection.
The T2K long-baseline neutrino oscillation experiment utilises an
intense neutrino beam, originating mainly from π and K parents. Usage of the
K flux allows the study of a wider mass range of heavy neutrinos. The near
detector complex ND280, located 280 m from the target and composed of various
sub-modules operated inside a magnetic field, provides the tracking
capabilities to identify the products of HNLs‘ decays.
A selection aimed to search for heavy neutrino events in the
gas-filled ND280 TPCs was developed and optimised to significantly reduce the
background from active neutrino interactions down to few events for the
current dataset. After applying the selection to the T2K ND280 data (12.34ν+6.29ν̄)×1020 protons-
on-target, 2010-2017 statistics), no
events in the signal region were observed. The results were used to extract
limits on the mixing parameters between heavy neutrino and electron-, muon-
and tau- flavoured currents in the mass range of 140 < MHNL < 493
MeV/c2. The T2K data allow an improvement of the limits provided by the
previous experiments such as the CERN PS191 which, together with the BNL E949
data, put the most stringent constraints in the mass region studied by T2K.

Neutrino Physics / 415
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Neutrino mixing in a rephasing invariant parametrization
Author: Shao-Hsuan Chiu1

Co-author: T. K. Kuo 2

1 Chang Gung University
2 Purdue University

Corresponding Author: schiu@mail.cgu.edu.tw

Six rephasing invariant combinations can be constructed from elements of the neutrino mixing ma-
trix V : Γijk = V1iV2jV3k = Rijk − iJ , where (i, j, k) is cyclic permutation of (1, 2, 3), Rijk is the
real part, and the common imaginary part J is identified with the Jarlskog invariant. In terms of this
rephasing invariant parametrization, the squared elements of the neutrino mixing matrix are found
to satisfy, as functions of the induced mass, a set of differential equations. They show clearly the
dominance of pole terms when the neutrino induced masses cross. Using the known vacuum mixing
parameters as initial conditions, it is found that these equations have very good approximate solu-
tions, for all values of the induced mass. The results may be applicable to Long Baseline Experiments
(LBL).

Neutrino Physics / 426

New results from RENO
Author: Hyunkwan SeoNone

Corresponding Authors: hyunkwan.seo@cern.ch, hkseo16@gmail.com

The Reactor Experiment for Neutrino Oscillation (RENO) has been taking reactor antineutrinos data
from the six reactors at Hanbit Nuclear Power Plant in Korea using two identical near and far detec-
tors since August, 2011. The samllest neutrino mixing angle θ_13 has been successfully measured by
observing the disappearance of reactor antineutrinos. In 2016, RENO has published an updated value
of θ_13 and its first measurement of dmˆ2_ee based on energy dependent disappearance probability
using 500 live days of data taken until January. RENO has accumulated more data to obtain more
precise values of θ_13 and dmˆ2_ee. A study has been on progress to find changes in the observed
reactor antineutrino flux with respect to the reactor fuel evolution. In this talk, we present newly
measured values of θ_13 and dmˆ2_ee and results on the evolution of observed reactor antineutrino
yields.

Neutrino Physics / 462

Average CsI neutron density distribution from COHERENT data

Author: Yufeng Li1

1 Institute of High Energy Physics, Chinese Academy of Sciences

Corresponding Author: liyufeng@ihep.ac.cn

The coherent neutrino scattering with nuclei provides a novel way to measure the distribution of
neutrons in nuclei. This interaction has been theoretically predicted more than 40 years ago 1, but
the difficulty of measuring the very small nuclear recoil made possible its experimental observation
only in 2017 by the COHERENT experiment 2.

Using the COHERENT data, we are able to determine for the first time the average radius of the neu-
tron distributions of the Caesium and Iodine nuclei [3], which turns out to be of about 5.5 millionths
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of a nanometer. It was also possible to evaluate the so called “neutron skin”, which is the difference
between the radii of the neutron and proton distributions. These quantities are crucial ingredients
of the nuclear matter equation of state which plays an essential role in understanding several pro-
cesses, like nuclei in laboratory experiments, heavy ion collisions, and the structure and evolution
of astrophysical objects as neutron stars. Moreover, a better understanding of the neutrino-nucleus
interaction process is of utmost importance in the direct dark matter searches field, in which this
process contributes to an irreducible source of the background.

In this talk, the measurement of the neutron radius and the neutron skin from COHERENT data
will be presented, and the implications in nuclear physics, astrophysics and the cosmology will be
elaborated.

1 D.Z. Freedman, Coherent neutrino nucleus scattering as a probe of the weak neutral current, Phys.
Rev. D 9, 1389 (1974).

2 D.Akimov et al. [COHERENT Collaboration], Observation of Coherent Elastic Neutrino-Nucleus
Scattering, Science 357, 1123 (2017), [arXiv:1708.01294 [nucl-ex]].

[3] M.Cadeddu, C.Giunti, Y.F. Liand Y.Y. Zhang, Average CsI neutron density distribution from CO-
HERENT data, Phys. Rev. Lett.120*, 072501 (2018),[arXiv:1710.02730 [hep-ph]].

Neutrino Physics / 631

Latest Reactor Antineutrino Oscillation Results from the Daya
Bay
Author: Liang Zhan1

1 Institute of High Energy Physics

Corresponding Author: zhanl@ihep.ac.cn

The Daya Bay experiment is designed to precisely measure the reactor electron-antineutrino oscil-
lation utilizing eight functionally identical detectors placed at three underground experiment halls.
The antineutrinos are generated from six reactor cores distributed with baselines from 500 m to 1600
m. In 2012, the Daya Bay experiment observed the reactor antineutrino disappearance and presented
a measurement of sin2 2θ13 with a significance better than 5σ. Later in 2014, the collaboration re-
ported an effective mass-squared difference |∆m2

ee|. The Daya Bay collaboration are continuously
improving the precision of sin2 2θ13 and |∆m2

ee| with higher statistics and better systematic un-
certainties. In this talk, I will report the latest oscillation results of sin2 2θ13 and |∆m2

ee| with the
neutron-gadolinium capture data sample and the results from another independent oscillation study
with the neutron-hydrogen capture.

Neutrino Physics / 639

Oscillation Physics with Atmospheric Neutrinos at Hyper-Kamiokande

Author: Sandro Bravar1

1 Universite de Geneve (CH)

Corresponding Author: alessandro.bravar@unige.ch

After the initial observation of neutrino oscillations using atmospheric neutrinos, considerable progress
has been made in the understanding of the mixing paradigm using long-baseline and reactor neutri-
nos. Despite these successes, there are several open questions remaining, including the ordering of
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the neutrino masses, the octant of the atmospheric mixing angle, and whether or not neutrino os-
cillations violate CP. Hyper-Kamiokande is next-generation water Cherenkov experiment that will
observe long-baseline neutrinos from J-PARC as well as atmospheric neutrinos with its 187˜kton
fiducial volume. While its atmospheric sample is subject to considerable matter effects and pro-
vides sensitivity primarily to the neutrino mass hierarchy, its accelerator neutrino sample provides
a clean measurement of the CP phase in the PMNS mixing framework, especially when the hierarchy
is known.
This talk will discuss Hyper-Kamiokande’s oscillation sensitivity using atmospheric neutrinos and
demonstrate the power of their combination with the beam sample to realize early resolutions to the
open questions in oscillation physics.

Neutrino Physics / 914

Resolving DUNE oscillation parameter ambiguities in the 3+1 ster-
ile neutrino scenario using SBN
Authors: Davio Cianci1; Georgia Karagiorgi1; Yeon-Jae Jwa2; mark ross-lonergan3

1 University of Manchester
2 Seoul National University (KR)
3 IPPP, Durham University

Corresponding Authors: davio.cianci@postgrad.manchester.ac.uk, mark.ross-lonergan@durham.ac.uk, yeon-jae.jwa@cern.ch,
georgia.karagiorgi@manchester.ac.uk

There has been significant interest in the possible effect that one or more light sterile neutrinos,
hinted by several short-baseline neutrino oscillation experiments, can have on the measurement
of the three-neutrino mixing parameters at the future long-baseline Deep Underground Neutrino
Experiment (DUNE), with a particular focus on their effect on CP-violation measurements. By the
time DUNE is operational, however, the Short-Baseline Neutrino (SBN) program at Fermilab will
have performed high-precision measurements of possible light sterile neutrino oscillations, or will
have provided stringent constraints to such scenarios. In this work we will present results on a joint
SBN+DUNE light sterile neutrino oscillation analysis, combining both νe appearance and νµ disap-
pearance oscillation measurements at both long and short baselines. By utilizing a fast MonteCarlo
simulation of all SBN and DUNE detectors, we estimate the effects that either a positive or a null
observation at SBN could have on DUNE sensitivities.

Neutrino Physics / 780

DOUBLE BETA DECAY WITH NEMO-3 AND SUPERNEMO
Authors: Ruben SaakyanNone; NEMO-3 and SuperNEMO Collaborations None

Corresponding Author: rrsaakyan@gmail.com

Neutrinoless double beta decay (0νββ) is the only
practical way to understand the neutrino nature (Dirac or Majorana
particle) and to observe full lepton number violation required by most
beyond the standard model scenarios.

The goal of the SuperNEMO experiment is to search for
0νββ decay. Its technology is based on a successful design approach of the NEMO-3
experiment which was running at the Modane Underground Laboratory in
the Frejus Tunnel under the French-Italian Alps in 2003 − 2011.
The unique features of this approach are the ability
to study almost any ββ isotope and reconstruction of the event
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topology which produces a “smoking gun” evidence for the process
and may allow the underlying physics mechanism to be disentangled.

The latest updates on the final NEMO-3 results obtained with
7 different ββ isotopes are presented.
The physics reach of the SuperNEMO project is
discussed and the status of the integration and commissioning of its
first module, the Demonstrator, as well as its physics sensitivity
are presented.

Neutrino Physics / 956

Nuclear Matrix Elements for Neutrinoless Double Beta Decay from
Lattice QCD
Author: David Murphy1

1 Massachusetts Institute of Technology

Corresponding Author: djmurphy@mit.edu

While neutrino oscillation experiments have demonstrated that neutrinos have small, nonzero masses,
much remains unknown about their properties and decay modes. One potential decay mode — neutri-
noless double beta decay (0νββ) — is a particularly interesting target of experimental searches, since
its observation would imply both the violation of lepton number conservation in nature as well as the
existence of at least one Majorana neutrino, in addition to giving further constraints on the neutrino
masses. Relating experimental constraints on 0νββ decay rates to the neutrino masses, however,
requires theoretical input in the form of non-perturbative nuclear matrix elements which remain
difficult to calculate reliably. In this talk we will discuss the prospects for a first-principles calcula-
tion of the relevant nuclear matrix elements using lattice QCD and effective field theory techniques,
assuming neutrinoless double beta decay mediated by a light Majorana neutrino. As a proof-of-
principles we will show preliminary results from a lattice calculation of the related π− → π+e−e−

transition amplitude.

Neutrino Physics / 1046

Searches for Heavy Neutrinos with the ATLAS Detector
Author: Maximiliano Sioli1

1 University of Bologna and INFN (IT)

Corresponding Author: m.sioli@cern.ch

Multiple theories beyond the Standard Model predict the existence of heavy Majorana or Dirac neu-
trinos. The ATLAS searches presented here focus on models in which these heavy neutral leptons
are either produced together with a right-handed W gauge boson, via the Keung-Senjanovic process,
or with a heavy charged lepton from the same fermionic triplet, in the context of a type-III seesaw
model. The searches focus on final states containing two leptons (of opposite signs or of same signs)
and jets, using proton-proton collisions at

√
s = 13 TeV collected with the ATLAS detector at the

LHC.

Neutrino Physics / 476
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Physics Potential of Super-K Gd
Author: Charles Simpson1

1 Oxford University and University of Tokyo, Kavli IPMU

Corresponding Authors: rougetortoise@gmail.com, charles.simpson@physics.ox.ac.uk

The next stage of the highly successful Super-Kamiokande experiment is to load gadolinium (Gd)
sulphate at 0.2% by mass. Gadolinium has a very large cross section for thermal neutron capture,
which produces a cascade of gamma rays totalling 8 MeV. This is much easier to detect than the 2.2
MeV gamma ray from neutron capture on hydrogen that is currently used for neutron tagging. By
tagging events which produce neutrons, background rates are radically reduced for some analyses.
Super-K has published the best limits on the diffuse supernova neutrino background (DSNB, also
called supernova relic neutrinos); neutron tagging with Gd will enable detection of the DSNB in 10
years from Gd loading.
In the event of a core collapse supernova in our galaxy, neutron tagging with Gd will give new
insight in to the dynamics of the neutrino burst, and a more accurate measurement of the direction
to the supernova. Prior to a very close supernova (<1kpc), the late stages of stellar burning would
be detected, giving even earlier supernova warning, and probing a never before observed stellar
process.
Super-K sets the best limits on proton decay - this will be improved by the addition of gadolinium
as the majority of atmospheric neutrino induced backgrounds have one or more neutrons in the
final state. Additionally hundreds or thousands of reactor neutrinos will be detected, and spallation
induced backgrounds, which create dead-time for many analyses, will be reduced.
The expected benefits of the addition of Gd are explored for these various physics analyses.

Neutrino Physics / 511

The road to SuperK-Gd

Author: Lluis MartiNone

Corresponding Author: lluis.marti.magro@gmail.com

The Super-Kamiokande detector (SuperK) has been running since 1996. In addition to the discovery
of neutrino oscillations which led to the Nobel Price in Physics in 2015, it has delivered many im-
portant results: the best proton lifetime and Diffuse Supernova Neutrino Background limits to cite
two examples. With an extensive physics programme and a long and successful past, the SuperK
collaboration has been working to go beyond these limits. Many of our studies could be improved
if not only charged particles but also neutrons could be detected.

Gadolinium has the largest cross-section for thermal neutron capture, emitting a gamma cascade of
about 8 MeV. This cascade is detected with much higher efficiency than the capture on protons which
just produces a single gamma of 2.2 MeV. Thus, by dissolving 0.2% of gadolinium (Gd) sulfate in mass
in the otherwise ultra-pure SuperK water, 90% of the neutrons will be captured on Gd. To explore
and fulfil this idea the EGADS project was funded in 2009. After the success of this project, the
SuperK collaboration approved in 2015 the SuperK-Gd project. This year we will open the detector,
refurbish and prepare it for a new era that will bring many new exciting results. In this talk, we will
summarise the most important past milestones in the road towards SuperK-Gd as well as the work
ahead of us to achieve its goals.

Neutrino Physics / 926

Measuring Neutrino Oscillations with KM3NeT/ORCA
Author: Marco Circella1
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1 INFN Bari

Corresponding Author: marco.circella@ba.infn.it

ORCA is the low-energy detector of KM3NeT, the next generation underwater Cherenkov neutrino
observatory in the Mediterranean Sea. With ORCA, the primary goal is to resolve the long-standing
unsolved question of whether the neutrino mass ordering is normal or inverted, by measuring matter
oscillation effects with atmospheric neutrinos. The ORCA design foresees a dense configuration of
KM3NeT detection units, optimised for studying the interactions of neutrinos in seawater at energies
< 100 GeV. The detector will be deployed at the French KM3NeT site, at 2500 m depth ˜40 km offshore
Toulon. The excellent optical properties of deep seawater will be exploited by the ORCA’s multi-PMT
optical modules to accurately reconstruct both cascade events (mostly induced by electron neutrinos)
and track events (mostly from muon neutrinos). The construction of the detector has started. In this
contribution we will report on the progress of the construction plan and will discuss the potentialities
of the ORCA detector both in neutrino mass hierarchy studies and in obtaining new constraints on
other key oscillation parameters.

Neutrino Physics / 324

Search for Oscillations with a Lithium-6 Detector at the SCK•CEN
BR2 reactor

Corresponding Author: s.vercaemer@gmail.com

Several anomalies in the neutrino sector are pointing towards the existence of a new (sterile) neu-
trino state with a mass around 1 eV. The SoLid experiment is located at the SCK•CEN BR2 research
reactor in Belgium and will investigate this possibility. Using the large flux of anti-neutrino gener-
ated in the reactor, it will collect a high statistics sample of Inverse Beta Decay (IBD) events. These
will be used to study the energy and distance dependence of the neutrino flux, which in turn will
be used un-ambiguous support or reject the evidence of sterile neutrinos being the cause of these
anomalies.

The measurement is challenging as one has to operate a detector very close to the high radiation
environment of a nuclear reactor and on the surface with little overburden to shield against cos-
mic rays. SoLid is employing a new technology using highly segmented scintillators with excellent
particle ID to face these challenges.

The 1.6-tons detector was installed towards the end of 2017 and is taking data since early 2018. We
will describe the detector design, the experimental setup at BR2 and the detection principle. This
will be followed by a first look at the data.

Neutrino Physics / 311

The measurement of absolute reactor neutrino flux and spectrum,
and their evolution at Daya Bay
Author: Bei-Zhen Hu1

1 National Taiwan University (on behalf of Daya Bay Collaboration)

Corresponding Author: ptbei1985@gmail.com

The Daya Bay Reactor Neutrino Experiment consists of eight functionally identical detectors placed
underground at different baselines from six 2.9 GWth reactor cores. Since Dec. 2011, the experiment
has collected more than 2.2 million inverse beta decay (IBD) candidates to date, enabling a precision
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measurement of the absolute reactor antineutrino flux and spectrum, and their fuel-dependent evo-
lution. The comparison between measured spectrum and predictions from Huber-Mueller model re-
vealed a 2.9 σ deviation for the whole energy region and mostly pronounced in the region around 4-6
MeV. The measurement of the evolution of the reactor antineutrino flux and spectrum showed a 2.8
σ discrepancy in the antineutrino flux variation with respect to the reactor fuel composition. The dis-
crepancy suggests an overestimation of the predicted contribution from the 235U fission isotope and
indicates that this isotope could be primary contributor to the reactor antineutrino anomaly.

Neutrino Physics / 466

Analysis of Gd(n,gamma) reaction with 155, 157 and natural Gd
targets taken with JPARC-ANNRI and development of Gd(n,gamma)
decay model for Gd-doped neutron/neutrino detectors

Author: Ajmi AliNone

Co-authors: Makoto Sakuda 1; T. Tanaka ; K. Hagiwara ; T. Sudo ; M. Reen ; P. Das ; R. Dir ; Y. Yamada ; I. Ou ; T.
Mori ; T. Kayano ; Y. Koshio ; T. Yano ; A. Kimura ; S. Nakamura ; N. Iwamoto ; H. Harada ; S. Lorenz ; M. Wurm ;
W. Focillon ; M. Gonin ; Gianmaria Collazuol 2

1 Okayama University
2 Universita e INFN, Padova (IT)

Corresponding Authors: sakuda@fphy.hep.okayama-u.ac.jp, ajmi.ali@pd.infn.it, gianmaria.collazuol@pd.infn.it

The importance of a good model for the γ-ray energy spectrum from the radiative thermal neutron
capture on Gadolinium (Gd) is specially increased in the present era of Gd-enhanced ν̄e-search de-
tectors. Its an essential prerequisite for MC studies to evaluate the neutron tagging efficiency, in
order to enhance signal sensitivity in the Gd-loaded ν̄e-search detectors.
The γ-ray spectra produced from the thermal neutron capture on enriched gadolinium targets (155Gd,
157Gd and Natural Gd) in the energy range 0.11 MeV to 8.0 MeV, were measured using the ANNRI
Germanium Spectrometer at MLF, J-PARC [1, 2, 3]. Based on the data acquired and a GEANT4 sim-
ulation of the ANNRI detector, we reported the energy spectrum of 157Gd(n, γ) and
developed a γ-ray emission model of 157Gd(n, γ) in our previous publication 1.
We now present the analysed data of 155Gd(n, γ) and natGd(n, γ) reactions, the energy spectra of γ-
rays and an improved model for 155Gd(n, γ), 157Gd(n, γ) and natGd(n, γ) reactions. The consistency
of the results from the devised model is checked among all the 14 germanium crystals, at the level
of 15% spectral shape deviation at 0.2 MeV binning.

Neutrino Physics / 494

Searching for a Light Sterile Neutrino at Daya Bay
Author: Ming-chung Chu1

1 The Chinese University of Hong Kong

Corresponding Author: mcchu@phy.cuhk.edu.hk

Additional generations of neutrinos that do not participate in standard V-A interactions - hence
called “sterile”- arise in many extensions of the Standard Model. The existence of light sterile neu-
trino, with masses at eV or sub-eV scale, could explain several anomalies in short neutrino oscillation
experiments as well as discrepancy in cosmological measurements of the Hubble parameter. I will
report a search for light sterile neutrino mixing in the electron antineutrino disappearance channel
by the Daya Bay Reactor Neutrino Experiment in the 2x10−4 |∆m2

41| 0.3 eV2 range. The result-
ing limits on sin2214 constitute the most stringent constraints to date in the
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|∆m2
41| 0.2 eV2 region. A joint analysis with electron antineutrino disappearance measurements

from the Daya Bay and Bugey-3 experiments and the measurement of muon (anti)neutrino disap-
pearance by the MINOS experiment will also be presented. The combined results place stringent
constraints on electron neutrino and antineutrino appearance driven by sterile neutrino. The sterile-
neutrino mixing parameter space allowed by the LSND and MiniBooNE experiments is excluded for
∆m2

41 < 0.8 eV2 at 95% CLs.

Neutrino Physics / 940

JUNO: A Multipurpose Underground Precision Neutrino Detec-
tor
Author: Wei Wang1

1 Sun Yat-Sen University

Corresponding Authors: zhangqm2016@gmail.com, zhangqingmin@mail.xjtu.edu.cn, wangw223@mail.sysu.edu.cn

The Jiangmen Underground Neutrino Observatory (JUNO) is a reactor-based neutrino oscillation
experiment primarily aiming at resolving neutrino mass hierarchy (MH) located in South China.
There are a few key elements in designing the JUNO detector in order to resolve the neutrino mass
hierarchy with high confidence levels. To get sufficient statistics within a reasonable amount of
time, JUNO has designed a 20 kilo-tone liquid scintillator detector with an active veto system with
good tracking capability; To maximize the hidden MH signal from the multiple reactor cores, the
experiment site has been carefully chosen to be at ˜53 km so various baselines differ less than 0.5
km; The two key elements in the JUNO central detector’s performance are its unprecedented energy
resolution, 3%/sqrt(E/MeV), and its high precision absolute energy scale calibration uncertainty, bet-
ter than 1%, for a LS detector. Such an unprecedented LS detector naturally provides the experiment
the ability of measuring \Delta mˆ2_31 to sub-percent precision. Furthermore, due to its optimized
baseline for the solar mass-squared splitting, JUNO is also capable of measuring the solar neutrino
mixing parameters sinˆ2 2\theta12 and \Delta mˆ2_21 to sub-percent precision. This talk will present
the physics potential of the JUNO experiment in resolving neutrino mass hierarchy, measuring os-
cillation parameters to unprecedented precision, detecting extra-terrestrial neutrinos and searching
for other exotic physics.

Neutrino Physics / 772

Status and Prospects of the JSNS2 experiment
Author: Carsten Rott1

1 Sungkyunkwan University

Corresponding Author: carsten.rott@gmail.com

The JSNS2 experiment aims to search for the existence of neutrino oscillations with ∆m2 near 1
eV2 at the J-PARC Materials and Life Science Experimental Facility. A 1 MW proton beam (3 GeV)
incident on a mercury target produces an intense neutrino beam from muon decay at rest (µ+ →
e+ + ν̄µ + νe). The oscillation to be searched for is n̄uµ to ν̄e, detected via the inverse beta decay
reaction (ν̄e + p→ e+ + n), which is then distinctively tagged by gammas from neutron capture of
Gadolinium. The first of two detectors with 17 tons fiducial volume is currently under construction
at a distance of 24 m from the mercury target. JSNS2 is expected to provide the ultimate test of
the LSND anomaly by replicating nearly identical conditions. The status of the experiment, which is
expected to start by the end of this year, will be discussed and its physics potential reviewed.
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Neutrino Physics / 304

Search for sterile neutrinos with the T2K far detector
Authors: Marat Khabibullin1; Ka Ming Tsui2

1 Russian Academy of Sciences (RU)
2 University of Tokyo

Corresponding Authors: kmtsui@icrr.u-tokyo.ac.jp, marat.khabibullin@cern.ch

T2K is a long baseline accelerator neutrino experiment in Japan which studies
neutrino oscillations with a narrow-band muon neutrino beam peaked at 0.6 GeV.
The large water Cherenkov detector Super-Kamiokande (SK) located 295 km away
from the proton target acts as a far detector and provides high quality
samples for oscillation analysis. In the present study the T2K setup is used
to search for light sterile neutrinos.
Sterile neutrinos are hypothetical particles that do not interact via
weak interactions and couple with active neutrinos only through mixing. They
are present in many extensions of the Standard Model and can have any masses
from 0 to the GUT scale. Light sterile neutrinos of eV masses could modify the
standard 3-flavour oscillation pattern and explain anomalies observed in some
oscillation experiments.
A sterile neutrino analysis at T2K was developed to constrain
θ24 and θ34 mixing elements in the 3+1 sterile neutrino
model. This is the first study of sterile neutrinos at T2K which is based on
SK data. To enhance the sensitivity to the effects related to the presence of
sterile neutrinos, a joint analysis is done using both charged-current and the
newly implemented neutral-current (NC) oscillation samples (NCπ0 with 2
rings observed and NC gamma de-excitation) at the far detector. The primary
sensitivity for this sterile search comes from NC samples where we are looking
for a deficit due to the oscillations to the sterile neutrino.
The analysis strategy and the results obtained for the current T2K
data (2010-2017 data taking) are presented.

Neutrino Physics / 417

Study of tau-neutrino production at the CERN SPS
Author: Tomoko Ariga1

1 Kyushu University

Corresponding Author: tomoko.ariga@cern.ch

At the CERN SPS, the DsTau project has been proposed to study tau-neutrino production aiming
at providing important information for future ντ measurements. Precise measurement of the ντ
cross section would enable a search for new physics effects in ντ -nucleon CC interactions. It also
has practical implications for neutrino oscillation experiments. The dominant source of ντ is the
sequential decay of Ds mesons produced by proton interactions, whose uncertainty dominates cur-
rent uncertainty in the ντ cross section measurement. The project aims at reducing the systematic
uncertainty from about 50% to 10% by measuring the Ds differential production cross section. For
this purpose, emulsion detectors with a nanometre-precision readout will be used to detect small
kinks of the Ds → τ decay. An emulsion detector has a position resolution of 50 nm, allowing for
the detection of Ds → τ → X double kinks in a few mm range. Results from the beam tests in
2016-2017 will be presented together with a prospect for a pilot run in 2018 and a physics run in
2021.
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Neutrino Physics / 1018

Neutrino scattering at nuSTORM
Authors: Kenneth Richard Long1; Patrick Huber2

1 Imperial College (GB)
2 Virginia Tech

Corresponding Authors: pahuber@vt.edu, k.long@imperial.ac.uk

The nuSTORM facility will provide \nu_e and \nu_\mu beams from the decay of low energy muons
confined within a storage ring. The instrumentation of the ring, combined with the excellent knowl-
edge of muon decay, will make it possible to determine the neutrino flux at the %-level or better. The
neutrino and anti-neutrino event rates are such that the nuSTORM facility serving a suite of near
detectors will be able to measure \nu_eN and \nu_\muN cross sections with the %-level precision re-
quired to allow the next generation of long-baseline neutrino-oscillation experiments to fulfil their
potential. By delivering precise cross section measurements with a pure weak probe nuSTORM may
have the potential to make measurements important to understanding the physics of nucleii. The
precise knowledge of the initial neutrino flux also makes it possible to deliver uniquely sensitive
sterile-neutrino searches. The concept for the nuSTORM facility will be presented together with an
evaluation of its performance. The status of the planned consideration of nuSTORM at CERN in the
context of the Physics Beyond Colliders workshop will be summarised.

Neutrino Physics / 303

Probing neutrino cross-section models with T2K near-detector
data
Author: David Hadley1

1 University Of Warwick

Corresponding Author: d.r.hadley@warwick.ac.uk

The T2K long-baseline neutrino oscillation experiment has been running since
January 2010 and collected thousands of neutrino-interaction events at the
near detectors (ND280 and INGRID) with different targets. The data collected
allow us not only to measure the neutrino-interaction cross sections, but
also to probe different nuclear models. T2K is developing new tools for
unfolding the data in order to infer unbiased cross sections and exploring new
variables which probe ambiguities in the modeling of nuclear effects in neutrino
interactions at the energies most relevant for current and future neutrino oscillation experiments.
An overview of methods probing cross-section models which could be used in
other neutrino experiments will be presented in this talk. The impact of
nuclear effects on the oscillation analysis will be also outlined.

Neutrino Physics / 363

Quasi-elastic-like anti-neutrino production at MINERvA
Authors: Heidi Schellman1; MINERvA Collaboration2

1 Oregon State University
2 Fermilab
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Corresponding Author: heidi.schellman@science.oregonstate.edu

Next-generation neutrino oscillation experiments, such as DUNE and Hyper-Kamiokande, hope to
measure charge-parity (CP) violation in the lepton sector. In order to do this, they must dramat-
ically reduce their current levels of uncertainty, particularly those due to neutrino-nucleus inter-
action models. As CP violation is a measure of the difference between the oscillation properties
of neutrinos and antineutrinos, data about how the less-studied antineutrinos interact is especially
valuable. We present the MINERvA experiment’s first double-differential scattering cross sections
for antineutrinos on scintillator, in the few-GeV range relevant to experiments such as DUNE and
NovA. We also present total antineutrino-scintillator quasi-elastic cross sections as a function of en-
ergy, which we compare to measurements from previous experiments. As well as being useful to
help reduce oscillation experiments’ uncertainty, our data can also be used to study the prevalence
of various correlation and final-state interaction effects within the nucleus. We compare to models
produced by different model generators, and are able to draw first conclusions about the predictions
of these models.

Neutrino Physics / 651

Neutrino properties deduced from the double beta decay study

Author: Sabin Stoica1

1 International Center for Advanced Training and Research in Physics

Corresponding Author: sabin.stoica@cifra.infim.ro

Double beta decay (DBD) is a rare nuclear process of great interest due to its potential to provide
information about physics beyond the Standard Model (BSM). For example, the discovery of the
neutrinoless double-beta (0νββ) decay mode could give answers to fundamental issues about pos-
sible violation of the CP and Lorentz symmetries in the weak sector, lepton number violation, or
about still unknown neutrino properties such as are neutrinos Dirac- or Majorana-like particles?;
neutrino absolute masses; what is the correct hierarchy of the neutrino masses?; are there sterile
neutrinos?, etc. Theoretically, the DBD study consists in the precisely computation of the nuclear
matrix elements (NMEs) and phase space factors (PSFs) entering the DBD half-lives formulas, for
different decay modes and transitions to final ground or excited states of the parent nuclei. Reliable
computations of these quantities result in reliable predictions of DBD half-lives and constrains of
the BSM parameters appearing in the possible mechanisms that may contribute to the 0νββ decay.
In my talk I give first a short review of the theoretical challenges in the study of 0νββ decay. Then I
present a new, more reliable, approach to calculate at once the products NMEs x PSFs and I deduce
new limits for the neutrino mass parameters for the light and heavy neutrino exchange scenar-
ios.

References
S. Stoica and M. Mirea, Phys. Rev. C 88, 037303 (2013).
A. Neacsu and S. Stoica, J.Phys. G 41, 015201 (2014).
S. Stoica, MEDEX’17 (invited lecture), AIP Conference Proceedings 1894, 020023 (2017)
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Neutrino-less double beta decay(0νββ) is acquiring great interest
after the confirmation of neutrino oscillation
which demonstrated nonzero neutrino mass.
Measurement of 0νββ provides a test for the Majorana nature of neutrinos
and gives an absolute scale of the effective neutrino mass.

In order to search for 0νββ of 48Ca,
we proposed CANDLES project and a detector system by using CaF2(pure).
The CANDLES III system, which is one of the CANDLES project, aims at a high sensitive measure-
ment
by a characteristic detector system.
The system realizes a complete 4π active shield
by immersion of the CaF2 scintillators in liquid scintillator.
The active shield leads to a low background condition for the measurement.

Now we have developed the CANDLES III system,
which contained 350 g of 48Ca at the Kamioka underground laboratory.
In 2016, we have installed a shielding system in the CANDLES III system
to reduce background events by the high energy γ-rays,
which were emitted from neutron capture reaction on surround materials.
By the system,
we reduced the background events from neutron capture by two orders of magnitude.
After this upgrade, we started a double beta decay measurement
and obtained result.
Furthermore, we started development of next detector system.
In this system, we will use a CaF2 scintillating bolometer
and enriched 48Ca.
In this paper,
we will report result of 48Ca double beta decay measurement by using the CANDLES III system
and current status of the CaF2 scintillating bolometer and enrichment of 48Ca.

Neutrino Physics / 977

Right-Handed neutrino searches at the FCC
Author: Alain Blondel1

1 Universite de Geneve (CH)

Corresponding Author: alain.blondel@cern.ch

CERN has launched in 2014 the design study of Future Circular Colliders, including a High Lumi-
nosity e+e- collider (FCC-ee) running from the Z pole to above the top pair production threshold.
Follow a 100 TeV pp and heavy ion collider (FCC-hh) able to reach an unprecedented energy scale
and an e-p collider option. The FCC-ee offers a broad discovery potential based on a combination
of precision Electroweak Measurements, high statistics quark and lepton flavour physics, searches
for rare phenomena and new particles, and Higgs model-independent coupling measurements. The
FCC-hh can observe the production new particles with Standard Model couplings up to ˜30 TeV, but
is also an extremely abundant factory for W, Z top and Higgs, allowing searches for rare phenom-
ena and a number of precision measurements including those of the triple Higgs and ttH couplings.
The ep option would offer unprecedented reach in structure functions and high statistics of Higgs
production.

The complementarity of the FCC machines can be illustrated in a spectacular way for particular ex-
ample of heavy neutral leptons (Right Handed neutrinos), which constitute today one of the most
compelling extensions of the Standard Model, if their masses are around the Electroweak scale.
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While the FCC-ee offers the largest discovery domain by either the very clean observation of long
lived particles in Z→ vN decays, or by a typical pattern of deviations in a series of precision ob-
servables, the FCC-hh (or ep) could detect them in W→l N (or e→ N Charged current transition)
followed by the semileptonic decay of the Heavy Neutral lepton, thus able to observe possible change
of lepton flavour or even leptonic number.

Neutrino Physics / 986

Democratic neutrino mass matrix from generalized Fridberg-Lee
model
Author: Neda RazzaghiNone

Corresponding Author: neda.phys@gmail.com

We propose a phenomenological model of the Dirac neutrino mass
matrix based on the Fridberg-Lee neutrino mass model at a special
point. In this case, the Fridberg-Lee model reduces to the
Democratic mass matrix with the S3 permutation family symmetry.
The Democratic mass matrix has an experimentally unfavored
degenerate mass spectrum on the base of tribimaximal mixing
matrix. We rescue the model to find a nondegenerate mass spectrum
by adding the breaking mass term as preserving the twisted
Fridberg-Lee symmetry. The tribimaximal mixing matrix can be also
realized. Exact tribimaximal mixing leads to θ13 = 0.
However, the results from Daya Bay and RENO experiments have
established a nonzero value for θ13. Keeping the leading
behavior of U as tribimaximal, we use Broken Democratic neutrino
mass model. We characterize a perturbation mass matrix which is
responsible for a nonzero θ13 along with CP violation,
besides the solar neutrino mass splitting has been resulted from
it. We consider this work in two stages: In the first stage, we
obtain the perturbation mass matrix with real components which
breaks softly the µ− τ symmetry and this leads to a nonzero
value for θ13. In the second stage, we extend the
perturbation mass matrix to a complex symmetric matrix which leads
to CP violation. Therefore obtain a realistic neutrino mixing
matrix with θ23 = 45◦. We obtain the solar mass
splitting, the ordering of the neutrino masses is inverted. Using
only two sets of the experimental data, we can fix all of the
parameters of mass matrix and predict the masses of neutrinos and
phases. These predictions include the following:
m1 ≈ (4.82− 4.93)10−2eV ,
|m2| ≈ (4.90− 5.01)10−2eV , m3 ≈ 0 and,
ϕ ≈ (0.687◦ − 10.31◦) as the origin of the
Majorana phases.

Neutrino Physics / 638

Prospects for CP violation measurement with Hyper-Kamiokande

Author: Masaki Ishitsuka1

Co-author: Masaki Ishitsuka 2
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2 Tokyo Institute of Technology (JP)
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Three flavor neutrino mixing has been established by the continuous studies of neutrino oscillations
since its discovery. Large mixing angles and small neutrino masses, in contrast to those in quark
sector, imply new physics at ultra-high energy. In addition, as- yet unmeasured CP violation in neu-
trino sector is considered as a clue to investigate the origin of matter-antimatter asymmetry of the
universe. Hyper-Kamiokande is a next generation large-scale water Cherenkov detector. With the
baseline design, its fiducial volume is about an order of magnitude larger than Super-Kamiokande
and the detector performance is significantly improved with newly developed photo-sensors. Com-
bination of the Hyper-Kamiokande detector with the upgraded J-PARC neutrino beam will provide
unprecedented high statistics of the neutrino and antineutrino signals to measure the CP violation
and reveal a full picture of neutrino mixing with high precision. Prospects for the CP violation mea-
surements by the Hyper-Kamiokande
long baseline project will be presented.

Neutrino Physics / 61

Neutrino CP Violation with the European Spallation Source neu-
trino Super Beam project
Author: Marcos Dracos1

1 IPHC-Strasbourg

Corresponding Author: marcos.dracos@ires.in2p3.fr

After measuring in 2012 a relatively large value of the neutrino mixing angle θ13, the door is now
open to observe for the first time a possible CP violation in the leptonic sector. The measured value
of θ13 also privileges the 2nd oscillation maximum for the discovery of CP violation instead of the
usually used 1st oscillation maximum. The sensitivity at this 2nd oscillation maximum is about three
times higher than for the 1st oscillation maximum inducing a lower influence of systematic errors.
Going to the 2nd oscillation maximum necessitates a very intense neutrino beam with the appro-
priate energy. The world’s most intense pulsed spallation neutron source, the European Spallation
Source, will have a proton linac with 5 MW power and 2 GeV energy. This linac, under construction,
also has the potential to become the proton driver of the world’s most intense neutrino beam with
very high potential to discover a neutrino CP violation. The physics performance of that neutrino
Super Beam in conjunction with a megaton underground Water Cherenkov neutrino detector in-
stalled at a distance of about 500 km from ESS has been evaluated. In addition, the choice of such
detector will extent the physics program to proton-decay, atmospheric neutrinos and astrophysics
searches. The ESS proton linac upgrades, the accumulator ring needed for proton pulse compression,
the target station optimization and the physics potential are described. In addition to neutrinos, this
facility will also produce at the same time a copious number of muons which could be used by a
muon collider. The ESS neutron facility will be fully ready by 2023 at which moment the upgrades
for the neutrino facility could start.
This project is now supported by the COST Action CA15139 “Combining forces for a novel European
facility for neutrino-antineutrino symmetry-violation discovery” (EuroNuNet). It has also received
funding from the European Union’s Horizon 2020 research and innovation programme under grant
agreement No 777419.

Keywords: ESSnuSB, neutrino, CP violation, neutrino oscillations, ESS, COST, EuroNuNet, H2020

Neutrino Physics / 317

Spectroscopy of the first electrons from the KATRIN tritium source
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Neutrinos are by far the lightest particles in the Universe. According to the Standard Model of Par-
ticle Physics neutrinos should be massless. However, the existence of their mass has been proven
experimentally by the observation of neutrino mass oscillations. The KArlsruhe TRitium Neutrino
(KATRIN) experiment at the Karlsruhe Institute of Technology aims for a direct neutrino mass de-
termination with a sensitivity of 200 meV/c2 (90% C.L.).
The measurement will be performed by precise spectroscopy of the tritium-β-decay electrons near
the kinematic endpoint of 18.6 keV. That is achieved by employing a high-resolution (ΔE < 1 eV)
MAC-E-type high-pass energy filter coupled to a high-luminosity (1011 Bq) windowless gaseous tri-
tium source which is supplied by the closed gas processing loop of the Tritium Laboratory Karlsruhe
(TLK) at throughput of 40 g of T2 per day.

In autumn 2016, the First Light commissioning campaign took place, in which photoelectrons gen-
erated from KATRIN’s rear wall were guided through the complete beamline (source and spec-
trometers) and were detected successfully on the detector. During the subsequent experimental
stage in summer 2018, gaseous metastable Kr-83m was injected into the KATRIN source section.
Furthermore, a condensed Kr-83m source was deployed in the transport section. By using both
sources, first high-resolution spectroscopy of electrons from radioactive origin has been performed
with KATRIN (arXiv:1802.04167). From this campaign, we could demonstrate many aspects of the
high-resolution spectroscopy capability of the KATRIN setup and perform a highly accurate cali-
bration of the energy scale of KATRIN from the mono-energetic conversion electrons from Kr-83m
(arXiv:1802.05227).

After the demonstration of the high-resolution performance of the KATRIN spectrometers, in spring
2018, the first injection of tritium into the KATRIN source section is scheduled. The principal aim
of this campaign is to demonstrate the stability of the tritium source at an activity of about 1% (˜109
Bq) of the nominal level, which is maintained by a complex tritium loop at the TLK. This stability
investigation is crucial in order to operate the tritium source at high isotopic purity (>95%) and
a stability of 0.1% during upcoming neutrino mass runs (with a total measurement time of three
years).

This talk presents the ambitious goals of KATRIN and the complex setup designed to reach them.
The fruitful achievements of the successful Krypton campaign will be summarized and an insight
into the results from the first ever high-resolution spectroscopy with tritium beta-decay electrons
by KATRIN is given.

Neutrino Physics / 1044

Search for heavy neutrinos at CMS
Author: John Leslie Almond1

1 Seoul National University (KR)

Corresponding Author: john.leslie.almond@cern.ch

The smallness of neutrino masses provides a tantalizing allusion to physics beyond the standard
model. Heavy neutral leptons (HNL), such as hypothetical sterile neutrinos, accommodate a way
to explain this observation, through the see-saw mechanism. If they exist, HNL could also provide
answers about the dark matter nature, and baryon asymmetry of the universe. Searches for the pro-
duction of HNL at the LHC, in final states with three leptons or two leptons and jets, are presented.
The sample of pp collisions collected by the CMS detector throughout 2016 is used, amounting to a
volume of 36/fb.
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Neutrino Physics / 306

Discovery potential of light sterile neutrinos with displaced ver-
tices

Author: Giovanna Cottin1

1 National Taiwan University

Corresponding Author: gfcottin@gmail.com

Many models of new physics beyond the Standard Model are able to describe massive, long-lived
particles with macroscopic decays, which can be reconstructed inside the inner trackers of the LHC
detectors. Furthermore, the lack of evidence of any new physics at the LHC motivates to perform
these unconventional searches, such as looking for displaced vertices.

In left-right symmetric models, where a mechanism for the unknown origin of neutrino masses is
provided via the existence of sterile neutrinos, the production and decay of these new states depends
mostly on the unknown mass of the new, heavy right-handed gauge boson,WR. For neutrino masses
much lighter than the mass of WR, and also below the electroweak scale, the sterile neutrino can be
long-lived, and can decay with a displaced vertex signature.

Currently, no public searches at the LHC target sterile neutrinos with masses as low as a few GeV. In
this talk, I will comment on the reinterpretation of current displaced vertex searches to a left-right
symmetric model. Challenges and current limitations will be highlighted. The proposed search
strategy shows that the 13 TeV LHC with 3000 fb−1 can probe sterile neutrino masses up to 30 GeV
(for WR masses below 5 TeV) and motivates the experimental collaborations at the LHC to pursue
an optimized displaced search to target a broader mass region.

Neutrino Physics / 1056

COHERENT constraints on generalized neutrino-quark interac-
tions

Author: Diego ARISTIZABAL1

1 Universite de Liege

Corresponding Author: daristizabal@ulg.ac.be

Generalized neutrino-quark interactions can be studied in a fairly model-independent way by con-
sidering dimension-six effective operators constructed by only requiring Lorentz invariance. In this
talk, following such approach, I will discuss the constraints on generalized neutrino-quark couplings
implied by COHERENT data. I will show that some of these interactions can still be sizeable, and
that when included provide a better fit to the data that the standard model alone.

Neutrino Physics / 1148

NSI @LBL

Author: Danny Marfatia1

1 University of Hawaii
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I will describe nonstandard matter effects in the next generation long-baseline experiments, DUNE,
T2HK and T2HKK.
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Axion dark matter search experiment for the mass range of 6.62
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The CAPP-8TB axion dark matter search experiment for the mass range of 6.62 to 7.04 μeV is being
performed as one of the CULTASK experiments at IBS/CAPP. The experiment utilizes the cavity
haloscope technique introduced by Sikivie with a microwave resonant cavity of 3.5 L volume under
8 T superconducting magnet at a cryogenic temperature of less than 0.1 K. In this poster, details
of the experiment configurations are presented including the resonant cavity, cryogenics, magnet,
a new locomotive frequency tuning mechanism with a dielectric tuning rod, microwave receiver
chain with high-electron mobility transistor amplifiers, data acquisition, control, and monitoring
system. The target of this effort is to be sensitive to the QCD axion band with a two-month running
time.

POSTER / 260

B0 andBs0 mesons in hot and dense asymmetric nuclear medium

Authors: Rahul Chhabra1; Arvind Kumar1

1 National Institute of Technology, Jalandhar

Corresponding Authors: kumara@nitj.ac.in, rahulchhabra@ymail.com

We investigate the in-medium masses and decay constants of scalar B+
0 , B−

0 and Bs0 mesons in
hot and dense isospin asymmetric nuclear medium, using QCD sum rule approach and chiral SU(3)
model. In chiral SU(3) model, using mean field approximation, we calculate the in-medium values of
scalar fields σ, ζ, δ and χ. Further, the light quark condensates and gluon condensates needed for the
QCD sum rules are expressed in terms of these scalar fields σ, ζ, δ and χ. Furthermore, in-medium
values of these condensates are then used in QCD sum rules in order to observe in-medium masses
and decay constants of above mentioned mesons. The results of the present investigation may be
helpful in order to understand possible outcomes of the future heavy ion collision experiments like
CBM and PANDA, at GSI Germany.

POSTER / 777

A search for secluded dark matter in the Sun using the IceCube
neutrino telescope
Author: Christoph Tönnis1

1 SKKU Suwon

Corresponding Author: christoph.toennis@gmx.de

Secluded dark matter is a model for dark matter in which dark matter particles annihilate into bary-
onic matter via a metastable mediator. In the case of annihilations in the sun sufficiently long-lived
mediator particles can escape the solar plasma before decaying, avoiding the absorption of signal
particles. This results in significantly amplified neutrino signals at energies beyond 1 TeV promising
a high sensitivity for indirect searches using neutrino telescopes. In this talk the results of a search
for secluded dark matter in the sun with the IceCube neutrino observatory will be presented. WIMP
masses ranging from 100 GeV to 10 TeV and mediators between 1 ns and 10 s decaying directly into
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neutrinos are considered. The data taken by IceCube in the in the years from 2011 to 2015 in the 86
string configuration is used in the analysis.

POSTER / 313

Light Dark Matter through Assisted Annihilation
Author: Tarak Nath Maity1

Co-authors: Ujjal Kumar Dey 1; Tirtha Sankar Ray 1

1 IIT Kharagpur

Corresponding Authors: ujjal@cts.iitkgp.ernet.in, tarak.maity.physics@gmail.com, tirthasankar.ray@gmail.com

We investigate light dark matter scenarios where annihilation to Standard Model particles at tree-
level is kinematically forbidden. In such cases annihilation can be aided by massive Standard Model-
like species, called assisters, in the initial state that enhances the available phase space opening up
novel tree-level processes. We investigate the feasibility of such non-standard assisted annihilation
processes to reproduce the observed relic density of dark matter. We present a simple model where
this is realised. We find that if the dark matter and assister are relatively degenerate the required
relic density can be achieved for a keV-MeV scale dark matter. We briefly discuss the astrophysical
and cosmological constraints on such dark matter scenarios.

POSTER / 1000

The Role of Environment on Void’s galaxy Evolution
Authors: Amirnezam Amiri1; Saeed Tavasoli2

1 KHU & IPM
2 KHU

Corresponding Authors: tavasoli@ipm.ir, amirnezamamiri@gmail.com

The role of environment in galaxies evolution is a highlight knowledge for probing the structure for-
mation and evolution.Because of that, we select two different galaxies categorize for its investigation.
In this work, For studying the role of environmental effects on properties of both active galactic nu-
clei(AGN) and star formation(SFR) galaxies, we have considered two environment subsamples from
low (Void) and high (Clusters) density regions with cross matching their details to SDSS DR13. For
more precise investigation on the role of environment on Galaxies dynamics, we focus on statistical
distribution for Dn4000 and specific star formation rate (sSFR). The results show us that for AGN
galaxies, the evolution of these details are related just to Active nuclei and its effect removes all
environmental effects. we know that the AGN can be effects on neighbor’s galaxies, but the role of
its effects on its self is not clear. We analyzed one of these relations: Accretion mass versus sSFR.
Our results show the role of AGN accretion mass ejections on sSFR might be very important on Low
mass galaxies evolution.

POSTER / 653

: Multi-channel YSO scintillator crystals for the application of
low energy X-rays detection in space
Author: Minbin Kim1
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Co-authors: Soomin Jeong 1; Jik Lee 1; I.H. Park 1

1 Dept. of physics, Sungkyunkwan Univeristy

Corresponding Authors: soominjeong@gmail.com, ilpark@skku.edu, happykmb@gmail.com, jiklee999@gmail.com

We developed an X-ray detector which consisted of 36-multi-channel Yttrium OxyorthoSilicate (Y2SiO5:Ce,YSO)
scintillator crystals and 36-Multi-Anode PhotoMultiplier Tubes(MAPMTs). Both YSO scintillator
crystal and MAPMT have 64 channels in an 8×8 array. Therefore the X-ray detector has 2304 chan-
nels in total. The reason for choosing YSO scintillator crystal is that it has several advantages in
X-ray detection compared to other scintillators. First, it has no intrinsic backgrounds which are cru-
cial to detecting low energy X-rays. Next, it has high light yield and fast decay time. We applied the
YSO scintillator crystal X-ray detector to the space mission, which is called Ultra-Fast Flash Obser-
vatory(UFFO)/Lomonosov, launched into space on Apr. 2016. We confirmed that its stable operation
in space to detect X-rays. Here, we will present its design, fabrication, and performances on the
detection of low energy X-rays.

POSTER / 588

Central Exclusive Production at LHCb
Author: Paolo Gandini1

1 INFN Milano (IT)

Corresponding Author: paolo.gandini@cern.ch

The installation of scintillating pad detectors (Herschel), bracketing the LHCb detector along the
beamline, have significantly enhanced LHCb’s sensitivity to central exclusive production. Addi-
tionally, dedicated triggers during the early measurement period of Run 2 have produced an ex-
tended CEP dataset. A summary of results from Run 1 as well as early results from Run 2 will be
shown.

POSTER / 947

The Minkowskian dynamics of hadrons
Authors: Jorge Henrique Alvarenga Nogueira1; Emanuel Ydrefors2; Tobias Frederico2; Giovanni Salmè3; Wayne de
Paula2

1 Instituto Tecnológico de Aeronáutica & ’La Sapienza’ Università di Roma & INFN, Sezione di Roma
2 Instituto Tecnologico de Aeronautica
3 Istituto Nazionale di Fisica Nucleare, Sezione di Roma, Piazzale Moro 2, I-00185 Roma, Italy

Corresponding Authors: giovanni.salme@roma1.infn.it, wayne@ita.br, e.ydrefors@gmail.com, tobias@ita.br,
dealvare@roma1.infn.it

The advent of approaches based on the Euclidean space for studying hadron observables, as e.g.
by lattice QCD and Schwinger-Dyson equations, has been remarkable and responsible to produce
important understanding on non-perturbative physical systems.

However, the quantum field theory formulation in Minkowski space has subtle essential signatures
as, for instance, related with spin degrees of freedom, that requires deep understanding by a theoret-
ical framework developed in that space. One important example is the Fock space expansion, which
allows one to construct a probabilistic description of the hadron and to explore purely relativistic
effects on the dynamics as, for example, through the EM form factors 1.
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In recent years, studies based on actual solutions of the homogeneous Bethe-Salpeter equation di-
rectly in Minkowski space are becoming available. This makes feasible to start phenomenological
investigations of the hadron structure, shedding light on the intrinsic dynamics that is formally and
conceptually connected with the physical space, i.e. the Minkowski one [2,3].

Obtaining information on the internal dynamics of the hadrons relies on achieving realistic Bethe-
Salpeter amplitudes, making it a necessary step for the calculation of observables. The new frame-
work for solving the Bethe-Salpeter equation has a main ingredient given by the the so-called Nakan-
ishi Integral Representation of the Bethe-Salpeter amplitude, that allows to compute the amplitude
for the bound state fully in Minkowski space.

In order to illustrate the phenomenological potential of the approach based on the aforementioned
framework, we explore the dynamical observables of the recently observed doubly charmed baryon
Ξ++
cc [4], by means of a quark-diquark bound state model. By taking the constituents and exchanged-

boson masses from lattice calculations, the predicted momentum distributions are shown.
The possibility of understanding the dynamical features also of other possible baryons composed by
two-heavy and one-light quarks within the model is another exciting prospect.

The Minkowskian framework is also developed for a quark-antiquark bound state, which is applied
for a mock pion. The peculiar features related to the spin degrees of freedom are shown through its
Bethe-Salpeter amplitude. That enables the calculation of the EM form factor, the parton distribution
functions (PDFs) and transverse amplitudes for the pion, where the comparison with the available
data is feasible.

1 V. Gigante, J. H. Alvarenga Nogueira, E. Ydrefors, C. Gutierrez, V. A. Karmanov and T. Frederico,
Phys. Rev. D 95, 056012 (2017).
2 J. H. Alvarenga Nogueira, Chueng-Ryong Ji, E. Ydrefors and T. Frederico, Phys. Lett. B 777, 207-
211,(2018).
[3] W. de Paula, T. Frederico, G. Salmè, M. Viviani, R. Pimentel,
%Fermionic bound states in Minkowski space: light-cone singularities and structure,
Eur. Phys. J. C 77, 764 (2017)
[4] R. Aaij et al. (LHCb Collaboration), Phys. Rev. Lett. 119, 112001 (2017).

POSTER / 1016

Hadronic wave functions in the extended harmonic oscillator model

Author: Abolfazl MirjaliliNone

Corresponding Author: mirjalili@ipm.ir

We extend the research task to employ the symmetries of simple harmonic oscillator in canonical
(q,p) space to more than the 3 dimensions, based on the solution of Liouville equation. It is possible
to obtain some operators in which their eigen values are corresponding to quark
features, including isospin, electric charge, baryon number, hypercharge and ect. Since the extension
involve the SU(6) symmetry group, we are able to obtain all the required quantum numbers of heavy
quarks. Following that, based on the extended harmonic oscillator model, we are able to get flavor
wave functions to characterize and also classify all the baryons and mesons which contain light
quarks as well as heavy quarks.

POSTER / 214

Study of hadronic processes in the energy interval from 2 GeV up
to 3.08 GeV at BESIII.
Authors: BESIII CollaborationNone; Guangshun Huang1
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1 University of Science and Technology of China (CN)

Corresponding Authors: hgs@ustc.edu.cn, fabrizio.bianchi@to.infn.it

500 pb−1 of data have been collected by BESIII between 2.0GeV and 3.08 GeV. Recent results on
the line-shape of e+e− → ϕππ,K+K−, 2(K+K−), ϕη, ϕη’, ωπ0, ωη are reported. Possible new
resonances in these channels are studied, in particular the ϕ(2170), that may be the strange partner
of the Y(4260).

POSTER / 712

Two-particle correlation via Bremsstrahlung
Authors: Kyoung Bum Huh1; Soyeon Cho1; Giwon Ko1; Jin Hee Yoon1

1 Inha University (KR)

Corresponding Authors: jinyoon@inha.ac.kr, soyeon.cho@cern.ch, wxlovolxw@naver.com, hkabell1689@gmail.com

An angular correlation between trigger-jet and high-transverse momentum particles observed in AA
collisions at the RHIC is well known for ridge structure. This phenomenon is well explained from the
hydrodynamical model and it has been a strong evidence of the QGP generation. However, recently
the ridge structure has also been reported in high multiplicity pp collisions at LHC. In pp collisions,
a sufficiently high-density medium such as QGP is not expected to be produced and therefore, we
tried to understand this phenomena through kinematic model between jet particles and partons.
Kinematically, jet particles interact with partons through collisions and lose their energy mostly by
emitting gluons and photons. However, unlike photons, gluons carry color charge by themselves
and therefore, they interact with other gluons.
In this study, we tried to understand the ridge structure of the correlation between jet particles and
partons through only photon Bremsstrahlung process because the gluon radiations are very com-
plicated due to its color degree of freedom. We calculated the scattering cross section between jet
particles and medium partons, which leads to two-particle correlation.
During collisions, initial jet particles and partons exchange momenta and the initial distribution of
medium partons momentum affect the scattering cross section. In high energy collisions, beams are
colliding almost at the speed of light and so the space is contracted in a beam direction. Therefore
it is more plausible to use a relativistic statistical distribution for the initial medium parton momen-
tum. However, in the case of non-central collision there is spatial anisotropy which leads to the
asymmetry in momentum distribution and therefore, we introduced anisotropic elliptic flows about
the azimuthal angle.
We studied the behavior of the correlation depending on the energy losses of initial jets and on the
angles between initial and final jets. Collective peak of medium partons moves away from the trig-
ger jet as the energy loss increases or as the angles between initial and final jet decreases.
This study mainly based on the simple calculation such as no color degree of freedom and single
photon emission. Also final jets are assumed to be on the perpendicular plane to the beam direction.
More solid conclusion should be hold until future studies for realistic situations.

POSTER / 890

Photo production of dijets in ultra-peripheral PbPb collisions at
5.02 TeV
Authors: Samuel Steed Boren1; James Lee Smith Bowen1; Daniel Tapia Takaki2; Beomgon Kim3; Michael Murray1;
Quan Wang1; Yongsun Kim4

1 The University of Kansas (US)
2 University of Kansas
3 Korea University (KR)
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Corresponding Authors: quan.wang@cern.ch, beomgon.kim@cern.ch, j294b619@ku.edu, yongsun.kim@cern.ch,
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Ultra-peripheral collisions (UPCs) of heavy ions involve long-range interactions at impact parame-
ters larger than the sum of their radii. Therefore, the hadronic interactions are largely suppressed in
UPC. Though there are no hadronic processes in UPC, the jets can be produced via some other ways,
such as gamma-nucleus interactions. The study of di-jet photoproduction by gamma-nucleus inter-
actions at high energy offer a unique opportunity to study hadron structure and low Bjorken-x gluon
dynamics. This presentation shows the first observation of the photonuclear jets analyzed by CMS
at the LHC. The CMS experiment has excellent capabilities for the measurements of jets and charged
tracks, which are definite advantages for this analysis. The primary result of di-jet photoproduction
in ultra-peripheral PbPb collisions using the data taken in 2015 will be presented.

POSTER / 349

Measurement of the psi(2S) to J/psi cross section ratio in photo-
production with the ZEUS detector at HERA
Author: Aleksander Zarnecki1

1 University of Warsaw (PL)

Corresponding Author: filip.zarnecki@fuw.edu.pl

The exclusive photoproduction reaction γp− > ψ(2S)p has been studied with the ZEUS detector in
ep collisions at HERA using an integrated luminosity of 350 pb−1, in the kinematic range 30< W <
180 GeV, Q2 < 1 GeV2, |t| < 5 GeV2, where W is the photon proton centre-of-mass energy, Q2 is
the photon virtuality and t is the four-momentum transfer at the proton vertex. The ψ(2S) mesons
were identified via the decay channels: ψ(2S)− > µ+µ− and J/ψπ+π− with J/ψ− > µ+µ−. The
ratio of the production cross sectionsR = σ(ψ(2S))/σ(J/ψ) was measured as a function ofW and
compared to predictions of the perturbative QCD.

POSTER / 461

Performance of Jets at CEPC
Author: Pei-Zhu Lai1

Co-authors: Bo Liu 2; Manqi Ruan 3; LI Gang 4; Chia-Ming Kuo 1

1 National Central University (TW)
2 Institute of High Energy Physics
3 Chinese Academy of Sciences (CN)
4 IHEP

Corresponding Authors: manqi.ruan@cern.ch, ligang@ihep.ac.cn, boliu@ihep.ac.cn, ht910155@gmail.com, chia-
ming.kuo@cern.ch

After the Higgs discovery, precise measurements become vital for the experimental particle physics.
A powerful Higgs/Z factory, the Circular electron-positron Collider is proposed. Adequate recon-
struction and detector design are fundamental to this project. Arbor algorithm has been optimized
to fulfill the CEPC physics requirements and is used as the core for the CEPC physics reconstruc-
tion. With a particle flow algorithm oriented detector design, we will present the current perfor-
mance of jets at CEPC. Crucial studies to be covered in the future will also be discussed in this
poster.
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POSTER / 100

Emittance growth from Beam-Gas Scattering in CEPC
Author: Sha Bai1

Co-author: Jie Gao 1

1 IHEP

Corresponding Authors: gaoj@ihep.ac.cn, baisha@ihep.ac.cn

Large angle beam-gas scattering events are rare but can induce large betatron oscillation amplitudes,
which drive particles beyond the core and into the halo region. On the other hand, small angle
scattering events have higher probability and will act analogously to quantum excitation. They can
dilute core the particle distribution and cause emittance growth. In this paper, numerical estimation
and Monte Carlo simulations of this process at CEPC are presented.

POSTER / 81

Design and R&D of CEPC Superconducting RF System
Author: Jiyuan Zhai1

1 IHEP

Corresponding Author: zhaijy@ihep.ac.cn

CEPC is a 100 km double-ring circular electron-positron collider operating at 90-240 GeV center-of-
mass energy of Z-pole, WW pair production threshold, and Higgs resonance, with the feasibility of
energy upgrade. The conceptual design report (CDR) of CEPC has been published as an important
step to move the project forward. Superconducting RF system is one of the most important and chal-
lenging accelerator systems due to the wide range of beam energy and current of CEPC operation.
In this contribution, the CDR layout design and configuration of CEPC superconducting RF system
will be introduced. According to CEPC physics operation model with long Higgs run first, the Higgs,
W and Z mode will use the same RF cavity to achieve their luminosity goals, which is different from
the FCC-ee approach. The design consideration for beam-cavity interaction with both fundamental
and higher order modes are discussed, including the special issue with parking cavities. The opera-
tion of Booster fast RF voltage ramp with the narrow-band cavity is discussed. The SRF technology
design and R&D progress is also shown at last with some high light on the Fe-based pnictide thin
film study.

POSTER / 109

The CMS Level-1 muon triggers for the LHC Run II
Author: Marcin Konecki1

1 University of Warsaw (PL)

Corresponding Author: marcin.konecki@cern.ch

The CMS experiment implements a sophisticated two-level triggering system composed of Level-
1, instrumented by custom-design hardware boards, and a software High Level Trigger. A new
Level-1 trigger architecture with improved performance is now being used to maintain high physics
efficiency for the more challenging luminosity conditions experienced during Run II. The CMS muon
detector was designed for preserving the complementarity and partially redundant muon detection
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systems, Cathode Strip Chambers (CSC), Drift Tubes (DT) and Resistive Plate Chambers (RPC), un-
til they were combined at the input to the Global Trigger. The upgraded muon trigger combines
information from the three muon detectors in the track reconstruction in order to obtain a better ef-
ficiency and lower rates. Advanced pattern recognition and MVA (Boosted Decision Tree) regression
techniques implemented directly on the trigger boards allow high-momentum signal muons to be
distinguished from the overwhelming low-momentum background. The algorithms for the selection
of events with muons, both for precision measurements and for searches of new physics beyond the
Standard Model, will be described in detail. The performance of the upgraded muon trigger system
will be presented, based on proton-proton collision data collected in Run II.

POSTER / 110

Search for supersymmetric partners of the tau lepton with CMS

Author: Illia Babounikau1

1 Deutsches Elektronen-Synchrotron (DE)

Corresponding Author: boboilya@yandex.ru

Searches for supersymmetry are presented that target the direct and indirect stau pair production.
The analyses exploit the final states with two taus of opposite charge and significant missing trans-
verse momentum. The results are based on a data set of proton-proton collisions, recorded by the
CMS experiment at a center-of-mass energy of 13 TeV and corresponding to an integrated luminosity
of 36 fb-1. Exclusion limits on simplified SUSY models parameters are calculated.

POSTER / 112

Probing Dark Matter with the Higgs Boson in the diphoton final
state with CMS
Author: Livia Soffi1

1 Cornell University (US)

Corresponding Author: livia.soffi@cern.ch

A search for the associated production of dark matter with a Higgs boson which decays into two
photons is presented. The search uses data from proton-proton collisions at a center-of-mass energy
of 13 TeV, collected with the CMS detector at the LHC in 2016, corresponding to an integrated lumi-
nosity of 35.9 fb−1. Results are interpreted in the context of two dark matter models: a two-Higgs-
doublet-Z’model where the Z’decays to a pseudoscalar and a standard model-like Higgs Boson and a
baryonic Z’simplified model. A combination of these results with a similar search where the Higgs
boson decays to two tau leptons is finally presented.

POSTER / 530

Design study of a Split-Coaxial RFQ for IsoDAR
Authors: Jungbae Bahng1; Janet Conrad2; Daniel Winklehner2

1 Korea University
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The Isotope Decay-At-Rest experiment (IsoDAR) is a proposed experiment to search for sterile neu-
trinos by measuring neutrino oscillations. The electron-antineutrino generation requires a high
intensity primary proton beam impinging on a beryllium target surrounded by lithium . In IsoDAR,
H2+ ions are generated and accelerated to avoid space charge effects in the low energy region, which
will be stripped into protons after extraction from a cyclotron. As part of the IsoDAR injection sys-
tem, an RFQ buncher with 32.8 MHz of operation frequency provides 70 keV acceleration and strong
bunching of the H2+ beam. The RFQ will be installed halfway inside the iron yoke of the cyclotron
to be very close to the median plane. Because the beam starts diverging after the RFQ in both trans-
verse and longitudinal direction, a re-buncher is employed in the end transition cell to re-focus the
beam longitudinally. In this paper, we describe in detail the beam dynamics study and RF analysis
of the IsoDAR RFQ for direct injection into a compact cyclotron.

POSTER / 357

Recent results from the study of emittance evolution in MICE

Authors: Vittorio Palladino1; Chris Rogers2

1 Universita e sezione INFN di Napoli (IT)
2 STFC

Corresponding Authors: chris.rogers@stfc.ac.uk, vittorio.palladino@cern.ch

The Muon Ionization Cooling Experiment (MICE) has measured the evolution of beam emittance
due to ionization cooling. In MICE, a muon beam is focused onto an absorber using a large aperture
solenoid. Lithium hydride and liquid hydrogen absorbers have been studied. Diagnostic devices are
placed upstream and downstream of the focus, enabling the phase space coordinates of individual
muons to be reconstructed. By observing the properties of ensembles of muons, the change in beam
emittance can be measured.
Data taken during 2016 and 2017 are currently under study to evaluate the change in emittance
due to the absorber for muon beams with various initial emittances, momenta, and settings of the
magnetic lattice. Simulations have been used to estimate the regimes in which heating and cooling
are expected and to evaluate the equilibrium emittance, at which neither heating nor cooling is
observed. The results of the simulations have been compared to the measured emittance changes.
The current status and the most recent results of these analyses will be presented.

POSTER / 705

A non-destructive beam profile monitor for a muon beam of g-
2/EDM experiment at J-PARC
Author: Chang-Kyu Sung1

Co-authors: Moses Chung 1; Selcuk Haciomeroglu 2

1 UNIST
2 CAPP/IBS

Corresponding Authors: mchung@unist.ac.kr, csung@unist.ac.kr, selcuk@ibs.re.kr

At J-PARC, g-2/EDM experiment will be prepared to measure the anomalous magnetic moment of
muon with high precision by producing the ultra-cold muon. The ultra-cold muon beam will be
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injected into the solenoidal storage magnet after acceleration to 300 MeV/c.
At the injection, it is required for the muon beam to have axisymmetric distribution for a reduction
of a systematic error on the precision. The muon spin orientation could be disturbed by the non-
symmetric distribution. Therefore, the beam profile monitoring is crucial to enhance the precision
by reducing the systematic error.
The non-destructive beam profile monitor has been chosen for the online monitoring to keep the
amount of particles where it has to measure the pretty low intensity (˜ uA). In this paper a design
status of the monitoring system and a reconstruction procedure for transverse profile will be pre-
sented.

POSTER / 792

Analytical Estimation of Dynamic Aperture for Higgs Factory

Author: Yiwei WANGNone

Corresponding Author: wangyw@ihep.ac.cn

Based on the standard mapping, analytical formula for estimating the dynamic apertures of syn-
chrotron particles has been established for both on-momentum and off-momentum particles. In this
paper, we extended the formula of dynamic aperture considering features of a Higgs Factory. As
an example, application on the dynamic aperture optimization for the CEPC (Circular Electron and
Positron Collider) collider ring will be presented.

POSTER / 794

Mitigation of the Energy Sawtooth Effects in the Partial Double
Ring Scheme of a Circular Higgs Factory

Author: Yiwei WANGNone

Corresponding Author: wangyw@ihep.ac.cn

The energy sawtooth will be significant in the future circular Higgs factory with beam energy as high
as 120 GeV. For the partial double ring scheme, unlike the double ring scheme, the effects of energy
sawtooth can’t be corrected by tapering the magnet strength with beam energy along beamline. In
this paper, the energy sawtooth effects in the partial double ring scheme and its mitigation method
will be presented.as well as the reduction of dynamic aperture.

POSTER / 203

Measurement of normalized differential ttbar cross sections in
the dilepton channel from pp collisions at 13 TeV with CMS
Author: Youn Jung Roh1

1 Korea University (KR)

Corresponding Author: youn.jung.roh@cern.ch

Normalized differential cross sections for top quark pair production are measured in the dilepton
(e+e−, mu+mu−, and mu−+e+−) decay channels in proton-proton collisions at a center-of-mass
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energy of 13\TeV. The measurements are performed with data corresponding to an integrated lumi-
nosity of 2.1\fbinv using the CMS detector at the LHC. The cross sections are measured differentially
as a function of the kinematic properties of the leptons, jets from bottom quark hadronization, top
quarks, and top quark pairs at the particle and parton levels. The results are compared to several
Monte Carlo generators that implement calculations up to next-to-leading order in perturbative
quantum chromodynamics interfaced with parton showering, and also to fixed-order theoretical
calculations of top quark pair production up to next-to-next-to-leading order.

POSTER / 205

Measurements of differential top quark pair production cross sec-
tions as a function of kinematic event variables at 13TeV with
CMS
Author: Douglas John Paul Burns1

1 University of Bristol (GB)

Corresponding Author: douglas.burns@cern.ch

Measurements of differential ttbar production cross sections are presented in the single-lepton decay
channel, as a function of a number of kinematic event variables. The measurements are performed
with proton-proton collision data collected by the CMS experiment at the LHC during 2016 at sqrt(s)
= 13 TeV, with an integrated luminosity of 35.9 fbinv. The data are compared to a variety of state-of-
the-art leading-order and next-to-leading-order tt simulations.

POSTER / 210

Search for ttH production in multileptons final states at 13 TeV
with CMS
Author: Sergio Sanchez Cruz1

1 Universidad de Oviedo (ES)

Corresponding Author: sergio.sanchez.cruz@cern.ch

A search for top quark pair production in association with a Higgs boson in sqrt(s) = 13 TeV pp col-
lisions is presented. The search, performed in a dataset of 35.9 fbˆ{-1} collected by the CMS detector
along the year 2016, is performed in channels with at least two same-sign leptons and b-jets, target-
ing the WWˆ, ZZˆ and tautau decay modes of the Higgs boson. A best fit of 1.5 \pm 0.5 times the
standard model prediction is obtained, with an observed (expected) significance of 3.3 (2.5) sigma,
by the combination of these results with the ones obtained in the 2015 dataset.

POSTER / 703

High precision tracking for J-PARC (g-2)/EDM experiment.
Author: Zhanibek Omarov1

Co-authors: Soohyung Lee 2; Yannis Semertzidis 3

1 KAIST, IBS/CAPP
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The J-PARC (g-2)/EDM experiment features a novel experimental idea of the anomalous magnetic
and electric dipole moments of the muon. The goals of the experiment are to improve the precision
of the previous measurement of the E821 experiment at BNL that sets the measurement significantly
away from theory; therefore, providing an evidence for new physics. The systematic uncertainties of
the experiment vastly differ from E821; thus, it will provide an independent result of the discovered
anomaly. In this study, we use a high precision beam and spin dynamics tracking to assess possible
systematic uncertainties and relevant corrections for the experiment. We demonstrate the power
of the simulation tracking tool and possible areas of using it to further enhance the sensitivity of
the experiment. A specific application on so-called pitch effect and momenta distribution will be
shown.

POSTER / 707

The IBS/CAPP magnetometer station for the GNOME experiment
is running
Author: Kim DongOk1

Co-authors: Kim Younggeun 1; Shin Yun Chang 2; Yannis K. Semertzidis 1

1 Center for Axion and Precision Physics (IBS), KAIST
2 Center for Axion and Precision Physics (IBS)

Corresponding Authors: semertzidis@bnl.gov, yunshin@ibs.re.kr, dkkimsun@kaist.ac.kr, physicist@kaist.ac.kr

The Global Network of Optical Magnetometers to search for Exotic physics (GNOME) is an experi-
ment looking for transient events of axion domain walls from the gradient coupling of axion field
with atomic spins 1. GNOME is based on synchronized measurements from multiple GPS-timed
magnetometer stations located in geographically separated places on the Earth [3]. While a single
magnetometer could detect spin signalsfrom such terrestrial events, it would not be possible to dis-
tinguish real physic events from false ones caused by environmental noise sources. GNOME can
effectively veto false events by arraying magnetometer stations. One of those stations located at
IBS/CAPP in Daejeon, South Korea employs cesium alkali atoms as a primary magnetometer. We
present the optimization and characterization of the Cs magnetometer at IBS/CAPP as well as the
first preliminary test run results.

POSTER / 835

Study on the tuning mechanism of RF cavity for axion dark mat-
ter search experiment at CAPP/IBS in KAIST
Author: Youngjae Lee1

Co-authors: Byeonghun Min 2; DongLak Kim 2; Jin-Geun Kim 2; Jiyoung Lee 2; Heejun Park 2; Jougkuk Kim 1;
Moohyun Ahn 2; Jonghee Yoo 3
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About 23% of the energy density of the universe is considered to be in a form of non-baryonic dark
matter. One of the strong candidates of dark matter is a hypothetical particle called the axion. In
an axion dark matter search haloscope experiment, axions coherently scatter off the magnetic-field
potential in a frequency-tunable resonant cavity. A dynamic frequency tuning in the resonant cavity
is essential to effectively scan through the relevant axion mass range. In CAPP18T axion search
experiment at CAPP/IBS in KAIST, we use a rotating tuning-rod system. We develop a frequency
tuning system using a Proportional Integral Derivative control and precision stepping motor system.
In this presentation we report details of the tuning mechanism and accuracy of the setup which are
interpreted in the axion mass parameter space.

POSTER / 868

High frequency axion search cavity using dielectric ring at IBS/CAPP

Authors: Jinsu KIM1; Ohjoon Kwon2; Woohyun Chung3

1 CAPP@IBS, KAIST
2 IBS/CAPP
3 Center for Axion and Precision Physics Research, IBS

Corresponding Authors: gnuhcw@ibs.re.kr, kjs098qazzz@gmail.com

In the microwave cavity axion search method proposed by P. Sikkivi, the cavity volume, quality
factor of the microwave resonant mode, and average electric potential of the mode in the direction of
external magnetic field, so called geometrical factor, greatly affect the detection speed. TM010 mode
of cylindrical cavity has been the only option because it promises the maximum axion searching
speed. However, the magnet constrained volume also restricts searchable resonant frequency range
where the wavelength is about twice the magnet bore size. Therefore, in order to search a relatively
high frequency region, the diameter of the cavity must be reduced unnecessarily, which leads to a
serious reduction in the search speed due to the volume downsizing. We suggest solution for this by
using the TM030 mode to boost the frequency at the same volume, and then devising a way to lock
the resulting negative electric field to a high permittivity of dielectric material. I’ll show the both
simulation and experimental results in conference.

POSTER / 851

Lightweight Dark Matter search in a neutrino beam with the NOvA
Near Detector
Author: Filip Jediny1

1 Czech Technical University in Prague

Corresponding Author: filip.jediny@gmail.com

Beyond the Standard Model ideas include lightweight (sub-GeV) Dark Matter candidates. We postu-
late that they could be produced within the NuMI beam at Fermilab. The NOvA neutrino experiment
has recorded ˜10e20 protons on target, which correspond to millions of neutrino interaction events
in its low-Z, 300-ton, off-axis Near Detector. Among these neutrinos, we search, in a model agnostic
way, for EM showers signatures from DM candidates scattering or decaying within the detector.
We present here the techniques we use to process these events, involving sophisticated particle ID
algorithms. We also discuss the progress in understanding the NOvA sensitivity to them as well as
projections for the capabilities and sensitivity of the DUNE Near Detector to these models.
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POSTER / 814

Singlet fermionic dark matter and Veltman conditions
Author: Soo-hyeon Nam1

Co-authors: Yeong Gyun Kim 2; Kang Young Lee 3

1 Korea University
2 Gwangju National University of Education
3 Gyeongsang National University

Corresponding Authors: kylee.phys@gnu.ac.kr, glvnsh@gmail.com, ygkim@gnue.ac.kr

We reexamine a renormalizable model of a fermionic dark matter with a gauge singlet Dirac fermion
and a real singlet scalar which can ameliorate the scalar mass hierarchy problem of the Standard
Model (SM). Our model setup is the minimal extension of the SM for which a realistic dark mat-
ter (DM) candidate is provided and the cancellation of one-loop quadratic divergence to the scalar
masses can be achieved by the Veltman condition (VC) simultaneously.
This model extension, although renormalizable, can be considered as an effective low-energy theory
valid up to cut-off energies about 10 TeV. We calculate the one-loop quadratic divergence contribu-
tions of the new scalar and fermionic DM singlets,and constrain the model parameters using the VC
and the perturbative unitarity conditions.
Taking into account the invisible Higgs decay measurement, we show the allowed region of new
physics parameters satisfying the recent measurement of relic abundance. With the obtained pa-
rameter set, we predict the elastic scattering cross section of the new singlet fermion into target
nuclei for a direct detection of the dark matter. We also perform the full analysis with arbitrary set
of parameters without the VC as a comparison, and discuss the implication of the constraints by the
VC in detail.

POSTER / 992

Search for the Electric Dipole Moment and anomalous magnetic
moment of the tau lepton

Authors: Xin ChenNone; Yongcheng WuNone

Precise measurement of the Electric Dipole Moment (EDM) and anomalous magnetic moment (g-2)
of particles is an important test of Beyond Standard Model (BSM) physics. It is generally believed that
the tau lepton couples more strongly to BSM due to its large mass, but searching for tau EDM and
g-2 has been difficult because it is highly unstable and the neutrinos from its decay are undetected at
collider experiments. A new method to approximately reconstruct the neutrinos from the hadronic
decays of τ−τ+ pairs produced at e−e+ tau factories is proposed. Using the information from the
neutrinos, a significant improvement in the related measurements can be achieved. With the matrix
element technique, and the estimated 50 ab−1 of data to be delivered by the Belle-II experiment,
a tau EDM search with a 1-σ level precision of |dτ | < 2.09 × 10−19 e·cm, and g-2 search with
|∆aτ | < 1.80 × 10−5 (1.5% of the SM prediction), can be expected. It offers an opportunity to
search for BSM with tau leptons in current and future tau factories with high precision.

POSTER / 405

Search for high-mass dimuon resonances using proton-proton
collisions at √s = 13 TeV with the ATLAS detector
Authors: ATLAS CollaborationNone; Sebastien Rettie1
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1 University of British Columbia (CA)

Corresponding Author: sebastien.rettie@cern.ch

This search focuses on high-mass resonances using the latest data collected by the ATLAS detector
at the LHC, which has an unprecedented centre-of-mass energy of 13 TeV. The search is conducted
for resonant new phenomena in dimuon final states. The dimuon invariant mass spectrum is the
discriminating variable used in this search. No significant deviations from the Standard Model ex-
pectation are observed. Lower limits are set on the signal parameters of interest at 95% confidence
level.

POSTER / 406

Search for four-top-quark production in pp collisions at sqrt(s) =
13 TeV with the ATLAS detector
Authors: ATLAS CollaborationNone; Leonid Serkin1

1 INFN Gruppo Collegato di Udine and ICTP Trieste (IT)

Corresponding Author: leonid.serkin@cern.ch

Recent results on the searches for four-top-quark production are presented. Searches for four-top-
quark production, in the single-lepton (1L), opposite and same-sign (2OSL and 2SSL) dilepton and
multilepton (3L) final states are summarised. Special focus is given to the 1L and 2OSL channels,
where a data-driven method is developed as an estimate for the dominant background from top-
quark pair production in association with jets. The combination of these searches is shown and
limits on four top-quark production are set in a variety of models.

POSTER / 867

Planck scale boundary conditions in extended Higgs sectors
Authors: David Miller1; John McDowall2

1 University of Glasgow
2 University of Glasgow

Corresponding Authors: j.mcdowall.1@research.gla.ac.uk, david.j.miller@glasgow.ac.uk

The Higgs boson quartic couplings and their beta functions appear to be tantalisingly close to zero
it the Planck scale. We investigate extended Higgs models, including extra Higgs doublets and/or
singlets, to see if the vanishing of quartile couplings can be made exact while still producing the
correct Higgs mass and satisfying experimental constraints.

POSTER / 980

Magnetic in-vacuum field mapping system for the Muon g-2 ex-
periment
Author: Peter Winter1

1 Argonne National Laboratory
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Corresponding Author: winterp@anl.gov

The Muon g-2 Experiment (E989) at Fermilab will measure the anomalous magnetic moment of the
muon, aµ with a precision of 140 part-per-billion (ppb), aiming at resolving the >3 standard devia-
tions between the previous measurement at Brookhaven (E821) and the Standard Model calculation
of aµ.
The experimental concept requires a precise measurement of the magnetic field of the 45-m long stor-
age ring to better than 70 part-per-billion. One crucial element in achieving this is an in-vacuum
magnetic field mapping system (called the trolley) to map the magnetic field over the full storage re-
gion of the muons. The former trolley system from the Brookhaven experiment (E821) with 17 NMR
probes was refurbished and upgraded with new electronics, probes, and a modern motion control
system including the full suite of software modules for the data acquisition and analysis. The preci-
sion of the NMR system has been measured to be better than 1 part-per-billion in our highly uniform,
and stable solenoid magnet. The in-vacuum mapping system and its motion control system were suc-
cessfully commissioned at Fermilab and the system is now operating during the first physics data
taking run. This poster highlights the systems key components and its overall performance.

POSTER / 830

Cosmogenic activation study of the COSINE-100 experiment NaI(Tl)
crystals
Author: Byung Ju Park1

Co-author: Pushparaj Adhikari 2

1 CUP,IBS,UST
2 Sejong University

Corresponding Authors: pbj7363@gmail.com, pushpaparticle@gmail.com

The COSINE-100 is a direct dark matter (WIMPs) search experiment with a 106 kg array of NaI(TI)
crystals at Yangyang deep underground laboratory. Dark matter search experiments require ultra-
low background conditions, thus background understanding and reduction are crucial to improve the
sensitivity of the detectors. One of the dominant background contributions on the NaI(Tl) crystals
is caused by activated radioisotopes that were primarily produced by previous exposures to cosmic
rays. In this presentation, results of cosmogenic activation studies for the NaI(Tl) crystals will be
presented based on data from the COSINE-100 experiment.

POSTER / 831

Axion dark matter search experiment with 18T high temperature
superconducting magnet at CAPP/IBS in KAIST
Author: Jongkuk Kim1

Co-authors: YoungJae Lee 1; Byeonghun Min 2; DongLak Kim 2; JinGeun Kim 2; Moohyun Ahn 3; JiYoung Lee 2;
HeeJun Park 2; JONGHEE YOO 1

1 KAIST
2 IBS
3 Seoul National University

Corresponding Authors: djfldlshs@kaist.ac.kr, bhmin90@ibs.re.kr, yoo.jonghee@gmail.com, phjun1010@naver.com,
jylee0124@ibs.re.kr, donglkim@ibs.re.kr, moohyun@gmail.com, inquirer1109@kaist.ac.kr, handbookofphysics@gmail.com
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The axion is a hypothetical particle that was introduced to solve the strong CP problem. The U(1)
Peccie-Quinn symmetry is spontaneously broken and dynamically produce a slowly oscillating par-
ticle axion field. The axion is also a strong candidate for dark matter. In order to search for the
axionic dark matter, we use a haloscope technology which is equipped with a strong solenoid mag-
net and a frequency-tuned resonant cavity system. Our detector is designed to be sensitive to the
axion mass range of 14.88-26.88 ueV (3.7-6.5 GHz). In this presentation, we report the CAPP18T
axion dark matter search experiment setup which utilizes a 18T High Temperature Superconducting
solenoid magnet, resonant cavity, dilution refrigerator and linear amplifier system.

POSTER / 506

Search for dark matter candidates in the channel of Mono-H(→
γγ) at the ATLAS experiment
Authors: ATLAS CollaborationNone; Renjie Wang1

1 LPNHE-Paris, CNRS/IN2P3 (FR)

Corresponding Author: renjie.wang@cern.ch

A search for a dark matter candidate in association with a Higgs
boson decaying to two photons based on 36.1 fb−1 data collected with the
ATLAS detector at the LHC at the energy of 13 TeV will be presented. The
results are interpreted in in different benchmark models: a baryonic Z’ model
and a two-Higgs-doublet-model with a Z’ boson.

POSTER / 507

Search for SM H→μμ production in pp collisions with the ATLAS
detector at the LHC
Authors: ATLAS CollaborationNone; Aaron White1

1 University of Michigan

Corresponding Author: aaronsw@umich.edu

The detection of the SM H→μμ decay is important to study the Higgs
boson Yukawa couplings to the 2nd generation fermions. Discovering the signal
of Higgs boson decay to dimuon is extremely challenging due to the small decay
branching fraction (2.2x10-4) and very large irreducible background from
Drell-Yan production at the LHC. The search for the H→μμ decay has been a high
profile analysis in Higgs physics study program. This poster presents the
latest search method and results at the time of the conference. Using the
combined data sets from LHC Run 1 to Run 2, we present the limit on the signal
strength of H→μμ.

POSTER / 675

Measurement of nuclear recoil responses of NaI(Tl) crystal for
dark matter search
Author: Hanwool Joo1
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Co-author: Hyeonseo Park 2

1 Seoul National University
2 Korea Research Institute of Standards and Science

Corresponding Authors: hwjoo1240@gmail.com, hyeonseo.park@gmail.com

In direct detection of WIMP dark matter particles, scintillation crystals such as NaI(Tl) are commonly
used as targets/detectors. Interactions between WIMP and the crystal are expected to produce nu-
clear recoils, while energy calibrations for the crystal are done with gamma sources that produce
electron recoils. Since the light yields from electron and nuclear recoils of the same energy are dif-
ferent due to their different fraction of energy transferred to electrons, measurements of these light
yield ratios -the so-called quenching factors- are necessary to obtain recoil energies from the light
yields from WIMP interactions.

On the other hand, nuclear recoil events and beta/gamma-induced events can be discriminated based
on their differences in scintillation characteristics. By using a pulse shape discrimination(PSD) anal-
ysis, discrimination between WIMP-induced recoils and the background beta/gamma events can be
achived.

In this measurement, the quenching factor of a NaI(Tl) crystal (2 cm x 2 cm x 1.5 cm) were measured
from the responses of the crystal to nuclear recoils. The nuclear recoils are produced by 2.43 MeV
mono-energetic neutrons from D-D fusion reactions in a neutron generator. Neutron-induced events
were selected by the time coincidence of signals in BC501a liquid scintillator neutron detectors and
the NaI crystal.

In measurements of the quenching factor for sodium and iodine recoils, energies of the recoiling ions
range from 6 to 150 keVnr for sodium and 10 to 75 keVnr for iodine. In these ranges, the quenching
factors for sodium are measured at 10 points and vary from 10% to 22% and for iodine are measured
at 6 points and vary from 5˜6%.

The PSD power of the NaI(Tl) crystal was characterized using quality factors and measured from
1 keVnr to 10 keVee. To measure the quality factor, the responses to nuclear recoils are compared
to the response to electron recoils produced by Compton scattering of 662 keV gamma-rays from a
137Cs source.

POSTER / 844

Study on the noise temperature of Josephson Parametric Ampli-
fier (JPA) used in the axion dark matter search experiment at
CAPP/IBS in KAIST
Authors: Ji-Young Lee1; Byeonghun Min2; DongLak Kim2; JinGeun Kim2; HeeJun Park2; Jongkuk Kim3; YoungJae
Lee4; Moohyun Ahn5; JONGHEE YOO4

1 Institute for Basic Science
2 IBS
3 Korea Advanced Institute for Science and Technology
4 KAIST
5 Seoul National University

Corresponding Authors: yoo.jonghee@gmail.com, djfldlshs@kaist.ac.kr, donglkim@ibs.re.kr, handbookofphysics@gmail.com,
jylee0124@ibs.re.kr, moohyun@gmail.com, jongkuk.kim@kaist.ac.kr, bhmin90@ibs.re.kr, phjun1010@naver.com

In an axion dark matter search haloscope experiment, the noise temperature of a linear amplifier
is a crucial component that seriously affects the sensitivity of the dark matter axion search. In the
CAPP18T experiment at CAPP/IBS in KAIST, we use a cryogenically cooled Josephson Parametric
Amplifier (JPA) in order to amplify weak RF signals from a resonant cavity. In this presentation, we
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describe a method to obtain an accurate and repeatable input noise temperature of the JPA: We use a
device with a cryogenic attenuator co-located with the amplifier. A dilution refrigerator (˜20mK) and
a cryogenic High Electron Mobility Transistor are used for this measurement. We will also discuss
the calibration techniques.

POSTER / 826

Measurements of the fast neutron flux at the Yangyang under-
ground laboratory for the COSINE-100 experiment
Author: Govinda Adhikari1

1 Sejong University

Corresponding Author: adhikari.astro@gmail.com

Measurements of the environmental neutron flux in the vicinity of dark matter search experiments
are important because signals induced by these neutrons can mimic those that are expected from dark
matter interactions. In order to establish a systematic understanding of the environmental neutron
flux at the location of the COSINE-100 experiment, we developed a liquid scintillator neutron detec-
tor and studied its pulse shape discrimination capabilities and background contamination levels. In
this poster, the neutron monitoring detector will be described and a measurement of the neutron
flux in the COSINE-100 room at the Yangyang underground laboratory will be presented.

POSTER / 736

Monitoring System and Detector Stability of COSINE-100
Author: William Thompson1

1 Yale University

Corresponding Author: william.thompson@yale.edu

COSINE-100 is a direct detection dark matter experiment consisting of 106 kg of low-background
NaI(Tl) crystal detectors located at the Yangyang Underground Laboratory in South Korea. The pri-
mary physics goal of COSINE-100 is to search for a WIMP-induced annual modulation signal to
confirm or refute DAMA/LIBRA’s claim of dark matter discovery. The search for an annual mod-
ulation signal requires a thorough understanding of time-dependent environmental effects and a
high degree of detector stability. To help achieve the required level of stability, COSINE-100 has
developed a monitoring system to measure operating conditions, such as detector gain, trigger rate,
and light yield, over time. Additionally, we monitor several environmental conditions, including
temperature, radon levels, and muon rates. Here, I will present the COSINE-100 monitoring system
and discuss the achieved stability of the COSINE-100 detector.

POSTER / 741

Exploring high mass regions for axion dark matter at IBS/CAPP

Authors: Dong Lak KimNone; Heejun ParkNone; JONGHEE YOO1; Jingeun KimNone; Jongkuk KimNone; Junu JeongNone;
Sung Woo YOUN2
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Corresponding Authors: swyoun@ibs.re.kr, yoo.jonghee@gmail.com

The Center for Axion and Precision Physics Research (CAPP) of the Institute for Basic Science (IBS) in
Korea has completed the construction of the infrastructure for axion dark matter search experiments.
An experiment utilizing a 9 T superconducting magnet with a 127 mm bore diameter placed in a He-
3 cryogenic system is currently under preparation. This experiment will explore a broad range of
axion mass of 10 to 30 μeV (equivalent frequency range of 2.8 to 7 GHz) by employing a new cavity
design, dubbed ‘pizza-cylinder cavity’, which provides a capability of searching relatively high mass
regions. We present the status of the experiment and discuss the future prospects.

POSTER / 770

Background assessment and performance of the COSINE-100 de-
tector
Author: Pushparaj Adhikari1

1 Sejong University

Corresponding Author: pushpaparticle@gmail.com

COSINE-100 is a dark matter direct dark matter search experiment that uses an array of scintillating
NaI(Tl) crystals as a target/detector. The experiment started taking data in September 2016 and has
been running stably since that time. We have fit the measured energy spectra in the NaI(Tl) crystals
with a MC model that contains a variety of background components. The background sources will
be discussed and preliminary results from a dark matter search analysis will be presented.

POSTER / 837

Muon and muon-induced phosphorescence events in the COSINE-
100 Dark Matter Searches
Author: Hafizh Prihtiadi1

1 Bandung Institute of Technology

Corresponding Author: hafizh.physics@gmail.com

The COSINE experiment has been taking physics data which aim to confirm or refute the annual
modulation signal reported by DAMA/LIBRA by using the same technique. In order to tag and
suppress cosmic-ray muons, a muon detector was constructed using plastic scintillator panels that
completely surround the crystal detector array. High energy muons in the NaI(Tl) crystals and low
energy scintillation signals corresponding to muon-induced phosphorescence events with half-lives
longer than a few seconds were observed. The muon flux and a study of muon-induced phosphores-
cence events in the COSINE-100 experiment will be presented.

POSTER / 858

Low noise Amplifier R&D for CULTASK experiment at CAPP
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Author: Doyu Lee1

Co-authors: Woohyun Chung 2; Ohjoon Kwon 3; Soohyung Lee 3; Jihoon Choi 3; Jinsu Kim 1; Danho Ahn 1; Caglar
Kutlu 1; Yannis Semertzidis 4

1 IBS/CAPP, KAIST
2 Center for Axion and Precision Physics Research, IBS
3 IBS/CAPP
4 CAPP/IBS and KAIST in South Korea

Corresponding Authors: du5698@kaist.ac.kr, semertzidis@bnl.gov, gnuhcw@ibs.re.kr

IBS/CAPP has launched CAPP-PACE, direct axion detection experiment aimed at the mass range of
2.45˜2.75 GHz. In the present detector setup, we utilize 1K (ultra-low noise temperature) HEMT
amplifier which is the world-best available commercial silicon-based low temperature amplifier.
However, in order to reach QCD axion sensitivity and speed up the experiment, we are currently
examining the possibility of replacing HEMT with SQUID amplifier which could reduce the noise
temperature drastically. MSA (Microstrip SQUID Amplifier) is a good option for achieving low noise
level. This poster includes new behavior of MSA, gain and noise measurement, and test results un-
der magnetic field. Finalized RF receiver chain of our experiment with MSA will be introduced
also.

POSTER / 957

Snowball Chamber: A Super-cooled Approach to Dark Matter De-
tection
Author: Corwin Knight1

1 SUNY Albany

Corresponding Author: knight.corwin@gmail.com

As higher mass particles are eliminated as possibilities in the search for dark matter, it is important
to explore new types of detectors that are more specialized at looking for lower mass particles. For
this purpose, I’ve been exploring super-cooled water as a target material for future detectors. This
talk will go over the motivations for a detector of this type, the evidence that has been collected—
including the first evidence of radiation induced nucleation of super cooled water, and additional
applications beyond searching for dark matter.

POSTER / 244

Study of Jet Substructure Variables with the SiFCC Detector at 100
TeV
Author: Chih-Hsiang Yeh1

Co-authors: Sergei Chekanov 2; Ashutosh Kotwal 3; Ashutosh Kotwal 4; Nhan Viet Tran 5; Shin-Shan Yu 1

1 National Central University (TW)
2 Argonne National Laboratory (US)
3 Duke University (US)
4 Duke University
5 Fermi National Accelerator Lab. (US)
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Corresponding Authors: nhan.viet.tran@cern.ch, ashutosh.kotwal@cern.ch, sergei.chekanov@cern.ch, a9510130375@gmail.com,
kotwal@phy.duke.edu, shin-shan.yu@cern.ch

We study the performance of jet substructure variables with a detector designed for very high energy
proton collisions, the SiFCC detector. The two-prong jets from Z’->WW and three-prong jets from Z’-
>ttbar are compared with the background from light quark jets at the same energy. The calorimeter
geometry is benchmarked in various configurations in order to understand the impact of granularity
on variables such as groomed jet mass, Njettiness and energy correlations within the jets. We present
results on signal efficiency and background rejection using full GEANT simulations.

POSTER / 362

High speed trigger system with 4.8Gbps rate for COMET Phase-I
experiment
Author: MyeongJae Lee1

1 Institute for Basic Science (Korea)

Corresponding Author: myeongjaelee@ibs.re.kr

We report the design and construction of the trigger system for COMET Phase-I experiment of
searching for cLFV of muon-electron conversion. A robust, intelligent and flexible trigger system of
COMET Phase-I experiment is critical to cope with background hits rating a few MHz in Cylindrical
Drift Chamber detector of COMET experiment. To establish robust links between central trigger
and timing system with detector readout system, custom serial link rating 4.8Gbps and the receiver
board for trigger and timing information are designed and produced. The primary trigger signal will
be generated and processed to make intelligent decision using decision tree on conversion signal,
through custom-made processing system. The performance of the central trigger system and its test
results under beam condition will be reported also.

POSTER / 849

Overview of the Electromagnetic Calorimeter Trigger System at
the Belle II Experiment
Author: SungHyun Kim1

Co-authors: Insoo Lee 1; YoungJun Kim 2; ChulHun Kim 1; Yuuji Unno 1; Byunggu Cheon

1 Hanyang University
2 Korea University

Corresponding Authors: shkim@hep.hanyang.ac.kr, byunggu.cheon@gmail.com, yunno@post.kek.jp, insulee5101@gmail.com,
rladudwns118@gmail.com

The Belle II at the SuperKEKB collider in Japan has been constructed toward a physics run in early
of 2018 with an ultimate target of 40 times higher instantaneous luminosity than the KEKB collider,
which was 2.1×10ˆ34/cmˆ2s.
The main physics motivation is to search for the New Physics from heavy quark/lepton flavor decays.
We have upgraded the Electromagnetic Calorimeter(ECL) hardware trigger system in order to select
an event of interest efficiently under much higher luminosity and beam background environment
than the KEKB.
ECL trigger logic based on two main triggers, the total energy and the number of clusters, would be
improved with an FPGA-based flexible architecture and a high speed serial link for the data transfer.
In this report, progress of the ECL trigger system development will be outlined and preliminary
results from beam collision data in Phase II run will be described.
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POSTER / 824

JUNO Calibration System
Author: Qingmin Zhang1

1 Xi’an Jiaotong University

Corresponding Author: zhangqingmin@mail.xjtu.edu.cn

The Jiangmen Underground Neutrino Observatory (JUNO), a 20-kton multi-purpose underground
liquid scintillator (LS) detector equipped with about 50k PMTs, is under construction at Kaiping,
Guangdong Province in China. The primary scientific goal is to determine the neutrino mass hierar-
chy (MH), which requires the unprecedented energy resolution of 3%/√E. Consequently, thorough
calibration of the detector is a must. Accordingly, a comprehensive calibration system, including a
Cable Loop System, Guide Tube Calibration System, Auto Calibration Unit, and Remotely Operated
Vehicle, has been designed to deploy multiple sources, to cover the entire energy range of reactor
neutrinos, and to achieve a full-volume position coverage inside the detector to measure the spatial
response function at different calibration energies. The energy linearity can also be studied with
different gamma and electron sources. In the presentation, the design and current status of the
JUNO calibration system will be introduced, finally it’s also presented that the effectiveness of this
calibration program is validated by simulation.

POSTER / 692

Status of Korean Neutrino Observatory
Author: Sangyong KIM1

1 SNU

Corresponding Author: sfc5302@gmail.com

The Korean Neutrino Observatory(KNO) is proposed as a next generation underground neutrino
observatory in Korea consisting of 260 ton water Cherenkov detector and can serve as the second
detector of Hyper-Kamiokande experiment.
By detecting J-PARC neutrino beam in these two detectors at the same time, neutrino oscillation
parameters such as leptonic CP violation phase and the neutrino mass ordering can be definitively
measured and the sensitivities are expected to be better than locating the two detectors in Japan.
Measuring these oscillation parameters are very important questions to be answered in neutrino
physics.
In this work we present such sensitivity studies for various detector configurations as a function of
beam exposure time and study of geological candidate sites.

POSTER / 893

AMoRE-Pilot background simulation

Authors: Daehoon HaNone; Eunju Jeon1; Young Soo Yoon1

Co-authors: hongjoo Kim 2; on behalf of the AMoRE Collaboration 3

1 Institute for Basic Science
2 Kyungpook National University
3 AMoRE Collaboration
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The AMoRE (Advanced Mo Rare process Experiment) project is the experiment searching for neutrino-
less double beta decay of 100Mo.
Monte Carlo simulation using the Geant4 toolkit was performed to understand background level of
detector configuration.
Decays of radioactive isotopes such as 232Th, 238U, 40k, 235U and their daughter nuclei were simu-
lated in six CaMoO4 crystals, and in near-by detector materials.
Background spectra of crystals from the recent pilot measurements were fitted with simulation re-
sults to identify dominant background sources.
In this poster, the simulation results and fitting results will be presented.

POSTER / 903

AMoRE Muon Veto Counter and Event Selection
Authors: Young Soo Yoon1; Yoomin Oh1; Jaison Lee2; Jooyoung Lee3; Hongjoo Kim3; Yeongduk Kim1; Hyunsoo
Kim4; Kyungmin Seo1

1 Institute for Basic Science
2 CUP/IBS
3 Kyungpook National University
4 Sejong University (KR)

Corresponding Authors: hyunsoo.kim@cern.ch, hongjoo@knu.ac.kr, jsahnlee@gmail.com, sukm2000@gmail.com,
ysy@ibs.re.kr, ohyoumean@gmail.com

The AMoRE (Advanced Mo-based Rare process Experiment) is an experiment searching for a neu-
trinoless double beta decay of Mo-100. A pilot experiment, AMoRE Pilot, has been running with
a total of ˜1.8 kg of six 40Mo100MoO4 (CMO) crystals in a cryostat at the Yangyang underground
laboratory (Y2L, 700 m overburden from the surface). The AMoRE muon veto counter covers the
AMoRE cryostat with 10 plastic scintillator counters (28 PMTs). We have developed several methods
to select the muon events in the muon counter and checked the coincident background signals from
the crystals. We will present on how to select muons, the muon rate at the AMoRE experiment, and
the background level of the crystals by the muons.

POSTER / 904

Calibration study of the Electromagnetic Calorimeter Trigger sys-
tem at the Belle II experiment
Author: YoungJun Kim1

Co-authors: InSoo Lee ; SungHyun Kim 2; CheolHun Kim 3; HanEol Cho 2; Yuji Unno 2; Byunggu Cheon ; JungKeun
Ahn 1

1 Korea University
2 Hanyang University
3 Hanyang Univiersity

Corresponding Authors: ahnjk@korea.ac.kr, shkim@hep.hanyang.ac.kr, rladudwns118@gmail.com, islee5101@gmail.com,
chkim@hep.hanyang.ac.kr, byunggu.cheon@gmail.com, yunno@post.kek.jp, hecho@hep.hanyang.ac.kr

We have developed the Electromagnetic Calorimeter (ECL) trigger system for the Belle-II experi-
ment. The ECL trigger system is based on Trigger Cell (TC) consisting of 16 CsI(Tl) crystal detectors
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for each. We performed the TC energy calibration using the ECL data, and the TC time-offset cali-
bration as well. We will report the calibration method and performance of the ECL trigger system
using beam-collision data from Phase-II run.

POSTER / 949

Update on the TowerJazz CMOS DMAPS development for the AT-
LAS ITk
Authors: Abhishek Sharma1; Bojan Hiti2; Carlos Solans Sanchez3; Cesar Augusto Marin Tobon3; Christian Riegel4;
Enrico Junior Schioppa3; Florian Dachs5; Heinz Pernegger3; Ignacio Asensi Tortajada6; Ivan Berdalovic3; Jacobus
Willem Van Hoorne7; Lluis Simon Argemi8; Maria Moreno Llacer3; Norbert Wermes9; Nuria Egidos Plaja10; Petra
Riedler3; Piotr Rymaszewski9; Roberto Cardella3; Simone Monzani11; Thanushan Kugathasan3; Tomasz Hemperek9;
Valerio Dao3; Walter Snoeys3

1 University of Oxford (GB)
2 Jozef Stefan Institute (SI)
3 CERN
4 Bergische Universitaet Wuppertal (DE)
5 Vienna University of Technology (AT)
6 Univ. of Valencia and CSIC (ES)
7 Austrian Academy of Sciences (AT)
8 University of Glasgow (GB)
9 University of Bonn (DE)
10 University of Barcelona (ES)
11 Università degli Studi e INFN Milano (IT)

Corresponding Authors: wermes@uni-bonn.de, roberto.calogero.cardella@cern.ch, lluis.simon.argemi@cern.ch,
valerio.dao@cern.ch, enrico.junior.schioppa@cern.ch, cesar.augusto.marin.tobon@cern.ch, rymaszewski@physik.uni-
bonn.de, florian.dachs@cern.ch, christian.riegel@cern.ch, walter.snoeys@cern.ch, maria.moreno.llacer@cern.ch,
simone.monzani@cern.ch, petra.riedler@cern.ch, j.w.van.hoorne@cern.ch, hemperek@physik.uni-bonn.de, carlos.solans@cern.ch,
ignacio.asensi@cern.ch, nuria.egidos.plaja@cern.ch, thanushan.kugathasan@cern.ch, abhishek.sharma@cern.ch,
bojan.hiti@cern.ch, ivan.berdalovic@cern.ch, heinz.pernegger@cern.ch

The upgrade of the ATLAS tracking detector for the High-Luminosity Large Hadron Collider at
CERN requires the development of novel radiation hard silicon sensor technologies. For the develop-
ment of depleted CMOS sensors for ATLAS we combined small electrodes with minimal capacitance
and advanced processing for fully depleted active sensor volume to achieve radiation hard CMOS
sensors in line with ATLAS ITk specifications.

Based on initial studies on the prototype sensor “TowerJazz Investigator” we have now developed,
produced and tested a first full-size depleted CMOS sensor based on the 180nm TowerJazz imaging
process, the so-called “MALTA” sensor. The sensor combines special low-noise/low power front-
end using small electrodes with a novel high-speed asynchronous readout architecture to cope with
the high hit-rates expected at HL-LHC. The sensor has been produced end of 2017 and initial mea-
surements have been carried out assessing its analog and digital performance. The poster will show
efficiency studies performed with the TowerJazz Investigator chip at the CERN SPS test beam facility
in 2017 and first measurement results with the new “MALTA” sensor.

POSTER / 630

PURIFICATION TECHNIQUES OF MoO3 FOR AMoRE EXPERI-
MENT
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Author: Olga Gileva1

Co-authors: HyangKyu Park 2; KeonAh Shin

1 IBS, CUP
2 Institute for Basic Science

Corresponding Authors: sinh4230@gmail.com, hyangkyu.park@gmail.com, lelyum1986@yandex.ru

The Advanced Mo based Rare process Experiment (AMoRE) is a series of experiments focused on
searching for the neutrinoless double beta (0νββ) decay of 100Mo. Molybdenum based single crys-
tals of high purity are used as scintillating elements of detector. Sensitivity of the AMoRE detector
is limited by the background in the region of the expected peak, the main source of the background
forced due to decay chains of natural isotopes, mainly Ra, Th and U presenting as impurities in de-
tector material.
For the all molybdenum-based crystals, molybdenum trioxide powder is used as a main initial ma-
terial for crystal growth. The MoO3 is volatile at temperatures below melting point, so sublimation
at temperature range of 700-720 C under low vacuum allows remove main contamination. By the
way, after successive double sublimation raw MoO3 at 720 C Th and U contamination significantly
reduced below 20 ppt and 130 ppt levels, respectively. Combination of double sublimation and wet
chemistry techniques, like co-precipitation followed by complete precipitation of polyammonium
molybdates from acidic media, provides deep removal of many elements. After annealing in air en-
vironment Th and U concentration in the purified MoO3 powder decreased below detection limit 10
ppt.
In order to measure lower concentration and decrease the detection limit, development of analyti-
cal method for measurement of high purity inorganic materials, like MoO3 and other molybdenum
based crystals, by ICP-MS in tandem with solid-phase separation is going on.
The presented techniques shown high effectiveness for raw MoO3 purification and could be used
for purification of enriched powder, moreover, it might be helpful for the other projects which are
using pure MoO3.

References:
Alenkov, V., and et al. Technical Design Report for the AMoRE 0νββ Decay Search Experiment (2015)
https://arxiv.org/pdf/1512.05957.pdf. Accessed 5 Sep 2017.
Gileva, O., Aryal, P., Karki, S. et al. J Radioanal Nucl Chem (2017) 314: 1695.

POSTER / 468

Physics performance of the Particle Flow Oriented detector at the
CEPC
Authors: Manqi Ruan1; Xinchou Lou2; Yaquan Fang1; Gang LI3

1 Chinese Academy of Sciences (CN)
2 University of Texas at Dallas (US)
3 Institute of high energy physics

Corresponding Authors: yaquan.fang@cern.ch, xinchou.lou@cern.ch, li.gang@mail.ihep.ac.cn, manqi.ruan@cern.ch

After the Higgs discovery, precise measurements of the Higgs properties and the electroweak ob-
servables become vital for the experimental particle physics. A powerful Higgs/Z factory, the Cir-
cular Electron Positron Collider (CEPC) is proposed. The Particle Flow oriented detector design is
proposed to the CEPC and a Particle Flow algorithm, Arbor has been designed and optimized ac-
cordingly.
In this talk, we would like to report the status and progress of the detector design and performance
study of the PFA oriented CEPC detector.
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POSTER / 286

Modeling Radiation Damage to Pixel Sensors in the ATLAS De-
tector
Author: Marcello Bindi1

1 Georg August Universitaet Goettingen (DE)

Corresponding Author: marcello.bindi@cern.ch

Silicon pixel detectors are at the core of the current and planned upgrade of the ATLAS detector
at the Large Hadron Collider (LHC). As the closest detector component to the interaction point,
these detectors will be subjected to a significant amount of radiation over their lifetime: prior to
the High-Luminosity LHC (HL-LHC), the innermost layers will receive a fluence in excess of 10ˆ15
neq/cm2 and the HL-HLC detector upgrades must cope with an order of magnitude higher fluence
integrated over their lifetimes. Simulating radiation damage is critical in order to make accurate
predictions for current future detector performance that will enable searches for new particles and
forces as well as precision measurements of Standard Model particles such as the Higgs boson. We
present a digitization model that includes radiation damage effects to the ATLAS pixel sensors for
the first time and considers both planar and 3D sensor designs. In addition to thoroughly describing
the setup, we compare predictions for basic pixel cluster properties on leakage currents, depletion
voltage, charge collection efficiency, Lorentz angle etc. with real data collected at LHC proton-proton
collisions.

POSTER / 287

Single Event Upsets in the ATLAS IBL Frontend ASICs
Authors: ATLAS CollaborationNone; Pierfrancesco Butti1

1 CERN

Corresponding Author: pierfrancesco.butti@cern.ch

During operation at instantaneous luminosities of up to 1.5 /s/cmˆ2 the frontend chips of the ATLAS
innermost pixel layer (IBL) experienced single event upsets affecting its global registers as well as
the settings for the individual pixels, causing, amongst other things loss of occupancy, noisy pixels,
and silent pixels. A quantitative analysis of the single event upsets as well as the operational issues
and mitigation techniques will be presented.

POSTER / 665

A Cosmic Ray Detector for the Mu2e Experiment at Fermilab
Authors: Robert BernsteinNone; Eleonora Diociaiuti1

1 LNF-INFN

Corresponding Authors: eleonora.diociaiuti@lnf.infn.it, rhbob@fnal.gov

The Mu2e experiment is designed to search for the charged-leptonflavor-
violating process, μ− to a e−, with unprecedented sensitivity. The
single 105-MeV electron that results from this process can be mimicked
by electrons produced by cosmic-ray muons traversing the detector. An
active veto detector surrounding the apparatus is used to detect incoming
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cosmic-ray muons. To reduce the backgrounds to the required level
it must have an efficiency of about 99.99% as well as excellent hermeticity.
The detector consists of four layers of scintillator counters, each
with two embedded wavelength-shifting fibers, whose light is detected
by silicon photomultipliers. The design and expected performance of
the cosmic ray veto detector will be described.

POSTER / 714

Study on the Secondary Electron Emission Coefficient of aluminum
oxide
Author: kaile wen1

Co-authors: shulin Liu ; baojun yan 2

1 IHEP CAS
2 IHEP

Corresponding Authors: yanbj@ihep.ac.cn, wenkaile@126.com, liusl@ihep.ac.cn

Using the spherical secondary electron emission coefficient measuring device, the primary current
and the secondary current of the secondary electron emission process are simultaneously measured
by the collection method and the principle of charge conservation, and the surface of the sample
is neutralized by charge during the measurement process. Under the small error, the secondary
electron emission coefficient of the insulation sample under different incident energy and incident
angle was measured, and the result obtained by this measurement method was proved to be stable
and reliable. At the same time, the secondary electron emission coefficients of aluminum oxide films
with different thicknesses at different incident energies and incident angles were measured by this
method, and the energy distribution of the secondary electrons emitted was measured by the grid
screening method. Thus, a film having a better secondary electron emission characteristic as a coat-
ing solution for an electron multiplier device can be selected and used to enhance the performance
of the electron multiplier device.

POSTER / 120

Heavy flavour identification at CMS
Authors: Arnd Meyer1; Praveen Chandra Tiwari2

1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 Indian Institute of Science (IN)

Corresponding Author: praveen.chandra.tiwari@cern.ch

Most of the CMS studies rely on the identification of b jets (b tagging), which is important for a broad
range of analyses at CMS. Identification algorithms of jets from B hadrons heavily rely on machine
learning tools and are thus natural candidates for advanced tools like deep neural networks. During
the past couple of years, the CMS Collaboration has proven the power of deep neural networks
implementing new algorithms, which outperform previous algorithms for b jet identification. While
improving b tagging, the CMS Collaboration is pushing the heavy flavor identification beyond the
traditional boundaries, with the implementation of b tagging algorithms specialized to the boosted
topologies, and the development of c tagging algorithms, used to identify jets originated from charm
quarks. With the increased experimentally excluded mass ranges of new particles, in several cases
at the TeV scale, searches need to focus more and more on very boosted regimes. Several heavy
flavor identification tools specific for boosted topologies have been developed to make these searches
possible, such as b tagging of subjets and a double b tagger, aiming at the identification of boosted
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decays of the heavy particles into pairs of b quarks. This talk will present all this cutting edge
developments, together with their performance measurements on CMS data.

POSTER / 243

Study of Jet Substructure Variables with the SiFCC Detector at 100
TeV
Author: Shin-Shan Yu1

Co-authors: Sergei Chekanov 2; Ashutosh Kotwal 3; Ashutosh Kotwal 4; Nhan Viet Tran 5; Chih-Hsiang Yeh
1

1 National Central University (TW)
2 Argonne National Laboratory (US)
3 Duke University (US)
4 Duke University
5 Fermi National Accelerator Lab. (US)

Corresponding Authors: sergei.chekanov@cern.ch, shin-shan.yu@cern.ch, a9510130375@gmail.com, ashutosh.kotwal@cern.ch,
nhan.viet.tran@cern.ch, kotwal@phy.duke.edu

We study the performance of jet substructure variables with a detector designed for very high energy
proton collisions, the SiFCC detector. The two-prong jets from Z’->WW and three-prong jets from Z’-
>ttbar are compared with the background from light quark jets at the same energy. The calorimeter
geometry is benchmarked in various configurations in order to understand the impact of granularity
on variables such as groomed jet mass, Njettiness and energy correlations within the jets. We present
results on signal efficiency and background rejection using full GEANT simulations.

POSTER / 402

Innovative Strategies in the Search for Electroweak Production
of Compressed SUSY States with the ATLAS Detector
Authors: ATLAS CollaborationNone; Jesse Liu1

1 University of Oxford

Corresponding Author: jesse.liu@cern.ch

The search for electroweakinos and sleptons is a key component of the supersymmetry program
at the LHC. In particular, natural SUSY models motivate small mass splittings between the lightest
charginos and neutralinos, known as a compressed mass spectrum. Such a scenario presents several
experimental challenges, since the decay products are very soft and there is little final state missing
energy. In order to build a sensitive analysis around these difficulties, a variety of new techniques
are applied, including improvements with ISR-assisted topologies and lepton reconstruction. Here,
some of these new strategies are described, and recent results from the search using data at

√
s = 13

TeV from the ATLAS detector are presented.

POSTER / 218

Search for the Standard Model Higgs boson in the dilepton plus
a photon channel at 13 TeV with CMS
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Author: Ming-Yan Lee1

1 National Central University (TW)

Corresponding Author: a342545@gmail.com

This poster presents the search for a Higgs boson decaying into dileptons plus a photon. This topol-
ogy has contributions from Z boson and a photon or two photons, one of which has an internal
conversion into a lepton pair. This is one of the important rare Higgs decay channels and can be
used to probe new physics as well. The results with the data collected by the CMS detector at the
LHC from proton-proton collisions at 13TeV in 2016 will be shown.

POSTER / 93

Construction of new hybrid CC1π + sample for the SK detector
error estimation
Authors: Guang Yang1; Shunichi Mine2; Thomas Mueller3

1 Stony Brook University
2 University of California Irvine
3 Ecole Polytechnique, IN2P3-CNRS

Corresponding Authors: thomas.mueller@llr.in2p3.fr, guang.yang.1@stonybrook.edu, smine@uci.edu

In the energy region of T2K beam, which is peaked around 0.6 GeV, CC1π + is a dominant channel
besides CCQE. Consequently, T2K plans to include CC1π + channel as a signal channel. An evalua-
tion of the Super Kamiokande (SK) detector related systematic errors on CC1π + needs to be done. A
new hybrid sample is constructed, as it was successfully used for the evaluation of π 0 background in
the SK detector in previous oscillation analyses. In this poster, we will describe how the atmospheric
neutrino data in SK enabled the construction of a CC1π + hybrid sample and the possibility to apply
the results to the systematic error estimation.

POSTER / 226

Search for high-mass resonances decaying into dilepton final state
at 13 TeV with CMS
Authors: Arnd Meyer1; Minseok Oh2

1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 Seoul National University (KR)

Corresponding Author: ed.scott@cern.ch

A search for new high-mass resonances decaying into electron or muon pairs is performed using full
data obtained from 2016 proton-proton collisions at 13 TeV. The search exploits data collected by the
CMS experiment at a center-of-mass energy of 13 TeV, corresponding to an integrated luminosity
of 36 /fb. No significant deviations are observed from the Standard-model expectation. Upper limits
on the product of a new resonance production cross section and branching fraction to dileptons
are calculated in a model-independent manner. A lower mass limit is set at 95% confidence level
for new spin-1 resonance arising in the sequential standard model, superstring-inspired model and
spin-2 Kaluza–Klein graviton arising in the Randall–Sundrum model of extra dimensions.
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POSTER / 227

Search for Heavy Majorana Neutrinos in the Events with Same-
Sign Lepton Pairs and Jets Using the CMS Detector in pp Colli-
sions at sqrt(s) = 13 TeV
Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Author: ed.scott@cern.ch

We present searches on Heavy Majorana neutrinos in the events with same-sign lepton paris and
jets, using the pp collision data collected from CMS detector at the centre-of-mass energy 13 TeV. The
search range is extened to 20 GeV and 1500 GeV, lower and upper bound respectively, compared to
the previous analysis using 8 TeV data. Vector boson fusion production channel is considered as well
as s-channel, which improves the sensitivities for mass above several hundreds of GeV. We set upper
limits on muon mixing squared, electron mixing squared, and muon-electron cross mixing.

POSTER / 216

ttH(bb) in leptonic final state with CMS
Author: Marcel Rieger1

1 RWTH Aachen University (DE)

Corresponding Author: marcel.rieger@cern.ch

We present a search for the standard model Higgs boson decaying into b quarks and produced in
association with a pair of top quarks in the leptonic final states. This search has been performed
on the full 13-TeV dataset of proton-proton collisions collected by the CMS experiment at the LHC
in 2016. To separate the tt̄H signal from the irreducible tt̄ + bb̄ background, this analysis takes
advantage of several different innovative methods that are a Deep Neural Network (DNN), a Matrix
Element Method (MEM), and a Boosted Decision Tree (BDT).

POSTER / 215

ttH(bb) in the all-hadronic final state with CMS
Author: Silvio Donato1

1 Universitaet Zuerich (CH)

Corresponding Author: silvio.donato@cern.ch

We present a search for the standard model Higgs boson decaying into b quarks and produced in
association with a pair of top quarks decaying in the all-jet final state. This search is performed
on the full 13-TeV dataset of proton-proton collisions collected by the CMS experiment at the LHC
in 2016. To separate the tt̄H signal from the irreducible tt̄ + bb̄ background, this analysis takes
advantage of a matrix element method. A data-driven method has been used to estimate the large
multijet background.
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POSTER / 683

Top quark pair production in association with a photon
Authors: ATLAS Collaboration1; Joshua Wyatt Smith2

1 CERN
2 Georg August Universitaet Goettingen (DE)

Corresponding Author: joshua.wyatt.smith@cern.ch

Top quark pairs in association with final state particles are produced in large quantities at the LHC
due to the high centre-of-mass energy available in proton-proton collisions. One such topology is
that of a prompt photon radiated from the top-quark in addition to the final state particles from
the top-quark decay. Presented are the results from the ATLAS experiment, which measured the
fiducial cross section as well as differential cross sections with respect to kinematic variables of the
photon.

POSTER / 701

Studies of initial state radiations in Drell-Yan events from ppbar
collision at 1.96TeV
Authors: Hyon San Seo1; Geum Bong Yu1; Junho Choi1; Junho Kim1; Un Ki Yang1

1 Seoul National University (KR)

Corresponding Authors: junho.choi@cern.ch, geum.bong.yu@cern.ch, jh.kim@cern.ch, un.ki.yang@cern.ch,
hyon.san.seo@cern.ch

We present the studies of initial state radiations (ISR) in Drell-Yan events from ppbar collisions at
sqrt{s}=1.96TeV with CDF Run II data. ISR from hadron collisions plays an important role in jet
physics, which has an impact on precision measurements and searches for new physics. We develop
a systematic way to study the ISR effect using Drell-Yan events. The truncated mean of the dilepton
transverse momentum distribution is found to have a logarithmic slope as a function of dilepton
invariant mass square. This logarithmic slope can be used to control ISR effect in the SM processes
and new physics processes.

POSTER / 778

Support system for ATLAS distributed computing operations

Authors: ATLAS CollaborationNone; Tomoe Kishimoto1

1 University of Tokyo (JP)

Corresponding Author: tomoe.kishimoto@cern.ch

The ATLAS distributed computing system has allowed the experiment to successfully meet the chal-
lenges of LHC Run 2. In order for distributed computing to operate smoothly and efficiently, several
support teams are organized in the ATLAS experiment. The ADCoS (ATLAS Distributed Comput-
ing Operation Shifts) is a dedicated group of shifters who follow and report failing jobs, failing data
transfers between sites, degradation of ATLAS central computing services, and more. The DAST
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(Distributed Analysis Support Team) provides user support to resolve issues related to running dis-
tributed analysis on the grid. The CRC (Computing Run Coordinator) maintains a global view of the
day-to-day operations.

In this presentation, the status and operational experience of the support system for ATLAS dis-
tributed computing in LHC Run 2 will be reported. This report also includes operations experience
from the grid site point of view, and an analysis of the errors that create the biggest waste of wall-
clock time. The report of operations experience will focus on some of the more time-consuming tasks
for shifters and grid sites, and on the introduction of new technologies, such as machine learning,
to ease the work.

POSTER / 412

Hough transform based low momentum track finding for the BE-
SIII drift chamber
Authors: Yao Zhang1; Huaimin Liu1

Co-author: Ye Yuan 1

1 Institute of High Energy Physics, CAS

Corresponding Authors: liuhm@ihep.ac.cn, yuany@ihep.ac.cn

A Hough transform based tracking method is introduced for curling track finding of BESIII drift
chamber. This track finding algorithm is implemented in the BESIII offline software system and its
performance has been checked. The results show that this algorithm improves the reconstruction
efficiency for the low transverse momentum tracks.

POSTER / 771

Boosting the Searches of Gluon Pair Initiated Processes using Deep
Learning of ISR Jets
Authors: Dongsub Lee1; Hyung Do Kim2; Won Sang Cho1

1 Seoul National University
2 Unknown

Corresponding Authors: hdkim@phya.snu.ac.kr, dongsub93@snu.ac.kr, wscho@snu.ac.kr

We introduce new strategy to improve the searches of the signal from gluon-pair-initiated(ggI) pro-
cesses at the LHC. By the ggI process, we mean the scattering process starting from a pair of gluons
which can be associated with initial-state radiation jets(ISR jets) emitted from various incident par-
ton at hadron collision. The ggI processes include gluon-gluon fusion(ggF) into colour singlet state,
Higgs associated top-quark pair productions, which are the important windows of proving the sec-
tor of electroweak symmetry breaking.
Focusing on the flavours of associated to each ISR jets, we show that the ISR jets in the ggI processes
have distinctive features from background processes. Provided that features, we classified initial
states, and discriminated the ggI processes from its backgrounds by using deep neural networks.
As a promising example, we demonstrated this new technique on single Higgs production process
in dimuon channel. Higgs to dimuon process is elusive because of huge irreducible backgrounds
from Drell-Yan and diboson processes. Finally, we provide an enhanced aspect on the Higgs cou-
pling measurements, and discuss on the universality of this technique for probing ggI processes in
various channels.
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POSTER / 375

Track reconstruction in high-multiplicity environments with the
ATLAS Detector at the LHC
Authors: ATLAS CollaborationNone; Pierfrancesco Butti1

1 CERN

Corresponding Author: pierfrancesco.butti@cern.ch

During 2017, the Large Hadron Collider provided record-breaking integrated and instantaneous lu-
minosities, resulting in huge amounts of data being provided with numbers of interaction per bunch
crossing significantly beyond initial projections. In spite of these challenging conditions, the ATLAS
Inner Detector (ID) track reconstruction continued to perform excellently, and this contribution will
discuss the latest performance results covering the key aspects of track reconstruction. Potential ar-
eas for improvement will also be highlighted, and planned improvements to track reconstruction
techniques for future data-taking periods, in areas such as track ambiguity solving and vertex recon-
struction, will be outlined.

POSTER / 274

The ATLAS Electron and Photon Trigger

Authors: ATLAS CollaborationNone; Pavel Podberezko1

1 Budker Institute of Nuclear Physics (RU)

Corresponding Author: pavel.podberezko@cern.ch

ATLAS electron and photon triggers covering transverse energies from 5 GeV to several TeV are es-
sential to record signals for a wide variety of physics: from Standard Model processes to searches for
new phenomena. To cope with ever increasing luminosity and more challenging pile-up conditions
at a centre-of-mass energy of 13 TeV, the trigger selections need to be optimized to control the rates
and keep efficiencies high. The ATLAS electron and photon trigger evolution throughout the Run 2
will be presented, including new techniques developed to maintain their high performance even in
high pile-up conditions as well as first efficiency measurements from the 2018 data taking.

POSTER / 637

Feasibility study for development of a PET device based on Multi-
gap Resistive Plate Chambers
Author: Mohammad Nizam1

Co-authors: Satyanarayana Bheesette 2; R.R. Shinde 3; Gobinda Majumder 4

1 HBNI,Tata Institute of Fundamental Research
2 Tata Institute of Fundamental Research, Mumbai, INDIA
3 Tata Institute of Fundamental Research
4 Tata Inst. of Fundamental Research (IN)

Corresponding Authors: mohammad.nizam@tifr.res.in, bsn@tifr.res.in, rrs@tifr.res.in, gobinda@tifr.res.in
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The Multi-gap Resistive Plate Chambers (MRPCs) provide excellent timing as well as position reso-
lutions at relatively lower cost. Therefore, they can be used in medical imaging applications such as
PET where precise timing is a crucial parameter of measurement. We have designed and fabricated
several six-gap glass MRPCs and extensively studied their performance. In this paper, we describe
the
detector, electronics and the data acquisition system of the setup. We present here the data analysis
procedure and initial results of our studies to measure the absolute position of a radioactive source
(Na-22) using time of flight (TOF) as well as hit position information and hence to demonstrate their
potential applications in medical imaging. We also present the Geant4 based simulation results on
the efficiency of our detector as a function of number of gaps and the converter thickness.

POSTER / 248

Status of Korean Neutrino Observatory
Author: SANG YONG KIM1

1 Seoul National University

Corresponding Author: sfc5302@gmail.com

The Korean Neutrino Observatory(KNO), consisting of a 260 kton water Cherenkov detector, is pro-
posed to be built in Korea. KNO will be another far detector at a distance of ˜1100 km from the
J-PARC where an off-axis neutrino beam is produced. Because of the KNO located in the second
oscillation maximum, KNO will enhance the sensitivity of determining the leptonic CP violation
phase and the neutrino mass ordering. compared to the case of two Hyper-Kamiokande detectors
at Kamioka. It will also search for nucleon decays up to a lifetime of 10ˆ35 years. KNO will be
the world-largest underground neutrino telescope for a neutrino burst from a core-collapse super-
nova. A geological survey of candidate sites are complete to estimate the construction cost for a
underground facility.

POSTER / 261

Upgrade plan for RENO
Author: hyungi lee1

1 SNU

Corresponding Author: physilhg@gmail.com

The more precise measurement of theta13 is valuable for determining the CP violating phase if com-
bined with an accelerator neutrino beam experimental result. We plan to upgrade the RENO facility
to make a precise measurement of theta13 and dm_eeˆ2 and to solve the problem of the 5 MeV excess
in the measured reactor neutrino spectrum. We propose to add more identical near and far detectors
and to construct further far detectors located at 1.7 km away from the center of reactor array. In
this talk, we present the uprade plan for RENO with expected sensitivities.

POSTER / 425

Measurement of theta13 in the reactor neutrino events with neu-
tron captures on Hydrogen at RENO
Author: ChangDong ShinNone
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Corresponding Author: scd0211@gmail.com

RENO has been taking data since August, 2011 and successfully measured the smallest neutrino
mixing angle, theta13. The measurement values are obtained from the observed reactor antineutrino
events with neutron captures on gadolinium (n-Gd) in the target detector region. In addition, RENO
has successfully measured the mixing angle as well, using an independent sample with neutron
captures on hydrogen (n-H). Because of a large accidental background in the n-H sample, the analysis
requires additional reduction of backgrounds. This independent measurement provides a valuable
systematic cross-check of the theta13 measurement using the n-Gd sample. In this talk, we will
present the results from the 1500 days of n-H data sample.

POSTER / 686

Manifestations of neutrino magnetic moments in spin and flavor
oscillations of ultrahigh-energy cosmic neutrinos
Authors: Konstantin Kouzakov1; Alexander StudenikinNone

1 Lomonosov Moscow State University

Corresponding Authors: studenik@srd.sinp.msu.ru, kouzakov@gmail.com

We present a theoretical analysis of possible influence of neutrino magnetic moments on the prop-
agation of ultrahigh-energy (UHE) cosmic neutrinos in the interstellar space under the assumption
of two-neutrino mixing. The exact solution of the effective equation for neutrino evolution in the
presence of a magnetic field and matter is obtained, which accounts for four neutrino species cor-
responding to two different flavor states with positive and negative helicities. Using most stringent
astrophysical bounds on the putative neutrino magnetic moment, probabilities of neutrino flavor
and spin oscillations are calculated on the basis of the obtained exact solution. Specific patterns
of spin and flavor oscillations are determined for neutrino-energy values characteristic of, respec-
tively, the cosmogenic neutrinos, the Greisen-Zatsepin-Kuz’min (GZK) cutoff, and well above the
cutoff.

POSTER / 431

Measured Cosmogenic Background at RENO
Author: Daeun Jung1

1 Sungkyunkwan University

Corresponding Author: cowalker12@gmail.com

The isotopes of 8He and 9Li produced by cosmic-rays are a main source for backgrounds in reac-
tor neutrino experiments. The isotope decays to a neutron and an electron and mimics an inverse
beta decay of an electron antineutrino from reactors. The 8He/9Li background spectrum and rate
are measured using the data taken by the RENO experiment, and compared the with Monte-Carlo
prediction. In this presentation, we report the measured cosmogenic background spectrum and rate
at RENO.

POSTER / 424

Detection of reactor neutrinos with a delayed signal of neutron
capture on Hydrogen at RENO
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Author: EunHyang KwonNone

Corresponding Author: ehkwon1011@gmail.com

The RENO experiment has been taking electron antineutrino data from the reactors at Hanbit nu-
clear power plant in Korea, using two identical detectors since 2011. It has measured the neutrino
mixing angle theta13 using inverse beta decay events with a neutron captured on Gadolinium(Gd).
A neutron is also captured by Hydrogen. Reactor antineutrinos are detected with a delayed signal
of neutron capture by Hydrogen (n-H). The n-H sample provides an independent result amd a con-
sistent check of the n-Gd result. The coincidence time between the prompt and delayed events is
longer than that of n-Gd, and results in a larger accidental background. We measure background
rates in the 2000 day n-H data sample. In this presentation, we report the n-H selection criteria for
reactor antineutrino candidates and remained background rates.

POSTER / 569

Precise measurement of theta13 and dmˆ2_ee at RENO
Authors: Dongha Lee1; 김우영2; Serguey2; 박명렬3; 최준호3; 장한일4; 권은향5; 김상용5; 김수봉5; 서선희5; 서현
관5; 양정열5; 이용창5; 이현기5; 김종건6; 김종현6; 서지웅6; 유인태6; 전상훈6; 정다은6; Rott Carsten6; 곽필준7; 김
재률7; 문동호7; 박경환7; 박영서7; 신창동7; 임인택7; 주경광7; 장지승8; 유종희9; 주기원9

1 Seoul National University
2 경북대학교
3 동신대학교
4 서영대학교
5 서울대학교
6 성균관대학교
7 전남대학교
8 GIST
9 KAIST

Corresponding Authors: summerofeast@snu.ac.kr, wooyoung@knu.ac.kr

The RENO experiment has measured the neutrino mixing angle θ_13 and dmˆ2_ee, using reactor
antineutrinos from the reactors at Hanbit Nuclear Power Plant since Aug. 2011. In 2016, RENO
published results on sinˆ2(2θ_13) and dmˆ2_ee using the energy dependent oscillation of reactor an-
tineutrinos in the 500days of data. RENO has accumulated roughly ˜2000 days of data with reduced
backgrounds and thus decreased systematic uncertainties. Due to the improved statistics and sys-
tematic uncertainties we measured sinˆ2(2θ_13) and dmˆ2_ee more precisely. In this talk we will
present new results from the ˜2000 days data.

POSTER / 497

Search for Sterile Neutrinos at RENO
Author: Jiwoong Seo1

1 Sungkyunkwan University (KR)

Corresponding Author: jwseo115@gmail.com

The RENO experiment has successfully measured 13 using the disappearance of electron anti-neutrinos
in three-flavor neutrino oscillations.We search for sterile neutrinos in four-flavor oscillation model
using roughly 1500 days of data collected by the RENO experiment. We have not seen any positive
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signal and obtain an excluded region of the oscillation parameters. We present an excluded contour
plot in sin2(214)–m2

41 space.

POSTER / 694

Physics Sensitivity Studies at Korean Neutrino Observatory
Author: Sanghoon Jeon (SKKU)1

1 SKKU

Corresponding Author: physicoon0607@gmail.com

The Korean Neutrino Observatory (KNO) is proposed as a next generation underground neutrino
detector in Korea. The detector is a 260 kiloton water Cherenkov detector and can serve as the
second detector of Hyper-Kamiokande experiment. By detecting J- PARC neutrino beam in these two
detectors in Korea and Japan at the same time, the measurement of neutrino oscillation parameters
such as leptonic CP phase and the neutrino mass ordering is expected to be improved. Physics
sensitivity studies are performed with improved handling of systematic uncertainties compared to
the previous study. We present preliminary results on physics sensitivities in various configurations
of Hyper-Kamiokande experiment including the KNO configuration.

POSTER / 697

Neutrino evolution accounting for the longitudinal and transver-
sal magnetic fields and matter currents

Authors: Pavel PustoshnyNone; Alexander StudenikinNone

Corresponding Authors: kfrepp@gmail.com, studenik@srd.sinp.msu.ru

We consider neutrino spin oscillations in arbitrary moving matter accounting for the longitudinal j∥
and transversal j⊥ matter currents in respect to the direction of the neutrino propagation. From the
quasiclassical treatment to the problem, based on the generalized Bargmann-Michel-Telegdi equa-
tion that describes the evolution of the three-dimensional neutrino spin vector S developed earlier
1, it is known that the neutrino spin precession and the corresponding oscillations νLe ⇔ νRe can
be engendered by the neutrino weak interaction with the transversal matter current j⊥. We have
developed 2 the consistent quantum treatment of this effect based on the direct calculations of the
effective Hamiltonian of the neutrino evolution in the presence of the longitudinal j∥ and transversal
j⊥ matter currents. In addition, we now also account for the neutrino magnetic moment interaction
with a constant magnetic field B = B⊥ + B∥. The developed quantum treatment to the neutrino
spin oscillations due to weak interaction with the transversal matter current j⊥ has provided proper
account for the neutrino mixing effects. The obtained closed expressions for the neutrino spin oscil-
lation probabilities are of interest for the astrophysical applications.

POSTER / 747

Study of PMT saturation for JSNS2 experiment
Authors: J.Y. Yang1; S.Y. Kim1; J.S. Jang2

1 Seoul National University
2 Gwangju Institute of Science and Technology
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Corresponding Authors: jsjang@chonnam.ac.kr, sfc5302@gamil.com, x0109@snu.ac.kr

The JSNS2 experiment will search for a sterile neutrino with short baseline (˜24m) using a high in-
tensity neutrino beam produced from muon decays at rest at J-PARC MLF (Material and Life science
experimental Facility). The experiment considers use of 10-inch Hamamatsu PMTs that are also
used by RENO and Double Chooz. A study has been made to understand the PMT saturation behav-
ior with various gains, in order to find a linear-response region of the PMT for the JSNS2. In this
presentation, we report the results of the PMT saturation study.

POSTER / 790

Signal optimization and study of the JUNO 20-inch PMT with
high-voltage divider
Author: fengjiao Luo1

1 Institute of High Energy Physics,CAS

Corresponding Author: luofj@ihep.ac.cn

The Jiangmen Underground Neutrino Observatory (JUNO) is a 20 kton liquid scintillator detector
with primary physics goal of neutrino mass hierarchy determination. One of the key parameters
is that the energy resolution of the JUNO should reach 3%@1MeV, totally 20,000 20’’PMTs will be
used, including 15000 MCP-PMTs from NNVT and 5000 dynode PMTs from Hamamatsu. For better
performances and higher stability, the PMT will be optimized with high-voltage divider. In this work,
we will show the design and study of the PMT high-voltage divider and the optimized signal about
the overshoot and ringing following the positive HV scheme. We have controlled the overshoot to
less than ˜1% of the signal amplitude; especially, for MCP-PMTs, we have optimized the HV divider
for the collection efficiency, and the time properties of the waveform. More other related parameters
also will be presented.

POSTER / 827

3-inch PMT system of JUNO experiment
Author: Jilei Xu1

1 Institute of High Energy Physics, Chinese Academy of Sciences

Corresponding Author: xujl@ihep.ac.cn

The JUNO experiment will install 25k 3-inch PMTs (SPMTs) in the gaps between 18k closely packed
20-inch PMTs (LPMTs). Both systems will detect the same IBD signals, but the SPMTs will almost
always work in single photoelectron mode. As a result, they will help constrain some of the sys-
tematics in the LPMT energy reconstruction, improving the energy resolution and the sensitivity of
neutrino mass hierarchy measurement. They will also improve the muon reconstruction resolution,
help reduce muon-related isotope backgrounds, provide an independent measurement of the θ12 and
Delta_mˆ{2}_{21} solar parameters with unprecedented precision, and improve the measurement of
supernova neutrinos.
SPMT production started in 2018 at a rate of 1000/month by the HZC Company. Performance test
data so far indicate that the SPMTs perform as expected. A first version of the electronics has been
done and is working well.Testing of the integration will be done at the end of this year. Other areas
like the high voltage divider, SPMT potting, cabling, connector and underwater box are all making
good progress.
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POSTER / 846

A muon simulation study for the AMoRE-II experiment.
Author: Hanwook Bae1

Co-authors: Sehwook Lee 2; Eunju Jeon 3

1 Kyungpook National University
2 Iowa State University
3 Center for Underground Physics, IBS

Corresponding Authors: ejjeon@ibs.re.kr, merciful@fnal.gov, klpp5588@naver.com

The AMoRE (Advanced Molybdenum based Rare process Experiment) phase-II is an experiment to
search neutrino-less double beta decay of Mo-100 which is the later phase of the AMoRE experiment.
If the double beta decay is found, it means that the neutrinos are Majorana particles and we can
measure their masses. The experiment is going to be carried out in the deep underground in order
to observe the extremely rare events free from the backgrounds coming from the cosmic ray particles.
However, even in the deep underground, there are still some cosmic ray particles that can affect the
measurement and must be excluded as much as possible. A muon veto counter is a sort of detector
that can veto cosmic muons coming to the inner space where the CaMoO4 (CMO) crystals and
detectors are located. We studied effects of veto materials in the AMoRE-II experiment configuration.
In detail, we compared the background values in CKKY unit when the veto material is 3m of water
or 30cm of lead. Also, we investigated the effect of thickness of water tank. Detail results with
discussions will be shown in the poster.

POSTER / 742

Performance of the KOTO Sampling Calorimeter
Author: Jun Lee Kim1

1 Chonbuk National University

Corresponding Author: jikim1290@gmail.com

The J-PARC KOTO experiment is searching for the KL->pi0nunubar decay which is sensitive to New
Physics. A main feature the signal is that only two photons are observed in a hermetic detector
system. Therefore, it is important to detect all decay particles from the KL decay. A 5.5-m long
cylindrical Lead/Scintillator sandwich sampling calorimeter surrounds the fiducial KL decay region
to detect photons exiting the region. The detection efficiency of the sampling calorimeter is designed
to meet with the background elimination capability. We will present the performance of the sampling
calorimeter using tagged photons by the KL->3pi0 decay. Especially, the performance of a new
sampling calorimeter installed in 2016 will be reported.

POSTER / 774

Hardening Effects of the TeV-scale Cosmic Ray Proton and He-
lium Spectra
Authors: Jihyeun Bang1; Yong-Yeon Keum2

1 Seoul National University (KR)
2 Unknown
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Corresponding Authors: yong-yeon.keum@cern.ch, jihyeun.bang@cern.ch

We suggest a new way to understand cosmic ray proton and helium by introducing discrete local
sources. The source of diffusion equation of cosmic ray propagation is set to be a point source given
by delta function, contrary to conventional models which have continuous sources. We calculated
the spectrum of proton and helium originated in close and young supernovas. By combining the
solutions from discrete source and faraway continuous sources, we found cosmic ray propagation
parameters that explain the discrepancy between the conventional models of cosmic ray and recent
measurements of CREAM, PAMELA, and AMS-02 experiments.

POSTER / 787

Daya Bay energy calibration model
Author: Vit Vorobel1

1 Charles University (CZ)

Corresponding Author: vit.vorobel@cern.ch

The Daya Bay Reactor Neutrino Experiment was designed to determine theta13, the smallest mixing
angle in the three-neutrino mixing framework, with unprecedented precision. Daya Bay provided
theta13 with the best precision and made an independent measurement of the effective mass splitting
in the electron antineutrino disappearance channel. Daya Bay also performed a number of other
precise measurements, such as a high-statistics determination of the absolute reactor antineutrino
flux and spectrum, and study of their evolution, as well as a search for sterile neutrino mixing, among
others.

A precision evaluation of the antineutrino energy spectra is a fundament for neutrino oscillation
investigation. So an accurate conversion of the detector response to the antineutrino energy is
a key attribute of the analysis. This is named as the detector energy response model, which will
be presented in the poster. The model involves non-linearity which originates from processes in
the liquid scintillator and readout electronics as well as other potential biases related to energy
calibration.

POSTER / 669

A study on high energy gamma intensities in 208Tl decay from a
ThO2 powder sample
Authors: Eunkyung Lee1; Gowoon Kim2; Kevin Insik HAHN3; Moohyun LEE4; S. Douglas LEONARD4; Woongu
KANG4; 수연박None

1 Institute for Basic Science
2 IBS
3 Ewha Womans University
4 CUP, IBS

Corresponding Authors: freshblue78@gmail.com, douglas.s.leonard@gmail.com, phiterpen@gmail.com, kkw-
owo@hanmail.net, aelen101@hanmail.net, ishahn@ewha.ac.kr, moohyun.lee@gmail.com

The gamma decay intensities for E > 3 MeV from the 208Tl decay have 100% uncertainties in the
NNDC database. New measurements with smaller uncertainties are desirable for understanding nu-
clear decay properties of the nucleus and high energy gamma background in rare decay experiments.
A ThO2 powder sample was measured with a 100% High Purity Germanium(HPGe) in the Yangyang
underground laboratory (Y2L) at the Center for Underground Physics(CUP) to obtain more accurate
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numbers of the high energy gamma intensities from the 208Tl. The experimental set-up, Monte
Carlo simulation studies for detection efficiencies, and a preliminary result will be presented in this
poster.

POSTER / 702

An enriched Mo-100 powder measurement by a HPGe array de-
tector
Author: Su-yeon ParkNone

Co-authors: Yeongduk Kim ; Hahn Insik ; Moohyeon Lee ; Woongu Kang ; Eunkyung Lee ; Gowoon Kim ; Douglas
Leonard

Corresponding Authors: kkw-owo@hanmail.net, ishahn@ewha.ac.kr, aelen101@hanmail.net, freshblue78@gmail.com,
yeongduk.kim@gmail.com, moohyun.lee@gmail.com, douglas.s.leonard@gmail.com, phiterpen@gmail.com

The AMoRE (Advanced Mo based Rare decay Experiment) phase-II needs ultra pure crystals with
low radioactive contamination (< 2 micro Bq/kg of 228Th) to achieve the zero background level in
the ROI (Region of Interest) of the neutrinoless double decay from the Mo-100. The raw material of
the crystals, enriched Mo-100 powder, has to have low contamination (< 20 micro Bq/kg of 228Th).
An array of 14 HPGe detectors (70%) was constructed at the Yangyang underground laboratory in
spring 2017 for measuring small amount of radioactive isotopes, such as 238U and 232Th. Activities
of various radioactive isotopes in a sample of Mo-100 powders measured with data taken for about 3
months together with background data for about 2 months will be presented in this poster.

POSTER / 791

Status of K0
L → π0γγ in the KOTO Experiment at J-PARC

Author: Chieh Lin1

Co-author: Yee Hsiung 2

1 National Taiwan University
2 National Taiwan University (TW)

Corresponding Authors: linchieh212@gmail.com, bob.hsiung@cern.ch

K0
L → π0γγ has been predicted by O(6) calculation in chiral perturbation theory (ChPT) with

the inclusion of the vector meson exchange terms. An effective coupling constant αV was intro-
duced to incorporate with the vector meson contributions. This decay mode is also crucial for the
determination of the direct CP violation amplitude of K0

L → π0l+l−. Fermilab E832 and CERN
NA48 had measured the branching ratio and pole parameter αV around 1.3×10−6 and −0.4 respec-
tively.

In 2017, a trigger based on the number of EM-shower clusters by Clock Distribution and Trigger
(CDT) module was commissioned to collect K0

L → π0γγ events more effectively. The analysis
status based on 2017 run data will be presented.

POSTER / 873

Non-identical particle femtoscopy in Pb-Pb collisions at √sNN =
2.76 TeV with ALICE at the LHC
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Author: Ashutosh Kumar Pandey1

1 IIT- Indian Institute of Technology (IN)

Corresponding Author: ashutosh.kumar.pandey@cern.ch

Two-particle femtoscopic correlations between non-identical charged particles for different charge
combinations are measured in Pb-Pb collisions at √sNN = 2.76 TeV with ALICE at the LHC. The
three-dimensional two-particle correlation functions and double ratios in the out-side-long pair rest
frame as well as in terms of an infinite set of one-dimensional spherical harmonics are studied in
different centrality bins. The femtoscopic source size parameter (ROut) and emission asymmetry
(µ) are extracted. It is observed that the average source size of the system and emission asymmetry
between particles increase from peripheral to central events.

POSTER / 882

NaI(Tl) crystal encapsulation with liquid scintillator
Author: Nam Young Kim1

Co-authors: Gwangsoo Kim 2; Hong Joo Kim 2; Yeongduk Kim 1; Jooyoung Lee 2; Hyunsu Lee 1; Changhyon Ha
1

1 Institute for Basic Science
2 Kyungpook National University

Corresponding Author: nykim@ibs.re.kr

Because of hygroscopic property of NaI(Tl) crystal, meticulous care should be taken when handling
and encapsulating the crystal. Encapsulation with little surface radioactive background is critical in
building low-background rare search experiment.

One of possible method for the background reduction is encapsulation with active veto counter,
such as liquid scintillator. Alpha events from surface of NaI(Tl) crystal and gamma events from
external backgrounds are tagged in the liquid scintillator and then such background events can be
rejected.

In this poster, we will present the performance a of NaI(Tl) crystal detector encapsulated with liquid
scintillator.

POSTER / 891

Photo production of dijets in ultra-peripheral PbPb collisions at
5.02 TeV with CMS
Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Author: ed.scott@cern.ch

Ultra-peripheral collisions (UPCs) of heavy ions involve long-range interactions at impact parame-
ters larger than the sum of their radii, for which the hadronic interactions are largely suppressed.
In such UPC events, the jets can be produced in processes such as gamma-nucleus interactions.
The study of di-jet photoproduction by gamma-nucleus interactions at high energy offer a unique
opportunity to study hadron structure and low Bjorken-x gluon dynamics. The first measurement
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of photonuclear jets in ultra-peripheral PbPb collisions using data taken in 2015 will be presented,
using the CMS detector at the LHC.

POSTER / 895

Electron source of Uniform distribution using deep ultraviolet
light excited Au film
Author: Shulin LIU1

Co-author: Baojun YAN 2

1 Institute of High Energy Physics, CAS, Beijing, China
2 IHEP,Beijing,China

Corresponding Authors: yanbj@ihep.ac.cn, liusl@ihep.ac.cn

In many applications, there are a lot of needs for uniform distribution of cold cathode electron
sources, such as microchannel plate testing, mass spectrometer electron sources that excite some
samples to produce ions, etc. We use deep ultraviolet light to excite gold cathodes, or a microchan-
nel plate with a gold cathode, using one or more microchannel plates based on different electron
flow densities, to design an electron source with different sizes, different current densities, and uni-
formly distributed electron flow. In a large area of microchannel plate testing and other fields, we
have achieved better experimental results, meet the experimental requirements, of course, we can
also according to different user requirements, to design electron source with a maximum current
density of sub-milliamp / cm2.

POSTER / 959

Search for black holes and sphalerons in high-multiplicity final
states in proton-proton collisions at sqrt(s) = 13 TeV with CMS

Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Author: ed.scott@cern.ch

A search for new-physics signals resulting in energetic, high-multiplicity final states, such as black
holes, string balls, and electroweak sphalerons, is presented using a data sample corresponding to an
integrated luminosity of 35.9 fb−1 collected with the CMS experiment at the LHC in proton-proton
collisions at a center-of-mass energy of 13 TeV in 2016. Standard model backgrounds, dominated
by multijet production, were determined from control regions in data. No excesses characteristic
of new-physics signals resulting in such final states were observed. Model-independent 95% confi-
dence level upper limits on the cross section of new-physics signals in these final states are set and
further interpreted in terms of limits on semiclassical black hole, string ball, and sphaleron produc-
tion.

POSTER / 993

Inclusive SUSY searches with razor kinematic variables at CMS
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Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Author: ed.scott@cern.ch

We present an inclusive search for supersymmetry with the razor kinematic variables performed
using a data sample of proton-proton collisions corresponding to an integrated luminosity of 35.9 fb-
1 collected with the CMS experiment in 2016 at a center-of-mass energy of 13 TeV. The search covers
final states with zero or one lepton, and features event categories divided according to the number of
jets, the number of b-tagged jets, and the values of the razor kinematic variables in order to separate
signal from background for a wide variety of supersymmetric particle signatures. Dedicated search
categories containing events consistent with a high-transverse momentum hadronic W boson or top
quark decay increase the sensitivity to signal models with large mass splitting between the produced
gluino or squark and the lightest supersymmetric particle. The results are interpreted in the context
of simplified models of gluino or top squark pair production.

POSTER / 360

Track finding with GPU-implemented Runge-Kutta 4th order tracks
in the drift chamber

Authors: Beomki Yeo1; Myeong Jae Lee2; Yannis Semertzidis3; Yoshitaka Kuno4

1 1) Korea Advanced Institute of Science and Technology (KAIST) 2) CAPP of Institute for Basic Science (IBS)
2 CAPP of Institute for Basic Science (IBS)
3 1) CAPP of Institute for Basic Science (IBS) 2) Korea Advanced Institute of Science and Technology (KAIST)
4 Osaka university

Corresponding Authors: semertzidis@bnl.gov, kuno@phys.sci.osaka-u.ac.jp, myeongjaelee@ibs.re.kr, byeo@kaist.ac.kr

The track finding with GPU-implemented Runge-Kutta (RK) fourth order tracks is investigated to
track the electrons from the muon conversion in the COMET drift chamber. In the COMET drfit
chamber, about 40 % of signal events are composed of multiple turns where the right hits assignment
to each turn track is significant in the track finding. Scanning all possible initial track parameters
can resolve the hit-to-track assignment problem with a high robustness about the noise hits, but re-
quires a huge computational cost because of two reasons: 1) The adaptive RK method to propagate
the electron track needs small global errors, corresponding to small step sizes. 2) Initial longitudinal
track parameters (z, pz) have broad uncertainties, so many initial seeds of longitudinal track param-
eters should be tried and compared. In this presentation, these problems of massive computations
are mitigated with 1) the parallel computing of RK track propagation, which assigns each track to
each GPU unit cell, called thread, 2) a better initial guess on the longitudinal track parameters using
the neural network to reduce the uncertainties of parameters. Future aspects on the applicability to
other experiments will also be discussed.

POSTER / 561

The LHCb tracks reconstruction in Run 2: strategy and perfor-
mance

Author: Laurent Dufour1

1 Nikhef National institute for subatomic physics (NL)

Page 296



ICHEP2018 SEOUL / Book of Abstracts

Corresponding Author: laurent.dufour@cern.ch

In order to accomplish its wide program of physics measurements, the LHCb collaboration has devel-
oped in the past years a complex of algorithms for the reconstruction of the trajectories of charged
particles, taking into account the heterogeneous structure of the LHCb tracking system. Several data-
driven approaches have been conceived to provide a precise evaluation of the tracking efficiency,
a crucial ingredient of many physics analysis. These are mostly based on clean samples of muons,
but the recent hints of lepton universality violation required the development of robust data-driven
techniques specifically dedicated to electrons, in order to reduce the systematic uncertainties. In
addition, special data streams with prompt access have been put in place to collect the calibration
samples for both muons and electrons. While the end of the Run 2 data taking period is approaching,
we provide an overview of the whole reconstruction strategy and of its performances, which have
a direct impact on the quality of the current LHCb results and provide the basis for the upgrade
era.

POSTER / 708

DAQ Design and Implementation for the HEPS-BPIX 1M Detec-
tor
Author: Xiaolu Ji1

Co-author: Yang Li 1

1 Institute of High Energy Physics, CAS

Corresponding Authors: jixl@ihep.ac.cn, liyang616@ihep.ac.cn

HEPS-BPIX 1M is a silicon detector with 1 million pixels, which is designed for the High Energy
Photon Sources (HEPS) in Beijing, China. It is a high-frame-rate pixel detector working in the
single-photon-counting mode. The frame rate is designed to 1 kHz, which leads to ˜ 2GB/s high
data bandwidth. The data acquisition (DAQ) system need to read out data efficiently. Meanwhile it
should provide the functionalities including run control, data transmission, event building, lossless
compression, data storage, real-time image display and so on. The DAQ system is deployed in a high
performance server, using open source QT framework to develop the user interface. The test results
show that the DAQ system is stable and reliable, and the required data bandwidth has been achieved.
The detailed design and implementation will be presented, and the results of the performance test
will be shown.

POSTER / 623

The Matrix Element Method used in the search for the associated
production of the Higgs boson with top quarks and decaying into
tau leptons at CMS
Author: Alexandre Zabi1

Co-author: Artur Lobanov 2

1 LLR-Ecole Polytechnique CNRS-IN2p3
2 LLR –Ecole Polytechnique (FR)

Corresponding Authors: artur.lobanov@cern.ch, alexandre.zabi@cern.ch

Latest results of CMS searches for a Higgs boson produced in association with top quarks in final
states with tau leptons will be presented. The poster will specifically focus on technical aspects
related to the Matrix Element Method implementation and on its impact on the sensitivity of the
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analysis. The analysis presented here uses proton-proton collision data collected at center-of-mass
energies of 13 TeV during the Run II of the LHC.

POSTER / 269

Measurement of the tau lepton reconstruction and identification
performance in the ATLAS experiment using pp collisions at sqrt(s)=13
TeV
Authors: ATLAS CollaborationNone; Samuel Dezso Dysch1

1 University of Manchester (GB)

Corresponding Author: samuel.dysch@cern.ch

Tau leptons play an important role in many Standard Model and Beyond the Standard Model physics
processes that are being investigated at the LHC. This poster details measurements of the perfor-
mance of the reconstruction and identification of hadronic tau lepton decays using the ATLAS de-
tector. The measurements include the performance of the identification, trigger, energy calibration
and decay mode classification algorithms for reconstructed tau candidates. The performance of these
algorithms is measured with Z bosons and top quark decays to tau leptons and uses the Run 2 dataset
of pp collisions collected at the LHC at a centre-of-mass energy sqrt(s)=13 TeV.

POSTER / 64

A novel water-Cherenkov detector design with retro-reflectors to
produce antipodal rings
Author: Lukas Berns1

1 Tokyo Institute of Technolofy

Corresponding Author: lukas.berns@hep.phys.titech.ac.jp

Since Kamiokande, the basic design of water-Cherenkov detectors has not changed: the walls of a
water tank are lined with photodetectors that capture Cherenkov photons produced by relativistic
particles. However, with this design the majority of photons are lost in insensitivie regions between
photodetectors, while at the same time most photodetectors are outside the ring and remain dark.
To fix both issues at once, we propose fixing retro-reflectors between all photodetectors. These de-
vices will reflect uncollected photons back through their emission point onto photodetectors at the
other side of the tank, producing a secondary, delayed Cherenkov ring. Numerical simulations show
that, due to the parallax effect of this antipodal ring, our system can yield up to 2x improvement
of detector vertex and angle resolutions. This improvement would be beneficial for kinematic se-
lection of multi-ring events and would lower detector costs by decreasing the number of required
photodetectors.

POSTER / 49

Pilot production of RPCs for the SHiP experiment
Authors: Byungdo Park1; Chun Sil Yoon1; Jong Yoon Sohn1; Jong-Kwan Woo2; Kang Young Lee3; KeWoo Ko3;
Ki-Young Choi4; Kyong Sei Lee5; Minho Kang5; Sung Hyun Kim1; Sung Keun Park5; Yeong Gyun Kim6; Youngmin
Jo5
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1 Gyeongsang National University
2 Jeju National University
3 Gyeongsang National University
4 Sungkyunkwan University
5 Korea University
6 Gwangju National University of Education

Corresponding Authors: ckysky@gmail.com, nogoziry@gnu.ac.kr, ygkim@gnue.ac.kr, amusejw88@jejunu.ac.kr,
sungpark@korea.ac.kr, byungdo.park@gmail.com, kslee0421@korea.ac.kr, chunsil.yoon@ymail.com, kylee.phys@gnu.ac.kr,
youngmin.jo@cern.ch, w00jk@jejunu.ac.kr, kimsh33kr@gmail.com, kakakaminho@korea.ac.kr

Two main aims of the SHiP (Search for Hidden Particles) experiment are the observation of hidden
particles and high-statistics study of tau neutrino events. These particles can be produced from the
decay of charmed particles in the SHiP hybrid target which is composed of a totally 58-cm long
series of TZM slabs followed by Tungsten slabs of the same total length. A major concern for the
experimental design is the precise knowledge of the muon flux and the associated charm production
cross section. To achieve the physics goals, we plan to carry out a test experiment with SHiP target
replica using CERN SPS 400 GeV/c proton beam at H4 area in July 2018. In this test experiment, RPCs
will be used for muon identification and their slope measurements. Recently, we have fabricated gas
gaps and strip panels to build 6 trigger RPC modules. The module is composed of a 2-mm gas gap
and two orthogonal strips of a 10.625-mm pitch. In addition, we constructed a small prototype RPC
of a size of 100 x 130cm2 with the same strip pitch to study the fundamental detector performance
using cosmic rays. The current construction of the RPC modules is also as a pilot production for the
future SHiP experiment in synergy with the present RPC production for the CMS experiment. In the
presentation, we report the design of the RPCs for the test experiment and cosmic-ray test results
for the small prototype RPC.

POSTER / 498

Lattice Design of the CEPC Collider Ring for the Conceptual De-
sign Report

Authors: Yiwei WANGNone; Yuan ZhangNone; Yuanyuan Wei1; Chenghui Yu2; Jie Gao3

1 Chinese Academy of Sciences (CN)
2 IHEP
3 Institute of High Energy Physics, China

Corresponding Authors: wangyw@ihep.ac.cn, zhangy@ihep.ac.cn, weiyy@ihep.ac.cn, gaoj@ihep.ac.cn, yuch@ihep.ac.cn

CEPC is the future Circular Electron and Positron Collider proposed by China to mainly study the
Higgs boson. This paper will present the bean optics design of the collider ring for the concept
design report. The compatible beam optics for W and Z mode will be presented as well.

POSTER / 371

Electroweakinos with GAMBIT
Author: Are Raklev1

1 University of Oslo (NO)

Corresponding Author: are.rachlow@cern.ch
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We introduce the GAMBIT framework for global scans and its collider physics module ColliderBit,
and show results from a recent scan of the electroweak fermion sector of the Minimal Supersym-
metric Standard Model (MSSM) in light of LHC searches at 13 TeV and older LEP results. We take
particular care to avoid assumptions from specific realizations of the MSSM that automatically pro-
hibit very light neutralinos, and remain agnostic on its relationship with dark matter, in order to
focus on the collider implications for the sector. We find that the strict bounds seemingly implied
by simplified model interpretations of the LHC data are not borne out in the scan.

POSTER / 213

Search for additional Higgs Bosons in Final States with b-Quarks
with the LHC Run II data at CMS
Authors: Arnd Meyer1; Chayanit Asawatangtrakuldee2

1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 Deutsches Elektronen-Synchrotron (DESY)

Corresponding Author: chayanit.asawatangtrakuldee@cern.ch

Properties of the discovered 125 GeV Higgs boson are in good agreement with the predictions of the
Standard Model (SM). However, the current precision of these measurements, allows models, such
as Supersymmetry, with extended Higgs sectors, in which the discovered Higgs boson is only one of
several Higgs bosons. The work focuses on the search for high mass Higgs bosons in a final state with
b-quarks will be presented. The analysis was performed with data collected by the CMS experiment
at a center-of-mass energy of 13 TeV in the year 2016, corresponding to an integrated luminosity of
36.9 fb-1. Results of this analysis, as well as they interpretation within models, including the Minimal
Supersymmetric Standard Model and Two Higgs Doublets Model, will be shown.

POSTER / 23

Construction and prototype modules testing of HT-KZ Ultra-high
energy cosmic rays detector system for cosmic rays with energies
above 10ˆ17 eV
Authors: Dmitriy Beznosko1; Ayan Batyrkhanov1; Alexander Iakovlev1; Shotan Jakupov1; Tileubek Uakhitov1;
Alikhan Yeltokov1; Kanat Baigarin2

1 Nazarbayev University
2 Nazarbayev University

Corresponding Authors: dmitriy.beznosko@nu.edu.kz, ayan.batyrkhanov@gmail.com, tileubek.uakhitov@nu.edu.kz,
alikhan.yeltokov@nu.edu.kz, k.baigarin@nu.edu.kz, shotan.jakupov@nu.edu.kz, aleksandr.iakovlev@nu.edu.kz

The HT-KZ is an ultra-high energy cosmic rays detector system that is currently under construc-
tion at Nazarbayev University (NU), Kazakhstan. It is designed to study the spatial and temporal
structure of Extensive Air Showers with the energy of the primary above ˜10 17 eV, and with high
time resolution of the shower disk profile and timing synchronization between the detection points
(both ˜1 ns). Detector system construction at NU is conducted in collaboration with the Tien Shan
high-altitude Science Station (TSHSS).

Based on computer simulations, several prototype designs were created, constructed and tested.
This poster will present the design features and testing data from prototype modules currently in
operation at NU.
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POSTER / 71

Thermodynamics for pion gas in the large N limit
Authors: John Morales Aponte1; Juan Santiago Cortes GonzalezNone

1 Universidad Nacional de Colombia

Corresponding Authors: jmoralesa@unal.edu.co, js.cortes125@uniandes.edu.co

We utilize the nonlinear sigma model for large N as an effective theory for low-energy QCD to study
the thermodynamical behavior of a pion gas through a virial expansion of pressure. In particular,
we determine the entropy density, specific heat, trace anomaly, and the speed of sound, to find
a signature of the deconfinament phase transitions. After considering below critical regimes and
specifications in the scattering processes, our results show a concordance with lattice and other
theoretical results for a light meson gas.

POSTER / 105

Calibration of the CMS preshower detector in LHC Run2
Author: Long Hoa Cao Phuc1

1 National Central University (TW)

Corresponding Author: cplhoa89@gmail.com

The preshower detector, part of the CMS endcap electromagnetic calorimeter, is designed to have
good spatial resolution to distinguish between different types of incoming particles. The preshower
is a sampling detector with two layers of lead absorber, each followed by 1.9mm pitch silicon strip
sensors. Each of the 4288 DC-coupled sensors has an active area of 61x61mmˆ2, making a total sur-
face of around 16mˆ2. The in-situ calibration is performed using isolated charged hadrons, which
are close to minimum-ionizing. The precision required for the calibration of the preshower is largely
determined by the fraction of energy deposited in the preshower with respect to that in the CMS end-
cap crystal calorimeter. The required channel-to-channel calibration precision is 5%. The achieved
precision is better than 5%. In this poster, the calibration strategy and results with LHC Run2 data
will be described.

POSTER / 754

Oscillations and exact states of neutrinos in a magnetic field
Authors: Artem Popov1; Alexander StudenikinNone

1 MSU

Corresponding Authors: studenik@srd.sinp.msu.ru, ar.popov@physics.msu.ru

We further develop recently proposed new approach to description of the relativistic neutrino flavour
νLe ↔ νLµ , spin νLe ↔ νRe and spin-flavour νLe ↔ νRµ oscillations in a constant magnetic field that is
based on the use of the exact neutrino stationary states in the magnetic field. The neutrino flavour,
spin and spin-flavour oscillations probabilities are calculated. In general, the obtained expressions
for the neutrino oscillations probabilities exhibit new inherent features in the oscillation patters that
are missing when the customary approach (based on the use of the neutrino helicity states) is used.
It is shown, in particular, that in the presence of the transversal magnetic field for a given choice
of parameters (the energy and magnetic moments of neutrinos and strength of the magnetic field)
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the amplitude of the flavour oscillations νLe ↔ νLµ at the vacuum frequency is modulated by the
magnetic field frequency.

POSTER / 428

A Study on the Shielding Ability of Current Aerospace Materials
of a Detector against High Energy Cosmic Rays
Authors: DONG LIU1; Jong-Kwan WOO2

1 Jeju National University
2 Jeju Naitonal University

Corresponding Authors: liudongcn@jejunu.ac.kr, w00jk@jejunu.ac.kr

High energy cosmic rays are one of the biggest concerns for a detector used in space and manned
spaceflight, along with the swift development of the high energy experiments in space and space-
flight enterprise, the research of shielding materials against high energy cosmic rays has become
increasingly important. In this study, by using Monte Carlo method, firstly we defined a simple de-
tector in the form of human body, and then we designed the geometry of shielding structures with
various shielding materials. At last we comprehensively considered the radiation shielding proper-
ties of various materials together with the consideration of mass problems of shielding materials.
The radiological protection capability of materials against certain higher energy cosmic ray was ap-
praised from the perspectives of radiation dose. The results concluded that under the same level of
mass of shielding materials, it is advantageous to employ the composites and non-metal materials
as shielding materials than using metal or alloy. For practical application, the shielding structure
is usually consisted with multi-layers. The calculation result shows that a multi-layers shielding
structure that has low density layer-high density layer-low density layers structure has a more ideal
shielding effect.

POSTER / 504

Study of production of electrons from beauty-hadron decays in
pp collisions at √s = 13 TeV and Pb-Pb collisions at √s = 5.02 TeV
with ALICE
Authors: Jonghan Park1; Min Jung Kweon1

1 Inha University (KR)

Corresponding Authors: minjung.kweon@cern.ch, jonghan.park@cern.ch

Heavy quarks, charm and beauty, are expected to be effective probes for the hot and dense medium
(QGP) produced in high-energy heavy-ion collisions. They are produced in the early stage of the col-
lision, almost exclusively in hard partonic scattering, and therefore they experience the full evolution
of the QGP allowing to study the in-medium partonic energy-loss. In particular, the medium-induced
parton energy loss is expected to depend on the parton mass and colour charge. This results in a
reduction of beauty-quark energy loss compared to charm-quark energy loss. Therefore the separate
measurement of the beauty-quark production from charm-quark production allows us to test various
parton energy loss models. In addition, the measurement provides a crucial testing ground for per-
turbative QCD calculations and provides a mandatory baseline for corresponding studies in Pb-Pb
collisions. The ALICE detector which has excellent particle identification and tracking capabilities
allows investigating beauty production via the measurement of beauty-decay electrons. The particle
identification is performed by TPC (Time Projection Chamber) and TOF (Time Of Flight). The elec-
trons from beauty-hadron decays are separated statistically from background electrons based on the
track impact parameter distribution that result to be wider for the beauty-decay electrons thanks to
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the long lifetime of the beauty hadrons.
In this poster, we present recent results and analysis status of beauty production in pp collisions at
√sNN=13 TeV and in Pb-Pb collisions at √sNN=5.02 TeV.

POSTER / 625

Development of a 3D highly granular scintillator neutrino detec-
tor for the T2K experiment
Authors: Marco Zito1; Masashi Yokoyama2; Yuri Kudenko3

1 Université Paris-Saclay (FR)
2 Kyoto University
3 INR

Corresponding Authors: masashi@scphys.kyoto-u.ac.jp, marco.zito@cern.ch

The long baseline neutrino experiment T2K has launched the upgrade project of its near detector
ND280, crucial to reduce the systematic uncertainty in the prediction of number of events at the far
detector to less than 4%. An essential component of this upgrade is a highly segmented scintillator
detector, acting as a fully active target for the neutrino interactions.
The baseline concept for it is a novel device, called SuperFGD (arXiv:1707.01785, 2018_JINST_13_P02006),
with dimensions of ˜200x180x60 cm3 and a total mass of about 2 tons. It consists of about 2x106 small
scintillator cubes each of 1 cm3. Each cube is covered by a chemical reflector and has three orthog-
onal cylindrical holes of 1.5 mm diameter. The signal readout from each cube is provided by WLS
fibers (1.0 mm Kuraray Y11 multiclad fibers) inserted in these holes and connected to micro-pixel
avalanche photodiodes MPPCs. We have demonstrated that this detector, providing three 2D projec-
tions, has excellent tracking performance, including a 4π angular acceptance, especially important
for short proton and pion tracks. Moreover, with its data it will be possible to clearly distinguish
between photon conversions and νe interactions. Interest in this detector has been expressed by
groups of the DUNE and ESS-nu collaboration, proposing it as a component of their near detector
complex.
A small prototype of this detector composed of 125 cubes was tested in a beam of charged particles
at CERN in 2017. The detector response of this prototype, including the light yield, the cross-talk,
and the time resolution has been measured and will be presented. The progress in the R&D of this
detector, future plans and results of simulations will be also reported.

POSTER / 679

New readout system for the KOTO CsI calorimeter upgrade
Author: Tomoo Mari1

Co-author: KOTO collaborators

1 Osaka University

Corresponding Author: mari@champ.hep.sci.osaka-u.ac.jp

The purpose of J-PARC KOTO experiment is to search for a rare Kaon decay, KL → π0νν̄. This
decay violates CP symmetry and is highly suppressed in the Standard Model (SM). The SM predicts
its branching ratio as BR = (3.0 ± 0.3) × 10−11, and the deviation of the measured BR from the
prediction signifies the existence of new physics.

The KOTO detector consists of a CsI calorimeter, and veto detectors to suppress backgrounds. The
signature of the signal is 2 γs originated from π0 detected in CsI calorimeter. One of the backgrounds
is beam halo neutrons hitting the CsI creating photon-like clusters. These background events are
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rejected by 2-orders of magnitude based on waveforms and shower shapes of the clusters, but another
order of magnitude reduction is needed in order to reach the SM sensitivity.

We have developed a new readout system utilizing MPPCs (Multi Pixel Photon Counter) to discrim-
inate neutrons and γs in the CsI calorimeter.
MPPCs will be installed on the upstream side of the CsI in addition to the PMTs currently used on
the opposite side. With timing difference between the MPPC and PMT, we can identify background
neutrons because their interaction depths are deeper than those of γs.

We will present the performance of this system measured with e+ beam at the Tohoku Univer-
sity.

POSTER / 852

B-meson Anomalies and New Physics for Flavor Violation

Author: Tae Gyu RoNone

Co-authors: Hyun Min Lee 1; Soo-Min Choi 2; Yoo-Jin Kang 3

1 CAU - Chung-Ang University (KR)
2 Chung-And University
3 Chung-Ang University

Corresponding Authors: yoojinkang91@gmail.com, shxorb234@gmail.com, soominchoi90@gmail.com, hyun.min.lee@cern.ch

The LHCb experiment has recently provided several new measurements to test the lepton flavor
universality in the Standard Model (SM) and confirmed some of the prevailing anomalies from the
B-meson decays in BaBar and/or Belle experiments.
We consider the setup where scalar leptoquarks or extra U(1) gauge bosons have flavor-dependent
couplings to the SM. In this work, we discuss the flavor structure for quarks and leptons and various
constraints on the model and propose a natural candidate for dark matter.

POSTER / 706

Recent progress of the ARIADNE experiment
Author: Younggeun Kim1

Co-authors: Dongok Kim 1; Yun Chang Shin 2

1 Center for Axion and Precision Physics(IBS), KAIST
2 Center for Axion and Precision Physics(IBS)

Corresponding Authors: yunshin@ibs.re.kr, physicist@kaist.ac.kr, dkkimsun@kaist.ac.kr

The purpose of the Axion Resonant InterAction DetectioN Experiment (ARIADNE)1 is to detect
axion mediated macroscopic interactions between polarized and unpolarized masses using NMR
techniques. This experiment is a collaboration among institutes in Korea, IBS/CAPP and KRISS,
and US institutes, Northwestern, Stanford, and Indiana University. Wilczek and Moody2 predicted
the possible existence of symmetry violating forces that would be mediated by exotic particles with
a very light mass like axions[3]. ARIADNE employs a rotating mass to source the interactions,
and a polarized 3He gas as NMR sample to detect axion mediated spin-dependent interactions in
sub mm range with high precision. This experiment will investigate a broad mass range of QCD
axion from 0.1˜10meV. We report the recent progress of this work at IBS/CAPP as well as the other
institutes[4].
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POSTER / 816

Lattice calculation of form factors for semi-leptonic decays B \to
Dˆ(\ast) using improved heavy quark action
Authors: Yong-Chull Jang1; Rajan Gupta2; Tanmoy Bhattacharya3; Jon Bailey4; Jaehoon Leem4; Sungwoo Park4;
Weonjong Lee4

1 Brookhaven National Laboratory
2 Los Alamos National Lab
3 T-2
4 Seoul National University

Corresponding Authors: rg@lanl.gov, kunsung5@gmail.com, tanmoy@lanl.gov, jonbailey@snu.ac.kr, leemjae-
hoon@gmail.com, wlee000@gmail.com, ypj@quark.phy.bnl.gov

The semileptonic form factors, at zero and non-zero recoil, of B → D(∗)ℓν decays are needed to
determine the Vcb, a Cabibbo-Kobayashi-Maskawa (CKM) matrix element. Typically in the Unitarity
Triangle (UT) analysis for the quark flavor mixing angles and the CP violating phase, Vcb enters as a
normalization of |Vub|/|Vcb| or with εK ∝ |Vcb|4. More precise determination of Vcb will make the
UT constraints tighter and possibly can reveal a new physics. Other interesting quantity is the ratios
ofR(D(∗)) = Γ(B → D(∗)τν)/Γ(B → D(∗)ℓν) which can provide a precision test of lepton-flavor
universality. A lattice calculation with a non-zero recoils can be used to diagnose the current HQET
parameterization of the form factors, which are argued by many of recent articles.

We will present a recent progress in a lattice calculation of these B → D(∗)ℓν decays form factors.
The calculation has been carried out with the MILC HISQ ensemble which simulates 2+1+1-flavor
of dynamical quarks. A preliminary results from two different lattice spacings a = 0.12, 0.09 fm
with heavy pion mass 310 MeV will be presented. The valence charm and bottom quarks are simu-
lated with the Oktay-Kronfeld (OK) action 1 by which a highly improved lattice heavy quark action
reducing discretization errors with O(λ3QCD/m3

b,c) matching to continuum QCD at tree-level. Cap-
turing the loop corrections with a tadpole prescription in a numerical simulation, we reported that
this tree-level matched OK action, in practice, shows a significant improvement in the heavy quark
discretization errors. 2 Anticipating improved measurements of the decay rates from Belle II experi-
ment, our projected error on the Vcb is below 1%. Such an improvement will tighten the constraints
on the UT analysis, and help resolve the approximate 3σ discrepancy between estimates using ex-
clusive and inclusive B decays.

POSTER / 876

Phonon simulation of low temperature acoustic waves for rare
event detector
Author: Jin Li1

1 Institute for Basic Science

Corresponding Author: lijin1201@gmail.com

We present a simulation to calculate heat signal spectrum from low temperature bolometer attached
to a crystal. This implementation is based on the elementary acoustic wave theory at low tem-
perature, and has been developed using modern Monte Carlo techniques by tracking individual
phonon’s polarization, wave, and group velocity vectors in anisotropic media. Physical processes
include phonon transmission and absorption at the interface, scattering in the bulk, and reflection
on the surface. The obtained time dependence of signal is compared against real experimental data
to validate our simulation process. Development of this simulation can be used to understand and
predict signals from low temperature rare event detector for astro-particle and neutrino physics
experiments.
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POSTER / 998

CMS emittance scans for 2017 luminosity calibration
Author: Paul Lujan1

Co-authors: Anne Dabrowski 2; Jonas Daugalas 3; Andres Guillermo Delannoy Sotomayor 4; Moritz Guthoff 5;
Andreas Kornmayer 2; David Stickland 6; Zhen Xie 6; Olena Karacheban 2; Peter Tsrunchev 7

1 Universita e INFN, Padova (IT)
2 CERN
3 Vilnius University (LT)
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5 Deutsches Elektronen-Synchrotron (DE)
6 Princeton University (US)
7 University of Sofia (BG)
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peter.tsrunchev@cern.ch, andreas.kornmayer@cern.ch

Emittance scans are short van der Meer type scans performed at the beginning and at the end of LHC
fills. The beams are scanned against each other in X and Y planes in 9 displacement steps and are
used for LHC diagnostics and since 2017 for CMS luminosity calibration cross check. An XY pair of
scans takes less than 4 minutes elapsed time. BRIL project provides to LHC three independent online
luminosity measurement from PLT, BCM1F and HF. The excellent performance of BRIL detectors,
fast back-end electronics and CMS XDAQ based data processing and publication allow the use of
emittance scans for linearity and stability studies of the luminometers. Emittance scans became a
powerful tool and dramatically improved understanding of luminosity measurement during the year.
Since each luminometer is independently calibrated in every scan the measurements are independent
and ratios of luminometers can strictly be used as a final validation Two independent analyses of
emittance scans are launched: offline python based framework and online XDAQ based application.
Results are published on the monitoring web-pages in real-time for the XDAQ based analysis and
within typically 15 minutes for the python based framework, which has however the advantage of
being rerunnable.

POSTER / 1006

Neutrino mass, Dark Matter and stability of the electroweak vac-
uum in TeV Seesaw models
Author: Srubabati Goswami1

1 Physical Research Laboratory

Corresponding Author: sruba@prl.res.in

We consider the Standard model extended by fermion and scalar singles.
These singlet can account for the generation of neutrino mass at the
TeV scale and the existence of dark. For the neutrino
sector we consider models with extra singlet fermions which can generate
neutrino mass via the inverse seesaw mechanism whereas
a singlet scalar is introduced as the candidate for dark matter. We show
that although these two sectors are disconnected at low energy, the cou-
pling constants of both the sectors get correlated at high energy scale by
the constraints coming from the perturbativity and stability/metastability
of the electroweak vacuum. In addition, we also discuss a class of U (1) ex-
tensions of the standard model with the minimal inverse seesaw mechanism
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for neutrino mass generation. We also discuss possibility of a fermionic dark matter candidate within
this framework. We obtain constraints on the
U (1) quantum numbers of the Higgs doublet and the additional scalar from
vacuum stability as well as perturbativity considerations.

POSTER / 99

Design status of CEPC booster system
Author: Dou Wang1

1 IHEP

Corresponding Author: wangd93@ihep.ac.cn

The booster provides electron and positron beams to the CEPC collider for top-up injection at dif-
ferent energy.An 10 GeV linac is adopted as the injector. Then the beam energy is accelerated to
specific energy according to three modes of CEPC collider ring (H, W and Z). The booster is in the
same tunnel as the collider, placed above the collider ring and has exactly same survey as the col-
lider ring except for the interaction region. Bypasses are arranged to avoid the detectors at IP1 and
IP3 from the outer side. The optics/geometry design,injection/extraction scheme and DA study was
shown in this paper.

POSTER / 15

Primary (conformal) photons
Author: Gennady Kozlov1

1 JINR

Corresponding Author: kozlov@jinr.ru

We find that an evidence of primary (conformal) photons and their disappearance is a signal of phase
transition in the vicinity of the Critical Point. The novel approach to an approximate scale symmetry
breaking is developed for this. A scalar dilaton could be the dominant messenger between conformal
sector and Standard Model. The origin of primary photons is conformal anomaly through the decays
of the dilatons. In the experiments with scanning of the observables, the deviation of the primary
photons escape rate Rγγ from about ∼ O(0.2), compared to that of π0 → γγ decay, to its vanishing
will indicate the appearance of CP. At the CP no escape of the primary photons are seen.

POSTER / 1058

Commissioning of Belle II data acquisition
Author: Seokhee Park1

Co-authors: Mikihiko Nakao 2; Ryosuke ITOH ; Satoru Yamada 2; Soh Suzuki ; Youngjoon Kwon 1; Tomoyuki
Konno 3

1 Yonsei University
2 KEK
3 Tokyo Institute of Technology
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yjkwon63@yonsei.ac.kr, mikihiko.nakao@kek.jp, ryosuke.itoh@kek.jp

The Belle II experiment operates at the SuperKEKB eˆ+ eˆ- energy-asymmetric collider on or near
the \Upsilon(4S) resonance energy. The Belle II experiment is now in the “Phase 2” run and focusing
on the search for new physics related with dark sector, axion-like particles, etc. with an intermediate
luminosity on the way to reach the challenging target. To accomplish the physics goal of Phase 2,
we need to implement a new trigger menu for the single photon and low multiplicity events. A high
trigger rate is expected for collecting such data. In this presentation, we describe the data acquisition
(DAQ) system of Belle II, focusing on the successful commissioning of the complex DAQ, and the
performance of the system for the new physics search mentioned above.

POSTER / 25

Dynamical system analysis of agegraphic dark energy in brane-
induced gravity
Authors: Arvin Ravanpak1; Golnaz Farpour Fadakar1

1 Vali-e-Asr University, Rafsanjan, Iran

Corresponding Authors: arvinravanpak@gmail.com, fadakargolnaz@gmail.com

One of the main aspects of physics beyond the standard model is the concept of extra dimensions.
Among many extra dimensional cosmological models the so called DGP model (also called brane-
induced gravity) with two branches is of particular interest. In this manuscript we consider the
normal branch of the DGP model in which the existence of a dark energy component is necessary
to explain the late time acceleration of the universe. For this purpose, we assume agegraphic dark
energy (ADE). The best reason for this combination is that both the braneworld theories and the
ADE, result from the string theory. We study this model in a dynamical system approach where is
a useful tools in investigating cosmological models. By defining a set of suitable new dimensionless
variables, we find two critical points for the system and the related eigenvalues. The one which
yields to ωtot = 0, represents matter dominated solution and is a repulsive point. But the other
which always results ωtot < −1/3, corresponds to de-sitter phases and is a saddle point. Also, we
find the effect of extra dimensions in eigenvalues. Finally, the phase trajectories and the evolutionary
curves of the dimensionless density parameters will be shown.

POSTER / 92

Exclusive Photoproduction of 2π+2π− Final State at HERA
Authors: Stefan Schmitt1; H1 Collaboration2; Arthur Bolz3

1 Deutsches Elektronen-Synchrotron (DE)
2 DESY
3 Ruprecht Karls Universitaet Heidelberg (DE)

Corresponding Authors: arthur.bolz@cern.ch, stefan.schmitt@desy.de, stefan.schmitt@cern.ch

Exclusive production of four charged pions at the ep collider HERA is studied at small photon vir-
tualities Q2 < 2 GeV2. The data were taken with the H1 detector in the years 2006 and 2007 at a
centre-of-mass energy of

√
s = 319GeV and correspond to an integrated luminosity of 7.6 pb−1. The

cross section of the reaction γp→ 2(π+π−)Y is determined in the phase space of 45 < Wγp < 100
GeV, |t| < 1 GeV2 and MY < 1.6 GeV. The 4π mass spectra indicate that the reaction proceeds
predominatly via production and decay of ρ′(1450) and ρ′′(1700) resonances. Parameters of these
resonances as well as production cross sections times branching ratio into four charged pions are
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estimated from the mass fit, which includes contributions from non-resonant 4π channel and inter-
ference terms.

POSTER / 106

Performance Measurements of B-tagging Algorithms in CMS
Author: Joshuha Thomas-Wilsker1

1 Institute Of High Energy Physics, Beijing

Corresponding Author: joshuha.thomas-wilsker@cern.ch

The identification of jets originating from b-quarks is of great importance to many physics analy-
ses. For this reason, a great deal of effort has been put into developing several algorithms that can
efficiently distinguish b-jets from light and c-jets. These algorithms typically use information re-
garding reconstructed objects such as the jet’s tracks, secondary vertices and jet-associated leptons.
This information is then fed into a multivariate classifier to distinguish whether or not the jet origi-
nated from a b-quark. The efficiency with which an algorithm can identify b-jets can differ between
simulation and data and therefore correction factors are derived from the ratio of these efficiencies.
Several methods have been developed to correct the b-tagging efficiences in MC from the analysis of
data events. This poster will focus on the results from techniques that use multijet and ttbar events
for the CMS b-tagging algorithms using data collected from 13TeV proton-proton collisions.

POSTER / 111

CMS muon reconstruction and identification performance of Run2
data
Author: Si Hyun Jeon1

1 Seoul National University (KR)

Corresponding Author: shjeon@cern.ch

The performance of CMS muon system is crucial for many physics results in CMS. Recently, many
upgrades related to muon performance have been carried out such as the installation of new pixel
detector and the development of new algorithm in muon high-level trigger. The performance of CMS
muon reconstruction and identification has been studied based on the data collected with the CMS
detector at sqrt(s)=13 TeV in 2017. Muon reconstruction and identification efficiencies are measured
using tag and probe method, and the results are compared to previous performances.

POSTER / 204

Measurement of ttbb production at 13 TeV with the CMS experi-
ment
Author: Chanwook Hwang1

1 Sungkyunkwan University (KR)

Corresponding Author: chanwook.hwang@cern.ch
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The measurement of the cross section ratio σt ̄tbb ̄ / σt ̄tjj is performed in pp collisions at √s = 13 TeV
with the CMS detector at the LHC. Events with two leptons (e or μ) and at least four reconstructed
jets, including at least two identified as b quark jets, in the final state are selected. The ratio is
measured at the particle in visible phase space and the parton level in the full phase space. The
measurement is compatible with the expectation obtained from the POWHEG simulation interfaced
with PYTHIA.

POSTER / 256

Measurement of the of τ± → π±e+e−ντ branching fraction by
Belle
Author: Yifan Jin1

1 The University of Tokyo

Corresponding Author: jin@hep.phys.s.u-tokyo.ac.jp

We present the first measurement of branching fraction for a rare tau decay, τ± → π±e+e−ντ , using
a 562 fb−1 dataset collected with Belle detector at the KEKB asymmetric-energy e+e- collider. The
γ∗W ∗π vertex involved in this decay provides unique knowledge to study the dynamics of strong
interactions at the energy scale of tau mass. Relevant form factors can serve as an approach to test
the validity of the calculation by Resonance Chiral Theory. Meanwhile, a precise measurement of
Br(τ± → π±e+e−ντ ) also facilitates the searching for LFV modes, e.g., τ± → µ±e+e−, where the
decay mode under consideration stands as a notable background.

POSTER / 285

Measurement of Single Event Upset rates in single pixels of AT-
LAS IBL
Authors: ATLAS CollaborationNone; Peilian Liu1

1 University of California Berkeley (US)

Corresponding Author: peilian.liu@cern.ch

Techniques have been developed to determine the single upset rates in individual pixels in the inner-
most layer of the ATLAS pixel detector, called IBL. SIngle pixel SEU cannot be observed directly
through error reporting of the pixels as there is no such function, nor is there real time moni-
toring of configuration during operation. Through analysis of cluster data from physics running
and time-over-threshold value distributions the upset rates of individual bits have been extracted
and compared to expectation from early beam tests of individual devices. The upset rate is large
enough to impact precision measurements, such as luminosity determination from cluster rates,
which has a 1% target precision. Corrections for SEU must be developed in order to make such
measurements.

POSTER / 116

A Search for Vector-Like Quark Pair Production using a New Mul-
ticlassification Machine Learning Algorithm for Boosted Final
State at CMS
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Author: Justin Pilot1

1 University of California Davis (US)

Corresponding Author: justin.pilot@cern.ch

We present a unique search for vector-like T quark pair production, targeting all possible decay
modes tH, tZ, and bW, of the T quark at once. We use data collected from the CMS experiment at
center of mass energy of 13 TeV. We use a multivariate algorithm, the ‘boosted event shape tagger’
(BEST), to classify candidate jets as originating from top quarks, W, Z, or Higgs bosons. BEST uses
kinematic distributions evaluated in several hypothesized reference frames of the candidate jet as
inputs to a neural network-based machine-learning algorithm, to better determine consistency with
the decay products of a heavy standard model particle. With this multiclassification algorithm, we
categorize candidate events according to multiplicities of heavy objects observed in the final state,
and use the sum of all observed jet momenta to better discriminate signal events from the expected
QCD multijet backgrounds. With this strategy, we increase signal acceptance relative to standard
search techniques, and obtain sensitivities competitive with existing VLQ searches, optimized for
specific final states.

POSTER / 238

Aging Studies of the triple-GEM detectors for future upgrades of
the CMS muon high rate region at the HL-LHC
Authors: Arnd Meyer1; Yong Hoon Lee2; Francesco Fallavollita3

1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 Sungkyunkwan University (KR)
3 Università e INFN Pavia

Corresponding Author: yong.hoon.lee@cern.ch

The high-luminosity LHC (HL-LHC) upgrade is setting a new challenge for particle detection tech-
nologies. In the CMS muon system based on gas detectors, the increased luminosity will yield a
ten times higher particle background compared to the present LHC conditions. To cope with the
high-rate environment and to maintain the actual performance, new Gas Electron Multiplier (GEM)
detectors will be installed in the innermost region of the forward CMS muon spectrometer, 2 < eta
< 2.8 (ME0 project). The detailed knowledge of the detector performance in the presence of such a
high background is crucial for an optimized design and efficient operation at the HL-LHC. A precise
understanding of possible aging effects of detector materials and gases is of extreme importance.
For this reason, aging tests of full sized triple-GEM detector operated with an AR/CO2 (70:30) gas
mixture at an effective gas gain of 2X10ˆ4, are in course at GIF++, the CERN Gamma Irradiation
Facility. One detector is irradiated with 662 keV gamma − rays from a 14 TBq 137Cs source and, in
parallel, a second similar detector with 22 keV X - rays at the quality control lab. This contribution
describes the performance of triple-GEM detectors during the irradiation test and reports on their
state-of-the art.

POSTER / 646

Electronics for Hyper-Kamiokande
Author: Gabriella Catanesi1

1 INFN, Sezione di Bari-Universita & INFN, Bari
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Corresponding Author: maria.gabriella.catanesi@cern.ch

The Hyper-Kamiokande experiment, aiming to search for nucleon decay and study various proper-
ties of neutrinos, is expected to start in 2026. The detector is the ring imaging water Cherenkov
type similar to Super-Kamiokande. The newly developed 20inch PMT will be used as photo sensors.
They realize better timing resolution but the pulse shape of output signal is slightly different from
the PMT currently used in Super- Kamiokande. Because the size of the detector is huge and it is not
feasible to run the cable from each PMT to the electronics module located outside of the tank, we
are considering to place the front-end electronics module with high voltage system inside the tank.
Each front-end module will handle ˜24 PMTs and transfer the data to the outside of the detector via
an optical data transfer system. One candidate of digitizer is charge-to-time converter (QTC) with
FPGA based TDC. In this presentation, we will
review the conceptual design of the front-end electronics module together with the detail of the
R&D status of components, including the basic performance of newly implemented FPGA based
TDC.

POSTER / 229

Search for Zgamma resonances using leptonic and hadronic final
states in proton-proton collisions at 13 TeV with the CMS experi-
ment
Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Author: ed.scott@cern.ch

A search for Zgamma resonances using leptonic and hadronic final states is presented. The analysis
is based on data from proton-proton collisions at a center-of-mass energy of 13 TeV, corresponding
to an integrated luminosity of 35.9 /fb, and collected with the CMS detector at the LHC in 2016.
The search strategy is to look for an excess above the non-resonant Standard Model background
on the Zgamma invariant mass spectrum. Leptonic and hadronic decay modes of the Z boson are
investigated and the results are combined and interpreted in terms of upper limits on the product of
the production cross sec- tion and the branching fraction to Zgamma.

POSTER / 228

Search for high mass resonances decaying into four lepton final
state at 13 TeV with the CMS detector
Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Author: ed.scott@cern.ch

A search for heavy resonances decaying into four-lepton final states in pp collisions is performed.
This search is based on the data collected in CMS detector at the LHC. The full 2016 dataset cor-
responding to an integrated luminosity of 36 /fb at the center-of-mass energy of 13 TeV is used.
Benchmark signal samples are generated using Monte Carlo simulation. Event selection takes into
account the inefficiency arising from the boosted signature. Data-driven method is used to deter-
mine backgrounds with respect to fake muons. Upper limits on the cross section times branching
ratio as a function of resonance mass are presented.

Page 312



ICHEP2018 SEOUL / Book of Abstracts

POSTER / 668

Dark matter research platform with deep learning
Authors: Kihyeon Cho1; Insung Yeo1

1 KISTI

Corresponding Authors: madjjang150@kisti.re.kr, cho@kisti.re.kr

Theoretical and experimental studies have been consistently performed to search for dark matter.
The project of “dark matter research cluster”supported by National Research Council of Science and
Technology in Korea has done successfully to collaborate between indirect and accelerator search.
Therefore, so-called “dark matter research cluster season II’has been again approved to expand it to
including Information and Communication Technology (ICT) based on deep learning.

Through it, we propose to research and develop intellectual information platform and provide a theo-
retical template to identify the foundation of dark matters. We also propose to perform astronomical
and particle experiment-theory-simulation data utilizing integrated research. We also would like to
develop a deep-learning software algorithm on dark matter research.

This could enable us to research and develop an intelligent information platform that combines deep-
learning-based astronomical and particle experimental data. It could lead in developing ICT, which
makes efficient research to search for dark matter.

POSTER / 662

Neutrino decoherence due to radioactive decay
Author: Konstantin Stankevich1

Co-author: Alexander Studenikin

1 Lomonosov Moscow State University

Corresponding Authors: kostan.10@mail.ru, studenik@srd.sinp.msu.ru

The phenomena of neutrino oscillations can proceed only in the case of the coherent superposition
of neutrino mass states. An external environment can modify a neutrino evolution in a way that con-
ditions for the coherent superposition of neutrino mass states are violated. Such a violation results
in quantum decoherence of neutrino states and leads to suppression of flavor neutrino oscillations.
In general, the quantum decoherence can be engendered by three different reasons: 1) dephasing,
2) entanglement with the environment and 3) revelation of “which-path”information. Another type
of decoherence due to neutrino wave separation is usually referred to a classic decoherence and it
is well studied. In the presented studies we consider the influence of the neutrino radioactive decay
in dense media on neutrino oscillations. It is shown that in this case neutrino oscillations undergo
all three types of quantum decoherence. The corresponding damping of neutrino oscillations in the
presence of an electron media and a magnetic field is calculated. The formalism of quantum elec-
trodynamics of open systems is used in the performed evaluations. The studied phenomena can be
significant for description of neutrino oscillations in extreme conditions of astrophysical environ-
ments peculiar to supernovae, neutron stars or quasars.

POSTER / 104

Advancements of THGEM in IHEP, China
Author: Yuguang Xie1
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1 Institute of High Energy Physics, CAS, Beiijing, China

Corresponding Author: ygxie@ihep.ac.cn

Thick Gaseous Electron Multiplier (THGEM) is one of the promising Micro-pattern Gaseous Detec-
tors. It can be applied to Digital Hadron Calorimeter (DHCAL), TPC tracker readout, Muon detector,
single photon detector, neutron imaging and so on. The attractive advantages of THGEM are high
gain, robust and low cost. The moderate spacial resolution limits its applications but it is acceptable
in many cases as listed above. In recent years, we have made continuous effort to improve THGEM
performances, develop new types of THGEMs and . The hole pitch and hole diameter can be reached
400 μm and 150 μm by mechanical drilling and 300 μm and 100 μm by laser sputtering respectively.
The sensitive area of a single film can be reached 1.0×0.5mˆ2. The laser sputtering is hopeful to
overcome the mass production difficulty of THGEM. Our test results indicated that better substrate,
better performance. The specified FR4 substrate for high performance THGEM was made according
to more than 10 types of FR4s. Besides FR4 THGEM, the PTFE, Ceramic and Kapton (PI) THGEMs
were also developed for low background experiments and neutron imaging. Another attractive di-
rection is the new structure THGEMs, such as Multi-layer THGEM (M-THGEM), Well-THGEM and
so on. M-THGEM shows excellent gain performance within a single thin film. The newly progresses
will be also presented.

POSTER / 44

Development of profiling system for low energy physics

Author: Insung Yeo1

Co-author: Kihyeon Cho 1

1 KISTI

Corresponding Authors: cho@kisti.re.kr, madjjang150@kisti.re.kr

The Standard Model in particle physics is refined. However, new physics beyond the standard model,
such as dark matter, requires thousand to million times of simulation events compared to those of
the Standard Model. Thus, the development of software is required, especially for the development
of simulation tool kits. In addition, computing is evolving. It requires the development of the sim-
ulation tool kit to accommodate the evolving computing architecture. Therefore, an efficient sim-
ulation tool kit is needed. Then, a profiling system is required to confirm it. In Geant4, a typical
simulation tool kit, a profiling system in higher-energy physics areas such as the LHC experiment
is well developed, contributing to the development of the software. However, profiling systems
in the low-energy physics domain are in the beginning stage. Therefore, we develop it and show
performances using it. In addition, profiling is performed depending on the development of soft-
ware. These profiling systems could be used to confirm the development of software for evolving
computing architecture.

POSTER / 86

DUNENDGGD, a geometry generator for DUNE near detector de-
sign

Authors: Guang Yang1; Jose Palomino1

1 Stony Brook University

Corresponding Authors: jpalominogallo@gmail.com, guang.yang.1@stonybrook.edu
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The main purpose of the Deep Underground Neutrino Experiment is to measure the CP-violation
phase in long-baseline neutrino oscillations, proton decay and super nova neutrinos with a liquid-
argon detector of unprecedented size. In order to constrain the systematics including the flux, neu-
trino interaction cross section, energy scale and so on, a near detector is needed to measure the
un-oscillated neutrino spectra. The near detector complex will consist of various components since
we are aiming to have a good phase space coverage of the neutrino events. A geometry generation
tool, DUNENDGGD is developed based on general geometry description (GGD). DUNENDGGD has
a great flexibility to generate different
detector and tracker combinations, therefore, the tool has been widely used in the DUNE near de-
tector group, and a large number of studies have been performed based on DUNENDGGD to de-
sign the DUNE near detector. In this poster, the concept and examples of DUNENDGGD will be
shown.

POSTER / 94

Three dimensional scintillator tracker in the DUNE near detec-
tor
Authors: Andrew Olivier1; Chang Kee Jung2; Davide Sgalaberna3; Guang Yang2; Hang Su4; Jose Palomino2; Kevin
Wood2; Richard Gran5; Steve Manly1; Tejin Cai1; Vittorio Paolone4; Yuri Kudenko6

1 University of Rochester
2 Stony Brook University
3 CERN
4 University of Pittsburgh
5 University of Minnesota Duluth
6 INR

Corresponding Author: guang.yang.1@stonybrook.edu

The main purpose of the Deep Underground Neutrino Experiment is to measure the CP-violation
phase in long-baseline neutrino oscillations, proton decay and super nova neutrinos with a liquid-
argon detector of unprecedented size.
In order to constrain the systematics including the flux, neutrino interaction cross section, energy
scale and so on, a near detector is needed to measure the un-oscillated neutrino spectra. In the near
detector complex, a three dimensional scintillator tracker also called 3DST located downstream of
the liquid-argon detector is proposed and being studied. The 3DST detector technology will consist
of a large amount of 1 cm x 1 cm x 1cm scintillator cubes. We expect this tracker to have full
angle coverage for charge particles, as well as precise energy and angular measurements, which,
doing a neutrino-electron scattering study will lead to a strong flux constraint. Besides, 3DST gives
an unique opportunity to connect carbon target cross sections and flux measurements in DUNE
with other experiments, such as T2K and Minerva. In this poster, the simulation and test beam
performances of the 3DST will be shown.

POSTER / 108

Triggering on electrons, photons, tau leptons, Jets and energy
sums with the CMS Level-1 Trigger
Author: Sandeep Bhowmik1

1 National Institute of Chemical Physics and Biophysics (EE)

Corresponding Author: sandeep.bhowmik@cern.ch
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The Compact Muon Solenoid (CMS) experiment implements a sophisticated two-level triggering
system composed of the Level-1, instrumented by custom-design hardware boards, and a software
High Level Trigger. A new Level-1 trigger architecture with improved performance is now being
used to maintain high physics efficiency for the more challenging conditions experienced during
Run II. In this poster, we present the upgraded CMS calorimeter trigger algorithms. The calorime-
ter trigger system plays a central role in achieving the ambitious physics program of Run II. The
upgraded electronics architecture benefits from an enhanced granularity of the calorimeters to op-
timally reconstruct the trigger objects. Dedicated pile-up mitigation techniques are implemented
for the lepton isolation, the jets and the missing transverse energy to keep the rate under control in
the intense running conditions of the LHC. The performance of the new calorimeter trigger will be
presented, based on proton-proton collision data collected in Run II. The selection techniques used
to trigger efficiently on benchmark analyses will be presented, along with the strategies employed
to guarantee efficient triggering for new resonances and other new physics signals.

POSTER / 114

Cross-section measurements and anomalous gauge couplings searches
in multileptonic WZ decays with the CMS detector at 13 TeV
Author: Carlos Francisco Erice Cid1

1 Universidad de Oviedo (ES)

Corresponding Author: carlos.francisco.erice.cid@cern.ch

WZ production is one of the dominant multiboson production processes at the LHC energies. Thus, a
good understanding of this process improves our understanding of the Standard Model (SM).

Specifically, the all leptonic final state constitutes an irreducible background in multiple SM and be-
yond the Standard Model (BSM) searches for low cross-section processes in multileptonic channels.
Thus, a precise measurement of its total and differential cross-section is needed to increase the reach
of general analysis including multiple leptons final states.

Additionally, the proper WZ cross-section measurement is a handle to BSM physics in terms of the
hypothesized existence of anomalous gauge couplings which might modify said quantity. The WZ
process is expected to provide special sensitivity in the studies of anomalous charged triple gauge
couplings (ACTG) as a handle to study the behaviour of the WWZ vertex.

New results with the full 2016 dataset are presented including the inclusive and differential measure-
ment of the WZ cross-sections as well as the computation of precise confidence regions for different
configurations of ACTG presence.

POSTER / 115

2S Modules for the Phase-2 Upgrade of the CMS Tracker
Author: Oliver Pooth1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Author: oliver.pooth@cern.ch

An upgrade program is planned for the LHC to increase the instantaneous luminosity up to 5x10ˆ34
/cmˆ2/s to reach an integrated luminosity of 3000/fb. The CMS experiment will be equipped with
an entire new tracking detector in the so-called Phase-2 Upgrade, when LHC will reach the high
luminosity phase, HL-LHC. The new tracking detector must be able to fully exploit the demanding
operation condition with a high number of pile-up events, withstand 1.5x10ˆ15 n_eq/cmˆ2 and in ad-
dition will have the capability to deliver Level-1 trigger information. The poster shows the concept
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of so-called 2S modules of the Outer Tracker with two close-by silicon strips sensors able to discrimi-
nate high p_t particles from low p_t particles already on module level. The detector components will
be described and the necessary production steps and quality checks during the construction phase
will be shown.

POSTER / 211

Search for top squarks in the dileptonic final state in CMS
Author: Juan Gonzalez1

1 Universidad de Oviedo (ES)

Corresponding Author: juan.rodrigo.gonzalez.fernandez@cern.ch

Latest results on searches for supersymmetric top quarks are presented, focusing on the final states
with two leptons. The results are based on a data set of proton-proton collisions, recorded by CMS
at a center-of-mass energy of 13 TeV during 2016 and corresponding to an integrated luminosity of
36.5 fb-1. The results are interpreted as exclusion limits on T2tt simplified models.

POSTER / 207

Search for Flavor Changing Neutral Higgs at 13 TeV with CMS

Author: Jiwon Park1

1 Hanyang University

Corresponding Author: jiwon.park@cern.ch

With increasing dataset at the LHC, it is of importance to search for rare processes such as flavor
changing neutral current. The search for flavor changing neutral current with the Higgs boson and
the top quark has been performed. The Higgs boson decaying to a pair of b jets is considered. To
exploit the large dateset, a machine learning technique like deep learning is used.

POSTER / 208

Search for Heavy Stable Charged Particles at the CMS experiment
using the RPC phase II upgrade
Author: Junghwan Goh1

1 Hanyang University (KR)

Corresponding Author: junghwan.goh@cern.ch

Several theoretical models accomodate the possibility of Heavy Stable Charged Particles (HSCP).
With improved data aquisition in the phase-II upgrade of the CMS-RPC system, triggering and iden-
tification of HSCPs are expected to be possible using the Time of Flight technique. Moreover, new
RPC chambers will be installed to extend the acceptance coverage up to |η|<2.4 with improved time
and spatial resolution which can complement this search. Performance of new Level-1 trigger strate-
gies to detect HSCPs at the High Luminosity LHC will be shown in this poster.
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POSTER / 230

Searches for dark matter in CMS in non-hadronic final states
Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Author: ed.scott@cern.ch

Searches for a weakly interacting particle candidate (WIMP) for dark matter at the Large hadron
Collider complement the WIMP direct detection experiments and is one of the major physics goals
of the LHC. A series of analyses in CMS (and ATLAS) are aimed at detecting events where a pair of
WIMPs may have been produced and recoiled against a visible particle. Such events give rise to final
states with large Missing ET and a high pT object, e.g. a jet, a photon, or a weakly interacting gauge
boson.Searches for dark matter in final states with invisible particles recoiling against leptons and
photons are presented in this talk. Various topologies are explored where several dark-matter pro-
duction modes are covered. The talk focuses on the recent results obtained using the data collected
during 2016 run of the LHC.

POSTER / 268

Identification of very-low transverse momentum muons with the
ATLAS experiment

Authors: ATLAS CollaborationNone; Zhi Zheng1

1 University of Michigan (US)

Corresponding Author: zhi.zheng@cern.ch

The standard muon identification of the ATLAS experiment is optimized for muons with transverse
momentum (pT) above 5 GeV. However searches for low mass resonances and many B-physics mea-
surements often need to identify muons with lower pT, where standard algorithms suffers from large
backgrounds originating from sources such as hadrons decay in flight. A new “LowPt” identification
has been developed to allow optimal muon identification down to 2-3 GeV in pT using variables that
are sensitive to track kinks in the inner detector and to the imbalance of the momentum measured in
the inner detector and in the muon spectrometer. The new “LowPt” identification, analysed in sim-
ulation and in data, shows good efficiencies for muons produced in hard collisions and is effective
in rejecting backgrounds.

POSTER / 235

Status of Flavour Maximal Non-minimal Universal Extra Dimen-
sion
Author: Sayan Dasgupta1

Co-authors: Tapoja Jha 2; Tirtha Sankar Ray 1; Ujjal Kumar Dey 1

1 IIT Kharagpur
2 IOP, Bhubaneswar

Corresponding Authors: sayandg05@gmail.com, tirthasankar.ray@gmail.com, ujjal@cts.iitkgp.ernet.in, tapoja.j@iopb.res.in
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We consider an S1/Z2 compactified flat extra dimensional scenario where all the standard model
states can access the bulk and have generalised brane localised kinetic terms. The flavour structure
of brane kinetic terms for the standard model fermions are dictated by stringent flavour bounds on
the first two generations implying an U(2)QL

⊗ U(2)uR
⊗ U(2)dR

flavour symmetry. We consider
the constraints on such a scenario arising from dark matter relic density and direct detection mea-
surements, precision electroweak data, Higgs physics and LHC dilepton searches. We discuss the
possibility of such a scenario providing an explanation of the recently measured anomaly in RK(∗)

within the allowed region of the parameter space.

POSTER / 233

Van der Meer calibration of the CMS luminosity detectors in 2017

Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Author: ed.scott@cern.ch

To guarantee smooth and uninterrupted luminosity measurements the CMS experiment is equipped
in Run II with three online luminometers: the Pixel Luminosity Telescope (PLT), the Fast Beam Con-
dition Monitor (BCM1F) and the Forward Calorimeter (HF). For the offline luminosity measurement
and a cross check of the online detectors the pixel detector is used (Pixel Cluster Counting, PCC). For
the calibration of the luminometers once per year a full program of van der Meer (VdM) scans is per-
formed. It consists of series of standard VdM scans and 4 imaging scans. In the standard VdM scans
both beams are moving across each other and the transverse size of the beam overlap is defined.
Imaging VdM scans are required to disentangle XY correlation. For steering magnet calibrations, un-
der the special beam conditions during the VdM scan, the length scale (LS) calibration is performed.
Detailed studies of the systematic effects of beam-beam deflections, orbit drift, LS calibration and un-
bunched beam correction allow precise luminosity calibration. The methodology of the luminosity
calibration and final uncertainty on the integrated luminosity will be presented.

POSTER / 237

Measurement and simulation of the background in the CMS muon
detectors

Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Author: ed.scott@cern.ch

The CMS muon system presently consists of three detector technologies equipping different regions
of the spectrometer. Drift Tube chambers (DT) are installed in the muon system barrel, while Cath-
ode Strip Chambers (CSC) cover the end-caps; both serve as tracking and triggering detectors. More-
over, Resistive Plate Chambers (RPC) complement DT and CSC in barrel and end-caps respectively
and are mostly used in the trigger. Finally, Gas Electron Multiplier (GEM) chambers are getting
installed in the muon spectrometer end-caps at different stages of the CMS upgrade programme.
The study of the different backgrounds the muon detectors are exposed to, is fundamental to assess
the system longevity and project its performance to the conditions expected for HL-LHC. In this
respect, an accurate modelling of the backgrounds in simulation is of prime importance as many
studies rely on simulation-based predictions while these future conditions have never been experi-
enced in reality. The state of the art of the work carried out to understand backgrounds observed
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with data collected during the LHC runs, as well as at CERN high-intensity gamma irradiation facil-
ity, (GIF++), will be presented. Furthermore, the effort made to improve the accuracy of Fluka and
GEANT4 based simulations of background will be thoroughly described.

POSTER / 250

Interesting Models unifying Neutrino Mass, Dark Matter, Origin
of PMNS and CKM, and GUT
Authors: Alexander Natale1; Arnab Dasgupta2; Oleg Popov3; Sin Kyu Kang4

1 Korea Institute for Advanced Study
2 Jamia Millia Islamia
3 UC Riverside
4 Seoul-Tech

Corresponding Authors: arnabdasgupta28@gmail.com, skkang@snut.ac.kr, opopo001@ucr.edu, alex.anderson.natale@gmail.com

The Standard Model of particle physics have been extremely successful so far, but there are still
many unanswered questions like the origin of neutrino mass, nature of dark matter, the source of
quark and lepton flavor mixing and their possible correlation, the theory of grand unification of all
SM interactions. In this talk I will focus on some interesting models that attempt to answer these
questions and possible correlation between them. Embedding a Pati-Salam quark-lepton unification
symmetry, SU(4)c⊗SU(2)L⊗U(1)R, into SU(7) GUT with a Scotogenic radiate neutrino mass and LHC
phenomenology will be discussed. I will also touch on GSM⊗U(1)B−L with residual Z4 symmetry
leading to Scotogenic radiative Dirac neutrino masses with dark matter, 0ν4β and absence of 0ν2β
signal and phenomenology of related rare processes. Possible common origin of CKM and PMNS
mixings in a complete model. Other possible topics will include chiral dark sector with composite
dark matter leading to Scotogenic two loop neutrino mass and neutrino portal to SM.

POSTER / 505

Study of the H->tau+tau decay channel with ATLAS

Authors: ATLAS CollaborationNone; Michaela Mlynarikova1

1 Charles University (CZ)

Corresponding Author: michaela.mlynarikova@cern.ch

After the discovery of the Higgs boson, the precision measurements
of its properties and comparison with the Standard Model (SM) predictions
became a crucial part of the LHC physics programme. A potential observation
of deviations may lead to the indirect discovery of physics beyond the Standard
Model (BSM). The direct observation of the coupling of the Higgs boson to
leptons and its measurements is of particular importance to study the mass
generation for leptons. In this contribution, the results of analyses of the
Higgs boson properties in the H->tau tau decay channel are presented. The
measurements of Higgs SM couplings with 36.1 fb−1 of data collected by
ATLAS at

√
s = 13 TeV are shown.

POSTER / 279
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Triggering on hadronic signatures in ATLAS –developments for
2017 and 2018
Authors: ATLAS CollaborationNone; Steven Schramm1

1 Universite de Geneve (CH)

Corresponding Author: steven.schramm@cern.ch

Hadronic signatures are critical to the ATLAS physics program, and are used extensively for both
Standard Model measurements and searches for new physics. These signatures include generic
quark and gluon jets, as well as jets originating from b-quarks or the decay of massive particles
(such as electroweak bosons or top quarks). Additionally, missing transverse momentum from non-
interacting particles provides an interesting probe in the search for new physics beyond the Standard
Model. Developing trigger selections that target these events is a huge challenge at the LHC due
to the enormous rates associated with hadronic signatures. This challenge is exacerbated by the
amount of pile-up activity, which continues to grow. In order to address these challenges, several
new techniques were developed to significantly improve the potential of the 2017 dataset. This talk
presents an overview of how we trigger on hadronic signatures at the ATLAS experiment, outlin-
ing the challenges of hadronic object triggering and describing the improvements performed over
the course of the Run-2 LHC data-taking program. The performance in Run-2 data is shown, in-
cluding demonstrations of the new techniques being used in 2017. We also discuss further critical
developments implemented for the rest of Run-2 and their performance in early 2018 data.

POSTER / 290

Simulation of the ATLAS New Small Wheel Trigger System

Author: ATLAS CollaborationNone

The instantaneous luminosity of the Large Hadron Collider (LHC) at CERN will be increased up to
a factor of seven with respect to the original design value to explore higher energy scale. In order
to benefit from the expected high luminosity performance, the first station of the ATLAS muon end-
cap Small Wheel system will be replaced by a New Small Wheel (NSW) detector. The NSW provide
precise track segment information to the muon Level-1 trigger to reduce fake triggers. This contri-
bution will summarize a detail simulation of the NSW trigger decision system, track reconstruction
algorithm implemented into the trigger processor and results of performance studies on the trigger
system.

Summary
The instantaneous luminosity of the LHC will be increased up to a factor of seven with respect to the
present design value by undergoing an extensive upgrade program over the coming decade. In order
to benefit from the expected high luminosity performance, the first station of the ATLAS muon end-
cap Small Wheel system will need to be replaced by a New Small Wheel (NSW) detector, which is
used for trigger and precision measurement. The NSW provides precise track segment information
to the muon Level-1 trigger to reduce fake triggers arising from particles that are not high pT muons
originating from the Interaction Point (IP). The NSW consists of Micromegas (MM) and small-strip
Thin Gap Chambers (sTGC). Both systems find a track segment independently and provide a two-
dimensional position, ( ), as well as the angle deviation of the NSW track-segment with respect to
an infinite momentum track from IP. Eventually, a coincidence by ( ) between the NSW and outer
muon system is required to suppress the fake trigger rate.

A detailed study of the final design and validation of the readout electronics for the trigger system
that are able to work at high rates with excellent real-time spatial resolution has been performed. A
dedicated parametric digitization model based on the exhaustive standalone MC studies and exper-
imental test beam results has been developed to simulate the response of the NSW trigger system.
This contribution will summarize a detail simulation of the NSW trigger decision system, track re-
construction algorithm implemented into the trigger processor and results of performance studies
of the DAQ trigger logic.
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The NSW simulation has been developed to model the actual response of the detector and its fast
electronics. The simulation has been used to get a deep understanding of the trigger logic timing, the
tracking-segment finding efficiency, track rate and track-pointing resolutions at the high background
hit rate expected during the next phases of operation of ATLAS at the LHC. The results of these
performance studies will be presented to show that the NSW trigger system is capable of working
with good performance compared to the foreseen requirements.

POSTER / 358

Measurement of phase-space density evolution in MICE

Authors: Moses ChungNone; Vittorio Palladino1

1 Universita e sezione INFN di Napoli (IT)

Corresponding Authors: mchung@unist.ac.kr, vittorio.palladino@cern.ch

The Muon Ionization Cooling Experiment (MICE) collaboration will demonstrate feasibility of ion-
ization cooling, the technique proposed to cool the muon beam at a future neutrino factory or muon
collider. The muon beam parameters are measured on a sample built on a particle-by-particle basis,
before and after the cooling cell using high precision sci-fibre trackers in a solenoid magnetic field.
Position and momentum reconstruction of each muon in MICE allows to developo
several alternative figures of merit in addition to beam emittance. Contraction of the phase-space
volume of the sample, or equivalently the increase in phasespace density at its core, is an unequivocal
cooling signature. Single-particle amplitude, defined as a weighted distance to the sample centroid,
can be used to probe the change in density in the core of the beam. Alternatively, non-parametric
statistics provide reliable methods to estimate the entire phase-space density
distribution and reconstruct probability contours. The aforementioned techniques, robust to trans-
mission losses and sample non linearities, are ideal candidates for a cooling measurement in MICE.
Preliminary results are presented here.

POSTER / 403

Search for top squarks with ATLAS at
√
s = 13TeV in fully hadronic

and semi-leptonic final states

Authors: ATLAS CollaborationNone; Philipp Mogg1

1 Albert Ludwigs Universitaet Freiburg (DE)

Corresponding Author: philipp.mogg@cern.ch

Looking for supersymmetry, the search for a scalar partner of the top quark plays a major part due to
its role in stabilising the Higgs boson mass. In the parameter space where a decay of a top squark into
a top quark and the neutralino, a Dark Matter candidate, is possible, searches asking for either zero
or one charged lepton are most sensitive. Events with an isolated electron or muon simplify event
classification, whereas the branching fraction into fully hadronic final states is higher. In both cases
b-jets are produced and missing transverse momentum is observed due to undetectable neutralinos.
This contribution presents methods used by these searches and the results obtained with data taken
in 2015 and 2016 with the ATLAS detector at

√
s = 13 TeV.

POSTER / 430
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Heavy Majorana neutrino pair productions at the LHC in mini-
mal U(1) extended Standard Model
Author: Arindam Das1

Co-authors: Nobuchika Okada 2; Digesh Raut 2

1 KIAS
2 University of Alabama

Corresponding Author: draut@crimson.ua.edu

Heavy Majorana neutrino pair productions at the LHC in minimal U(1) extended Standard Model
2017 In our recent paper 1, we explored a prospect of discovering the heavy Majorana right-handed
neutrinos (RHNs) at the future LHC in the context of the minimal non-exotic U(1) extended Standard
Model (SM), where a pair of RHNs are created via decay of resonantly produced massive U(1) gauge
boson (Z ′). We pointed out that this model can yield a significant enhancement of the branching
ratio of the Z ′ boson to a pair of RHNs, which is crucial for discovering the RHNs under the very
severe LHC Run-2 constraint from the search for the Z ′ boson with dilepton final states. In this
paper, we perform a general parameter scan to evaluate the maximum production rate of the same-
sign dilepton final states (smoking gun signature of Majorana RHNs production) at the LHC, while
reproducing the neutrino oscillation data. We also consider the minimal non-exotic U(1) model with
an alternative charge assignment. In this case, we find a further enhancement of the branching ratio
of the Z ′ boson to a pair of RHNs compared to the conventional case, which opens up a possibility
of discovering the RHNs even before the Z ′ boson at the future LHC experiment.

POSTER / 458

Wideband SQUID Amplifiers for Axion Search Experiments
Author: Andrei Matlashov1

Co-authors: Doyu Lee 1; Woohyun Chung 1; Seon Jung Oh 1; Matthias Schmelz 2; Vyacheslav Zakosarenko 2;
Ronny Stolz 2

1 Center for Axion and Precision Physics Research, IBS
2 Leibniz Institute of Photonic Technology

Corresponding Authors: osj15@ibs.re.kr, gnuhcw@ibs.re.kr, andrei@ibs.re.kr, vyacheslav.zakosarenko@leibniz-
ipht.de, du5698@kaist.ac.kr, ronny.stolz@leibniz-ipht.de, matthias.schmelz@leibniz-ipht.de

It was theoretically shown that axions can be detected by converting them to microwave photons
inside high-Q cavity resonators in the presence of a strong magnetic field 1. In such experiments,
very weak microwave signals should be scanned in a wide frequency range. The best semiconductor
amplifiers have a lowest noise temperature plateau of about 1.1 K even at significantly lower ambient
temperature. Superconducting quantum interference devices, or SQUIDs, can work as microwave
amplifiers with noise temperature close to the standard quantum limit (SQL), TSQL = hf/kB ≈ 50 mK
at 1 GHz 2. Previously designed SQUID-based high-frequency amplifiers have narrow bandwidth
due to a microstrip resonant input coil [3]. It requires serial replacements of SQUID preamplifiers in
order to scan a wide frequency range. This procedure is complex and time consuming because of a
large mass of hardware should be cooled down below 100 mK. SQUID-based microwave amplifiers
with a suitable amplification should be designed with the smallest possible tunnel junction capaci-
tance, with reasonably low SQUID loop inductance, and maximal transfer function at the working
point. Sub-micron size Josephson junctions with a very small capacitance 0.04 pF were used for
low-frequency SQUID current sensors [4]. We tested a few of such sensors at high frequencies and
found out that they can work as both resonant and wideband microwave amplifiers. In this pre-
sentation, we report on SQUID-based wideband microwave amplifiers fabricated using sub-micron
size Josephson junctions with very low capacitance. A single amplifier can be used for axion search
experiments in a frequency range from about 500 MHz to approximately 5 GHz.

Page 323

https://arxiv.org/abs/1802.04167
https://arxiv.org/abs/1802.04167
https://arxiv.org/abs/1802.05227


ICHEP2018 SEOUL / Book of Abstracts

POSTER / 517

Measurement of azimuthal correlations of D mesons with charged
particles in pp collisions at sqrt{s}=13 TeV with ALICE at the LHC

Author: Bharati Naik1

1 IIT- Indian Institute of Technology (IN)

Corresponding Author: bharati.naik@cern.ch

The ALICE (A Large Ion Collider Experiment) detector at the LHC is designed
to study the properties of Quark-Gluon Plasma (QGP), a deconfined state of
quarks and gluons produced in the ultrarelativistic heavy ions collisions.
Heavy-quarks, charm and beauty, are considered as effective probes for the
investigation of the QGP properties. Due to their large masses they are
produced almost exclusively during the hard-scattering phase and therefore
experience the full evolution of the collision, interacting and losing
energy in the hot and dense medium produced.

The study of angular correlations between D mesons and charged particles in
different collision systems provides information about the possible
medium-induced modification of charm quark fragmentation into jets. The same
study in the pp collision system, beside constituting the natural reference
to understand the results in p-Pb and Pb-Pb collisions systems, allows
investigating charm quark production mechanisms, fragmentation and
hadronization.

In this poster, the measurement of azimuthal correlations
between D0 meson and charged particles in pp collisions at√
s = 13 TeV will be presented. The comparison with results obtained

at
√
s = 7 TeV allows investigating the dependence

of the result from the energy of the collision. The data will also be
compared with simulations results obtained with different event generators.

POSTER / 542

Search for Z and Higgs boson decaying into J/psi + photon in pp
collisions at 13 TeV with CMS
Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Author: ed.scott@cern.ch

Search for the Standard Model Z and Higgs boson decaying into a J/psi and a photon, with subsequent
decay of the J/psi into dimuon pair will be presented. The analysis is performed using data recorded
by CMS detector from proton-proton collisions at 13 TeV in 2016. The latest results of the limits on
the Z/Higgs -> J/psi+photon decay branching fraction will be shown in this poster.

POSTER / 544

Study of the differential Drell-Yan cross sections at 13 TeV with
CMS
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Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Author: ed.scott@cern.ch

Studies of the differential Drell-Yan cross sections in the dilepton channel are presented. The analysis
is based on data taken with the CMS detector at a proton-proton center of mass energy of 13 TeV. The
cross sections are studied as a function of dilepton invariant mass and rapidity. Backgrounds are es-
timated using data-driven methods, and corrections including detector effects are discussed.

POSTER / 671

Correction of the Effect of the Coherent Betatron Oscillation by
the RF Electric Field for Fermilab Muon g-2 Experiment
Author: On Kim1

Co-authors: Selcuk Haciomeroglu 2; Jihoon Choi ; Seungpyo Chang 3

1 IBS/CAPP and KAIST
2 CAPP/IBS
3 KAIST

Corresponding Authors: koreanbr10@gmail.com, bigstaron@kaist.ac.kr, pury828@gmail.com, selcuk@ibs.re.kr

The Fermilab Muon g-2 experiment aims to measure the muon anomalous magnetic moment with
a 140 parts-per-billion precision to investigate the greater than 3 standard deviation difference be-
tween the Standard Model prediction and the previous measurement by the BNL Muon g-2 exper-
iment. The coherent betatron oscillation (CBO) beam effects must be corrected for in the decay-
positron time spectra fits used in high precision muon storage ring based anomalous magnetic mo-
ment measurements. This MC simulation study indicates that the application of radio frequency (RF)
electric fields to the muon storage ring beam can reduced the CBO amplitude by up to a factor of 10,
as well to increase the symmetry of the beam phase space. This is achieved by correcting the mis-
matched oscillation phases between the high and low momentum muon populations by modulating
the muon beam betatron oscillation frequencies with off-resonance RF fields.

POSTER / 629

Reduction of the radioactive impurities in NaI powder by recrys-
tallization method
Author: Keon Ah SHIN1

Co-authors: Olga Gileva 2; HyangKyu Park 3

1 IBS
2 IBS, CUP
3 Institute for Basic Science

Corresponding Authors: sinh4230@gmail.com, lelyum1986@yandex.ru, hyangkyu.park@gmail.com

The COSINE project is aimed at direct detection of dark matter experiment1. WIMPs(Weakly In-
teracting Massive Particles) are one of the most attractive candidates of dark matter[2, 3] but, only
DAMA/LIBRA experiment has claimed the detection of a WIMPs[4]. To confirm or exclude the
DAMA/LIBRA’s modulation results, COSINE is going to achieve ultra-low background and lower
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energy threshold than DAMA/LIBRA experiment. The NaI scintillating crystal is very suitable ma-
terial for dark matter searching. In this experiment, radioactive impurities make noise on the peaks
and high background. To manufacture the ultra-low background crystal, this presentation will be
focused on purification of the NaI powder.
NaI powder was purified by fractional recrystallization from water. The concentration of K, Pb, Th, U
and other impurities was measured by ICP-MS. As a result, the recrystallization effectively reduced
the concentration of radioactive impurities such as K, Pb, Sr, Ba, Th, and U. Furthermore, based on
these experimental methods and results, pilot scale of process were designed and manufactured for
COSINE project. It is a recrystallization purify system that can purify 70 kg of NaI powder at one
cycle and it takes 3˜4 days from purification to drying. This process and result also will be presented.
References:
1 Adhikari P et al (2016) Understanding internal backgrounds in NaI(T1) crystals toward a 200 Kg
array for the KIMS-NaI experiment. Eur Phys J C 76(4):1-9
2 Bertone G, Hooper D, Silk J (2005) Particle dark matter: evidence, candidates and constraints. Phys
Rept 405:279-390
[3] Jungman G, Kamionkowski M, Griest K (1996) Supersymmetric dark matter. Phys. Rept 267:195-
373
[4] Bernabei R et al (2010) New results from DAMA/LIBRA. Eur Phys J C 67:39-49

POSTER / 632

Search for first generation scalar leptoquarks in pp collisions at
13 TeV with CMS
Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Authors: muzamil.ahmad.bhat@cern.ch, ed.scott@cern.ch

The quark and lepton sectors of the standard model (SM) are strikingly similar in terms of the num-
ber of particles and generations. This hints at a fundamental symmetry existing between the two
sectors. Indeed, such a symmetry is part of many beyond-the-SM theories such as composite mod-
els, technicolor, grand unified SU(5), Pati-Salam SU(4) and E6 superstring-inspired theories. These
models give rise to a new class of bosons called leptoquarks (LQs) that carry both baryon and lepton
numbers –a signature of their coupling to quarks and leptons. They are colored objects with frac-
tional electric charge, and could be either scalar or vector particles. An LQ decays into a lepton and a
quark, giving rise to a final state of high-momentum leptons and jets. We perform a dedicated search
for pair-produced first generation scalar leptoquarks, resulting in a final state of two electrons and
at least two jets; and one electron, missing transverse energy and at least two jets, using pp collision
data taken at centre-of-mass energy of 13 TeV. The data were recorded with the CMS detector during
the 2016 running of the LHC, and correspond to an integrated luminosity of 35.9 fb-1.

POSTER / 660

Asymmetry realization of p-Carbon interactions in Geant4 for
the storage ring proton EDM experiment
Authors: Hoyong Jeong1; Seongtae Park2; Edward Stephenson3; Eunil Won4; Yannis Semertzidis5

1 Center for Axion and Precision Physics Research
2 CAPP/IBS
3 Indiana University
4 Korea University
5 CAPP/IBS and KAIST in South Korea
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Corresponding Authors: semertzidis@bnl.gov, stephene@indiana.edu, eunil@hep.korea.ac.kr, hyjeong@hep.korea.ac.kr,
stpark@ibs.re.kr

Our universe appears to break the CP symmetry in the strong interaction within the paradigm of the
elementary particle physics. However, no violation has been discovered so far by experiments. To
address this question further, a storage ring experiment has been proposed to search for a permanent
intrinsic electric dipole moment of proton (pEDM) with the target sensitivity of 10−29 e.cm within
a year of measurement time. A polarimeter for the proposed storage ring proton EDM (SR pEDM)
experiment is being under development using gas electron multiplier (GEM) technology. For an ef-
ficient polarimeter design study, we wrote a computer simulation code in the Geant4 frame, which
makes the spin-dependent proton-carbon elastic hadronic scattering possible. The cross section
of the scattering was implemented with reference from experimental data. The new algorithm of
Geant4, its operation, and more details are introduced in this report. Furthermore, the performance
of the GEM detector has been demonstrated at Forshungszentrum Juelich (FZJ) in Germany using
Deuteron beam generated by Cooler Synctrotron (COSY). (This work was supported by IBS-R017-
D1-2018-a00.)

POSTER / 661

A low frequency Axion search using the storage ring electric dipole
moment method
Author: Seungpyo Chang1

Co-authors: On Kim 1; Selcuk Haciomeroglu 2; Seongtae Park 2; Soohyung Lee 2; Yannis Semertzidis 3

1 KAIST,CAPP/IBS
2 CAPP/IBS
3 CAPP/IBS and KAIST in South Korea

Corresponding Authors: semertzidis@bnl.gov, soohyunglee@ibs.re.kr, selcuk@ibs.re.kr, koreanbr10@gmail.com,
bigstaron@kaist.ac.kr, stpark@ibs.re.kr

The Axion-gluon coupling induces an oscillating electric dipole moment (EDM) in nucleons. The
axion induced oscillating EDM can be detected using storage ring EDM method with resonance
between g-2 precession frequency and the oscillating EDM. Frequency range from mHz to 100 MHz
can be scanned with the resonance method and below mHz down to about 10−9 Hz (assuming
4 years of measurement) can be searched using the frozen spin method and by combining many
consecutive run data. The estimated sensitivity is at the level of 10−30 e.cm or higher. No other
experiment has accessed the proposed frequency range at this high sensitivity until now. In this
study, we present the experimental method and compare the sensitivity with other experiments.
(This work was supported by IBS-R017-D1-2018-a00.)

POSTER / 508

Search for Higgs boson production in association with a pair of
top-quarks with the Atlas detector

Authors: ATLAS CollaborationNone; Tim Michael Heinz Wolf1

1 Nikhef National institute for subatomic physics (NL)

Corresponding Author: tim.michael.heinz.wolf@cern.ch

A great success of the Standard Model (SM) was the discovery of a
Higgs boson in 2012. Measuring its properties and yet unobserved production

Page 327



ICHEP2018 SEOUL / Book of Abstracts

and decay modes provides a test of the validity of the SM. The process of Higgs
production in association with a pair of top-quarks (tt̄H) is still
unobserved. Further interest arises from the fact that it provides direct
access to the top Yukawa coupling which is possibly sensitive to new physics
and therefore provides a crucial test of the SM.
In order to maximize the statistics of the data sample of the tt̄H
process the final state of the Higgs decay with the highest branching ratio
into a pair of b-quarks has been chosen for this search. This summary is
based on the recently published results using 36.1fb−1 in pp collisions
collected with the Atlas detector in 2015 and 2016. Especially the
reconstruction techniques to correctly match the jets originating from
b-quarks to their origin, are reviewed. The measurement in the
tt̄H(bb̄) final state is put in context with the combination of
the other Higgs decay modes, resulting in evidence for this process.

POSTER / 509

Search for Higgs boson pair production with the ATLAS detec-
tor
Authors: ATLAS CollaborationNone; John Myers1

1 University of Oregon (US)

Corresponding Author: john.myers@cern.ch

The Standard Model (SM) very successfully describes experimental
observations, but is known to be an incomplete theory. Measurements of SM
parameters and checks of its self consistency are important to improve our
understanding of nature. An important parameter to understand electroweak
symmetry breaking is the Higgs boson self-coupling, which can be
accessed in Higgs boson pair production. These studies are already important
now to search for potential effects of physics beyond the SM as well as to
prepare for the analysis of the full dataset of the HL-LHC. This poster will
present the latest results on the Higgs pair production with the ATLAS
detector with a focus on the 4b and bbWW* final states.

POSTER / 990

A Minimal Model For Two-Component FIMP Dark Matter: A Ba-
sic Search
Authors: Seyed Peyman Zakeri1; Seyed Mohammad Moosavi Nejad2; Mohammadreza Zakeri3; Seyed Yaser Ayazi4

1 F aculty of P hysics, Y azd University, P.O. Box 89195 − 741, Y azd, Iran
2 School of P articles and Accelerators, Institute for Research in Fundamental Sciences (IPM), P.O. Box 19395 − 5531, T

ehran, Iran
3 Physics and Astronomy Department, University of California, Riverside, California 92521, USA
4 Physics Department, Semnan University, P.O. Box 35131 − 19111, Semnan, Iran

Corresponding Authors: syaser.ayazi@semnan.ac.ir, moosavinejad@cern.ch, peyman.zakeri@stu.yazd.ac.ir

In the multi-component configurations of dark matter phenomenology, we propose a minimal two-
component one which is an extension
of the Standard Model with only three new fields; one scalar and one
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fermion interact with the thermal soup through Higgs portal mediated
by the other scalar in such a way that the stabilities of dark matter candidates are made simultane-
ously by an explicit Z2 symmetry. Against
the most common freeze-out framework, we look for dark matter particle signatures in the freeze-in
scenario by evaluating the relic density
and detection signals. A simple distinguishing feature of the model
is the lack of dark matter conversion, so the dark matter components
act individually and the model can be adapted entirely to both singlet
scalar and singlet fermionic models, separately. We find dark matter
self-interaction as the most promising approach to probe such feeble
models. Although, the scalar component adopts this constraint, the
fermionic one refuses it even in the resonant region.

POSTER / 829

New design of multiple-cavity detector for high mass axion dark
matter search
Authors: Junu JEONG1; Sung Woo YOUN2; Saebyeok Ahn3; Jihn E. Kim4; Yannis Semertzidis5

1 KAIST/IBS
2 Institute for Basic Science
3 Korea Advanced Institute of Science and Technology (KAIST)
4 Kyung Hee University
5 CAPP/IBS and KAIST in South Korea

Corresponding Authors: semertzidis@bnl.gov, jihnekim@gmail.com, asb5229@kaist.ac.kr, swyoun@ibs.re.kr,
jwpc0120@kaist.ac.kr

In cavity-based axion dark matter search experiments exploring high mass regions, arrays of multi-
ple cavities are typically considered to increase the detection volume within a given magnet bore.
We, IBS/CAPP at KAIST, introduce a new idea, referred to as pizza-cylinder cavity, which is su-
perior to a conventional multiple-cavity detector in terms of detection volume, simplicity of the
experimental setup, and facilitation of the phase-matching mechanism. This design is promising for
detecting high frequency axion dark matter with enhanced experimental sensitivities. We present
the characteristics of this concept and demonstrate the experimental feasibility using a double-cell
cavity.

POSTER / 878

Implosion protection and waterproof potting for the JUNO 20-
inch PMTs
Author: meihang xu1

1 IHEP

Corresponding Author: xumh@ihep.ac.cn

The Jiangmen Underground Neutrino Observatory (JUNO), its primary goal is to determine the neu-
trino mass hierarchy and precisely measure the oscillation parameters by detecting reactor anti-
neutrinos, is under construction. 20000 PMTs , including 5000 Hamamatsu dynode PMTs and 15000
NNVT MCP PMTs, are designed to capture photos emitting from the central detector, where the
neutrinos enter and react with the liquid scintillator. To reach the physics goal of JUNO, on the one
hand, the PMTs should be arranged as close as possible to achieve highest cover rate, so the PMTs
should be protected to avoid suffering from chain implosion; On the other hand, the failure rate of
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the PMT waterproofing should be below than 0.5% for the first 6 years. Design and test of the PMT
implosion and waterproof potting have been made and will be shown in this poster.

POSTER / 1007

Probing a singlet scalar in electron- positron colliders
Author: Seddigheh Tizchang1

Co-authors: Mojtaba Mohammadi Najafabadi 1; Daryush Raiesi 2

1 Institute for Research in Fundamental Sciences (IPM)
2 Institute for Research in Fundamental Sciences(IPM)

Corresponding Author: s.tizchang@ipm.ir

Large Hadron Collider (LHC) continued studying detail of Higgs boson properties and put bounds
on beyond standard models. However electron positron colliders with precise knowledge of the
initial-state beams, low backgrounds and sensitivity to small energy depositions would provide a
perfect environment to precision study of standard model and discovery of new particles.
We consider a beyond standard model in which SM is extended with a scalar and vector like particles.
By considering scalar production associated with photon we perform a direct searches for new
particles. We constrain the full parameter space for high luminosity electron- positron colliders.
Compare to the constrain obtained combined ATLAS and CMS 125GeV Higgs production and cou-
pling measurements and precision electroweak constrains, the allowed parameter space is more
constrained.

POSTER / 860

Signal Processing Methods for CAPP’s Axion Data
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The IBS center for axion and precision physics research (CAPP) conducts haloscope axion search
whose method uses a cavity resonator capable of scanning a range of frequencies using a special
tuning system. The relic axions passing through the detector are converted into microwave photons
inside the resonator via Primakoff effect. The converted photons are coupled to an RF transmission
line from the cavity. The RF signal is transferred through the receiver chain and recorded as an aver-
aged spectrum in a predetermined processing frequency band. This study focuses on the processing
aspects of the data obtained from the pilot axion experiments at CAPP (CAPP-PACE) covering the
2.45 - 2.75 GHz frequency range. In this poster, the employed methods of data processing for maxi-
mum SNR output are considered.

POSTER / 880
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The IBS Center for Axion and Precision Physics Research (CAPP) explores for dark matter axions
with tunable resonant cavities immersed in a strong magnetic field to boost the axion-to-photon
conversion when a cavity mode resonates with the axion mass. Deposition of superconducting thin
films on the inner surface of the cavity increases Q factor of the cavity and thereby enhances the con-
version power. However, in the presence of high magnetic fields, Type II superconductors with high
critical regions (> 10 T) should be used. In this study, we present various RF characteristics related
to superconducting thin films using cylindrical cavities with NbTi coated using the RF magnetron
sputtering method; and with YBCO tapes on the inner surface.

POSTER / 892

Temperature dependent study of NaI(Tl) scintillator and PMT
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The COSINE-100 experiment is searching for the direct detection of weakly interacting massive par-
ticles (WIMP) using an array of ultra-low background NaI(Tl) scintillation crystals attached with the
PMTs. The next phase of the experiment, COSINE-200, requires crystal background levels that are
well below, and light yields are well above, the DAMA/LIBRA detector. Thus, the study of temper-
ature dependent NaI(Tl) light yield and photomultiplier tube(PMT) noise are called to improve con-
fidential level of WIMP detection. The light output of the scintillator and the PMT properties have
investigated in the temperature range of -25 C to 30 C. Single photoelectron (SPE) was measured
by using LED light source which is independent from the refrigerator. The results of temperature
dependent properties of this detector will be presented.

POSTER / 709
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Two major experiments, the AMoRE (Advanced Mo based Rare process Experiment) searching for
neutrino-less double beta decay and the COSINE searching for dark matter WIMPs (Weakly Interact-
ing Massive Particles), are running in the Yangyang underground laboratory (Y2L). To understand
their signals, it is necessary to know the backgrounds from their detector materials like fasteners,
crystal, cables, connectors, and etc. By using two 100% HPGe detectors at the Y2L, the background
levels of each material samples were measured and analyzed by using efficiencies estimated by a
Geant4 simulation tool kit. We will present background measurements of the samples together with
an improvement in the efficiency calibration using a mixed source including 10 known radioactive
isotopes in this poster.

POSTER / 751

Data reconstruction and analysis for the 3x1x1 mˆ3 dual phase
Liquid Argon Time Projection Chamber prototype
Authors: Christoph Alt1; Laura Amelie Zambelli2
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Corresponding Authors: laura.zambelli@cern.ch, christoph.alt@cern.ch

Combining high precision calorimetry with scalability to the multi-kiloton level, the Liquid Argon
Time Projection Chamber (LAr TPC) has proven to be an attractive technology for long baseline
neutrino oscillation experiments. An extensive R&D program for LAr TPCs at the ten-kiloton level
is currently underway in the context of the Deep Underground Neutrino Experiment (DUNE). The
DUNE far detector, located at the Sanford Underground Research Facility in South Dakota, USA, will
measure the oscillated neutrino flux at a baseline of 1300 km with four 10 kiloton LAr TPC modules.
Two different technologies are being explored for this purpose: single phase and dual phase LAr
TPCs. The dual phase technology allows to amplify the charge signal in gas argon, offering several
advantages over the single phase. The first large scale dual phase LAr TPC with an active volume of
3x1x1 m3 has been operated at CERN in 2017. Another prototype with an active volume of 6x6x6 m3
will be commissioned by the end of 2018, paving the way for DUNE. This poster will give a detailed
overview of the different reconstruction stages for dual phase LAr TPC data. Furthermore, results
on the liquid argon purity, charge readout uniformity and charge-light matching for the 3x1x1 m3
detector are presented.

POSTER / 845

Simulation study for the Electromagnetic Calorimeter Trigger sys-
tem at the Belle II Experiment
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The Belle II experiment at KEK in Japan start beam collision from early of 2018 to probe a New
Physics beyond the Standard Model by measuring CP violation phenomena and rare decays of
beauty, charm quark and tau lepton. The experiment is performed at the SuperKEKB e+e- collider
with 80×10ˆ{34}cmˆ{−2}sˆ{−1} as an ultimate instantaneous luminosity. As a severe beam background
environment is highly anticipated, a detail simulation study of the Belle II calorimeter trigger sys-
tem is very crucial to operate Belle II trigger/DAQ system in stable. We report simulation results on
various trigger logic and efficiencies using physics and beam background events upon the Belle II
Geant4-based analysis framework called Basf2.

POSTER / 910

Silicon PIN photodiode based radon detectors for an underground
experiment environment.
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It is very important to monitor the amount of radon (Rn-222) in the underground experiments such
as rare decay search and dark matter experiments with ultra low background requirements. The
radioactivity from the radon can be a significant background source to the experiments and need
to be measured precisely. We upgraded a radon detector with a volume of ˜70 L which was used
in the KIMS (Korean Invisible Matter Search) experiment by replacing a Hamamatsu silicon PIN
photodiode and a Hamamatsu pre-amplifier. The positively charged radon’s daughter particles (Po-
214 and Po-218 mostly) produced in the air of the detector chamber are collected by the photodiode
in a negative high voltage. The energy resolutions of alpha particles emitted from the decays of the
daughter particles are measured to be better than 0.6% with very clean signals to be be identified. In
this presentation, We also made two more radon chamber detectors and have been testing them to
be used in the underground experiment facility. We will present performances of the radon chamber
detectors in the tests.

POSTER / 908

A study of cryogenic Li2MoO4 phonon-scintillation detectors for
AMoRE-II
Authors: Hyelim Kim1; Yong-Hamb Kim2; HongJoo Kim3; Jungho SoNone; Moohyun LEE4; Minkyu Lee5; Do-
hyung Kwon6; Inwook Kim7; JinA JeonNone; Hyejin Lee6; Seung-Yoon OhNone; Sora Kim2; Hyunsuk Jo6; Chang
Lee6; Chanseok Kang6; Seuncheon Kim6; Kyungrea Woo6
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We studied phonon and scintillation properties of Li2MoO4 crystals for the AMoRE-II (Advance
Molybdenum based Rare process Experiment - phase II), an experiment aiming at detecting neu-
trinoless double beta decay of 100Mo. The Li2MoO4 is one of promising crystal candidates among
molybdate crystals containing Mo element for a simultaneous detection of heat and light signals
at mK temperatures. It is advantageous to use the crystal in terms of crystal growth and internal
background control. We tested Li2MoO4 crystals in a low-temperature detection system for high
resolution phonon-scintillation measurement based on a metallic magnetic calorimeter (MMC) read-
out technology. We will present tests results of the Li2MoO4 crystals as target material and discuss a
feasibility for the large scale experiment, AMoRE-II, with about 200 kg of molybdate crystals.

POSTER / 775

Spin Light of Neutrino in Gamma-Ray Bursts
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The spin light of neutrino (SLν) 1 is the electromagnetic radiation emitted by a neutrino due to its
magnetic moment when the particle is moving in external environments, i.e. in the presence of
matter and/or electromagnetic or gravitational fields [1-3]. Within the developed quantum theory
of SLν in matter [4-6] it has been shown that the efficiency of this radiation increases with increase
in both the neutrino energy and the density of matter through which the neutrino is propagating.
Therefore, the most suitable astrophysical conditions for this phenomenon to be manifested in are
realized in Gamma-Ray Bursts (GRB) where generation of ultra-high energy neutrinos is anticipated
and the matter density can reach values on the order of the nuclear density [7]. In the present work
we discuss the possibility of the SLν radiation in GRBs during their prompt stage. We search for
conditions of the best radiation efficiency within the GRB site and describe the most important
radiation characteristics such as the total rate and power, the angular distribution and polarization.
On this basis we analyze the possibility to find the imprint of the SLν in the observed gamma-ray
flux.

POSTER / 861

Simulation Studies on Supernova Neutrino Detections in JUNO
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Supernova(SN) 1987A was the first detected neutrino burst in neutrino experiment. The Jiangmen
Underground Neutrino Observatory(JUNO) is an upcoming large liquid scintillator detector exper-
iment with an expected 3% energy resolution at 1 MeV and abundant light yield. These properties
make JUNO a powerful SN neutrino detector. In this poster, we present our simulation studies on
SN neutrino event selection efficiencies and purities for different detection channels involving dif-
ferent flavours of SN neutrinos. We demonstrate that pulse shape discrimination (PSD) technique is
effective in JUNO detector for separating different SN neutrino detection channels.

POSTER / 872

Cosmogenic Neutron Production at the Daya Bay Reactor Neu-
trino Experiment
Author: Xingtao HUANG1

1 Shandong University
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(On behalf of the Daya Bay Collaboration)
Neutrons are an important background for underground experiments studying neutrino oscillations,
searching neutrinoless double beta decay, dark matter, and other rare-event signals. This poster
presents a study of neutron production by cosmogenic muons at the Daya Bay Reactor Neutrino
Experiment, and gives the measurements of neutron yield for different values of average muon en-
ergy at different experimental sites of Daya Bay. The comparisons between the measurements and
predictions from Geant4 and Fluka are performed, showing some discrepancies between data and
MC. A power-law fit of the dependence of the neutron yield on average muon energy is obtained by
including the Daya Bay measurements with those from other experiments.

POSTER / 713

Search for dark matter production in association with a hadron-
ically decaying vector boson in pp collisions at

√
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the ATLAS detector at LHC
Author: Bibhuti Parida1
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We present a search for dark matter particles production in association with a hadronically decaying
vector boson with 36.1 fb−1 of pp collision data at a center-of-mass energy of

√
s = 13 TeV recorded

by the ATLAS detector at the LHC. In addition to hadronic decays of W and Z bosons, also the
decays of a new non-Standard-Model vector boson Z′ of unknown mass are considered here for the
first time. The results of the mono-W/Z search are interpreted in terms of limits on the invisible
Higgs boson decays into dark matter particles, constraints on the parameter space of the simplified
vector-mediator model and generic upper limits on the visible detector-level cross sections for the
W/Z+DM production. The results of the mono-Z′ search is shown in the frame of several simplified-
model scenarios involving the DM production in association with the Z′ boson. No significant excess
over the Standard Model prediction is observed.
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I will show how to parametrize the Standard Model and generic new-physics contributions by an
effective Lagrangian that includes higher-dimensional operators and discuss the constraints from the
unitarity of scattering amplitudes for 2 to 2 and 2 to 3 processes. The selected subset of operators is
motivated by composite-Higgs and Higgs-inflation models. The new physics effect can be potentially
discovered in multi-Higgs final states in both 14 and future 100 TeV colliders.
We study the gluon fusion and vector boson fusion processes at the hadron colliders. The sizable
contributions from new effective operators can largely increase the cross section and/or modify the
kinematics of the Higgs bosons in the final state. Taking into account the projected constraints from
single and double Higgs-boson production, we propose benchmark points in the new physics models
for the measurement of the triple-Higgs boson final state for future collider projects.

POSTER / 847
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We developed light detectors to measure scintillation signals from simultaneous phonon-scintillation
detection system for rare-event search experiments. The light detector is composed of a two-inch Ge
or Si wafer and a low-temperature sensor called Metallic Magnetic Calorimeter (MMC) operated at
milli-Kelvin range. The light detector showed promising performance for neutrinoless double beta
decay searches. The rise time of the light detectors are as fast as 0.2 ms independent of operating
temperatures. An energy resolution of 545 eV of FWHM are found at 40mK with Fe-55 source. Its
corresponding rms noise of the light detector is about 30 eV at 10 mK. The performance can be
improved even more through optimization of MMC sensors, wafer material selection, and phonon
amplifying technique using Neganov-Luke effect. In this poster, we introduce the current status and
future studies of light detector development.

POSTER / 919

Development of a multi channel silicon avalanche photodiode
sensor for low light imaging detection.
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The silicon avalanche photodiode (APD) is a highly sensitive semiconductor photo sensor that con-
verts lights to electrons by using the photoelectric effect with a high gain through avalanche mul-
tiplication in its pn junction. It has various preferable characteristics such as operating with high
quantum efficiency, large dynamic range, light-weight, robustness, insensitivity to magnetic field,
and measuring low amount of lights thanks to the gain of about 100. As a monolithic device, how-
ever, it has dimensions of 5 x 5 mm2 ˜ 16 x 16 mm2.
We have been developing the APD sensor for measurements of lights from scintillating crystals in
particle and nuclear physics experiments. We simulated the pn junction with high electric field of
about 400 V on n type substrate. Based on the simulation result, we designed and fabricated APD
sensors with arrays of 5 x 5 and 10 x 10 channels in an area of about 5 x 5 cm2 in order to cover a
big area with an imaging capability. We will present the simulation, design, and fabrication results
of the multichannel silicon APD sensors manufactured in Korea.

POSTER / 693
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Abstract: The transit time spread (TTS) is an important parameter of photomultiplier tube in the
high energy physics field. By the software of CST and Matlab, the theoretical model of the photo-
multiplier tube structure was established, and the particle sources theoretical model was established
according to the M-C integral sampling method of cosine distribution. Based on the establishment
of theoretical models, the trajectories of photoelectrons in the 20-inch microchannel plate photo-
multiplier were simulated. The influence of the focusing electrode structure and the divided voltage
ratio between the photocathode and the surface of the first microchannel plate on the TTS was
analyzed. The simulation results were that, the transit time spread was improved greatly by adjust-
ing the focusing electrode structure and the divided voltage, and the focusing electrode structure
looked like flower. According to the theoretical simulation results, the 20-inch microchannel plate
photomultiplier with TTS improved was produced. The TTS of the new 20-inch microchannel plate
photomultiplier with the flower-like focusing electrode was about 5 ns (FWHM), and the TTS of
the initial 20-inch microchannel plate photomultiplier was about 20ns. The TTS of the new 20-inch
microchannel plate photomultiplier was much better than the initial one. The research of improving
the TTS was in favor of enlarging the application of 20-inch microchannel plate photomultiplier in
the high energy physics field.
Keywords: transit time spread, microchannel plate, photomultiplier tube, focusing electrode.

POSTER / 710
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The matter unification, that is proposed by the Grand Unified theory (GUT),
predicts extra fields that couple to quarks and leptons, in order to realize the realistic Yukawa cou-
plings. In a simple setup, many fields, in which Higgs SU(2)L doublets are built, are introduced and
the realistic Yukawa couplings consist of the many Yukawa couplings between the Standard Model
(SM) fermions and the lightest mode among the Higgs doubles. The GUT symmetry breaks down at
the very high scale, and we can expect that the heavier Higgs fields do not also gain masses from the
GUT symmetry breaking and survive up to the EW scale. Then, we could find the predictions of the
matter unification for the low-energy observables. In this talk, we discuss the multi-Higgs doublet
models, that could be effectively induced by the extended SM with the matter unification. In par-
ticular, we focus on the predictions in the supersymmetric left-right (LR) model. In this model, the
down-type and the up-type Yukawa couplings are unified and the Yukawa couplings are expected
to be hermitian. Besides, the heavy Higgs doublets have flavor changing couplings with quarks and
leptons corresponding to the realization of the realistic fermion mass matrices. The LR symmetry is
assumed to break down at high energy, to realize the Type-I seesaw mechanism, and the EW sym-
metry breaking is radiatively realized. In this case, the flavor-dependent interaction of the Higgs
fields is one promising prediction, so that we especially discuss the flavor physics induced by the
heavy Higgs fields in my talk.

POSTER / 716

Spectral measurement of sinSq(2theta13) via neutron capture on
hydrogen at Daya Bay
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The Daya Bay experiment has measured sinSq(2theta13) and Delta(mSq32) with better than 4% pre-
cision using an IBD sample tagged via neutron capture on gadolinium (nGd). A precise and indepen-
dent measurement of the oscillation parameters can be done with IBDs tagged via neutron capture
on Hydrogen (nH), a statistically distinct sample with largely different systematic uncertainties. Ef-
fort has gone into developing an energy model that properly handles the extra energy leakage in
nH events and that enables a spectral measurement of reactor antineutrino disappearance with this
sample. Data-driven methods to precisely estimate the backgrounds and to better control the sys-
tematic uncertainties have also been developed. This work will be presented in this poster,alongside
the latest nH oscillation results from Daya Bay.

POSTER / 950

An Analysis of Bottom Mesons Decaying into Axial-Vector and
Pseudoscalar Mesons
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Two body nonleptonic weak decays of bottom mesons to a pseudoscalar meson & an axial-vector me-
son states have been studied within the overall non-relativistic quark model. For decays involving
charmed mesons, these decays have been studied by employing factorization hypothesis in heavy
quark symmetry approach. A thorough analysis of charmed meson decays of B-mesons using ISGW
model and lattice QCD-extracted form factors has been carried out. The B to D1 form factors have
been extracted from lattice QCD based predictions of Γ1/2 and Γ3/2 at zero recoil.
We have calculated various branching ratios and also compared them with existing theoretical analy-
sis. It has been found that the calculated results are in fair agreement with the available experimental
data.

PACS Numbers : 13.25.Ft, 14.40.cs, 14.40.Ev
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Scattered Kaon Study in the KOTO Experiment at J-PARC

Author: Stephanie SuNone
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The KOTO experiment aims to explore physics beyond the Standard Model (SM) by measuring the
branching ratio of KL → π0νν̄, which is predicted to be (3.0 ± 0.3) × 10−11 by the SM1. The
KL → π0νν̄ decay is characterized by a pair of photons from the π0 decay and no other detected
particles. The decay is identified by observing two photons with large transverse momentum on an
undoped Cesium Iodide (CsI) electromagnetic calorimeter and no other signals on the hermetic veto
detectors.

Kaons decay outside the beam line with final product of two photons, such as KL → γγ and
KL → π+π−π0, can appear to have large transverse momentum due to kaon scattering and beam
interaction with the detectors. These off-axis kaon decay events can impact the upper limit of
KL → π0νν̄ branching ratio. Aluminum targets located at the upstream of the KOTO detector
and inside the decay-volume were used to study kaon beam profile, which provided off-axis kaon
decay vertex information. The beam profile provided insights on background contributions to the
signal. Studies on the kaon beam profile and background identification from kaon scattering will be
presented.

Reference
1 A. J. Buras, D. Buttazzo, and R. Knegjens, “K+ → π+νν̄ and KL → π0νν̄ in the Standard Model:
Status and Perspectives”, J. High Energ. Phys. \textbf{2015} 166 (2015)
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The recursive jigsaw reconstruction technique provides a powerful way to tackle challenging SUSY
final states with multiple missing particles. By altering the input “decay tree” we demonstrate a
new approach to considering compressed SUSY signatures from a variety of different sources. The
imposition of this decay tree provides a clear way to define which objects are associated with decay
states and to partition the visible an invisible objects in a given system. From the imposition of
a series of rules, a set of variables emerge, providing a method to distinguish BSM physics cases
from the pernicious standard model backgrounds present. These allow sensitivity to signals without
having to apply harsh cuts on object momenta or invisible momenta leading to selecting events in
unique regions of phase-space.

We introduce this new approach, comparing it briefly to other methods used to probe for BSM physics
and demonstrate it’s power through application to several final states sensitive to new physics. We
will further touch on the applicability of this same method to other physics processes where the use
of conventional kinematic handles is challenging.

POSTER / 857

The tunable microwave cavity for pilot axion experiment at IBS/CAPP

Author: Ohjoon Kwon1

Co-authors: Woohyun Chung 2; Doyu Lee 2; Jinsu Kim 3; Danho Ahn 3

1 Institute for Basic Science
2 Center for Axion and Precision Physics Research, IBS
3 KAIST

Corresponding Authors: kjs098@kaist.ac.kr, lion99999@kaist.ac.kr, du5698@kaist.ac.kr, o1tough@gmail.com,
gnuhcw@ibs.re.kr

A Pilot experiment of CULTASK (CAPP’s Ultra Low Temperature Axion Search in Korea) started to
take axion data in the frequency range between 2.45˜2.75GHz with a specially designed microwave
cavity. The conventional design, i.e., the open cylinder with two disk shaped endcaps, creates crit-
ical reduction on quality factor (Q factor) of the cavity due to the perpendicular crossing between
the discontinuity of cavity and the current flow of TM010 mode. We have fabricated the cavity by
cutting the copper rod vertically and digging the inside of two halves of the cylinder. The Q fac-
tor measurements perfectly agree with the finite difference time domain (FDTD) simulation results
whereas conventional horizontal cut cavities have shown near 10% degradation. We have tuned the
resonant frequency of the cavity with ˜ 1 kHz resolution by changing horizontal position of sapphire
or copper rod which is controlled by Attocube piezoelectric actuators. The geometrical factor was
more than 0.55 over all frequency range and the Q factor was more than 80,000 with copper rod
and more than 100,000 with sapphire rod. I will present the details of the resonant cavity R&D and
discuss the future plans.

POSTER / 864

Development of Slow Control Package for the Calorimeter Trig-
ger System at the Belle II Experiment

Authors: Cheolhun KimNone; SungHyun Kim1; Insoo Lee1; YoungJun Kim2; HanEol Cho1; Yuji Unno1; Byunggu
CheonNone

1 Hanyang University
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The Belle II experiment at the SuperKEKB e+e- collider in KEK, Japan does start physics data-taking
from early of 2018 with primary physics goal that is to probe the New Physics effect using heavy
quark and lepton weak decays. During trigger and DAQ operation upon beam collision, it is im-
portant that Belle II detector status have to be monitored during data-taking against an unexpected
situation. Slow control system, built in the Control System Studio (CSS) which is a GUI window de-
sign tool based on Eclipse, is one of monitoring systems in Belle II operation. NSM(Network Shared
Memory) is a core technique of slow control system which make it possible for all systems connected
to belle II server share data. With NSM, database and archiver servers are connected to slow control
system. Experimental parameters are downloaded to Belle II main database server which is based
on PostgreSQL. Real-time results are stored in archiver server which is based on EPICS(The Experi-
mental Physics and Industrial Control System) archiver appliances and tomcat which is open-source
java servlet container. In this study, we report the development of slow control system for the Belle
II electromagnetic calorimeter (ECL) trigger system.

POSTER / 875

Bound eigenstates for Yukawa potential through Matrix repre-
sentation
Authors: Soyeon Cho1; Jin Hee Yoon1

1 Inha University (KR)

Corresponding Authors: jinyoon@inha.ac.kr, soyeon.cho@cern.ch

We study the new numerical method to solve the Schrödinger equation with no analytic solution.
As an example, we tried the Yukawa potential, which is popular in most areas of physics, especially,
quark-quark interaction in high-energy physics. This method is based on the basic principle in quan-
tum physics that all particle states are represented by the complete set of eigenbases.
In this method, we need to select potential which is similar to the real potential with analytic eigen-
states. For the Yukawa potential, the Coulomb potential can be a powerful candidate for this basis
potential. We study the validity of the method depending on the Coulomb strength and on the num-
ber of eigenbases included in the numerical calculation.
The Coulomb strength is controlled by the coupling constant, which is determined to give the small-
est energy eingenvalues when the basis potential is similar to the real potential. When the screen-
ing parameter less than around 0.02/a0\, constant coupling constant for a given screening parameter is
enough for eigenenergies with 90% accuracy. However, in the opposite case, the coupling constant need
to be changed. When screening parameter is 0.2/a0\, the coupling constant needs to be set as 0.983,
0.947, 0.890 for 1s, 2s and 2p, respectively, to keep the accuracy within 90%.
The number of eingenbases is the dimension of matrix to be treated and it affects the calculation
time severely. Therefore we cannot choose as many as we want. We study the minimum number
of eigenbases to secure the 90% accuracy and find that at least 1.2 times higher states than the ones
we target are necessary. Also the set of eigenbases should start from the lowest state even for the
intermediate states, because lower states also play quite a role for higher states.
The method is very efficient in a sense that all bound energies and eigenstates are obtained at
the same time. The precision in the numerical calculation should be set smaller than the energy
differences between states. Our method is very general and can be adopted for other potential
cases.

(* a0 is bour radius)

POSTER / 916
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An R&D of Molybdate scintillating crystals for the AMoRE phase-
II
Author: Jungho So1

Co-authors: Chulho Lee 1; Daehoon Ha 2; Daeyeon Kim 1; Douglas Leonard 1; Eunju Jeon 1; Eunkyung Lee 1;
Hongjoo Kim 2; Hyangkyu Park 3; Hyelim Kim 2; Jooyoung Lee 2; Jukyung Son 1; Junseok Choi 1; Keonah Shin
1; Moohyun Lee 1; Olga Gileva 1; Sejin Ra 1; Woongu Kang 1; Yeongduk Kim 1; Yonghamb Kim 1; Youngsoo Yoon
1

1 Center for Underground Physics
2 Kyungpook National University
3 Korea University

Corresponding Author: jhso50@gmail.com

The AMoRE (Advanced Molybdenum based Rare process Experiment) project is an experiment aim-
ing for searching the neutrinoless double beta decay of 100Mo. The planned technique is a com-
bination of 200 kg of X-Molybdates (˜100 kg of 100Mo and X candidates are Ca, Li, Na, and Pb.)
scintillating crystals as an absorber and metallic magnetic calorimeter (MMC) sensor as a heat and
light signal detector at mK temperatures.

1.8 kg of 40Ca100MoO4 (48Ca depleted, 100Mo enriched) scintillating crystals are currently installed
in the AMoRE-pilot experiment and two candidate crystals, Na2MoO7 and Li2MoO4, have been
being investigated for the large scale experiment with their easiness in crystal growth and internal
background control.

The AMoRE phase-II with 200 kg of molybdate crystals aims to reach the range of the inverted
neutrino mass hierarchy for an effective Majorana neutrino mass sensitivity of 10˜30 meV which
can be obtained by a zero background (˜1 x 10−4 count/keV/kg/y in total) experiment. In order to
obtain the mass sensitivity, the internal background levels of the crystal are estimated to be less than
15 µBq/kg for 226Ra and 1.5 µBq/kg for 228Th.

We will report the current status of the R&D of molybdate crystals for the AMoRE phase-II.

POSTER / 879

The Top Tracker detector of the JUNO experiment
Authors: Joao Pedro Athayde Marcondes de Andre1; Marcos Dracos2; Yuri Gornushkin3

1 Michigan State University/IceCube
2 Institut Pluridisciplinaire Hubert Curien (FR)
3 Joint Institute for Nuclear Research (RU)

Corresponding Authors: marcos.dracos@cern.ch, yuri.gornouchkine@cern.ch, jp_cern@m4x.org

The JUNO (Jiangmen Underground Neutrino Observatory) experiment is under preparation in China.
The project’s main goal is to determine the neutrino mass ordering via the precise measurement of
the energy spectrum of antineutrinos emitted from nuclear reactors located 53km from the JUNO
detector. Data taking is expected to begin in 2021.

In order to achieve JUNO’s goals, it is essential to be able to measure the reactor neutrino spectrum
with an energy resolution better than 3%. It is also essential to be able to suppress or control the
background processes rate, as these processes may produce events with the same signature as those
from the neutrino interactions in the central detector. While there are several sources of background,
the most dangerous one is the cosmogenic isotopes produced in nuclear spallation processes by
atmospheric muons in the detector volume.
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The Veto system of the JUNO detector is designed to measure, and characterize the muon flux in the
detector as well as to reduce the cosmogenic isotopes’ contribution to the antineutrino spectrum.
This system consists of the Top Tracker and the Water Cherenkov detector surrounding the Central
Detector which is responsible for measuring the antineutrino energy spectrum. The Top Tracker
consists of three layers of two-dimensional detectors made of scintillator strips and will cover about
1/3 of the surface above the Central and Water Cherenkov detectors. The role of the Top Tracker
will be to detect atmospheric muons and to reconstruct precisely their trajectory in JUNO in order
to study the cosmogenic background production and to supress its contribution.

This poster will discuss the JUNO detector’s Top Tracker current design and expected performance.

POSTER / 900

Measurements of internal alpha activities in the AMoRE-pilot
CaMoO4 crystals
Authors: Young Soo Yoon1; Yoomin Oh1; Yeongduk Kim1; Hyunsoo Kim2; Kyungmin Seo1

1 Institute for Basic Science
2 Sejong University (KR)

Corresponding Authors: ysy@ibs.re.kr, hyunsoo.kim@cern.ch, sukm2000@gmail.com, ohyoumean@gmail.com

AMoRE (Advanced Mo-based Rare process Experiment) is an experimental search for neutrino-
less double beta decay of Mo-100. A pilot experiment, AMoRE-Pilot, has been operating with six
40Ca100MoO4 (CMO) crystals, total mass 1.9 kg, in a cryostat at the Yangyang underground labora-
tory (Y2L), with an overburden of 700 m. It is unavoidable that the materials of the crystals suffer
from some contaminations of radioactive isotopes such as U-238, Th232, U-235, and their decay par-
ticles. They can originate from the chemical powders that were used to grow the crystals and/or
may be introduced during the crystal growing and polishing procedures. From fits to the measured
energy spectra for background alpha decay events, the levels of contamination from U-238, Th-232,
U-235, and their decay particles can be estimated. The estimated information can be used to pro-
vide important input to the development strategies for reducing backgrounds in the future crystals.
We will present preliminary results of internal alpha activity measurements in the AMoRE-Pilot
crystals.

POSTER / 915

An improved Pulse Shape Discrimination (PSD) method to detect
directly for a non-baryonic dark matter
Author: Jong-Kwan Woo1

Co-author: Dong Liu 1

1 Jeju National University

Corresponding Authors: liudongcn@jejunu.ac.kr, w00jk@jejunu.ac.kr

For the several decades, the non-baryonic dark matter has been searched in many ways and by many
research teams. Non-baryonic dark matter is known as a weakly interaction and neutral particle. In
the direct detection ways, it is not easy to identify a non-baryonic dark matter from other particles,
such as gamma ray and neutron, due to its electric neutrality. So, the identification of neutral particle
is an essential part for the direct detection method of dark matter in a cosmic ray free laboratory
with a detector made of radioactive free materials.
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A pulse shape discrimination (PSD) method was introduced more than fifty years ago. And it has
been used by various elementary particle experiments. We need a more precise PSD method to
detect directly dark matter interacting rarely.

We can see the primary and the secondary signals in the scintillation produced by an elastic scatter-
ing between an incident particle and a target atom. The primary signal is composed of the scintilla-
tions from an excitation process of target nuclear and an ionization process of target atom while the
secondary signal is composed of scintillation from ionization process, only. The ratio of scintillations
from excitation and ionization processes gives the clue to identify the neutral particles.

Here, we introduce an improved way to separate the primary signal into the scintillations induced
by excitation and ionization processes through the elastic scattering between a target atom and a
non-baryonic dark matter. This separation of primary signal can provide a big hint to identify a
non-baryonic dark matter.

POSTER / 960

Fast Calorimeter Simulation in ATLAS
Authors: ATLAS CollaborationNone; Stefan Gadatsch1

1 Universite de Geneve (CH)

Corresponding Author: stefan.gadatsch@cern.ch

Successful physics and performance studies of the ATLAS detector at the Large Hadron Collider rely
on a large number of simulated events. The production of these simulated events with the precise
detector description using GEANT4 is highly CPU intensive. With the large collision dataset ex-
pected to be collected by the ATLAS detector, the development of a simulation tool to reduce CPU
requirements is imperative. During the LHC Run-1, a fast calorimeter simulation (FastCaloSim)
was successfully used by ATLAS. FastCaloSim utilizes a parametrization of the energy response of
particles at the calorimeter read-out cell level, taking into account the lateral shower profile and
the correlation of the energy deposition among various calorimeter layers. The tool is interfaced
to ATLAS digitization and reconstruction software and provides a calorimeter simulation approx-
imately 500 times faster than GEANT4. An improved version of FastCaloSim is currently under
development to further optimize the CPU and memory requirements and to improve the physics
description. The new FastCaloSim implements machine learning techniques, such as principal com-
ponent analysis and neural networks to optimize the amount of information stored in the ATLAS
simulation infrastructure. These techniques improve the physics modeling and enhance the perfor-
mance by reducing the I/O time and the memory usage during simulation. In this talk, the new
FastCaloSim parameterization will be described, its performance will be quantified and its physics
applications discussed.

POSTER / 965

Indirect search for light charged Higgs bosons through the domi-
nant semileptonic decays of top quark t→ b(→ B/D+X)+H+(→
τ+ντ)

Author: Moosavi Nejad S. Mohammad1

1 Yazd University, Yazd, Iran

Corresponding Author: moosavinejad@cern.ch

In this work we introduce a new channel to indirect search for the light charged Higgs bosons,
which are predicted in several extensions of the standard model (SM) such as the two-Higgs-doublet
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models (2HDMs). We calculate the calO(αs) QCD radiative corrections to the energy distribution
of bottom- and charmed-flavored hadrons (B/D) produced in the dominant decays of the polarized
top quark in the 2HDM, i.e. t(↑) −→ b(→ B/D + jet) +H+(→ τ+ντ ). %This analysis is studied
in a specific helicity coordinate system where the polarization vector of the top quark is evaluated
with respect to the momentum direction of the bottom quark.
Generally, the energy distribution of hadrons is governed by the unpolarized rate and the polar and
the azimuthal correlation functions which are related to the
density matrix elements of the decay t(↑) → bH+.
In our proposed channel, any deviation of theB/D-meson energy spectrum from its corresponding
SM predictions can be considered as a signal for the existence of charged Higgs at the LHC. We
also calculate, for the first time, the azimuthal correlation rate Γϕ at next-to-leading order which
vanishes at the Born level.

POSTER / 972

Flavour Physics at FCC-ee
Author: Markus Klute1

1 Massachusetts Inst. of Technology (US)

Corresponding Author: markus.klute@cern.ch

A possible long-term strategy for high-energy physics at colliders, after the exploitation of the LHC
and its High Luminosity upgrade, considers a tunnel of about 100 km circumference, which takes
advantage of the present CERN accelerator complex. The Future Circular Collider (FCC) concept
follows on the successful experience and outcomes of the LEP-LHC tunnel. A possible first step of
the project is to fit in the tunnel a high-luminosity e+e− collider aimed at studying comprehensively
the electroweak scale with centre-of-mass energies ranging from the Z pole up to beyond the tt̄
production threshold. A 100 TeV proton proton collider is considered as the ultimate goal of the
project.

Future Circular Collider study groups have been formed in a design study hosted by CERN, aiming at
a Conceptual Design Report and a review cost in time for next European Strategy milestone foreseen
in 2019.

The unprecedented statistics at the Z pole (calO(1012−13) Z decays potentially delivered by the
high-luminosity e+e− collider can be studied in particular to explore further the Flavour Physics
case at large. We will discuss the Physics potential of the measurements of rare decays of b-hadrons,
which can complement the knowledge and anticipated results from the current and foreseen b-
Physics programs (LHCb upgrade and SuperKEKB B-factory). The large statistics at the Z pole
can be used as well to scrutinize Lepton Flavour Violating Z decays, which would serve as an in-
disputable evidence for Beyond Standard Model Physics if seen. The precision expected for specific
rare decays as well as for CP violation phenomena observables, in the current stage of the Design
Study, will be reviewed.

POSTER / 1009

Improved determination of d(x) − u(x) flavor asymmetry in the
proton by data from the BONuS experiment at JLAB and using
an approach by Brodsky, Hoyer, Peterson, and Sakai
Author: Maral Salajegheh1
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The experimental data taken from both Drell-Yan and deep-inelastic scattering (DIS) experiments
suggest a sign-change in d̄(x)− ū(x) flavor asymmetry in the proton at large values of momentum
fraction x.
In this work, we present a phenomenological study of d̄(x)− ū(x) flavor asymmetry.
First, we extract the d̄(x)−ū(x) distribution using the more recent data from the BONuS experiment
at Jefferson Lab on the ratio of neutron to proton structure functions, Fn

2 /F
p
2 ,

and show that it undergoes a sing-change and becomes negative at large values of momentum frac-
tion x, as expected.
The stability and reliability of our obtained results have been examined by including target mass
corrections (TMCs) as well as higher twist (HT) terms which are particularly important
at the large-x region at low Q2.
Then, we calculate the d̄(x)− ū(x) distribution
using the Brodsky, Hoyer, Peterson, and Sakai (BHPS) model and show that if one chooses a mass
for the down quark smaller than the one for the up quark it leads to a better description for the Fer-
milab E866 data. In order to prove this claim, we determine the masses of down and up sea quarks
by fitting to the available and up-to-date experimental data for the d̄(x)− ū(x) distribution. In this
respect, unlike the previous performed theoretical studies, we have shown that this distribution has
a sign-change at x > 0.3 after evolution to the scale of available experimental data.

POSTER / 1012

An updated design of the read out link and control board for the
Phase-2 upgrade of the ATLAS Tile calorimeter.

Authors: Eduardo Valdes Santurio1; Samuel Silverstein1; Christian Bohm1

1 Stockholm University (SE)

Corresponding Authors: silver@fysik.su.se, bohm@fysik.su.se, eduardo.valdes@cern.ch

The ATLAS hadronic Tile Calorimeter (TileCal) is being upgraded for the High Luminosity Large
Hadron Collider (HL-LHC) that will have a peak luminosity of 5×1034 cm−2 s−1, five times higher
than the design luminosity of the LHC. Following the R&D of the new on-detector electronics, we
present a redesign of the read out link and control board, so called Daughterboard (DB). The upgraded
system will include 1024 DBs that will serve 12 photomultiplier (PMT) channels each, while handling
the control and communication between the front-end and off-detector electronics. The DB pro-
vides continuous high-speed readout of two gains of digitized PMT data samples to the off-detector,
while receiving configuration, control and timing that distributes to the front-end, all over multi-
gigabit optic links. Four SFP+ modules service 4 × 9.6 Gbps uplinks and 2 × 4.8 Gbps downlinks,
handled respectively by two re-programmable Kintex Ultrascale+ Field Programmable Gate Arrays
(FPGAs) and two CERN-developed gigabit link application-specific integrated circuits (GBTx). The
GBTx recovers and distributes LHC synchronized phase configurable clocks that drive the FPGAs
transceivers and the Analog to Digital Converters readout. Additionally, the GBTx drives a config-
uration bus that propagates slow control commands to the FPGAs and allows remote access to the
FPGAs JTAG chains and configuration memories. Better high-speed uplink timing and improved
radiation tolerance have been achieved by migrating the previous design from the Xilinx Kintex-7
FPGAs to the Kintex Ultrascale+ architecture. The new Ultrascale+ FPGAs handle the propagation
of clocks and configuration commands while formatting the readout data to be sent off-detector via
GTY transceivers. The DB has a double redundant radiation tolerant design that eliminates virtually
all possible single failure points, consequently only two uplinks and one downlink are required for
nominal running. With the purpose of minimizing radiation-induced errors and enhance data reli-
ability: Triple Mode Redundancy (TMR) is implemented in the FPGA firmware, Cyclic Redundancy
Check error verification is used in the redundant uplinks, while Forward Error Correction is handled
by each GBTx in each downlink.
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POSTER / 958

High Precision Magnetic Field Measurement for the Muon g-2 Ex-
periment
Author: Peter Winter1

1 Argonne National Laboratory

Corresponding Author: winterp@anl.gov

The Muon g-2 Experiment (E989) at Fermilab will measure the anomalous magnetic moment of the
muon, aµ with a precision of 140 part-per-billion (ppb), aiming at resolving the >3 standard devia-
tions between the previous measurement at Brookhaven (E821) and the Standard Model calculation
of aµ.
The experimental concept uses a polarized muon beam stored in an extremely homogeneous storage
ring magnetic field. Parity violation in the weak decay is used as a spin analyzer; the detected rate of
the decay electrons oscillates with the frequency, ωa, in the magnetic field expressed in terms of the
free proton Larmor frequency, ωp. Since aµ is derived from the ratio of ωa and ωp, both are equally
important and systematic uncertainties must be kept below 70 ppb for each observable.
A magnetic field measurement system was developed to measure the magnetic field experienced
by the muons with an ultimate precision of 70 ppb. 378 new Nuclear Magnetic Resonance (NMR)
probes and readout electronics were developed and installed to constantly monitor the field. An up-
graded in-vacuum field mapping system scans the muon storage region over the full azimuth of the
magnet. A special water-based NMR probe which has a well-measured geometry and low magnetic
perturbation was designed to calibrate the probes of the field mapping system. All systems were
successfully commissioned, and are currently in full operation for the first physics data taking run
that started in February 2018. In this presentation, we will present an overview of the entire field
measurement system and show preliminary results from the ongoing physics data taking.

POSTER / 1041

Usage of tracking in the CMS Level-1 trigger for the High Lumi-
nosity LHC Upgrade
Author: Chang-Seong Moon1

1 Kyungpook National University (KR)

Corresponding Author: chang-seong.moon@cern.ch

At the High Luminosity LHC (HL-LHC), the CMS experiment will face a harsh environment with a
high instantaneous luminosity up to 5x10ˆ34/cmˆ2/s corresponding to an average of 140-200 multiple
proton-proton collisions per bunch crossing. The main goal of the CMS Level 1 trigger (L1T) upgrade
for the HL-LHC is to maintain trigger thresholds that are as low as possible and comparable to those
currently in use at the LHC, and to possibly include new triggers that were not feasible at the LHC.
This will be achieved by upgrading the detector readout electronics, to allow a much larger L1T rate,
and by including, for the first time, tracking information in the L1 trigger. Examples of how this
tracking information can be used to reduce the L1 trigger rates are presented here.

POSTER / 1128

PROBING OF XYZ-MESON STRUCTURE USING ANTIPROTON
BEAM WITH MOMENTUN UP TO 15 GeV/c
Author: Mikhail Barabanov1
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The spectroscopy of charmonium-like mesons with masses above the DD\bar threshold has been full
of surprises and remains poorly understood. The currently most compelling the-oretical descriptions
of the mysterious XYZ mesons attributes them to higher lying char-monum states, hybrid structure
with a tightly bound cc\bar diquark or a cq(cq’)\bar tetraquark core that strongly couples to S-wave
DD\bar molecule-like structures. In this picture, the production of a XYZ particle in high energy
hadron collisions and its decays into light hadron plus charmonum final states proceed via the core
component of the meson, while decays to pairs of open charmed mesons proceed via the DD\bar com-
ponent. Until now charmonium-like spectroscopy represents a good testing tool for the theories of
strong inter-actions, including: QCD in both the perturbative and non-perturbative regimes, LQCD,
po-tential models and phenomenological models. The experiments with antiproton-proton annihila-
tion are well suited for a comprehensive spectroscopy program, in particular, to test the structure of
XYZ mesons. These states can be produced abundantly, and their properties can be studied in detail.
For this purpose an elaborated analysis of the main character-istics of charmonium-like spectrum
is given. The recent experimental data from different col-laborations (BaBar, Belle, BES, LHCb) are
analyzed. A special attention was given to the re-cently revealed XYZ states. The attempts of their
possible interpretation are considered. Some of these states can be interpreted as higher lying char-
monium and tetraquarks candidates. Much more data on different decay modes are needed before
firmer conclusions can be made. These data can be derived from the experiment using a high quality
antiproton beam with momentum up to 15 GeV/c.

POSTER / 1127

PERSPECTIVE STUDY OF CHRMONIUM, EXOTICS AND BARYONS
WITH CHARM AND STRANGENESS

Author: Mikhail Barabanov1

1 JINR

Corresponding Author: barabanov@jinr.ru

The spectroscopy of charmonium-like states together with the spectroscopy of charmed and strange
baryons is discussed. It is a good testing tool for the theories of strong interactions, including: QCD
in both the perturbative and non-perturbative regimes, LQCD, potential mod-els and phenomeno-
logical models [1, 2, 3]. An understanding of the baryon spectrum is one of the primary goals of
non-perturbative QCD. In the nucleon sector, where most of the exper-imental information is avail-
able, the agreement with quark model predictions is astonishingly small, and the situation is even
worse in the strange and charmed baryon sector. The experi-ments with antiproton-proton anni-
hilation are well suited for a comprehensive spectroscopy program, in particular, the spectroscopy
of charmonuim-like states and flavour baryons. Charmed and strange baryons can be abundantly
produced, and their properties can be studied in detail. For this purpose an elaborated analysis
of charmonium and exotics spec-trum together with spectrum of charmed and strange baryons is
given. The recent experimental data from different collaborations are analyzed. A special attention
was given to the recently discovered XYZ-particles. The attempts of their possible interpretation
are considered. The results of physics simulation are obtained. Some of these states can be inter-
preted as higher-lying charmonium and tetraquarks with a hidden charm. It has been shown that
charge/neutral tetraquarks must have their neutral/charged partners with mass values which differ
by few MeV. This hypothesis coincides with that proposed by Maiani and Polosa. Heavy baryons
with charm and strangeness are expected to exist. But much more data on different decay modes
are needed before firmer conclusions can be made. These data can be derived from the experiments
using a high quality antiproton beam with momentum up to 15 GeV/c.

Quark and Lepton Flavor Physics / 149
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Measurements of heavy flavor properties at CMS
Author: Po-Hsun Chen1

1 National Taiwan University (TW)

Corresponding Author: po-hsun.chen@cern.ch

Recent measurements of the properties of heavy flavor particles at CMS, based on data collected at
Run 1 and Run 2 of the LHC, are presented. Reported results include, among the others, measure-
ments of lifetimes, masses and branching ratios of B hadrons and heavy quarkonia.

Quark and Lepton Flavor Physics / 198

Hadronic decays of D0(+) and D+
s at BESIII

Authors: BESIII CollaborationNone; Liaoyuan Dong1

1 Institute of High Energy Physics, CAS, China

Corresponding Authors: aaa1969@gmail.com, fabrizio.bianchi@to.infn.it

BESIII collected 2.93 and 3.2 fb−1 of data at
√
(s) = 3.773 and 4.178 GeV, respectively. Many

hadronic decays ofD0(+) andD+
s have been studied. In this talk, the measurements of the branching

fractions ofD0(+) → PP (P=Peudecalor) decays, the observations of the baryonic decayD+
s → pn̄

and the pure W-annhilation decay D+
s → ωπ+ as well as the amplitude analyses of the multi-

body decays D0 → K−π+π0π0,K−π+π+π−, D+ → Ksπ
+π+π− and D+

s → ηπ+π0 will be
presented.

Quark and Lepton Flavor Physics / 197

Leptonic and semi-leptonic decays of charmed mesons at BESIII

Author: BESIII CollaborationNone

Corresponding Authors: chenjc@ihep.ac.cn, fabrizio.bianchi@to.infn.it

BESIII accumulated the world largest samples of e+e− collision at
√
(s) = 3.773 and 4.178 GeV. The

purely leptonic decaysD+
(s) → l+ν, and the semi-leptonic decays ofD0 → K(π)−e+ν,K(π)−µ+ν,

ρ−e+ν;D+ → K0(π0)e+ν,K0(π0)µ+ν;D+
s → K(∗)0e+ν and η(′)e+ν have been studied. We will

report the improved measurements of the branching fractions of these decays, of the CKM matrix
elements |Vcs(d)|, of the D+

(s) decay constants, and of the form factors of D(s) semi-leptonic decays.
These results are important to calibrate the LQCD calculations of D+

(s) decay constants and form
factors as well as to test the CKM unitarity.

Quark and Lepton Flavor Physics / 151

Rare decays at CMS
Author: Kai-Feng Chen1
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1 National Taiwan University (TW)

Corresponding Author: kai-feng.chen@cern.ch

With the large integrated luminosity collected and the high efficiency of its di-muon triggers, the
CMS experiment is a privileged test bench for rare decays involving heavy flavors. We report about
the most recent measurements based on LHC Run 2 data, including decays of B and tau particles to
muons and rare vector boson decays to heavy flavors.

Quark and Lepton Flavor Physics / 152

Angular analyses at CMS
Author: Geng Chen1

1 Peking University (CN)

Corresponding Author: normanaachen@gmail.com

Angular analyses of penguin B hadron decays such as B0->Kll constitute one of the main indirect
probes of new physics at LHC, due to the clean theoretical predictions and precise experimental results
that can be obtained. In this report we present the most recent results of the CMS experiment on this
subject, including the measurement of the P1 and P5’angular variables in B0->Kmumu decays and the
angular analysis of the B+->K+mumu process.
Files

Quark and Lepton Flavor Physics / 70

Lepton flavor violation and seesaw models at future lepton col-
liders
Author: Yongchao ZhangNone

Corresponding Author: yongchao2228@gmail.com

Many new physics scenarios beyond the Standard Model often necessitate the existence of a (light)
neutral scalar H, which might couple to the charged leptons in a flavor violating way, while evading
all existing constraints. Such scalars could be effectively produced at future lepton colliders like
CEPC, ILC and FCC-ee, either on-shell or off-shell, and induce lepton flavor violating (LFV) signals.
We find that a large parameter space of the scalar mass and the LFV couplings can be probed, well
beyond the current low-energy constraints in the lepton sector. Important implications for some of
the well-motivated seesaw models will also be mentioned.

Quark and Lepton Flavor Physics / 883

Connecting b→sμμ anomalies to enhanced rare nonleptonic B_s
decays in Z’ model
Author: Gaber Faisel1

Co-author: Jusak Tandean 2

1 Suleyman Demirel University
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2 National Taiwan University

Corresponding Author: jtandean@phys.ntu.edu.tw

The anomalies recently observed in b→sμμ data could be early signals of physics beyond the standard
model (SM) in b→s transitions. Assuming this to be the case, we consider a scenario in which a
Z’ boson is responsible for the anomalies. We further assume that its interactions also affect rare
nonleptonic decays of the B<sub><i>s</i></sub> meson which tend to be dominated by electroweak-
penguin contributions and are purely isospin-violating. Most of these B<sub><i>s</i></sub> decays
are not yet observed, and their rates are expected to be relatively small in the SM. Taking into
account various constraints, we find that the Z’ effects can enhance the rates of some of these decays,
particularly B<sub><i>s</i></sub>→ηπ,<small> </small>ϕπ, by up to an order of magnitude. This
Z’ scenario is therefore potentially testable in upcoming experiments at LHCb and Belle II.

Quark and Lepton Flavor Physics / 952

Towards establishing New Physics in B0 → K∗0ℓ+ℓ− decays
Authors: Andrea Mauri1; Nicola Serra2; Rafael Silva Coutinho2

1 Zurich University
2 Universitaet Zuerich (CH)

Corresponding Authors: rafael.silva.coutinho@cern.ch, nicola.serra@cern.ch, a.mauri@cern.ch

Rare semileptonic b→ sℓ+ℓ− transitions provide some of the most promising framework to search
for New Physics effects.
Recent analyses have indicated an anomalous pattern in measurements of lepton-flavour-universality
observables.
We propose a novel approach to independently and complementary clarify the nature of these effects
by performing a simultaneous amplitude analysis ofB0 → K∗0µ+µ− andB0 → K∗0e+e− decays.
This method allows the direct determination of the difference of the Wilson Coefficients calC9 and
calC10 between electrons and muons,
and are found to be insensitive to both local and non-local hadronic contributions.
We show that considering the current preferred New Physics scenario a first observation of LFU
breaking in a single measurement is possible with LHCb Run-II dataset.

Quark and Lepton Flavor Physics / 1003

Optimising sensitivity to γ with B0→DK+π−, D→K0Sπ+π− dou-
ble Dalitz plot analysis
Authors: Timothy Gershon1; Daniel Charles Craik2; Anton Poluektov1

1 University of Warwick (GB)
2 Massachusetts Inst. of Technology (US)

Corresponding Authors: anton.poluektov@cern.ch, daniel.charles.craik@cern.ch, tim.gershon@cern.ch

Two of the most powerful methods currently used to determine the angle γ of the CKM Unitarity Tri-
angle exploit B+→DK+, D→K0Sπ+π− decays and B0→DK+π−, D→K+K−, π+π− decays. It is pos-
sible to combine the strengths of both approaches in a “double Dalitz plot”analysis of B0→DK+π−,
D→K0Sπ+π− decays. The potential sensitivity of such an analysis is investigated in the light of
recently published experimental information on the B0→DK+π− decay. The formalism is also ex-
panded, compared to previous discussions in the literature, to allow B0→DK+π− with any subse-
quent D decay to be included.
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Quark and Lepton Flavor Physics / 200

Λ+
c physics with BESIII threshold data

Authors: BESIII CollaborationNone; Haiping Peng1

1 University of Science and Technology of China (CN)

Corresponding Authors: haiping.peng@cern.ch, fabrizio.bianchi@to.infn.it

The BESIII detector accumulated 567 pb−1 of data at the center-of-mass energy of 4.6 GeV, which is
the world’s largest e+e− sample at the Λc pair threshold. By analyzing this data sample, we report
the determinations of the absolute branching fractions of the semi-leptonic decays of Λ+

c → Λe+ν
andΛµ+ν, the hadronic decays ofΛ+

c → pKs, pK
−π+, pKsπ

0, pKsπ
+π−,Λπ+,Λπ+π0,Λπ+π+π−, pK−π+π0,Σ0π+,Σ+π0,Σ+π+π−,Σ+ω, nKsπ

+, pπ+π−, pK+K−, pπ0, pη,Σ−π+π+

and Σ−π+π+π0, as well as the inclusive Λ and electron decays. The accurancies of the absolute
branching fractions for most decays are improved significantly compared to the previous measure-
ments. We will aslo report cross section measurement of e+e− → Λ+

c Λ
−
c near threshold at BE-

SIII.

Quark and Lepton Flavor Physics / 495

CP asymmetries in charm decays into neutral kaons

Author: Fu-Sheng YuNone

Corresponding Author: yufsh@lzu.edu.cn

We find a new CP -violation effect in charm decays into neutral kaons,
which results from the interference between two tree (Cabibbo-favored
and doubly Cabibbo-suppressed) amplitudes with the mixing of final-state
mesons. This effect, estimated to be of an order of 10−3, is much
larger than the direct CP asymmetries in these decays, but missed in
the literature. It can be revealed by measuring the difference of the
time-dependent CP asymmetries in the D+ → π+K0

S and
D+

s → K+K0
S modes, which are accessible at the LHCb

and Belle II experiments. If confirmed, the new effect has to be
taken into account, as the above direct CP asymmetries are used to
search for new physics.

This work has been published in Phys.Rev.Lett 119.181802(2017).

Quark and Lepton Flavor Physics / 634

Search for the rare decay of KL → π0νν̄ at J-PARC
Authors: koji shiomi1; koji shiomi2

1 Kyoto university
2 High Energy Accelerator Research Organization

Corresponding Authors: shiomi@post.kek.jp, shiomi@scphys.kyoto-u.ac.jp

The KOTO experiment is dedicated to observing the rare decay KL → π0νν̄ at the J-PARC 30 GeV
proton synchrotron. This decay breaks the CP symmetry directly and is highly suppressed in the
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Standard Model. Thus this decay mode is sensitive to new physics beyond the SM, in particular the
physics related to CP violation.

Data collected in 2013 were analyzed and published in 2017. Several new backgrounds were found in
the 2013 analysis, and improvements to the detector were made suppress these backgrounds. Data
collection resumed in 2015, increasing the amount of data by a factor of 20, which corresponds to a
branching ratio sensitivity of O(10ˆ-9).

In this contribution, we will present analysis results of 2015 data.

Quark and Lepton Flavor Physics / 552

Charged Lepton Flavor Violation in a class of Radiative Neutrino
Mass Generation Models
Author: Talal Ahmed Chowdhury1

Co-author: Salah Nasri 2

1 University of Dhaka
2 UAE University

Corresponding Authors: talal@du.ac.bd, snasri@uaeu.ac.ae

We investigate charged lepton flavor violating processes µ → eγ, µ → eee and µ − e conversion
in nuclei for a class of three-loop radiative neutrino mass generation models with electroweak mul-
tiplets of increasing order. We find that, because of certain cancellations among various one-loop
diagrams which give the photonic dipole and non-dipole contributions in effective µeγ vertex and
Z-penguin contribution in effective µeZ vertex, the flavor violating processes µ → eγ and µ − e
conversion in nuclei become highly suppressed compared to µ → eee process. Therefore, the ob-
servation of such pattern in LFV processes may reveal the radiative mechanism behind the neutrino
mass generation.

Quark and Lepton Flavor Physics / 337

Search for CP violation and rare decays in charm sector at Belle

Authors: Shohei Nishida1; Yun-Tsung Lai1

1 KEK

Corresponding Authors: ytlai@post.kek.jp, shohei.nishida@kek.jp

Using more than 920fb-1 data collected with the Belle detector at the KEKB asymmetric-energy e+e-
collider, we report the first measurement of the T-odd moments in the decay D0→KS0π0π+π- . We
search for CP-violation in decays D0→KS0KS0 and D+→π+π0 . All the results are consistent with
no CP violation. We also report the result from the first search for D0 decays to invisible final states.
No significant signal yield is observed and an upper limit is set on the branching fraction at 90%
confidence level.

Quark and Lepton Flavor Physics / 332
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New results on semileptonic B decays and on the CKM magni-
tudes |Vub| and |Vcb| from Belle
Authors: Shohei Nishida1; Eiasha WaheedNone

1 KEK

Corresponding Authors: waheede@student.unimelb.edu.au, shohei.nishida@kek.jp

The magnitudes of the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements |Vcb| and |Vub|, in com-
bination with the angles of the Unitarity Triangle, are crucial for testing the quark flavour sector of
the Standard Model. We report new results on |Vub| and |Vcb| obtained from the Belle data set. This
presentation will also cover new measurements of B → pi pi l nu and B → D* * l nu. The analyses
are based on the full data set recorded by the Belle detector at the Υ(4S) resonance containing 772
million BBbar pairs from e+ e- collisions produced by the KEKB collider.

Quark and Lepton Flavor Physics / 809

Recent results on τ -lepton decays with the BABAR detector
Authors: Fabio Anulli1; Thomas Lueck2

1 Sapienza Universita e INFN, Roma I (IT)
2 INFN - National Institute for Nuclear Physics

Corresponding Authors: thomas.lueck@pi.infn.it, fabio.anulli@roma1.infn.it

We report on the most recent results of studies of tau-lepton decays, relying on about 430 × 106

e+e− → τ+τ− events produced at a center-of-mass energy near 10.6 GeV with the BABAR detector
at the PEP-II e+e− collider.
We present measurements of the branching fractions and the spectral functions for the processes
τ− → K−KS(π

0)ντ , which can be used to determine the hadronic contribution to the muon g − 2
due to the vacuum polarization.
We present also measurements of the branching fractions of the processes τ− → K−nπ0ντ , with
n=1,2,3, which can be used to improve the determination of |Vus| from the branching fraction τ− →
Xsντ computed as the sum of all measured exclusive modes with a method based on finite-energy
QCD sum rules.

Quark and Lepton Flavor Physics / 603

Direct CP violation in B decays at LHCb
Corresponding Author: grabowski@physi.uni-heidelberg.de

Measurements of charge CP asymmetries in the decays of b hadrons with charmonia in the final
state are powerful probes to search for physics effects beyond the Standard Model. Recent results
in the measurement of direct CP violation of B mesons performed by the LHCb collaboration using
Run 1 data will be presented.

Quark and Lepton Flavor Physics / 617

Lepton Flavour Universality tests at LHCb
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Corresponding Author: biplabdey@yahoo.com

The coupling of the electroweak gauge bosons of the Standard Model (SM) to leptons is lepton flavour
universal. Extensions of the SM do not necessarily have this property. Rare decays of heavy flavour
are heavily suppressed in the SM and new particles can give sizeable contributions to these processes,
their precise study thus allows for sensitive tests of lepton flavour universality. Of particular interest
are rare b->sll decays that are well accessible at the LHCb experiment. Recent results from LHCb on
lepton flavour universality in rare b->sll decays are discussed.

Quark and Lepton Flavor Physics / 615

Tests of lepton universality with semitauonic b-quark decays

Corresponding Author: oleroy@cppm.in2p3.fr

In the Standard Model, the three charged leptons are identical copies of each other, apart from
mass differences. Experimental tests of this feature in semileptonic decays of b-hadrons are highly
sensitive to New Physics particles which preferentially couple to the 2nd and 3rd generations of
leptons. This talk will review the latest lepton universality tests in semileptonic b->c transitions at
LHCb.

Quark and Lepton Flavor Physics / 334

Electroweak Penguin B Decays at Belle

Authors: Shohei Nishida1; Milind Vasant Purohit2

1 KEK
2 University of South Carolina (US)

Corresponding Authors: purohit@sc.edu, shohei.nishida@kek.jp

The electroweak penguin B decay process b → s l+ l- is a sensitive probe to New Physics (NP)
Recent measurements of angular variable of B → Kl+ l- by LHCb and Belle indicate a deviation from
the standard model, and further measurements on these process are of interest in the search of NP. In this
presentation, we report on the measurements of lepton flavor non universality tests and search for the
lepton flavor violating decays in B→K()l+l- and B→Xsl+l-. The analyses are based on the full data
set recorded by the Belle detector at the Υ(4S) resonance containing 772 million BBbar pairs from e+
e- collisions produced by the KEKB collider.

Quark and Lepton Flavor Physics / 612

Rare Charm decays at LHCb

Corresponding Author: pietro.marino@cern.ch

LHCb is playing a crucial role in the study of rare and forbidden decays of charm hadrons, which
might reveal effects beyond the Standard Model. New searches for FCNC mediated processes and
first asymmetry measurements in multibody final states with two leptons are presented.
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Quark and Lepton Flavor Physics / 609

Time-integrated CP violation measurements in B->DD and B->DKK
decays at LHCb
Corresponding Author: wenbin.qian@cern.ch

Measurements of CP violation are a core part of the LHCb physics programme to over constrain
the CKM matrix and to understand the differences between matter and antimatter. The worlds most
precise measurement of ACP in B+->DD0 decays is presented alongside the first measurement of
ACP in the B+->DsD0 channel. Results from B(s)->D0KK decays are also shown, including the first
observation of the Bs->DKK channel and inspections of the Dalitz plots.

Quark and Lepton Flavor Physics / 619

Electroweak Penguin Decays at LHCb
Corresponding Author: thomas.blake@cern.ch

Rare b->sll decays are flavour changing neutral current processes that are forbidden at the lowest
perturbative order in the Standard Model (SM). As a consequence, new particles in SM extensions
can significantly affect the branching fractions of these decays and their angular distributions. The
LHCb experiment is ideally suited for the analysis of these decays due to its high trigger efficiency,
as well as excellent tracking and particle identification performance. Recent results from the LHCb
experiment in the area of b->sll decays are presented and their interpretation is discussed.

Quark and Lepton Flavor Physics / 608

Time-dependent CP violation measurements in B->DX decays at
LHCb
Corresponding Author: a.birnkraut@cern.ch

Time-dependent CP violation in B->DX decays provides sensitivity to angles of the CKM matrix.
The excellent time resolution of the LHCb detector provides opportunities to perform precise time-
dependent measurements. A summary of recent LHCb results are presented, including the B0->Dpi
analysis which profits from the largest flavour tagged sample analysed by LHCb to determine the
CKM angle sum (gamma+2beta).

Quark and Lepton Flavor Physics / 597

CP violation in b-hadron decays to charmless charged two-body
final states at LHCb
Corresponding Author: stefano.perazzini@cern.ch

The amplitudes governing the decays of neutral b-hadrons to charmless charged two-body final
states receive relevant contribution from both b->u tree-level and b->d,s penguin topologies. Hence,
these decays are sensitive probes of the CKM paradigm, but also have the potential to reveal new

Page 356



ICHEP2018 SEOUL / Book of Abstracts

physics beyond the Standard Model. Relevant quantities to measure are time-dependent and time-
integrated CP asymmetries, and branching ratios. We present the most recent measurements of
these quantities performed by the LHCb experiment.

Quark and Lepton Flavor Physics / 598

CP violation and polarisation amplitudes in B->VV decays at LHCb

Corresponding Author: j.dalseno@bristol.ac.uk

Decays of b-mesons to charmless multi-body final states are CKM suppressed in the Standard Model,
which brings the tree amplitudes to levels comparable with corresponding loop amplitudes. New
particles not foreseen in the SM that appear in the loops may alter not only the CP asymmetries
of these decays, but also the polarisation fractions and triple-product asymmetries. The latest mea-
surements of these quantities performed by the LHCb experiments are presented, with particular
emphasis on B->VV decays, where V indicates a light vector meson.

Quark and Lepton Flavor Physics / 607

Measurements of the CKM angle gamma at LHCb

Corresponding Author: mark.peter.whitehead@cern.ch

The CKM angle gamma remains the least precisely measured angle of the unitarity triangle, and
is the only easily accessible with purely tree level decays, making it a benchmark for Standard
Model flavour processes. We present the Run 2 update of the measurement of gamma using the
GGSZ method with the golden mode B+->DK+, D->Kshh. The results of the latest LHCb gamma
combination are also shown, giving the most precise determination of gamma from a single experi-
ment.

Quark and Lepton Flavor Physics / 610

Mixing and indirect CPV in Charm decays at LHCb

Corresponding Author: maurizio.martinelli@cern.ch

LHCb has collected the world’s largest sample of charmed hadrons. This sample is used to measure
D0 − D̄0 mixing and to search for indirect CP violation. New measurements from several decay
modes are presented, as well as prospects for future sensitivities.

Quark and Lepton Flavor Physics / 611

Direct CPV in charm decays at LHCb

Corresponding Author: maxime.schubiger@epfl.ch
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LHCb has collected the world’s largest sample of charmed hadrons. This sample is used to measure
direct CP violation in D0 mesons and Lc baryons. New measurements from several decay modes are
presented, as well as prospects for future sensitivities.

Quark and Lepton Flavor Physics / 492

ATLAS measurements of CP Violation and Rare decays in Beauty
mesons
Authors: The ATLAS CollaborationNone; Iskander Ibragimov1

1 Universitaet Siegen (DE)

Corresponding Author: iskander.ibragimov@cern.ch

The ATLAS experiment has performed accurate measurements of mixing and CP violation in the
neutral B mesons, and also of rare processes happening in electroweak FCNC-suppressed neutral B-
mesons decays. This talk will focus on the latest results from ATLAS, such as rare processes: Bˆ0_s
→ mu mu and Bˆ0 → mu mu; and CPV in Bs to Jpsi Phi

Quark and Lepton Flavor Physics / 74

Mu2e: A Search for Charged Lepton Flavor Violation in Muon-
Electron Conversion with a Sensitivity < 10ˆ{-16}

Authors: Robert BernsteinNone; Gianantonio Pezzullo1

1 Yale University

Corresponding Authors: g.pezzullo@yale.edu, rhbob@fnal.gov

Mu2e will search for coherent, neutrino-less conversion of muons into electrons in the field of a
nucleus with a sensitivity improvement of a factor of 10,000 over existing limits. Such a charged
lepton flavor-violating reaction probes new physics at a scale unavailable with direct searches at
either present or planned high energy colliders. The experiment both complements and extends the
current studies at MEG and at the LHC. We present the physics motivation for Mu2e, as well as
the design of the muon beamline, tracking spectrometer, and calorimeter. The Mu2e experiment is
under design and construction at the Muon Campus of Fermilab. The experiment will begin near
the end of 2020 with 3 years of running from 2021 to 2024.

Quark and Lepton Flavor Physics / 616

Radiative B decays at LHCb

Corresponding Author: fedor.ratnikov@gmail.com

Radiative b-hadron decays are sensitive probes of New Physics through the study of branching frac-
tions, CP asymmetries and measurements of the polarisation of the photon emitted in the decay.
During Run-1 of the LHC, the LHCb experiment has collected large samples of radiative b-hadron
decays. We present here the latest LHCb measurements, which help constrain the size of right-
handed currents in extensions of the Standard Model.
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Quark and Lepton Flavor Physics / 800

Search for the rare decay B → Λp̄νν̄

Authors: Fabio Anulli1; Robert Seddon2

1 Sapienza Universita e INFN, Roma I (IT)
2 McGill University

Corresponding Authors: robertseddon@hotmail.co.uk, fabio.anulli@roma1.infn.it

We search for the rare flavor-changing neutral current process B− → Λp̄νν̄ using data from the
BABAR experiment. A total of 424fb−1 of e+e− collision data collected at the center-of-mass energy
of the Υ(4S) resonance is used in this study, corresponding to a sample of (471± 3)× 106 B − B̄
pairs. Signal B− → Λp̄νn̄u candidates are identified by first exclusively reconstructing a B+ decay
in one of many possible decays to hadronic final states, then examining detector activity that is not
associated with this reconstructed B− decay for evidence of a signal decay. The data yield is found
to be consistent with the expected background contribution under a null signal hypothesis, resulting
in an estimated branching fraction of
calB(B− → Λp̄νν̄) = (0.4±1.1±0.6)×10−5, where the uncertainties are statistical and systematic,
respectively. An upper limit of
calB(B− → Λp̄νν̄) < 3.0× 10−5 at the 90% confidence level is determined.

Quark and Lepton Flavor Physics / 330

Measurements of time-dependent CP violation in charmless B
meson decays
Authors: Shohei Nishida1; Insoo Lee2

1 KEK
2 Hanyang University

Corresponding Authors: insulee5101@gmail.com, shohei.nishida@kek.jp

We report measurements of time-dependent CP violation in charmless B meson decays that are
sensitive to physics beyond the Standard model or Kobayashi-Maskawa CP violation angle phi_2 in
b to s penguin or b to u tree transitions, respectively. The analyses use Belle final entire data sample
collected at the Upsilon(4S) resonance containing 772 mullion B meson pairs.

Quark and Lepton Flavor Physics / 329

Measurement of cos2beta = cos2phi_1 in Bˆ0 to Dˆ{(*)0} hˆ0 with
D to Kˆ0_S piˆ+ piˆ- decays by a time-dependent Dalitz analysis
using BaBar and Belle combined data
Authors: Shohei Nishida1; Vitaly Vorobyev2

1 KEK
2 Budker Institute of Nuclear Physics (RU)

Corresponding Authors: vitaly.vorobyev@cern.ch, shohei.nishida@kek.jp

We report measurements of sin2beta = sin2phi_1 and cos2beta = cos2phi_1 from a time-dependent
Dalitz analysis in Bˆ0 to Dˆ{(*)0} hˆ0 with D to Kˆ0_S piˆ+ piˆ- decays using BaBar and Belle combined
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data sample containing 471 + 772 million B meson pairs collected at the Upsilon(4S) resonance. The
measurement gives a confirmation of the CP violation in this B decay mode and solves the two-
fold ambiguity of the angle beta=phi_1 that can not solely be fixed by the sin2beta = sin2phi_1
measurements in Bˆ0 to charmonium Kˆ0 decays.

Quark and Lepton Flavor Physics / 322

An experiment to search for mu-e conversion at J-PARC MLF in
Japan, DeeMe experiment
Authors: on behalf of DeeMe CollaborationNone; Hiroaki Natori1

1 KEK

Corresponding Author: hiroaki.natori@gmail.com

Charged lepton flavor violation (CLFV) is a good probe for new physics beyond the
standard model of elementary particle physics.
The DeeMe experiment is going to search for one of the CLFV precesses, mu-e conversion in a
nuclear field, with a sensitivity of 10ˆ-14, ten times higher than current limits.
The experiment utilizes a fast-extracted proton beam from a Rapid Cycling Synchrotron (RCS) in J-
PARC and a production target in Materials and Life Science Experimental Facility (MLF) as a material
that muonic atoms are formed.
The overview of the experiment and the current status will be presented.

Quark and Lepton Flavor Physics / 605

B meson mixing parameters and branching fractions at LHCb

Corresponding Author: veronika.chobanova@cern.ch

New LHCb results in the measurement of B meson mixing parameters and branching fractions will
be presented. The results are obtained using pp collisions collected in Run 1 and Run 2 of the LHC
and include a new and world’s most precise determination of the decay width difference in the Bs
system and the ratio between the decay width of the Bs and Bd mesons.

Quark and Lepton Flavor Physics / 801

Search for the rare decay D0 → K−π+e+e−

Authors: Fabio Anulli1; Fergus Wilson2

1 Sapienza Universita e INFN, Roma I (IT)
2 Science and Technology Facilities Council STFC (GB)

Corresponding Authors: fergus.wilson@stfc.ac.uk, fabio.anulli@roma1.infn.it

Flavor-changing neutral current (FCNC) processes are rare within the Standard Model (SM) as they
cannot occur at tree level and are suppressed at loop level by the Glashow-Iliopoulos-Maiani (GIM)
mechanism. InD-meson decays, the GIM cancellation is almost exact, leading to expected branching
fractions for c → ul−l+ processes of order O(10−9). However, long-distance effects can raise this
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to O(10−6). Recently, the LHCb collaboration reported a measurement of the D0 → K−π+µ+µ−

branching fraction B(D0 → K−π+µ+µ−) = (4.17±0.12±0.40)×10−6 in the mass range 0.675 <
m(µ+µ−) < 0.875 GeV/c2. The LHCb collaboration has also reported on hints for deviation from
lepton universality in decays of the type b→ sl−l+.
In this talk, we report on a search for the FCNC decay D0 → K−π+e+e− using data taken by the
BABAR experiment at the SLAC National Accelerator Laboratory.

Quark and Lepton Flavor Physics / 761

Precision measurement of the form factors of semileptonic charged
kaon decays
Authors: Cristina Lazzeroni1; Roberto Piandani2

1 University of Birmingham (GB)
2 INFN Sezione di Pisa, Universita’ e Scuola Normale Superiore, P

Corresponding Authors: roberto.piandani@cern.ch, cristina.lazzeroni@cern.ch

We present a measurement of the charged kaon semileptonic form factors based on 4.3 million
K± → π0e±νe and 2.1 million K± → π0µ±νµ decays collected by the NA48/2 experiment. The
single results for the semi-electronic and semi-muonic channel have better and similar precision, re-
spectively, than previous measurements. The combination of both channels yields the most precise
measurement of the form factors of semileptonic kaon decays.

Quark and Lepton Flavor Physics / 601

CP violation in b-baryon decays to multibody final states at LHCb

Corresponding Author: j.fu@cern.ch

The violation of CP symmetry is well established nowadays in the K- and B-mesons sectors. However
CPV has not been observed in the baryonic sector. Charmless b-baryon decays represent a promising
opportunity in this respect since their amplitudes receive both contributions from tree level diagrams
where the CKM element Vub appears and loop level diagrams which have comparable contirbutions.
In addition, these decays are sensitive to possible physics beyond the SM, entering from penguin
topologies. We present the most recent measurements of CP violation in charmless b-baryon decays
performed by LHCb, including branching ratios and triple-product asymmetries.

Quark and Lepton Flavor Physics / 341

Study of the Lorentz structure of tau decays and the rare tau de-
cays from Belle

Authors: Shohei Nishida1; Kiyoshi HayasakaNone

1 KEK

Corresponding Authors: hayasaka@hepl.phys.nagoya-u.ac.jp, shohei.nishida@kek.jp
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We evaluate the Michel parameters of τ decays using the full data sample of Belle. This is important
to reveal the Lorentz structure of τ leptonic decays, which includes not only the V - A interaction
but also contributions from scalar, tensor and others that may arise from New Physics, thus testing
lepton universality as well. We use both tau+ → l+ nu nu and tau+ → l+ gamma nu nu. We
also measure branching fractions of τ decays into three charged leptons and two neutrinos as well
as charged pion, lepton-pairs and a neutrino. Recently, their precise theoretical prediction of the
branching fractions are given (O(10ˆ-5 .. -7)) and the statistics of the Belle data allows us to achieve
the first observation for them.

Quark and Lepton Flavor Physics / 618

Searches for Lepton Flavour Violating decays at LHCb

Corresponding Author: luca.pescatore@cern.ch

Recent hints for lepton-universality violation in b->clnu and b->sll transitions could imply the ex-
istence of lepton-flavour violating B decays. The LHCb experiment is well suited for the search
for these decays due to its large acceptance and trigger efficiency, as well as its excellent invariant
mass resolution and particle identification capabilities. Recent results on searches for lepton-flavour
violating decays from the LHCb experiment will be presented.

Quark and Lepton Flavor Physics / 606

Recent improvements and prospects with flavour tagging at LHCb

Corresponding Author: simon.akar@cern.ch

Precision measurements of time-dependent CP violation and of mixing parameters in the neutral B
meson systems are bound to the ability to identify the production flavour of reconstructed b hadrons.
The harsh environment of proton-proton collisions at LHC constitutes a challenging environment
for flavour tagging and demand for novel and improved strategies. We present recent progress
and new developments in flavour tagging at the LHCb experiment, which will allow for a further
improvement of CP violation measurements in decays of B0 and Bs0 mesons.

Quark and Lepton Flavor Physics / 602

CP violation in B decays to charmonia at LHCb

Corresponding Author: francesca.dordei@cern.ch

Precision measurements of CP violating observables in b hadron decays with charmonia in the final
state are powerful probes to search for physics effects beyond the Standard Model. The most recent
results on CP violation in the decay, mixing and interference of b hadrons obtained by the LHCb Col-
laboration will be presented, with particular focus on results obtained exploiting the data collected
during the Run 2 of LHC. These results represent the world’s best constraints, some of which are
world-first measurements, of the CP violating phase phi_s.
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Quark and Lepton Flavor Physics / 336

Recent investigations of direct CP violation in B-meson decays at
Belle
Authors: Shohei Nishida1; Chia-Ling Hsu2

1 KEK
2 University of Sydney

Corresponding Authors: chia-ling.hsu@sydney.edu.au, shohei.nishida@kek.jp

Direct CP violation in B meson decays provides a good probe for New Physics. We report mea-
surement of branching fraction(BF) and direct CP asymmetries (Acp) in charmless B decays B+ →
KsKsK+ and B+ → KsKspi+, which proceed through b→s and b→d flavor-changing neutral current
transitions, respectively. Another charmless B decay B0 → K-pi+Ks, which proceeds through b→d
penguin process, is also studied. Strong evidence of localized Acp was observed in a similar decay B+
→ K+K-pi+ by Belle, and in the presentation, differential Acp and BF measurements as a function of
K-Ks invariant mass are reported in addition to the total Acp and BF measurements. We also cover
Acp of B0bar → D0 (K+pi-) pi0 and B0bar → D0 (K+pi-pi0) pi0 decays, which provide an interesting
probe of subtle interference effects via CKM disfavoured transitions. Finally, we report on our latest
measurements of B+ → D(*)K+ decay, sensitive to CKM unitarity triangle angle gamma/phi3, involv-
ing D decays to K+- pi-+, CP eigenstates and the almost pure CP even state pi+ pi- pi0. The analyses
are based on the full data set recorded by the Belle detector at the Υ(4S) resonance containing 772
million BBbar pairs.

Quark and Lepton Flavor Physics / 599

Charmless three-body meson decays at LHCb
Corresponding Author: daniel.ohanlon@cern.ch

Charmless three-body decays of B mesons are an ideal place to study CP violation, as contributions
from ‘loop’ diagrams at a similar magnitude to tree-level diagrams, and variation of the strong phase
across the so-called ‘Dalitz plot’, can result in phase-space regions with large CP asymmetries. Fur-
thermore, many of these decays can be used to inform determinations of the angles of the Cabibbo-
Kobayashi-Maskawa unitarity triangle. Here, the latest LHCb results on three-body charmless B
meson decays are presented.

Quark and Lepton Flavor Physics / 184

Searches for Flavor Changing Neutral Currents at BESIII
Authors: BESIII CollaborationNone; Dayong Wang1

1 Peking University (CN)

Corresponding Authors: dayong.wang@cern.ch, fabrizio.bianchi@to.infn.it

The Flavor Changing Neutral Current decays(FCNC) are forbidden at tree level in the Standard Model
(SM) and could only contribute through loops. Any direct observation beyond the SM expectations
could be a good probe of physics beyond the SM. BESIII is the only currently running tau-charm
factory with the largest samples of on threshold charm meson pairs, directly produced charmonia
and some other unique datasets. It has great potential to probe these FCNC decays from multiple
channels.
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This talk reviews some recent results on searches for FCNC decays from BESIII. We present searches
for the decays of J/ψ, ψ(3686)→ D0e+e−, ψ(3686) → Λ+

c p̄e
+e−, D+ to h e e,D+ → h+h0e+e−,

D0 → h(h’)e+e−. The related searches with same sign electron pairs are also reported. The
prospects and challenges with searches of other channels and the impact of future datasets are also
discussed.

Quark and Lepton Flavor Physics / 715

Measurement of hadronic cross sections at CMD-3
Authors: Ivan Logashenko1; Vyacheslav Ivanov1

1 BINP

Corresponding Authors: vyacheslav_lvovich_ivanov@mail.ru, ivan.logashenko@gmail.com

The CMD-3 experiment at the VEPP-2000 collider in Novosibirsk carries out a comprehensive study
of the exclusive cross-sections of e+e- -> hadrons in the center-of-mass energy range from the thresh-
old to 2E<2 GeV. The CMD-3 results provide an important input for calculation of the hadronic con-
tribution to the muon anomalous magnetic moment. Currently there are world-wide efforts to im-
prove the accuracy of this calculation to match the expected precision of the Fermilab measurement,
which started data taking in 2018. The best precision is still achieved by integrating the measured
total cross-section of e+e- -> hadrons. The calculation is strongly dominated by low-energy data,
in particular, by data at 2E<2 GeV. Other interesting topics of the CMD-3 physics program include
a study of hadron cross-sections at the nucleon-antinucleon threshold and a search for two-photon
production of C-even resonances.

The CMD-3 is the general-purpose particle detector, equipped by a tracking system, two crystal (CsI
and BGO) calorimeters, liquid Xe calorimeter, TOF and muon systems. The first round of data taking
in the whole available energy range was done in 2011-2013. After a three-year break for collider and
detector upgrades, data taking resumed in 2017 with a 2-3 times higher luminosity. Overall, about
120 1/pb have been collected so far.

Here we present the survey of results of data analysis, including various modes of electron-positron
annihilation with up to six pions or two kaons and pions in the final state.

Quark and Lepton Flavor Physics / 22

The MEGII experiment at PSI and the quest for µ→ eγ and its ex-
perimental limiting factors at future high intensity muon beams

Authors: Francesco RengaNone; Gianluca Cavoto1; Angela PapaNone; Emanuele Ripiccini2; Cecilia Voena1

1 Sapienza Universita e INFN, Roma I (IT)
2 UNIGE

Corresponding Authors: francesco.renga@roma1.infn.it, emanuele.ripiccini@cern.ch, gianluca.cavoto@roma1.infn.it,
angela.papa@psi.ch, cecilia.voena@roma1.infn.it

The search for the Lepton Flavor Violating decay µ → eγ exploits the most intense continuous
muon beams, which can currently deliver ∼ 108 muons per second. In the next decade, accelerator
upgrades are expected in various facilities, making it feasible to have continuous beams with an
intensity of 109 or even 1010 muons per second. We investigate the experimental limiting factors
that will define the ultimate performances, and hence the sensitivity, in the search for µ→ eγ with a
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continuous beam at these extremely high rates. We then consider some conceptual detector designs
and evaluate the corresponding sensitivity as a function of the beam intensity.

Quark and Lepton Flavor Physics / 333

Radiative B Decays at Belle
Authors: Shohei Nishida1; Akimasa Ishikawa2

1 KEK
2 Tohoku University (JP)

Corresponding Authors: akimasa.ishikawa@cern.ch, shohei.nishida@kek.jp

The b→s gamma process is sensitive to new physics since the new heavy particles can enter in
the loop and thus change the branching fractions, CP asymmetry or other kinetic variables. We
present on measurement of the CP asymmetry and isospin asymmetry of B → Xs gamma and B
→ K* gamma, and also their difference of CP asymmetry between charged and neutral modes. The
analyses are based on the full data set recorded by the Belle detector at the Υ(4S) resonance containing
772 million BBbar pairs from e+ e- collisions produced by the KEKB collider.

Quark and Lepton Flavor Physics / 42

Towards a new paradigm for quark-lepton unification
Author: Christopher Smith1

1 LPSC

Corresponding Author: chsmith@lpsc.in2p3.fr

The quark and lepton mass patterns upset their naive unification. In this talk, a new approach to
solve this problem is described. Model-independently, we find that a successful unification can be
achieved. A mechanism is identified by which the large top quark mass renders its third-generation
leptonic partner very light. This state is thus identified with the electron. We then provide a generic
dynamical implementation of this mechanism, using tree-level exchanges of vector leptons to relate
the quark and lepton flavor structures. In a supersymmetric context, this same mechanism splits
the squark masses, and third generation squarks end up much lighter than the others. Finally, the
implementation of this mechanism in SU(5) GUT permits to avoid introducing any flavor structure
beyond the two minimal Yukawa couplings, ensuring the absence of unknown mixing matrices and
their potentially large impact on FCNC.

Quark and Lepton Flavor Physics / 614

Studies of the CKM matrix with semileptonic decays

Corresponding Author: rvazquez@cern.ch

Exclusive semileptonic b-hadron decays are under good theoretical control, which allows precise de-
terminations of the CKM matrix elements, Vub and Vcb. The large production of Lambda_b baryons
and Bs mesons at the LHC allows LHCb to provide complementary information with respect to the
B-factories in this sector, as well as in the measurement of the shape of the Lambda_b differential
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decay rates. An alternative approach for measuring Vub, less affected by theoretical uncertainties,
is through fully leptonic decay modes. Also this approach is explored at LHCb with the search for
the B+->3munu decay. At the same time, novel experimental techniques are used to measure the
fraction of semileptonic B+ to charm meson decays, in order to improve the understanding of the
inclusive charm semileptonic rate and the background description for analyses exploiting exclusive
b -> c and b->u transitions. The latest LHCb results on CKM matrix element determination and
related measurements and searches are presented.

Quark and Lepton Flavor Physics / 191

Determination of the CKM matrix elements |Vub| and |Vcb| at Belle
II
Authors: Ida Peruzzi1; Thomas Lueck2

1 Laboratori Nazionali di Frascati dell’INFN
2 INFN - National Institute for Nuclear Physics

Corresponding Authors: thomas.lueck@pi.infn.it, peruzzi@slac.stanford.edu

The Belle II experiment is a substantial upgrade of the Belle detector and will operate at the Su-
perKEKB energy-asymmetric e+e− collider. The accelerator has already successfully completed the
first phase of commissioning in 2016 and first electron positron collisions in Belle II are expected for
April 2018. The design luminosity of SuperKEKB is 8 × 1035 cm−2s−1 and the Belle II experiment
aims to record 50 ab−1 of data, a factor of 50 more than the Belle experiment. In this presentation
we report our prospects for CKM favoured and suppressed semileptonic B meson decays (with a
light lepton) and how they can be used to better understand the CKM matrix element magnitudes
|Vub| and |Vcb|.

Quark and Lepton Flavor Physics / 195

Time dependent CP-violation measurements at Belle II
Authors: Ida Peruzzi1; Alessandro Gaz2

1 Laboratori Nazionali di Frascati dell’INFN
2 University of Colorado at Boulder (US)

Corresponding Authors: gaz@hepl.phys.nagoya-u.ac.jp, alessandro.gaz@cern.ch, peruzzi@slac.stanford.edu

Time dependent CP-violation phenomena are a powerful tool to precisely measure fundamental pa-
rameters of the Standard Model and search for New Physics. The Belle II experiment is a substantial
upgrade of the Belle detector and will operate at the SuperKEKB energy-asymmetric e+e− collider.
The accelerator has already successfully completed the first phase of commissioning in 2016 and
first electron positron collisions in Belle II are expected for April 2018. The design luminosity of
SuperKEKB is 8× 1035 cm−2s−1 and the Belle II experiment aims to record 50 ab−1 of data, a factor
of 50 more than the Belle experiment. This dataset will greatly improve the present knowledge, par-
ticularly on the CKM angles β and α by measuring a wide spectrum of B-meson decays, including
many with neutral particles in the final state. In this talk we will present estimates of the sensitivity
to β in the golden channels B → cc̄s and in the penguin-dominated modes B0 → η’K0, ϕK0,
KSπ

0(γ). A study for the time-dependent analysis of B0 → π0π0, relevant for the measurement of
α, and feasible only in the clean environment of an e+e− collider, will also be given.
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Quark and Lepton Flavor Physics / 189

Charm physics prospects at the Belle II experiment
Authors: Ida Peruzzi1; Hulya Atmacan2

1 Laboratori Nazionali di Frascati dell’INFN
2 University of South Carolina

Corresponding Authors: hulya.atmacan@gmail.com, peruzzi@slac.stanford.edu

The Belle II experiment is a substantial upgrade of the Belle detector and will operate at the Su-
perKEKB energy-asymmetric e+e− collider. The accelerator has already successfully completed the
first phase of commissioning in 2016 and first electron positron collisions in Belle II are expected for
April 2018. The design luminosity of SuperKEKB is 8 × 1035 cm−2s−1 and the Belle II experiment
aims to record 50 ab−1 of data, a factor of 50 more than the Belle experiment. In this presentation,
we will discuss the expected sensitivity of Belle II for CPV measurements and New Physics searches
in the charm sector. Estimates for several decay channels will be presented, in particular for those
with lepton-neutrino, neutral pions and other neutrals in the final state. Alternative flavor-tagging
techniques have been developed, a novel flavor-tagging method of prompt D0s will be presented.
Finally, we will present the impact of the improved tracking at Belle II, that will allow to significantly
increase the precision of time-dependent measurements.

Quark and Lepton Flavor Physics / 656

Study of the normalization modes in search the rare decay of
K0
L → π0νν̄ with the KOTO detector

Author: Brian Beckford1

1 University of Michigan

Corresponding Author: bobeck@umich.edu

The KOTO experiment aims to observe the K0
L → π0νν̄ decay and measure the branching rate. The

Standard Model (SM) prediction for the mode is 2.4 x 10−11 with a small theoretical uncertainty. An
experimental upper limit of 2.6 x 10−8 was set by the KEK E391a collaboration 1. A comparison of
experimentally obtained results with SM calculations permits a test of the quark flavor region and a
search for physics beyond the SM. The experimental method lies in the detection of two photons and
nothing else. KOTO uses a Cesium Iodide (CSI) electromagnetic calorimeter to measure the photon
positions and energies. All other detectors compose a hermetic veto system to confirm no extra
detectable particle.

A critical part of the blind analysis includes a detailed study of the normalization modes, K0
L →

π0π0π0, K0
L → π0π0, and K0

L → γγ. These modes are used to calculate the KL flux and efficiencies of
kinematic and veto cut requirements. This talk will discuss the analysis results of the normalization
modes and provide the framework for our anticipated final branching ratio result which is expected
to surpass the sensitivity of the Grossman-Nir limit 2.

Quark and Lepton Flavor Physics / 685

KLEVER: An experiment to measure BR(K_L -> \piˆ0\nu\bar{\nu})
at the CERN SPS
Author: Matthew Moulson1
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1 INFN e Laboratori Nazionali di Frascati (IT)

Corresponding Author: matthew.moulson@cern.ch

Precise measurements of the branching ratios (BRs) for the flavor-changing neutral current decays
K → πνν̄ can provide unique constraints on CKM unitarity and, potentially, evidence for new
physics. It is important to measure both decay modes, K+ → π+νν̄ and KL → π0νν̄, since
different new physics models affect the rates for each channel differently. The NA62 experiment
at the CERN SPS is currently collecting data and will measure BR(K+ → π+νν̄) to within 10%.
We are designing the KLEVER experiment to measure BR(KL → π0νν̄) to ∼20\% using a high-
energy neutral beam at the CERN SPS starting in LHC Run 4. The boost from the high-energy beam
facilitates the rejection of background channels such as KL → π0π0 by detection of the additional
photons in the final state. On the other hand, the layout poses particular challenges for the design of
the small-angle vetoes, which must reject photons fromKL decays escaping through the beam pipe
amidst an intense background from soft photons and neutrons in the beam. We present findings
from our design studies, with an emphasis on the challenges faced and the potential sensitivity for
the measurement of BR(KL → π0νν̄).

Quark and Lepton Flavor Physics / 518

Testing discrete symmetries with neutral kaons at KLOE-2
Authors: Eryk Czerwiński1; Antonio Di Domenico2

1 Jagiellonian University
2 Sapienza Universita e INFN, Roma I (IT)

Corresponding Authors: antonio.didomenico@roma1.infn.it, eryk.czerwinski@uj.edu.pl

The KLOE-2 experiment is finalizing data taking at the upgraded e+e- DAΦNE collider of the INFN
Laboratori Nazionali di Frascati, collecting more than 5 fb−1 at the center of mass energy of the ϕ
meson. Together with the data sample collected by its predecessor KLOE, the total of almost 8 fb−1

integrated luminosity represents the largest existing data sample in the world collected at an e+e-
collider at the ϕ meson peak, corresponding to ˜2.4 x 1010 ϕ mesons produced.

KLOE-2 physics program is mainly focused on KS , η and η� meson rare decays as well as on kaon
interferometry, fundamental symmetry tests and physics beyond the Standard Model, including
searches for new exotic particles that could constitute the dark matter. The entanglement in the
neutral kaon pairs produced at the DAΦNE ϕ-factory is a unique tool to test discrete symmetries
and quantum coherence at the utmost sensitivity, in particular strongly motivating the experimental
searches of possible CPT violating effects, which would unambiguously signal New Physics.
The lepton charge asymmetry measured in KS semileptonic decays with 1.7 fb−1 of KLOE data, im-
proving the statistical uncertainty of present result by about a factor two, will be presented together
with the test of Time reversal and CPT in transitions in ϕ→ KSKL → πeν, 3π0 and πeν, 2π decays
and the search for the CP violating KS → 3π0 decay with newly acquired KLOE-2 data.

Quark and Lepton Flavor Physics / 1028

Status of the Mu3e experiment
Authors: The Mu3e CollaborationNone; Angela PapaNone

Corresponding Author: angela.papa@psi.ch

The Mu3e experiment searches for the charged lepton flavour violating μ+ → e+e+e− decay and it
aims at reaching an ultimate sensitivity of 10ˆ−16 on the branching frac- tion of the μ+ → e+e+e−
decay, four orders of magnitude better than the current limit B(μ+ → e+e+e−) < 10ˆ−12. The exper-
iment will be hosted at the Paul Scherrer Institute (Villigen, Switzerland) which delivers the most
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intense low momentum continuous muon beam in the world (up to few ×10ˆ8 μ/s). In order to
be sensitive to the signal at this so high level, to reject the background and to run at the intensity
beam frontier excel- lent detector performances are needed. To match those requests the experiment
has been design based on completely new technologies. Extensive test beams have been performed
to validate the detector design. The collaboration is concluding the detector R&D phase and is ap-
proaching the pre-engineering phase. A pre-engineering run is foreseen next year with sub-modules
of each sub-detector followed by a full assembled pre-engineering run for 2020. The physics runs
is expected to start in 2021 followed by at least three years of data taking. A review of the Mu3e
experiment and its physics case will be given.

Quark and Lepton Flavor Physics / 12

Search for Muon to Electron Conversion at J-PARC - COMET Ex-
periment

Authors: MyeongJae Lee1; Yoshitaka Kuno2; Dmitry GrigorievNone

1 Institute for Basic Science (Korea)
2 Osaka University

Corresponding Authors: dngrigorev@gmail.com, kuno@phys.sci.osaka-u.ac.jp, myeongjaelee@ibs.re.kr

Muon to electron conversion in a muonic atom is a process of charged lepton flavor violation (CLFV).
It is not allowed in the Standard Model (SM) and known to be one of the best processes to search
for new physics beyond the SM. The COMET experiment aims to search for this process at J-PARC
with single-event sensitivity of 3×10−17, which is about 10,000 improvement over the current limit.
Recently the COMET experiment has taken a staged approach. COMET Phase-I, as the first phase,
aims at a single-event sensitivity of 3×10−15 with a partial muon beam line and a Phase-I dedicated
detector. The construction of COMET Phase-I has started in 2013 and its physics run is expected to
start in 2018/2019. The COMET Phase-II will follow immediately afterwards. In this talk, we will
describe the physics motivation of CLFV, and the details of COMET Phase-I / Phase-II together with
the current status of the experiment preparation.

Satellite Session / 1110

Report on the Fukuoka ALCW Workshop

Satellite Session / 1112

Messaging to the Japanese Government regarding the ILC Deci-
sion

Satellite Session / 1114

Discussion
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Satellite Session / 1109

Welcome and Introduction
Author: Tatsuya Nakada1

1 EPFL - Ecole Polytechnique Federale Lausanne (CH)

Corresponding Author: tatsuya.nakada@cern.ch

Satellite Session / 1111

Report on MEXT and Advisory Panel Meetings Outcome

Satellite Session / 1113

Progress on Reports to be submitted to European Strategy Group

Satellite Session / 1138

Accelerator R&D

Satellite Session / 1139

Detector R&D

Satellite Session / 1140

Physics performances

Corresponding Author: manqi.ruan@cern.ch

Satellite Session / 1141

LCB

Satellite Session / 1142
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FALC
Corresponding Author: blair@pp.rhul.ac.uk

Satellite Session / 1143

ICFA

Satellite Session / 1145

Dinner
Corresponding Author: eunil@hep.korea.ac.kr

Satellite Session / 1144

Lunch
Corresponding Author: eunil@hep.korea.ac.kr

Strong Interactions and Hadron Physics / 533

Differential jet cross sections at the CMS experiment
Authors: Arnd Meyer1; Tanmay Sarkar2

1 Rheinisch Westfaelische Tech. Hoch. (DE)
2 Saha Institute of Nuclear Physics (IN)

Corresponding Author: tanmay.sarkar@cern.ch

We present measurements of differential jet cross sections over a wide range in transverse momenta
from inclusive jets to multi-jet final states. Studies on the impact that these measurements have
on the determination of the strong coupling alpha_s as well as on parton density functions are
reported.

Strong Interactions and Hadron Physics / 339

Recent results on charmonium(-like) states and search for pen-
taquark at Belle
Authors: Shohei Nishida1; Pavel Krokovny2

1 KEK
2 Budker Institute of Nuclear Physics (RU)
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Corresponding Authors: pavel.krokovny@cern.ch, shohei.nishida@kek.jp

Study of the processes e+e- →J/ψDD and D()+- D-+ by Belle is updated, where a new charmonium(-
like) state X(3860) is observed with a significance of 6.5σ using full amplitude analysis in J/ψDD, and the
first angular analysis is performed in D()+- D-+. We present the measurement of the absolute branching
fractions of B+→Xcc K+ and B+→D()0 π+ decays. Here, Xcc denotes ηc, J/ψ, χc0, χc1, ηc(2S), ψ(2S),
ψ(3770), X(3872), and X(3915). We also perform first search for hidden-strangeness penta-quark
decay Ps+→φp in the Cabibbo-suppressed decay Λc→φpπ0. All the results presented here exploit
the full data set of Belle.

Strong Interactions and Hadron Physics / 380

Measurements of elastic pp interactions and exclusive produc-
tion with the ATLAS detector
Author: Leszek Adamczyk1

1 AGH University of Science and Technology (PL)

Corresponding Author: leszek.adamczyk@cern.ch

The total pp cross section is a fundamental observable at the LHC. It can be derived from the mea-
surement of the elastic cross section, using the optical theorem. Measurements of the elastic proton-
proton cross section were performed at a center-of-mass energy of 8 TeV at various settings of the
beam optics using the ALFA detector.
The ALFA detector is also used to tag forward protons in order to enrich the exclusive diffractive
production of pion pairs for first cross section measurements of this process at center-of-mass ener-
gies of 7 and 8 TeV.
In the absence of forward proton tagging, exclusive processes can be distinguished in the central
part of the ATLAS detector exploiting the absence of charged particles reconstructed in the inner
tracking detector.
If available, the talk will also cover the study of the exclusive pion production at 7 and 8 TeV, the total
cross section and rho determination from elastic scattering, as well as an inclusive single diffractive
study at 8 TeV.

Strong Interactions and Hadron Physics / 901

Parton Distributions, QCD and small-xphysics in energy-frontier
DIS with the LHeC and the FCC-eh
Author: Nestor Armesto Perez1

1 Universidade de Santiago de Compostela (ES)

Corresponding Author: c.gwenlan1@physics.ox.ac.uk

Energy-frontier DIS can be realised at CERN through an energy recovery linac that would produce
60 GeV electrons to collide with the HL-LHC or later HE-LHC (LHeC) or eventually the FCC hadron
beams (FCC-eh). It would deliver electron-proton collisions with centre-of-mass energies in the
range 0.3-3.5 TeV, and luminosities exceeding 1034 cm−2s−1. In this talk we will present new studies
on the prospects for the precise and complete determination of parton distributions in the proton,
both inclusively and in diffractive deep inelastic scattering. We discuss electroweak physics at high
scales in ep. We will then embark on the most promising way for establishing the existence of new
QCD physics at small x, of BFKL type, through the discovery of a new regime beyond the dilute one
described by fixed-order perturbation theory.

Page 372



ICHEP2018 SEOUL / Book of Abstracts

Strong Interactions and Hadron Physics / 594

Studies of Bc mesons at LHCb
Author: Jibo He1

1 University of Chinese Academy of Sciences (CN)

Corresponding Author: jibo.he@cern.ch

The Bc meson, the heaviest amongst known meson, decays through the weak interaction. Its double
heavy quark content make it an interesting laboratory for test of effective theories of the strong
interaction with a unique setting for production, decay and spectroscopy studies. This talk presents
recent progress on Bc decays obtained at LHCb.

Strong Interactions and Hadron Physics / 593

Heavy quark(onia) spectroscopy at LHCb
Author: Daniel Johnson1

1 CERN

Corresponding Author: daniel.johnson@cern.ch

The spectroscopy of excited hadronic states in the beauty sector, double heavy hadrons and quarko-
nia provides a rich proofing ground for effective theories of the strong interaction. The unique data
set collected during runs 1 and 2 of the LHC have lead to the observation of several new states,
interesting decay modes and has enabled precision mass measurements of known resonances. Here
we present recent results from LHCb.

Strong Interactions and Hadron Physics / 592

Searches for exotic baryonic states at LHCb
Author: Paolo Gandini1

1 INFN Milano (IT)

Corresponding Author: paolo.gandini@cern.ch

With the discovery of two pentaquark candidates at LHCb a new field of baryon spectroscopy has
been opened. The unique data samples on beauty baryon decays collected at the LHC during its
runs I and II provide opportunities to further study the spectrum of exotic heavy baryons. This
presentation will highlight recent progress on establishing new baryonic multiparticle decay modes
of beauty hadrons and will summarize the status of the pentaquark searches.

Strong Interactions and Hadron Physics / 587

Soft QCD at LHCb
Author: Chris Parkes1
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1 University of Manchester (GB)

Corresponding Author: chris.parkes@cern.ch

The forward acceptance of LHCb, 2.0 < y < 5.0, provides a complementary reach to the general
purpose detectors at the LHC. LHCb measurements of the pp inelastic cross-section, J/psi produc-
tion in jets, kinematic correlations between b and b-bar hadrons, and Bose Einstein correlations are
discussed. Prompt J/psi production is found to be less isolated than predicted in LO NRQCD.

Strong Interactions and Hadron Physics / 962

Forward energy flow and jet production in pp and pA collisions
at the LHC with CMS
Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Authors: merijn.h.f.van.de.klundert@cern.ch, ed.scott@cern.ch

The CASTOR calorimeter at CMS measures the energy of particles emitted with pseudorapidity be-
tween -5.2 and -6.6. It has been operating since the startup of the LHC in 2009 and has taken data
in pp, pPb, and PbPb collisions at various centre-of-mass energies during run 1 and run 2. In this
presentation we give an overview of some important and unique results obtained with CASTOR,
with emphasis on the forward energy flow and jet production in pp collisions with

√
s = 13 TeV

and pA collision with
√
s = 5 TeV. These results are compared to various models for the underly-

ing event and parton shower dynamics. Further, we aim to interpret the results in terms of gluon
saturation.

Strong Interactions and Hadron Physics / 885

Studies of HERA deep inelastic scattering data at low Qˆ2 and low
x_Bj
Authors: Matthew Wing1; Katarzyna Wichmann2; Volodymyr Myronenko3; Brian Foster4; Amanda Sarkar4; Iris
Abt5

1 University College London
2 Deutsches Elektronen-Synchrotron (DE)
3 Deutsches Elektronen-Synchrotron
4 University of Oxford (GB)
5 MPI

Corresponding Authors: volodymyr.myronenko@cern.ch, katarzyna.wichmann@desy.de, amanda.cooper-sarkar@physics.ox.ac.uk,
isa@mpp.mpg.de, b.foster1@physics.ox.ac.uk, mw@hep.ucl.ac.uk

A phenomenological study of the final combined HERA data on inclusive deep inelastic scattering
(DIS) has been performed. The data are presented and investigated for a kinematic range extending
from values of the four-momentum transfer, Q2, above 104 GeV2 down to the lowest values observ-
able at
HERA ofQ2 = 0.045 GeV2 and Bjorken x, xBj = 6×10−7. The data are well described by fits based
on perturbative quantum chromodynamics (QCD) using collinear factorisation and evolution of the
parton densities encompassed in the DGLAP formalism from the highest Q2 down to Q2 of a few
GeV2. The standard DGLAP evolution was augmented by including an additional higher-twist term
in the description of the longitudinal structure function, FL. This additional term, FLA

HT
L /Q2, im-

proves the description of the reduced cross sections significantly. The resulting predictions for F_L
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suggest that further corrections are required for Q2 less than about 2 GeV2. The Regge formalism
can describe the data up to Q2 ∼ 0.65 GeV2. The complete data set can be described by a new fit
using the ALLM parameterisation. The region between the Regge and the perturbative QCD regimes
is of particular interest.

Strong Interactions and Hadron Physics / 784

Precise measurement of theD∗(2010)+−D+ mass difference

Authors: Fabio Anulli1; Liang Sun2

1 Sapienza Universita e INFN, Roma I (IT)
2 Wuhan University (CN)

Corresponding Authors: liang.sun@cern.ch, fabio.anulli@roma1.infn.it

We measure the mass difference, ∆m+, between theD∗(2010)+ and theD+, using the decay chain
D∗(2010)+ → D+π0 with D+ → K−π+π+. The data were recorded with the BABAR detector at
center-of-mass energies at and near the Υ(4S) resonance, and correspond to an integrated luminos-
ity of approximately 468fb−1. We measure   ∆m+ = (140 601.0± 6.8 [stat]± 12.9 [syst]) keV. 
We combine this result with a previous BaBar measurement of ∆m0 ≡ m(D∗(2010)+)−m(D0) to
obtain  ∆mD =  m(D+)−m(D0) = (4 824.9± 6.8 [stat]± 12.9 [syst]) keV.
These results are compatible with, and approximately five times more precise than, previous world
averages.

Strong Interactions and Hadron Physics / 807

Study of e+e− → e+e−η′ in the double-tag mode at BABAR
Authors: Fabio Anulli1; Evgeny Kozyrev2

1 Sapienza Universita e INFN, Roma I (IT)
2 Budker Institute of Nuclear Physics

Corresponding Authors: ekozyrev@slac.stanford.edu, fabio.anulli@roma1.infn.it

We study the process e+e− → e+e−η′ in the double-tag mode and measure for the first time the
γ⋆γ⋆ → η′ transition form factor Fη′(Q2

1, Q
2
2) in the momentum-transfer

range 2 < Q2
1, Q

2
2 < 60 GeV2. The analysis is based on data with an integrated luminosity 469

fb−1 collected at the PEP-II e+e− collider with the BABAR detector at center-of-mass energies near
10.6 GeV. The results for the form factor are compared with the predictions based on pQCD and
VMD.

Strong Interactions and Hadron Physics / 161

Measurement of Diffractive and Exclusive processes at CMS
Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)
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Corresponding Authors: ruchi.chudasama@cern.ch, ed.scott@cern.ch

With excellent performance the Compact Muon Solenoid (CMS) experiment has made a number of
key observations in the diffractive and exclusive processes and hence in probing the Standard model
in a unique way. This presentation will cover recent results on the measurement of diffractive and
exclusive processes using data recorded by CMS detector at the LHC.

Strong Interactions and Hadron Physics / 96

QCD analysis of the ATLAS and CMS W and Z cross-section mea-
surements and implications for the strange sea density

Authors: Amanda Cooper-SarkarNone; Katarzyna Wichmann1; Oleksii Turkot1

1 Deutsches Elektronen-Synchrotron (DE)

Corresponding Authors: oleksii.turkot@cern.ch, katarzyna.wichmann@desy.de, a.cooper-sarkar@physics.ox.ac.uk

In the present paper, the ATLAS inclusive W± and Z boson production data are analysed together
with the CMS inclusive W± and Z boson production data to investigate any possible tensions be-
tween the data sets and to determine the strange sea fraction, within the framework of a parton
distribution function fit at next-to next-to leading order in perturbative QCD.

Strong Interactions and Hadron Physics / 148

Measurements of heavy flavor production at CMS
Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Authors: nuno.leonardo@cern.ch, ed.scott@cern.ch

Recent results on the production of beauty and charm at the CMS detector, based on data collected at
Run 1 and Run 2 of LHC are presented. Measurements of single and double quarkonium production,
Lambda_b polarization, open charm and B hadrons cross sections and ratios are reported.

Strong Interactions and Hadron Physics / 160

Measurement of the Minimum Bias, Underlying Events and Double-
Parton Scatterings at CMS
Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Authors: ankita.mehta@cern.ch, ed.scott@cern.ch

We present recent results on Minimum Bias, Underlying Events and Double Parton Scattering us-
ing data recorded by CMS detector at the LHC. The results on the measurement of the underlying
event using leading tracks, jets, and Drell-Yan processes are presented. Double parton scattering is
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investigated in several final states including vector bosons and multi-jets, and the results are com-
pared to other experiments and to MPI models tuned to recent underlying event measurements at
CMS.

Strong Interactions and Hadron Physics / 103

Study of the e+e- annihilation into hadrons with the SND detector
at the VEPP-2000 collider
Author: Dmitry Shtol1

1 Novosibirsk State University (RU)

Corresponding Author: dmitry.shtol@cern.ch

Recent results on study of exclusive processes of e+e− annihilation into hadrons below 2 GeV ob-
tained at the SND detector are presented. The analyses are based on data collected at the VEPP-2M
and VEPP-2000 colliders. In particular, we present the measurements of the e+e− → ηπ+π−,
e+e− → ηK+K−, e+e− → KSKLπ

0 cross sections, and the preliminary results on study of
the e+e− → π+π−, e+e− → nn̄ and e+e− → π0γ.

Strong Interactions and Hadron Physics / 150

Exotic quarkonium states at CMS
Author: Leonardo Cristella1

1 Università & INFN, Bari (IT)

Corresponding Author: leonardo.cristella@cern.ch

Using large data samples of di-muon events, CMS has performed detailed measurements and searches
for new states in the field of exotic quarkonia. We report on several recent results including, among
the others: the measurement of the X(3872) properties, the investigation of the B+ to J/ψ φ K+ decay
revealing two structures in the J/ψ φ mass spectrum, one of which compatible with the Y(4140) state
by CDF, the search for the X(5568) state first seen by the D0 experiment. The study of charged Z
charmonium-like states through a full amplitude analysis of 3-body decays of B0 to J/Psi(or Psi(2S))
Kaon Pion is also foreseen to be reported.

Strong Interactions and Hadron Physics / 257

Quark jet fraction in multi-jet final states and quark gluon dis-
crimination
Author: Yasuhito Sakaki1

1 KAIST

Corresponding Author: yasuhito.sakaki@kaist.ac.kr

We calculate quark and gluon jet fraction in multi-jet final states at the LHC, which is based on
perturbative QCD at next-to-double logarithmic accuracy. We find a measurable scaling pattern
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of the fraction. This is related to a performance of new physics searches using quark-gluon jet
discrimination in multi-jet final states, and would be useful for more understanding of QCD and
tuning of Monte-Carlo generators. We also introduce a variable which is related to jet flavors in
multi-jet final states, and propose a data-driven method using the variable to reduce systematic
uncertainties of the analysis. We show how the background rejection using the method increase for
signals which produce many quark jets.

Strong Interactions and Hadron Physics / 249

Strong coupling from a nonperturbative determination of the QCD
Λ-parameter
Authors: Patrick Fritzsch1; Mattia Bruno2; Mattia Dalla Brida 3; Tomasz Korzec4; Alberto Ramos5; Stefan Schaefer6;
Hubert Simma6; Stefan Sint5; Rainer Sommer7

1 CERN
2 BNL
3 INFN
4 Wuppertal University
5 Trinity College Dublin
6 DESY
7 DESY & HU Berlin

Corresponding Author: patrick.fritzsch@cern.ch

We present a first-principle determination of the Λ parameter and the strong coupling at the Z pole
mass. Computing the nonperturbative running of the coupling in the range from 200 MeV to 70 GeV,
and using experimental input values for the masses and decay constants of the pion and the kaon,
we obtain α(mZ)=0.11852(84). The nonperturbative running up to very high energies guarantees
that systematic effects associated with perturbation theory are well under control.

Strong Interactions and Hadron Physics / 194

Studies of X Y Z states at BESIII
Authors: BESIII CollaborationNone; Bin Wang1

1 Chinese Academy of Sciences (CN)

Corresponding Authors: bin.wang@cern.ch, fabrizio.bianchi@to.infn.it

With about 12 fb−1 of collected data useful for the study of X Y Z resonances, BESIII continues
the exploration of these exotic charmonium-like states. In these talk, recent results of the measure-
ments of the line-shape of e+e− → π0π0ψ(3686),KKJ/ψ, and π+D0D∗−, as well as the JP

determination of Zc(3900) and Zc(3900) observed in e+e− → ϕχc1/2 at
√
(s) = 4.6 GeV will be

presented.

Strong Interactions and Hadron Physics / 471

Exclusive rho(770) photoproduction at HERA
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Authors: Stefan Schmitt1; H1 Collaboration2; Arthur Bolz3

1 Deutsches Elektronen-Synchrotron (DE)
2 DESY
3 Ruprecht Karls Universitaet Heidelberg (DE)

Corresponding Authors: arthur.bolz@cern.ch, stefan.schmitt@desy.de, stefan.schmitt@cern.ch

Exclusive photoproduction of ρ(770) vector mesons is studied using the H1 detector at HERA. A
sample of about 700000 decays ρ → π+π− was collected in the years 2006-2007, using the H1
fast track trigger. It corresponds to an integrated luminosity of 1.3 pb−1. The sample is used to
study cross-sections as a function of the invariant mass mππ of the decay pions, the photon-proton
collision energy W and the momentum transfer at the proton vertex t. The phase-space restrictions
are 0.5 < mππ < 1.3 GeV, 20 < W < 80 GeV and |t| < 1.5 GeV2. Reactions where the proton stays
intact are statistically separated from those where the proton dissociates to a low-mass hadronic
system. The observed cross-section dependencies are parameterized using fits and are compared to
expectations from phenomenological models.

Strong Interactions and Hadron Physics / 367

Probing the strange content of the proton via charm production
in charged-current deep inelastic scattering at HERA
Author: Jae Nam1

1 Temple University

Corresponding Author: tuc12484@temple.edu

The production of charm quarks in charged current interactions at HERA is investigated using the
ZEUS detector. The present analysis considers measurements taken in HERA II period (2003 - 2007)
where major detector upgrades were implemented at ZEUS. With an integrated luminosity of about
350 pb−1), the HERA II data has enough statistics to probe the strangeness in the proton via charm
production at high Q2 in charged current deep inelastic scattering (CC DIS). The life-time tagging
method was used to select charm events, suppressing the light-flavour contribution in the CC cross
section. The charm cross section measurement in CC DIS at HERA as well as estimation of major
systematics is presented and compared with theoretical expectations.

Strong Interactions and Hadron Physics / 88

Measurement of Jet Production Cross Sections in Deep-inelastic
ep Scattering at HERA
Authors: Stefan Schmitt1; H1 Collaboration2; Daniel Britzger3

1 Deutsches Elektronen-Synchrotron (DE)
2 DESY
3 Ruprecht Karls Universitaet Heidelberg (DE)

Corresponding Authors: daniel.britzger@cern.ch, stefan.schmitt@desy.de, stefan.schmitt@cern.ch

A precision measurement of jet cross sections in neutral current deep-inelastic scattering for photon
virtualities 5.5 < Q2 < 80 GeV2 and inelasticities 0.2 < y < 0.6 is presented, using data taken with
the H1 detector at HERA, corresponding to an integrated luminosity of 290 pb−1. Double-differential
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inclusive jet, dijet and trijet cross sections are measured simultaneously and are presented as a func-
tion of jet transverse momentum observables and as a function of Q2. Jet cross sections normalised
to the inclusive neutral current DIS cross section in the respective Q2-interval are also determined.
Previous results of inclusive jet cross sections in the range 150 < Q2 < 15000 GeV2 are extended
to low transverse jet momenta 5 < PT < 7 GeV. The data are compared to predictions from pertur-
bative QCD in next-to-leading order in the strong coupling, in approximate next-to-next-to-leading
order and in full next-to-next-to-leading order. Using also the recently published H1 jet data at high
values of Q2, the strong coupling constant αs(MZ) is determined in next-to-leading order.

Eur.Phys.J.C77 (2017) 4, 215 [arxiv:1611.03421]

Strong Interactions and Hadron Physics / 146

The CMS-TOTEM Precision Proton Spectrometer and first physics
results
Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Authors: jonathan.jason.hollar@cern.ch, ed.scott@cern.ch

The CT-PPS (CMS-TOTEM Precision Proton Spectrometer) detector system consists of silicon track-
ing stations as well as timing detectors to measure both the position and direction of protons and
their time-of-flight with high precision. They are located at around 200 m from the interaction point
in the very forward region on both sides of the CMS experiment. CT-PPS is built to study Central
Exclusive Production (CEP) in proton-proton collisions at LHC, including photon-photon produc-
tion of W and Z boson pairs, high-mass diphoton and dilepton production, high-pT jet production,
as well as searches for anomalous couplings and new resonances.

The CT-PPS detector has taken data at high luminosity while fully integrated to the CMS data ac-
quisition system. The total data collected correspond to around 55 fb−1. In this presentation the
CT-PPS operation, commissioning and performance are discussed.

The measurements of dilepton and diphoton production in photon-photon fusion with CT-PPS are
presented. For the first time, exclusive dilepton production at high masses have been observed
in the CMS detector while one or two outgoing protons are measured in CT-PPS using around 10
fb−1 of data accumulated in 2016 during high-luminosity LHC operation. These first results show
a good understanding, calibration and alignment of the new CT-PPS detectors. Preliminary results
concerning the search for high-mass exclusive diphoton production are presented.

Strong Interactions and Hadron Physics / 348

Measurement of beauty production from dimuon events at HERA

Corresponding Author: peter.bussey@glasgow.ac.uk

Beauty production in events containing two muons in the final state has been measured with the
ZEUS detector at HERA II. A low transverse-momentum threshold for muon identification, in com-
bination with the large rapidity coverage of the ZEUS muon system and the upgraded ZEUS tracker,
gives access to almost the full phase space for beauty production. The total cross section for beauty
production in ep collisions at

√
s = 318 GeV has been measured. Differential cross sections and a

measurement of bb̄ correlations are also obtained. All are compared to previous beauty cross-section
measurements, Monte Carlo models and next-to-leading-order QCD predictions. The previous ZEUS
measurements are confirmed with higher precision.
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Strong Interactions and Hadron Physics / 346

Studies of isolated photon production with a jet in deep inelastic
scattering and diffractive photoproduction at HERA.

Authors: Matthew Wing1; Peter John Bussey2

1 University College London
2 University of Glasgow (GB)

Corresponding Authors: peter.bussey@glasgow.ac.uk, mw@hep.ucl.ac.uk

Isolated photons with high transverse energy have been studied in deep inelastic ep scattering with
the ZEUS detector at HERA, using an integrated luminosity of 326pb−1 in the range of exchanged-
photon virtuality 10− 350 GeV2. Outgoing isolated photons with transverse energy 4 < Eγ

T < 15
GeV and pseudorapidity−0.7 < ηγ < 0.9were measured with accompanying jets having transverse
energy and pseudorapidity 2.5 < Ejet

T < 35 GeV and −1.5 < ηjet < 1.8, respectively. Differential
cross sections are presented for the following variables: the fraction of the incoming photon energy
and momentum that is transferred to the outgoing photon and the leading jet; the fraction of the
incoming proton energy transferred to the photon and leading jet; the differences in azimuthal angle
and pseudorapidity between the outgoing photon and the leading jet and between the outgoing
photon and the scattered electron. Comparisons are made with theoretical predictions: a leading-
logarithm Monte Carlo simulation, a next-to-leading-order QCD prediction, and a prediction using
the kT -factorisation approach.

Strong Interactions and Hadron Physics / 378

Probing perturbative QCD at the ATLAS Experiment

Author: Jeff Dandoy1

1 University of Pennsylvania (US)

Corresponding Author: jeff.dandoy@cern.ch

Perturbative QCD calculations at next-to-leading order are available for the jet production in pp
collisions since several years and next-to-next-to leading order calculations also became available
recently. In this talk, we present the latest results from the ATLAS collaboration for inclusive jets
and dijets, measured at center of mass energies of 8 and 13 TeV. All measured cross-sections are
compared to state-of-the art theory predictions. Moreover, we present two measurements of dijet
correlations allowing to test the renormalization group equation and to extract the strong coupling
constant.

Strong Interactions and Hadron Physics / 491

ATLAS results on quarkonia and its associated production

Authors: The ATLAS collaborationNone; Cesare Bini1

1 Universita di Roma I ”La Sapienza”

Corresponding Authors: cesare.bini@cern.ch, cesare.bini@roma1.infn.it

Page 381



ICHEP2018 SEOUL / Book of Abstracts

The associated production of vector boson with quarkonia is a key observable for understanding the
quarkonium production mechanisms, including the separation of single and double parton scattering
components.

This talk will present the latest differential measurements from ATLAS of (associated-) quarkonium
production

Strong Interactions and Hadron Physics / 493

Spectroscopy, production and exotica in HF states in ATLAS

Authors: The ATLAS collaborationNone; Roger Jones1

1 Lancaster University (GB)

Corresponding Author: roger.jones@cern.ch

Searches for, and measurements of exotic states are studied with the ATLAS detector. The latest
results from ATLAS on exotic (tetra- / pentaquark) states are presented. In addition, recent results
on heavy flavour production measurements are reported in the Bu and Bc systems.

Strong Interactions and Hadron Physics / 381

Constraints on the Parton Density Functions of the Proton by
Measurements with the ATLAS Detector
Author: Claire Gwenlan1

1 University of Oxford (GB)

Corresponding Author: c.gwenlan1@physics.ox.ac.uk

Parton distribution functions (PDFs) are crucial ingredients for measurements at hadron colliders,
since they describe the initial states and therefore critically impact the precision of cross section
predictions for observables. This talk will review recent precision analyses, where the PDFs play an
important role and discuss the impact of several new ATLAS cross-section measurements on PDFs
of the proton.

Strong Interactions and Hadron Physics / 595

Recent LHCb Results in Charm Spectroscopy
Author: Jibo He1

1 University of Chinese Academy of Sciences (CN)

Corresponding Author: jibo.he@cern.ch

LHCb continues to expand its world-leading sample of charmed hadrons collected during LHC’s Run
1 and Run 2. With this data set, LHCb is discovering many previously unobserved charmed states
and making the most precise determinations of the properties of these states. LHCb’s latest work
on the spectroscopy of charmed hadrons is presented.
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Strong Interactions and Hadron Physics / 537

Electroweak and QCD aspects in V+jets from CMS
Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Authors: henning.kirschenmann@cern.ch, ed.scott@cern.ch

The study of the associated production of vector bosons and jets constitutes an excellent testbench
to check numerous QCD predictions. Total and differential cross sections of vector bosons produced
in association with jets has been studied at both 8 and 13 TeV center-of-mass energies. Differential
distributions as function of a broad range of kinematical observables are measured and compared
with theoretical predictions. Final states with a vector boson and jets can be also used to study
electroweak initiated processes, such as the vector boson fusion production of a Z or W boson that
are accompanied by a pair of energetic jets having large invariant mass.

Strong Interactions and Hadron Physics / 920

IR-Improved results for LHC/FCC physics: Status report
Author: Bennie Ward1

Co-authors: Bahram Shakerin 1; Scott Yost 2

1 Baylor University
2 The Citadel

Corresponding Authors: bennie.ward@cern.ch, syost@citadel.edu, bahram_shakerin@baylor.edu, bfl_ward@baylor.edu

We present the current status of recent developments in the theory and application of IR-improved
QED⊗QCD resummation methods, realized by MC event generator methods, for LHC and FCC
physics scenarios.

Strong Interactions and Hadron Physics / 89

Measurement of D ∗ Production in Diffractive Deep Inelastic Scat-
tering at HERA
Authors: Stefan Schmitt1; H1 Collaboration2; Andrew Mehta3

1 Deutsches Elektronen-Synchrotron (DE)
2 DESY
3 University of Liverpool (GB)

Corresponding Authors: andrew.mehta@cern.ch, stefan.schmitt@cern.ch, stefan.schmitt@desy.de

Measurements ofD∗(2010) meson production in diffractive deep inelastic scattering (5 < Q2 < 100
GeV2) are presented which are based on HERA data recorded at a centre-of-mass energy

√
s = 319

GeV with an integrated luminosity of 287 pb−1. The reaction ep → eXY is studied, where the
system X , containing at least one D∗(2010) meson, is separated from a leading low-mass proton
dissociative system Y by a large rapidity gap. The kinematics of D∗ candidates are reconstructed
in the D∗ → Kππ decay channel. The measured cross sections compare favourably with next-
to-leading order QCD predictions, where charm quarks are produced via boson-gluon fusion. The

Page 383



ICHEP2018 SEOUL / Book of Abstracts

charm quarks are then independently fragmented to the D∗ mesons. The calculations rely on the
collinear factorisation theorem and are based on diffractive parton densities previously obtained
by H1 from fits to inclusive diffractive cross sections. The data are further used to determine the
diffractive to inclusive D∗ production ratio in deep inelastic scattering.

Eur.Phys.J.C77 (2017), 340 [arxiv:1703.09476]

Strong Interactions and Hadron Physics / 340

Recent results on charmed baryons at Belle
Authors: Shohei Nishida1; Nikolay Gabyshev2

1 KEK
2 Budker Institute for Nuclear Physics

Corresponding Authors: gabyshev@inp.nsk.su, shohei.nishida@kek.jp

We report measurement of the decays of the Ωc0 charmed baryon into hadronic final states and ob-
serve excited Ωc charmed baryons in the decay mode Ξc+K- including Ωc(3000) , Ωc(3050), Ωc(3066),
and Ωc(3090). In addition, We report the first observation of the Ξc(2930)0 charmed-strange baryon
with a significance greater than 5σ in its decay to K-Λc+ in B- →K-Λc+Λc- decays. The branching
fractions of the decays Λc+ → Σ +π -π +, Λc+ → Σ0 π+π 0 and Λc+ → Σ +π 0 π 0 are also measured.
The analyses are based on a data set recorded by the Belle detector from e+ e- collisions produced
by the KEKB collider.

Strong Interactions and Hadron Physics / 193

Exotic and Conventional Quarkonium Physics Prospects at Belle
II
Authors: Ida Peruzzi1; Youngjoon Kwon2

1 Laboratori Nazionali di Frascati dell’INFN
2 Yonsei University

Corresponding Authors: yjkwon63@yonsei.ac.kr, peruzzi@slac.stanford.edu

The Belle II experiment, now operating at the KEK laboratory in Japan, is a substantial upgrade of
both the Belle detector and the KEKB e+e−accelerator. It aims to collect 50 times more data than
existing B-Factory samples. Belle II is uniquely capable to study the so-called “XYZ” particles: heavy
exotic hadrons consisting of more than three quarks. First discovered by Belle, these now number
in the dozens, and represent the emergence of a new category within quantum chromodynamics.
This talk will present the capabilities of Belle II to explore both exotic and conventional quarkonium
physics.

Strong Interactions and Hadron Physics / 343

Measurement of Bs and Y(5S) Decays with Belle
Authors: Shohei Nishida1; Leo Piilonen2
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1 KEK
2 Virginia Tech

Corresponding Authors: piilonen@vt.edu, shohei.nishida@kek.jp

The branching fraction of the decay Bs → Ds X has been measured by Belle and other experiments,
but with indirect methods which have model-dependent limitations. We report a direct measurement
of this decay by tagging one Bs from Y(5S) with semi-leptonic decay (Bs → Ds l nu), where several
Ds decay modes are combined to increase the total statics. We also report a search for eta and eta’
transitions from Y(5S) resonance to the lower bottomonia. These results are based on data sample
of 121 /fb collected at the Y(5S) resonance by the Belle detector at the KEKB asymmetric-energy e+
e- collider. Other analyses on Bs and Y(5S) decays are also covered in this talk.

Strong Interactions and Hadron Physics / 379

Tests of Perturbative QCD with Photon Final States at the ATLAS
Experiment
Author: Brigitte Vachon1

1 McGill University, (CA)

Corresponding Author: brigitte.vachon@cern.ch

The production of prompt isolated photons at hadron colliders provides a stringent test of perturba-
tive QCD and can be used to probe the gluon density function of the proton.
The ATLAS collaboration has performed numerous cross section measurements of prompt photon
production, among which are a precise measurement of the production of isolated prompt photons
in association with heavy flavor jets and a first measurement of the production cross-section of tri-
photon final states at a center of mass energy of 8 TeV, as well as a photon plus jet cross section
measurement at 13 TeV. If available, a measurement of diphotons in association with jets and a ratio
of photon cross sections between 8 and 13 TeV will also be presented. The results are compared with
state-of-the-art theory predictions, indicating several interesting discrepancies.

Strong Interactions and Hadron Physics / 352

Investigation of parton densities at very high x
Author: Matthew Wing1

1 University College London

Corresponding Authors: c.gwenlan1@physics.ox.ac.uk, mw@hep.ucl.ac.uk

The knowledge of the proton parton densities for large x is very important in the search for new
physics signals at the LHC. For Bjorken-x larger than 0.6 they are however poorly constrained by
the data used in extracting the proton parton density functions (PDFs) and different pdf sets have
large uncertainties, and differ considerably, in this regime. We compare the pdf sets most widely
used by the LHC community to the ZEUS high-x data. This data has not been previously used in
pdf set determinations. Due to the small expected and observed numbers of events in this kinematic
regime, Poisson statistics is used in the evaluation of the probabilities assigned to the different pdf
sets. A wide variation is found in the ability of the PDF sets to predict the observed results.

Strong Interactions and Hadron Physics / 382
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New Results on the W Boson Production and Multi-lepton Cross
Sections with the ATLAS Detector
Author: Zara Jane Grout1

1 University of London (GB)

Corresponding Author: zara.jane.grout@cern.ch

We report on the latest measurement on the production of W bosons in association with jets at 8 TeV
and compare our results to the latest theoretical predictions. Differential cross sections for events
with one or two jets are presented for a range of observables, including jet transverse momenta and
rapidities, the scalar sum of transverse momenta of the visible particles in the event, and the trans-
verse momentum of the W boson. For a subset of the observables, the differential cross sections of
positively and negatively charged W bosons are measured separately.
Moreover, the exclusive muon pair production measurement at 13 TeV is presented and the results
are compared to theoretical predictions. The integrated cross-section is determined within a fiducial
acceptance region of the ATLAS detector and differential cross-sections are measured as a function
of the dimuon invariant mass.
If available, a study of the W and Z boson production in association with 1 or 2 b-jets will be pre-
sented.

Strong Interactions and Hadron Physics / 478

Studying parton correlations via double parton scatterings in as-
sociated quarkonium production at the LHC and the Tevatron

Author: Nodoka Yamanaka1

Co-authors: Jean-Philippe Lansberg 2; Huasheng Shao 3; Yu-Jie Zhang 4

1 Riken
2 IPN Orsay, Paris Sud U. / IN2P3-CNRS
3 Centre National de la Recherche Scientifique (FR)
4 Beihang University

Corresponding Authors: nophy0@gmail.com, nodoka.yamanaka@riken.jp, huasheng.shao@cern.ch, lansberg@in2p3.fr

Quarkonium production in proton-proton (pp) collision provides interesting means to study the
parton content and their correlations in the proton. Recent experimental LHC and Tevatron data of
J/ψ+Z , J/ψ+W and J/ψ+ J/ψ production suggest the relevance of double parton scatterings
(DPSs) as opposed to single parton scatterings (SPSs). In this talk, we review the corresponding SPS
contributions and discuss upper limits set up by quark-hadron duality. These allow us to perform
an improved extraction of the DPS yields whose we discuss the implications.

Strong Interactions and Hadron Physics / 673

Contribution of QCD Condensates to the OPE of Green Functions
of Chiral Currents
Author: Tomas Kadavy1

Co-authors: Karol Kampf 1; Jiri Novotny 1

1 Charles University
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Corresponding Authors: novotny@ipnp.troja.mff.cuni.cz, tomas.kadavy@gmail.com, kampf@ipnp.troja.mff.cuni.cz

In this talk, basic properties of QCD condensates will be presented, together with theirs relation
to the operator product expansion (OPE) and the two-point and three-point Green functions con-
structed of chiral currents. Next, we will discuss our newest results for contribution of the QCD con-
densates with dimension D<6 to the Green functions calculated within the framework of chPT/RChT,
i.e. chiral perturbation theory or resonance chiral theory. This matching of the OPE and such effec-
tive theories can lead to some coupling constants constraints and, therefore, thus allows us to obtain
some unknown parameters of the chiral/resonance Lagrangian.

Strong Interactions and Hadron Physics / 591

Studies of meson-like exotic states at LHCb
Author: Andrii Usachov1

1 Centre National de la Recherche Scientifique (FR)

Corresponding Author: andrii.usachov@cern.ch

LHCb exploits decays of beauty hadrons as well as direct production in proton-proton collisions
to investigate exotic mesons, especially in the charmonium mass region. The large data samples
collected during Run I and II of the LHC open new possibilities for precision studies of these states.
Recent results on exotic meson spectroscopy will be presented.

Strong Interactions and Hadron Physics / 996

Deeply Virtual Compton Scattering at Jefferson Lab
Author: Carlos MUNOZ CAMACHO1

1 CNRS

Corresponding Author: munoz@ipno.in2p3.fr

Exclusive processes at high momentum transfer, such as Deeply Virtual Compton Scattering (DVCS)
access the Generalized Parton Distributions (GPDs) of the nucleon. GPDs offer the exciting possibil-
ity of mapping the 3-D internal structure of protons and neutrons by providing a transverse image
of the constituents as a function of their longitudinal momentum.

A vigorous experimental program is currently pursued at Jefferson Lab (JLab) to study GPDs through
DVCS and meson production. New results from Hall A will be shown and discussed. Special atten-
tion will be devoted to the applicability of the GPD formalism at the moderate values of momentum
transfer. In addition, we will report on results for L/T separated pi0 electroproduction cross sections
off the proton, the neutron and the deuteron. A large transverse response for both the proton and
neutron cases is found, pointing to a possible dominance of higher-twist transversity GPD contri-
butions. For the first time, a flavor decomposition of the u and d quark contributions to the cross
section will be shown.

We will conclude with a brief overview of additional DVCS experiments under analysis and planned
with the future Upgrade of JLab to 12 GeV.

Strong Interactions and Hadron Physics / 80
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First-principles lattice QCD calculation of the neutron lifetime

Authors: Enrico Rinaldi1; Enrico Rinaldi2

Co-authors: C. C. Chang ; A. Nicholson ; E. Berkowitz ; N. Garron ; D. Brantley ; H. Monge-Camacho ; C. Monahan
; C. Bouchard ; M. Clark ; B. Joo ; T. Kurth ; K. Orginos ; P. Vranas ; A. Walker-Loud

1 RIKEN BNL Research Center
2 Lawrence Livermore National Laboratory

Corresponding Authors: rinaldi2@llnl.gov, erinaldi.work@gmail.com

There is an intriguing discrepancy in the measurements of the neutron lifetime. The almost 4σ differ-
ence has recently been highlighted due to new high-precision experiments using ultra cold trapped
neutrons and it could indicate the existence of new physics.
Thanks to the Standard Model relation between the lifetime and the axial coupling gA of the neutron,
which governs it’s transition to a proton, a first-principle QCD calculation of gA could shed light on
the experimental discrepancy and new physics.
Lattice QCD provides a robust framework to numerically compute inherently non-perturbative quan-
tities from first principles. Starting only from the Lagrangian of QCD and owing to new improved
numerical algorithms, we calculate the axial coupling of the neutron with unprecedented precision
and thus obtain the neutron lifetime: τn = 885(15) seconds.
This calculation is challenging and the outcome is very promising: it paves the way to understanding
nuclear observables directly from QCD degrees of freedom with high accuracy.

Strong Interactions and Hadron Physics / 32

Charm Quark Mass with Calibrated Uncertainty
Author: Jens Erler1

Co-authors: Pere Masjuan Queralt ; Hubert Spiesberger 2

1 IF-UNAM
2 Mainz University

Corresponding Authors: spiesber@uni-mainz.de, masjuan@ifae.es, erler@fisica.unam.mx

We determine the charm quark mass mc(mc) from QCD sum rules of moments of the vector cur-
rent correlator calculated in perturbative QCD. Only experimental data for the charm resonances
below the continuum threshold are needed in our approach, while the continuum contribution is
determined by requiring self-consistency between various sum rules, including the one for the ze-
roth moment. Existing data from the continuum region can then be used to bound the theoretical
error. Our result is mc(mc) = 1272 ± 8 MeV for αs(MZ) = 0.1182. Special attention is given to
the question how to quantify and justify the uncertainty.

J. Erler, P. Masjuan and H. Spiesberger,
Charm Quark Mass with Calibrated Uncertainty,
Eur. Phys. J. C 77, 99 (2017) [arXiv:1610.08531].

Strong Interactions and Hadron Physics / 359

Lattice Predictions for Bound Heavy Tetraquarks
Author: Anthony Sebastian Francis1
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Co-authors: Randy Lewis 2; Kim Maltman 2; Renwick James Hudspith 2

1 CERN
2 York University

Corresponding Authors: afrancis.heplat@gmail.com, kmaltman@yorku.ca, randy.lewis@yorku.ca

We investigate the possibility of qq′Q̄Q̄′ tetraquark bound states using nf = 2 + 1 lattice QCD
with pion masses ≃ 164, 299 and 415 MeV. Two types of lattice interpolating operator are cho-
sen, reflecting first diquark-antidiquark and second meson-meson structure. Performing variational
analysis using these operators and their mixings, we determine the ground and first excited states
from the lattice hadron correlators. Using non-relativistic QCD to simulate the bottom quarks and
the Tsukuba formulation of relativistic heavy quarks for charm quarks, we study the udb̄b̄, ℓsb̄b̄
as well as udc̄b̄ channels, with ℓ = u, d. In the case of the udb̄b̄ and ℓsb̄b̄ channels unambiguous
signals for JP = 1+ tetraquarks are found with binding energies 189(10) and 98(7) MeV below
the corresponding free two-meson thresholds at the physical point. These tetraquarks are therefore
strong-interaction stable, implying they are stable under strong as well as electromagnetic interac-
tions while they can decay weakly. So far these are the first exotic hadrons predicted to have this
feature. Further evidence for binding is found in the udc̄b̄ channel, whereby the binding energy
broadly straddles the electromagnetic stability threshold.
Studying further the quark mass dependence, we vary the heavy quark mass in udQ̄Q̄, ℓsQ̄Q̄ as
well as udQ̄b̄, ℓsQ̄b̄ between ∼ 0.7 and 6.3 times the bottom quark mass. The observed mass depen-
dence closely follows a behaviour argued from phenomenological considerations of the heavy quark
potential.

Strong Interactions and Hadron Physics / 377

Measuring jet substructure observables at the ATLAS Experiment

Author: ATLAS CollaborationNone

Corresponding Author: deepak.kar@cern.ch

Jet substructure observables have significantly extended the search program for physics beyond the
Standard Model at the Large Hadron Collider. The state-of-the-art tools have been motivated by
theoretical calculations, but there has never been a direct comparison between data and calculations
of jet substructure observables that are accurate beyond leading-logarithm approximation. Such ob-
servables are significant not only for probing the collinear regime of QCD that is largely unexplored
at a hadron collider, but also for improving the understanding of jet substructure properties that
are used in many studies at the Large Hadron Collider. The ATLAS collaboration has recently per-
formed several measurements of precision jet substructure at 13 TeV that will significantly extend
our understanding of both the perturbative and non-perturbative aspects of jet formation. These
measurements of jet mass in various topologies as well as other properties of jet fragmentation such
as charged-particle multiplicity and the properties of gluon splitting to bottom quarks are unfolded
to correct for detector effects and compared with a variety of predictions.

Strong Interactions and Hadron Physics / 781

Measurement of hadronic cross sections with the BABAR detec-
tor
Authors: Fabio Anulli1; Korneliy Todyshev2

1 Sapienza Universita e INFN, Roma I (IT)
2 BINP
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Corresponding Authors: todyshev@inp.nsk.su, fabio.anulli@roma1.infn.it

A program of measuring the light hadrons production in exclusive e+e− → hadrons processes is in
place at BABAR, with the aim to improve the calculation of the hadronic contribution to the muon
g − 2. We present the most recent results obtained by using the full data set of about 470 fb−1

collected by the BABAR experiment at the PEP-II e+e− collider at a center-of-mass energy of about
10.6 GeV. In particular, we report the results on the channels e+e− → π+π−π0π0, e+e− → π+π−η,
K0

SK
+π−π0, K̄0K0π0, K̄0K0π0π0, and K̄0K0η.

The first reaction is the main source of uncertainty on the total hadronic cross section in the energy
region between 1 and 2 GeV, while the other processes, together with previous BABAR results,
complete the studies of the final states with two neutral or charged kaons.

Strong Interactions and Hadron Physics / 338

Study of inclusive di-hadron and production rates of hyperon and
charmed baryon in e+e- colliders
Authors: Shohei Nishida1; Ralf Seidl2

1 KEK
2 RIKEN

Corresponding Authors: ralf.seidl@gmail.com, shohei.nishida@kek.jp

The inclusive cross sections for di-hadrons of charged pions and kaons (e+e-→hhX), hyperons and
charmed baryons in e+e- annihilation are reported. For di-hadrons of charged pions and kaons, the
cross sections are obtained as a function of the total fractional energy and invariant mass for any
di-hadron combination in the same hemisphere and di-hadron fragmentation functions are probed.
For hyperons and charmed baryons, the direct production cross sections after subtracting the feed-
down contributions from heavy particles are compared for the first time. We also report the first
observation of transverse Λ/Λbar polarization in e+e- colliders. The analyses are based on a data set
recorded by the Belle detector from e+ e- collisions produced by the KEKB collider.

Strong Interactions and Hadron Physics / 485

Probing the charm hadronisation with ALICE at the LHC
Author: Cristina Bedda1

1 Utrecht University (NL)

Corresponding Author: cristina.bedda@cern.ch

Charm-quark hadronisation can be investigated by measuring the relative abundance of various
particle species, in particular non-strange D mesons (D0, D+, D∗+), D+

s mesons, and charm baryons
(�+c , �0c ). The high precision tracking, good vertexing capabilities and excellent particle identification
granted by the ALICE apparatus allows measuring hadrons containing charm quarks over a wide
momentum range in pp and pA collisions. Measurements of the charmed-baryon production in
small systems are also a fundamental reference for heavy-ion collisions, where an enhancement of
the baryon-to-meson ratio could derive from hadronisation via coalescence of charm quarks with
the quarks of the Quark-Gluon Plasma formed in these collisions.\\

In this talk, recent measurements of charmed meson and baryon production in pp collisions and in p-
Pb collisions with the ALICE experiment are presented and compared with theoretical calculations.
The results include the pT-differential cross section of �+c and �0c baryons, and the �+c /D0 ratio. The
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measured values of �+c /D0 baryon-to-meson ratio are significantly higher than what expected from
model expectations and previous measurements at e+e− and e-p colliders.

Strong Interactions and Hadron Physics / 534

Measurements of event properties and correlations in multijet
events in CMS
Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Authors: hyunyong.kim@cern.ch, ed.scott@cern.ch

We present results on measurements of characteristics of events with jets, from jet-charge over
investigations of shapes to jet mass distributions, and angular correlations in multi-jet events. The
measurements are compared to theoretical predictions including those matched to parton shower
and hadronization.

Strong Interactions and Hadron Physics / 90

Determination of the strong coupling constant αs(mZ) in next-
to-next-to-leading order QCD using H1 jet cross section measure-
ments
Authors: Stefan Schmitt1; H1 Collaboration2; Daniel Britzger3

1 Deutsches Elektronen-Synchrotron (DE)
2 DESY
3 Ruprecht Karls Universitaet Heidelberg (DE)

Corresponding Authors: daniel.britzger@cern.ch, stefan.schmitt@desy.de, stefan.schmitt@cern.ch

The strong coupling constant αs is determined from inclusive jet and dijet cross sections in neutral-
current deep-inelastic ep scattering (DIS) measured at HERA by the H1 collaboration using next-to-
next-to-leading order (NNLO) QCD predictions. The dependence of the NNLO predictions and of
the resulting value of αs(mZ) at the Z-boson mass m Z are studied as a function of the choice of
the renormalisation and factorisation scales. Using inclusive jet and dijet data together, the strong
coupling constant is determined to be αs(mZ) = 0.1157(20)exp(29)th . Complementary, αs(mZ)
is determined together with parton distribution functions of the proton (PDFs) from jet and inclusive
DIS data measured by the H1 experiment. The value αs(mZ) = 0.1142(28)tot obtained is consistent
with the determination from jet data alone. The impact of the jet data on the PDFs is studied. The
running of the strong coupling is tested at different values of the renormalisation scale and the results
are found to be in agreement with expectations.

Eur.Phys.J.C77 (2017) 4, 215 [arxiv:1611.03421]

Strong Interactions and Hadron Physics / 483

Combination and QCD analysis of beauty and charm production
cross section measurements in deep inelastic ep scattering at HERA
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Authors: Matthew Wing1; Stefan Schmitt2; Oleksandr Zenaiev3

1 University College London
2 Deutsches Elektronen-Synchrotron (DE)
3 DESY

Corresponding Authors: oleksandr.zenaiev@cern.ch, stefan.schmitt@cern.ch, mw@hep.ucl.ac.uk

Measurements of open charm and beauty production cross sections in deep inelastic ep scattering at
HERA from the H1 and ZEUS Collaborations are combined. Reduced cross sections are obtained in
the kinematic range of negative four-momentum transfer squared of the photon 2.5 GeV2 ≤ Q2 ≤
2000 GeV2 and Bjorken scaling variable 3 · 10−5 ≤ xBj ≤ 5 · 10−2. The combination method
accounts for the correlations of the statistical and systematic uncertainties among the different data
sets. Perturbative QCD calculations are compared to the combined data. A next-to-leading order
QCD analysis is performed using these data together with the combined inclusive deep inelastic
scattering cross sections from HERA. The running charm and beauty quark masses are determined
as mc(mc) = 1.290+0.046

−0.041(exp/fit)+0.062
−0.014(model)+0.003

−0.031(parameterisation) GeV and mb(mb) =

4.049+0.104
−0.109(exp/fit)+0.090

−0.032(model)+0.001
−0.031(parameterisation) GeV.

Strong Interactions and Hadron Physics / 973

QCD and gamma-gamma Physics at FCC-ee
Author: Alain Blondel1

1 Universite de Geneve (CH)

Corresponding Author: alain.blondel@cern.ch

e+e- collisions at a Future Circular Collider with tens of abˆ-1 integrated luminosities provide un-
paralleled conditions to carry out unique high-precision QCD and two-photon-fusion studies. The
QCD and gamma-gamma physics perspectives at the FCC-ee will be summarized focusing on high-
accuracy measurements of 1) the QCD coupling alpha_s 1, 2) parton radiation and fragmentation 2,
and 3) SM and BSM studies in photon-photon collisions [3].

1 http://arxiv.org/abs/arXiv:1512.05194
2 http://arxiv.org/abs/arXiv:1702.01329
[3] http://arxiv.org/abs/arXiv:1510.08141

Strong Interactions and Hadron Physics / 1024

Experimental Investigation of π+π− and K+K− atoms
Author: Leonid Afanasyev1

1 Joint Institute for Nuclear Research (RU)

Corresponding Author: leonid.afanasev@cern.ch

The DIRAC experiment at the CERN PS accelerator observed for the first time the long-lived hydro-
genlike π+π− atoms. Atoms were produced by PS proton beam on the Be target. Part of the atoms
in the long-lived states crossed the gap of 96 mm and then broken in the Platinum foil of 2.1 µm.
producing π+π− pairs(atomic pairs). From the analysis of the nLA = 436+157

−61 observed atomic pairs
the lifetime of 2p state was evaluated to τ2P = 0.22+1.55

−0.18×10−11 s. This value of the long-lived atom
lifetime is on the three order of magnitude more than our measured value of the atom ground state
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lifetime τ1S = 3.15+0.28
−0.26 × 10−15 s and do not contradicts to the QED value τ2P = 1.17× 10−11 s.

Further study of long-lived π+π− atoms will allow to measure the energy differences between p and
s atomic states, to determine ππ scattering lengths and check the precise QCD predictions for these
parameters.

On the same setup there were identified more than 7000 K+K- pairs with effective mass less than 2MK
+ 5Mev. In the distributions of K+K–pairs there is a strong signature of the Coulomb enhancement:
the pairs number is increasing with the decreasing of the relative momentum in the pair c.m.s. The
observed number of K+K–pairs with small relative momentum allows us to evaluate for the first time
the number of K+K–atoms produced simultaneously with this pairs.

Strong Interactions and Hadron Physics / 345

Observation of Y(4S) → eta’Y(1S) and Y(2S) → gamma eta_b(1S)
at Belle
Authors: Shohei Nishida1; Bryan FULSOM2

1 KEK
2 Pacific Northwest National Laboratory

Corresponding Authors: bryan.fulsom@pnnl.gov, shohei.nishida@kek.jp

The hadronic transitions involving an eta meson, thoroughly studied by Belle, are the largest tran-
sitions from Y(4S) to the narrow bottomonia. The transition Υ(4S)→η′Υ(1S) yields insights on the
quark content of the pseudoscalar mesons, and on the mechanism of heavy quark spin symmetry
breaking, if compared with the eta transitions, We report the first observation of this transition, with
the Y(1S) decay in a mu+mu- pair and the eta’ decay in rho gamma or pi+pi-eta decay modes. The
analysis is based on 497 /fb data collected on Y(4S) peak by Belle at the KEKB e+ e- collider. We
also report on search for Y(2S) → gamma eta_b(1S) decay based on analysis of the inclusive photon
spectrum of 24.7 fbˆ-1 of e+e- collisions at the Y(2S) center-of-mass energy with Belle. This result
represents the first significant observation of this decay mode, and provides a new measurement of
the eta_b(1S) mass and the branching fraction for this suppressed M1 transition. We also cover other
measurements on bottomonia.

Strong Interactions and Hadron Physics / 785

Study of radiative decays of the Υ(1S) and of three-body decays
of the J/ψ
Authors: Fabio Anulli1; Nicolas Arnaud2

1 Sapienza Universita e INFN, Roma I (IT)
2 LAL (CNRS/IN2P3 and Université Paris-Sud)

Corresponding Authors: narnaud@lal.in2p3.fr, fabio.anulli@roma1.infn.it

We report on recent studies of quarkonium decays performed with the data collected by the BaBar
experiment at the PEP-II e+e− collider.
In particular, we use the entire BaBar dataset to study the reaction e+e− → γISRJ/ψ, with J/ψ →
π+π−π0, J/ψ → K+K−π0, or J/ψ → KSK

±π∓, and the photon γISR is produced via Initial-
State-Radiation. We measure the relative J/ψ branching fractions and perform a Dalitz plot analysis
of each J/ψ decay mode using an isobar model and a Veneziano model.
We also present a study of the radiative decays of the Υ(1S) to π+π−γ and K+K−γ final states,
performed on the data samples collected at the peak of the Υ(2S) and Υ(3S) resonances. The Υ(1S)
is reconstructed from the decay chains Υ(nS) → π+π−Υ(1S), with n = 2, 3. Branching fractions
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measurements and spin-parity analysis are reported for the Υ(1S) radiative decays to intermediate
resonances observed in the π+π− and K+K− mass spectra.

Strong Interactions and Hadron Physics / 782

Search for the B-meson decay to four baryons B → pp̄pp̄

Authors: Fabio Anulli1; Laura Zani2

1 Sapienza Universita e INFN, Roma I (IT)
2 INFN - National Institute for Nuclear Physics

Corresponding Authors: laura.zani@pi.infn.it, fabio.anulli@roma1.infn.it

B mesons are the lightest mesons which can decay to various final states containing different
baryons. Up to now, the discrepancy between the inclusive branching fraction of allB meson decay
modes with at least a couple of baryons in the final state, measured by ARGUS to be (6.8± 0.6)% ,
and the sum of exclusive baryonic channels, averaged on neutral and chargedB mesons at less than
1%, represents an open issue. The measurement and comparison of exclusive branching fractions
of baryonic B decays, as well as studies on the dynamic of the decay, may allow better understand-
ing of baryon production in B decays and, more generally, hadron fragmentation into baryons. We
present here a search for the decay B → pp̄pp̄, not yet observed, by using a data set consisting of
about 470 million B− B̄ pairs collected with the BABAR detector at the SLAC National Accelerator
Laboratory. We select 11.1 ± 4.6 candidate events, corresponding to a signal significance of 2.9σ,
and obtain
the branching fraction of (1.14± 0.047(stat)± 0.17(syst))× 10−7.

Strong Interactions and Hadron Physics / 460

Open heavy-flavour measurements in proton-proton collisions
with ALICE at the LHC.
Authors: Julien Charles Hamon1; Andrea Rossi2

1 Institut Pluridisciplinaire Hubert Curien (FR)
2 Universita e INFN, Padova (IT)

Corresponding Authors: andrea.rossi@cern.ch, julien.hamon@cern.ch

In proton-proton (pp) collisions, open heavy-flavour hadrons are valuable tools for testing perturba-
tive Quantum Chromo-Dynamics (pQCD) calculations. Indeed, the large heavy-quark masses (with
respect to the QCD scale parameter) allow to calculate the heavy-quark production cross section, as
perturbation series in αS down to pT = 0.

The ALICE experiment has measured D mesons in pp collisions, via the reconstruction of hadronic
decay channels at central rapidity, as well as muons (electrons) from semi-leptonic decay of heavy-
flavour hadrons at forward (mid) rapidity. These measurements, performed over a wide range of
transverse momentum, in several rapidity regions and for different collision energies, have much
smaller uncertainties than the typical theoretical ones. Thus, ALICE results challenge state-of-the-art
pQCD calculations such as FONLL and GM-VFNS and, besides, add sensitivity to gluon PDF.

More differential measurements help studying further charm production: the analysis of D-meson-
tagged jets allows measuring charm jet production, and addressing charm-quark production pro-
cesses and charm fragmentation properties. Additionally, multiplicity-dependent measurements of
heavy-flavour production provide insight into multi-parton interactions and the possible interplay
of soft and hard processes.
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In this talk, new and most recent ALICE results on open heavy-flavours in pp collisions at
√
s = 2.76,

5, 7, 8 and 13 TeV will be presented and compared with theoretical and model predictions.

Strong Interactions and Hadron Physics / 590

Studies of open charm production and properties at LHCb
Author: Daniel O’Hanlon1

1 INFN Bologna

Corresponding Author: daniel.ohanlon@cern.ch

LHCb continues to expand its world-leading sample of charmed hadrons collected during LHC’s Run
1 and Run 2. Recent results on charm production and charm hadron lifetimes are presented.

Strong Interactions and Hadron Physics / 538

V+heavy flavor jets and constraints to PDFs with CMS
Author: Arnd Meyer1

1 Rheinisch Westfaelische Tech. Hoch. (DE)

Corresponding Authors: juan.pablo.fernandez.ramos@cern.ch, ed.scott@cern.ch

The associated production of vector bosons, W or Z, and jets originating from heavy-flavour quarks
is a large background source in measurements of several standard model processes, Higgs boson
studies, and many searches for physics beyond the SM. The study of events with one or two well-
identified and isolated leptons accompanied by heavy-flavour jets is crucial to refine the theoretical
calculations in perturbative QCD, as well as to validate associated Monte Carlo techniques. Using the
LHC proton-proton collision data at centre-of-mass energies of 8 and 13 TeV collected by the CMS
detector, Wbb, Zb(b), W+c, and Z+c cross sections are measured. Fiducial differential cross sections
are measured as a function of several kinematic observables. The study of the associated production
of a vector boson with jets from a c-quark is specially interesting to improve the treatment of heavy
quarks in PDF-related studies. The production of a W boson associated with a c-quark allows probing
and constraining the strange quark content of the proton. T he associated production of a Z boson
and c-quark jets may give insight into the existence of an intrinsic charm quark component inside
the proton.

Strong Interactions and Hadron Physics / 361

Hyperon studies at BESIII
Authors: BESIII CollaborationNone; Andrzej KupscNone

Corresponding Authors: andrzej.kupsc@physics.uu.se, fabrizio.bianchi@to.infn.it

Hyperons are a powerful diagnostic tool that sheds light on some of the most challenging questions
in contemporary physics. One is how and why the strong force confines quarks and gluons into
composite systems, e.g. protons. The central question is: What happens if we replace one of the light
quarks in a proton, with a heavier quark? In particular, strange systems probe the strong interaction
in the confinement domain which make strange hyperons particularly interesting. Electromagnetic
form factors (EMFF’s) is currently the best way to study hyperon structure. In the time-like region,
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the EMFF’s can be complex with a relative phase. This phase is a non-perturbative phenomenon and
stems from the interference between different production amplitudes, including intermediate states.
A non-zero phase polarises the final state even when the initial state is unpolarised. Hyperons
have the advantage compared to protons that their polarization is experimentally accessible by the
angular distributions of their decay products. However, due to experimental challenges, the studies
of hyperon EMFF’s are scarce and the phase has not been measured at all until now. A new, dedicated
data sample collected by the BESIII experiment therefore provide new insights. In this talk, it will
outlined how to measure the phase between the electric and the magnetic form factor and presented
the latest results from the BESIII experiment.

Strong Interactions and Hadron Physics / 342

Study of Kˆ0_S pair production and eta_c(1S), eta_c(2S) and non-
resonant eta’ pi+ pi- in two-photon collisions at Belle

Authors: Shohei Nishida1; Qingnian Xu2

1 KEK
2 University of Chinese Academy of Sciences (CN)

Corresponding Authors: qingnian.xu@cern.ch, shohei.nishida@kek.jp

We report the measurements of gamma gamma ―> eta_c(1S), eta_c(2S)―>eta’ pi+ pi- with eta’ de-
cay to gamma rho and eta pi+ pi- First observation of eta_c(2S)―>eta’ pi+ pi- with a significance
5.5 \sigma including systematic error is obtained. The products of the two-photon decay width and
branching fraction of decays to eta’ pi+ pi- are determined for the eta_c(1S) and eta_c(2S), respec-
tively. A new decay mode for the eta_c(1S)―>eta’ f0(2080) with f0(2080)―>pi+ pi- is observed with
a statistical significance of 20 \sigma. The cross section for gamma gamma ―> eta’ pi+ pi- and eta’
f2(1270) are measured for the first time. We also report a measurement of the cross section for Kˆ0_S
pair production in single-tag two-photon collisions, gammagamma→ Kˆ0_S Kˆ0_S for Qˆ2 up to 30
GeVˆ2, where Qˆ2 is the negative of the invariant mass squared of the tagged photon. The measurement
covers the kinematic range 1.0 GeV < W < 2.6 GeV and |cos theta|<1.0 for the total energy and kaon
scattering angle, respectively, in the gamma* gamma center-of-mass system. For the first time, the
transition form factor of the f’2(1525) meson is measured separately for the helicity-0, -1, and -2
components and also compared with theoretical calculations. Finally, the partial decay widths of
the chi_c0 and chi_c2 mesons are measured as a function of Qˆ2. The results are based on a data
sample collected with the Belle detector at the KEKB asymmetric-energy e+ e- collider.

Strong Interactions and Hadron Physics / 202

Baryonic Decays of Charmonium at BESIII

Authors: BESIII CollaborationNone; Hao Cai1

1 Wuhan University (CN)

Corresponding Authors: hao.cai@cern.ch, fabrizio.bianchi@to.infn.it

For the first time the branching ratio and the angular distribution of the decay ψ(3686) → nn̄
have been measured. At the same time also the branching ratio and angular distribution of the
decay ψ(3686) → pp̄ have been measured with unprecedented precision. It turns out that the two
branching ratio are quite close, implying that the phase between strong and electromagnetic part is
close to 90 degrees for the “magnetic”part, while since the angular distributions are different very
likely the “electric”part behaves in a different way.
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Strong Interactions and Hadron Physics / 185

Light meson decays at BESIII

Author: BESIII CollaborationNone

Corresponding Authors: xugf@ihep.ac.cn, fabrizio.bianchi@to.infn.it

At present the world’s largest sample of 1.3 billion J/psi decay has been collected by the BESIII
detector, which provides a unique opportunity to investigate light meson decays. The a0(980) −
f0(980) mixing is an important probe to the nature of those two light scalars. The first observation
of a0(980)− f0(980) mixing will be reported. The η and η′ hadronic decays are sensitive tools for
the investigations of π − π and η − π interactions, symmetry breaking, and for testing the Chiral
Perturbation Theory. In this talk, BESIII presents new results on amplitude analyses of the Dalitz
decays η′ → 3π; η′ → ηππ, η′ → γππ, on the observation of new decay modes and on searches for
rare or forbidden decays.

Strong Interactions and Hadron Physics / 223

Studies of the X±(5568) state and Evidence for Zc±(3900) in b-
flavored Hadron Decays at D0

Authors: Bob Hirosky1; Boris Tuchming2; D0 CollaborationNone; Dmitri Denisov3

1 University of Virginia (US)
2 CEA Saclay
3 Fermi National Accelerator Lab. (US)

Corresponding Authors: denisovd@fnal.gov, bob.hirosky@cern.ch, tuchming@cea.fr

We study the production of a narrow structure X±(5568) decaying to B0
sπ

± produced in 10.4 fb−1

of pp̄ collisions recorded by the D0 detector at the Fermilab Tevatron collider at
√
s = 1.96 TeV. We

report evidence for the production of X±(5568) using the semileptonic mode B0
s → µ∓D±

s X with
D±

s → ϕπ±. The results are consistent with the previous measurements by D0 of the production of
X±(5568) using the hadronic decay B0

s → J/ψϕ. The mass and width of this state are measured
using a combined fit of the hadronic and semileptonic data.

Technology Applications and Industrial Opportunities / 1050

Chinese industries in technology developments related to high
energy physics facilities: Introduction to CIPC
Author: Jie Gao1

1 Institute of High Energy Physics, China

Corresponding Author: gaoj@ihep.ac.cn

Facing to future high energy physics large science projects, CEPC-SppC, CEPC Industrial Promo-
tion Consortium (CIPC) has been etablished in Nov 7, 2018 , with companies working in different
key technology domains, such as superconducting cavities, cryo-module, klystron, high field super-
conducting magnet, civil engineering, etc. Previously, these companies have worked closely with
Chinese academic institutions and Universities in ILC collaboration,JUNO, and Jinping Dark matter
experiment, European XFEL, LCLSII, FRIB-MSU, and C-ADS, etc.
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Technology Applications and Industrial Opportunities / 1051

Convergence: HPC + AI

Corresponding Author: sml@nvidia.com

Introducing a new era for innovation in the Exascale timeframe

Technology Applications and Industrial Opportunities / 1053

Ams’Technology Concepts on Monolithically Integrated Photo-
sensors

Corresponding Author: ingrid.jonak-auer@ams.com

Ams AG is a global leader in the design and manufacture of advanced sensor solutions, which are
at the heart of the products and technologies that define our world today –from smartphones and
mobile devices to smart homes and buildings, industrial automation, medical technology and con-
nected vehicles. To build global leadership in optical sensing, ams is driving integration of sensor
technologies into monolithically integrated solutions. This presentation will provide an overview of
ams’integrated photosensor concepts including 3D integration, spectral sensing and radiation hard
concepts.

Technology Applications and Industrial Opportunities / 1055

ALICE ITS production with Korean industry - Status and Out-
look

Corresponding Author: youngil.kwon@cern.ch

The ITS (Inner Tracking System) upgrade for the ALICE experiment at the LHC consists of novel
monolithic CMOS pixel senosors with a total surface of 10ˆ2. It is foreseen to be installed in the
experiment during LS2 in 2019/20. The ITS upgrade encompasses highly advanced industrial tech-
nologies, such as CMOS sensor processing, post processing of silicon wafers, custom electronics
and precision robotics. This contribution will give and overview of the R&D development carried
out with industrial partners in Korea and present the current status of the production as well as an
outlook for the future.

Technology Applications and Industrial Opportunities / 1052

From CERN knowledge to society

Corresponding Author: manuela.cirilli@cern.ch

CERN’s mission is the pursuit of knowledge through curiosity-driven research. The Laboratory was
created to explore the fundamental particles and their interactions, with the goal of helping us to
understand how the universe works. Since its beginnings, CERN has also acted as a trailblazer in
the technologies related to accelerators, detectors and computing. As a laboratory with a long-term
research plan, it is continuously innovating. For more than 60 years, the work of thousands of

Page 398



ICHEP2018 SEOUL / Book of Abstracts

scientists from all over the world has pushed back the limits of knowledge in fundamental physics,
as well as in many fields of technology. It is part of CERN’s mission to ensure that our innovations
bring practical benefits to society as a whole.

We use a variety of avenues to bring CERN innovation to society, ranging from education, commu-
nication and outreach to formal Knowledge Transfer (KT) activities whose aim is to maximise the
positive impact of CERN technologies outside the HEP field. CERN’s KT activities have led to hun-
dreds of collaboration agreements from the field of medtech and aerospace, and from industry 4.0
to cultural heritage. We have a CERN KT fund to stimulate innovation. It has funded 41 projects
since 2011, while our Medical Applications budget has funded 25 projects since 2014. We promote
entrepreneurship and we grant licences for companies to develop our technologies. 23 start-ups are
now using CERN technology, some hosted in the nine Member State Business Incubation Centres
(BICs). All this is done to ensure a strong return on investment for policy makers, industry, and the
general public.

Technology Applications and Industrial Opportunities / 1048

HL-LHC industrialization and procurement. Lessons learnt

Corresponding Author: isabel.bejaralonso@cern.ch

The High-Luminosity LHC (LH-LHC) is a major upgrade of the Large Hadron Collider (LHC) that
aims increasing the number of proton-proton collisions, boosting our chances of coming across new
and rare physics phenomena. In order to do that, several new technologies will be introduced and
heavy civil engineering work is required. Overall, more than 1.2 km of the current LHC ring will
need to be replaced with new components.
The engineering concepts behind most part of these components come from our latest R&D and
only a few units will be required for each type. From one side producing them at CERN or in the
laboratories collaborating in HL-LHC would be nearly impossible considering the production time
frame. From the other side, the industry considers that the series are too short, the tolerances too
tight and the development too risky to get interested. How to solve this situation?
The talk will give an overview of the sourcing strategy that was put in place for HL-LHC and the
results obtained. Particular emphasis will be put on what we think were key success factors and
could be useful for other construction projects facing the same challenges.

Technology Applications and Industrial Opportunities / 1049

Case Study for the Socio-economic Impact of large Scientific Projects
on the Technology Transfer and Technology-driven Startups in
KOREA

Corresponding Author: kwonm@nfri.re.kr

In Korea, large scientific facilities started to build in parallel with the economic growth from late
1980s. The 3rd generation synchrotron-based, 2 GeV electron accelerator, the Pohang Light Source
(PLS), was the biggest scientific endeavor in Korean history at that time. Few heavy industries for
nuclear power with decent technical level, large ship building industries, semiconductor chip mak-
ers and a steel company were all engineering and technological resources from the industrial sector.
After PLS, consecutive large science projects have been deployed with bigger scales in cost and tech-
nical complexities. A few of those are KSTAR, KOMAC, RAON, KSLV, KHIMA and ITER. During the
rapid expansion period of last 30 years, there have been a noticeable change in the industrial sector.
New startups driven by the advanced technology development have emerged and networked with
laboratories as well as themselves, establishing new industrial clusters of companies for developing
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new and advanced technologies. This change definitely give impacts to the policy and strategy on
the large science facilities deployment.
In this presentation, few cases will be shown as an example and some insight will be drawn for the
future.

Technology Applications and Industrial Opportunities / 1054

Mass Production of GEM foils in Korea

MECARO has invested great efforts to produce the large size GEM foils since 2012. The company
developed their original production methods including new chemicals for etching and high-tech
lithography machine. In this talk, we will overview the current status for the large size GEM foil
production and review our future plan.

Top Quark and Electroweak Physics / 448

Top quark production cross-section measurements with the AT-
LAS detector

Corresponding Author: peter.berta@cern.ch

Measurements of the inclusive and differential top-quark pair production cross sections in proton-
proton collisions with the ATLAS detector at the Large Hadron Collider at center-of-mass energies of
8 TeV and 13 TeV are presented. The inclusive measurements reach high precision and are compared
to the best available theoretical calculations. Differential measurements of the kinematic properties
of the top-quark production are also discussed. These measurements, including results using boosted
tops, probe our understanding of top-quark pair production in the TeV regime.

Top Quark and Electroweak Physics / 158

Rare top quark production in CMS: ttW, ttZ, ttgamma, tZ, tgamma,
and tttt production

Corresponding Author: nicolas.pierre.chanon@cern.ch

A comprehensive set of measurements of top quark pair and single top quark production in asso-
ciation with EWK bosons (W, Z or ɣ) is presented. The results are compared to theory predictions
and re-interpreted as searches for new physics inducing deviations from the standard model pre-
dictions using an effective field theory approach. The status of the search for four top quark pro-
duction, to which the LHC experiments are starting to be sensitive, and that has important BSM
re-interpretations, is also reported.

Top Quark and Electroweak Physics / 219

Forward-backward asymmetry in pp̄ → tt̄ events at the Tevatron
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Author: Bob Hirosky1

1 University of Virginia (US)

Corresponding Author: bob.hirosky@cern.ch

We discuss the asymmetry between yields of forward- and backward-produced top and antitop
quarks in pp̄ → tt̄ events at the Tevatron collider. These measurements use the full Run II data
set in lepton plus jets and dilepton channels, recorded in the D0 and CDF detectors, correspond-
ing to an integrated luminosity of ≈ 2 × 10 fb−1 . The combinations of inclusive and differential
asymmetries are presented and compared with recent standard model predictions.

Top Quark and Electroweak Physics / 159

Anomalous top quark couplings, FCNC, and EFT interpretations
in CMS
Corresponding Author: alexander.grohsjean@desy.de

Top quark production can probe physics beyond the SM in different ways. Some processes, and espe-
cially certain angular correlations, are sensitive to the existence of anomalous top quark couplings.
In the SM, flavour-changing neutral currents (FCNC) are forbidden at tree level and are strongly
suppressed in loop corrections. Several extensions of the SM incorporate significantly enhanced
FCNC behaviour that can be directly probed in top quark processes. Current approaches adopting
an EFT framework allow describing effects of new physics in a model independent way. This talks
reviews the current limits on possible anomalous couplings of the top quark, FCNC searches in the
top sector, and EFT interpretations.

Top Quark and Electroweak Physics / 453

Searches for rare top quark couplings with the ATLAS detector

Corresponding Author: ligang.xia@cern.ch

The top quark is the heaviest known fundamental particle and probing its couplings with the other
fundamental particle may open a window to physics beyond the Standard Model. Searches for
flavour-changing neutral current top-quark interactions are discussed based on the 13 TeV ATLAS
dataset. Searches for rare top quark decays to Higgs and Z bosons are presented in top quark pair
production, and searches for rare top quark interactions with gluons and Z bosons are presented in
single top quark production.

Top Quark and Electroweak Physics / 153

Top modelling and tuning in CMS
Author: Oleksandr Zenaiev1

1 DESY
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Corresponding Author: oleksandr.zenaiev@cern.ch

State-of-the-art theoretical predictions accurate to next-to-leading order QCD interfaced with Pythia8,
Herwig, and Sherpa event generators are tested by comparing the unfolded ttbar differential data
collected with the CMS detector at 8 and 13 TeV. These predictions are also compared with the under-
lying event activity distributions in ttbar events using CMS proton-proton data collected at a center
of mass energy of 13 TeV. In addition, studies of jet shapes in ttbar events at 13 TeV are presented.
Studies to derive and test the new CMS event tune obtained through jet kinematics in ttbar events
and global event variables are also described.

Top Quark and Electroweak Physics / 449

Top quark properties measurements with the ATLAS detector

Corresponding Author: reinhild.peters@cern.ch

The top quark is the heaviest known fundamental particle. As it is the only quark that decays before
it hadronizes, this gives the unique opportunity to probe the properties of bare quarks. This talk will
focus on a few recent precision measurements of top quark properties in production and decay by
the ATLAS Collaboration at center-of-mass energies of 8 TeV and 13 TeV.

Top Quark and Electroweak Physics / 91

Determination of electroweak parameters using H1 inclusive DIS
data
Authors: Stefan Schmitt1; H1 Collaboration2; Zhiqing Philippe Zhang3

1 Deutsches Elektronen-Synchrotron (DE)
2 DESY
3 LAL, Orsay (FR)

Corresponding Authors: zhangzq@lal.in2p3.fr, stefan.schmitt@desy.de, stefan.schmitt@cern.ch

An improved determination of electroweak (EW) parameters using H1 inclusive neutral current
and charged current DIS cross sections is presented. The analysis benefits from the usage of the
previously published cross sections using longitudinally polarised lepton beams. The parameters
are determined in a combined fit of EW parameters together with PDFs. The predictions include
NNLO QCD corrections for the PDF and structure function calculations, and the corrections at the
leptonic vertex are obtained in the on-shell scheme including the full set of 1-loop corrections. The
analysis determines the weak neutral-current couplings of the light quarks and thus tests potential
contributions beyond the SM. The mass of the W-boson is determined and a precision of 115 MeV is
achieved.

Top Quark and Electroweak Physics / 310

Charming Top Decays with Flavor Changing Neutral Higgs Inter-
actions at Hadron Colliders
Author: Chung Kao1
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1 University of Oklahoma

Corresponding Author: chung.kao@ou.edu

We investigate the prospects for discovering a top quark decaying into
one light Higgs boson along with a charm quark in top quark pair production
at the CERN Large Hadron Collider (LHC) and future hadron colliers.
A general two Higgs doublet model is adopted to study the signature
of flavor changing neutral Higgs (FCNH) interactions with t→ cϕ0,
followed by ϕ0 → bb̄, ZZ∗, and WW ∗,
where ϕ0 could be CP-even (h0) or CP-odd (A0).
We study the discovery potential for the FCNH signal and physics background
from dominant processes with realistic acceptance cuts and
tagging efficiencies.
Promising results are found for the LHC running
at 13 or 14 TeV collision energies as well as future pp colliders
at 28 TeV, 33 TeV, or 100 TeV.

Top Quark and Electroweak Physics / 527

Top-quark physics at high-energy CLIC operation

Corresponding Author: ulrike.schnoor@cern.ch

The Compact Linear Collider (CLIC) is a mature option for a future electron-positron collider oper-
ating at centre-of-mass energies of up to 3 TeV. CLIC will be built and operated in a staged approach
with three centre-of-mass energy stages currently assumed to be 380 GeV, 1.5 TeV and 3 TeV. This
talk discusses the prospects for top-quark physics at the two TeV-scale CLIC energy stages based
on benchmark analyses using full detector simulations. New studies of top-quark pair production
at high-energy CLIC operation make use of jet-substructure techniques originally developed for the
LHC. Forward-backward and polarisation asymmetries, as well as so-called optimal observables, are
studied. The top Yukawa coupling and the CP properties in the ttH coupling are best probed in 1.5
TeV collisions. CLIC operation at 3 TeV also enables the study of top-quark pair production through
Vector Boson Fusion. The BSM sensitivity provided by the top physics program at CLIC is illustrated
using Effective Field Theory (EFT).

Top Quark and Electroweak Physics / 456

Tests of the electroweak sector sector with Diboson final states at
the ATLAS Experiment

Corresponding Author: rustem.ospanov@cern.ch

Measurements of the cross sections of the production of pairs of electroweak gauge bosons at the
LHC constitute stringent tests of the electroweak sector and provide model-independent means to
search for new physics at the TeV scale. Similarly, the electroweak production of vector bosons in
proton-proton collisions tests the gauge structure of the Standard Model. The ATLAS collaboration
has performed detailed measurements of integrated and differential cross sections of the production
of ZZ di-boson pairs as well as WZ and WW di-boson pairs at 8 and 13 TeV. The results will be
presented and compared to predictions at NLO (and NNLO) in pQCD. Constraints on new physics
are provided by setting limits on anomalous triple gauge couplings. If available, a measurement of
the unfolded 4-lepton mass at 13 TeV will be presented.
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Top Quark and Electroweak Physics / 457

New Results on Multi-Boson Production with the ATLAS Detec-
tor
Author: Marc-Andre Pleier1

1 Brookhaven National Laboratory (US)

Corresponding Authors: pleier@fnal.gov, marc-andre.pleier@cern.ch

Measurements of the cross sections of the production of three electroweak gauge bosons and of
vector-boson scattering processes at the LHC constitute stringent tests of the electroweak sector of
the Standard Model and provide a model-independent means to search for new physics at the TeV
scale. The ATLAS collaboration searched for the production of three W bosons or of a W boson and
a photon together with a Z or W boson at a center of mass energy of 8 TeV. ATLAS also searches
for the electroweak production of diboson final states, where evidence was found for the exclusive
production of W boson pairs. If available also further results on the electroweak production of
diboson pairs will be presented. All results have been used to constrain anomalous gauge couplings
and have been compared to the latest theory predictions.

Top Quark and Electroweak Physics / 535

Multiboson production at CMS
Corresponding Author: riccardo.bellan@cern.ch

Precision measurements of multi-boson production is a validation of the Standard Model. These
multi-boson processes are a background to Higgs measurements and searches for Beyond the Stan-
dard Model physics. In this talk, we present the recent measurements of multiboson final states
performed in CMS, involving W, Z and photon combinations. Inclusive and differential cross sec-
tions are compared to different theoretical predictions. Phase space regions that provide sensitivity
to anomalous triple or quartic gauge couplings are also investigated. These coupling strengths are
directly related to the broken electroweak symmetry and deviations from the SM are a clear signal
of new physics.

Top Quark and Electroweak Physics / 220

Measurements of the effective weak mixing angle in at D0
Corresponding Author: siqi.yang@cern.ch

We present the measurements of forward-backward charge asymmetry AFB in
pp̄→ Z/γ∗ → µ+µ− events using 9.7fb−1 of pp̄ data collected at

√
s = 1.96 TeV by the D0 detector

at the Fermilab Tevatron collider. AFB is measured as a function of the invariant mass of the dimuon
system to extract the effective weak mixing angle sin2 θlepeff . This measurement is combined with a
previous measurement performed in the pp̄ → Z/γ∗ → e+e− channel at D0. In the context of the
standard model, using the on-shell renormalization scheme where sin2 θW = 1 −M2

W /M2
Z , the

measurement of sin2 θlepeff yields an indirect extraction of the W mass.

Top Quark and Electroweak Physics / 221
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Measurements and combination of the weak mixing angle at the
Tevatron and extraction of the W mass
Corresponding Author: liang.han@cern.ch

We combine four measurements of the forward-backward charge asymmetry AFB in
pp̄ → Z/γ∗ → e+e−/µ+µ− + X events using ∼ 10 fb−1 of pp̄ data collected at

√
s = 1.96 TeV

by the CDF and D0 detectors at the Fermilab Tevatron collider. AFB is measured as a function of
the invariant mass of the dilepton system to extract the effective weak mixing angle sin2 θlepeff . We
discuss the combination of these measurements and present the indirect extraction of the W mass
in the context of the standard model.

Top Quark and Electroweak Physics / 539

W/Z boson production cross sections with the CMS detector
Corresponding Author: ilya.gorbunov@cern.ch

Measurements of single W and Z boson inclusive and differential production cross sections with
the CMS detector are presented. Measurements of Drell-Yan cross sections in the mass range of 15
to 3000 GeV are also reported. The results are compared to predictions from different Monte Carlo
generators.

Top Quark and Electroweak Physics / 455

New Results on Z Boson Production with the ATLAS Detector

Corresponding Author: manuella.greta.vincter@cern.ch

Precision measurements of the Drell-Yan production of Z bosons at the LHC provide a benchmark of
our understanding of perturbative QCD and electroweak processes and probe the proton structure in
a unique way. ATLAS performed a precise triple differential Drell-Yan cross-section measurement
as a function of Mll, dilepton rapidity and cosθ∗ defined in the Collins-Soper frame at a center of
mass energy of 8 TeV. We report on this measurement which provides sensitivity to PDFs and the Z
forward-backward asymmetry, AFB. In order to test the electroweak sector with single Z boson final
states, ATLAS has published a first measurement of the tau-polarization in Z events as well as the
cross-section of the electroweak production of Z bosons at 13 TeV. These results will be presented
and discussed.

Top Quark and Electroweak Physics / 586

EW physics at LHCb
Corresponding Author: pavel.krokovny@cern.ch

A variety of vector boson measurements have been performed at LHCb with Run 1 data, including
inclusive Z/W cross-sections, the Z forward-backward asymmetry, Z/W production with jets (in-
cluding heavy flavor). Additionally, the inclusive Z cross-sections have been measured with Run 2
data. A variety of these results will be presented.
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Top Quark and Electroweak Physics / 743

Electroweak Physics at CEPC
Author: Zhijun Liang1

Co-authors: Manqi Ruan 1; gang Li 1; Yaquan Fang 1

1 Chinese Academy of Sciences (CN)

Corresponding Authors: zhijun.liang@cern.ch, yaquan.fang@cern.ch, li.gang@mail.ihep.ac.cn, manqi.ruan@cern.ch

Abstract: The Circular Electron Positron Collider (CEPC) project aims to build a circular electron-
positron collider capable of precision physics measurements at center-of-mass energies ranging from
90 GeV to 240GeV. The CEPC has a total circumference of at least one hundred kilometers and at
least two interaction points. In its 10 years operation at 240 GeV, it will collect more than one
million Higgs events. CEPC will also run at Z pole for two years, producing more than 100 billion Z
bosons in two year. It will also collect data around WW threshold for one year, in order to perform
the W boson mass measurement with high precision. These datasets will boost the precision of
electroweak measurements by orders of magnitude. An overview is presented of the potential of
CEPC to advance precision studies of electroweak physics with an emphasis on the opportunities in
W and Z physics.

Top Quark and Electroweak Physics / 217

Direct and indirect measurements of the top quark mass in pp̄
collisions

Corresponding Author: stefan.soldner-rembold@cern.ch

We discuss extractions of the pole mass of the top quark based on measurements of the inclusive
and unfolded differential pp̄ → tt̄ production cross section as a function of pT (t) and M(tt̄). We
use the full Run II (2001–2011) data set of pp̄ collisions at

√
s = 1.96TeV collected by the D0 exper-

iment, corresponding to an integrated luminosity of 9.7 fb−1. We compare the indirect extraction
to the final combination of direct measurements of the top quark mass at D0 and to the preliminary
D0+CDF combination.

Top Quark and Electroweak Physics / 451

Measurements of the top quark mass with the ATLAS detector

Author: Teresa Barillari1

1 Max-Planck-Institut fur Physik (DE)

Corresponding Author: teresa.barillari@cern.ch

The top quark mass is one of the fundamental parameters of the Standard Model. The latest ATLAS
measurements of the top quark mass in top quark pair final states are presented. Measurements
use dilepton, lepton+jets and all-hadronic final states and their combination is performed. Mea-
surements of the top quark pole mass based on precision theoretical QCD calculations for lepton
kinematic distribution and for ttbar production with an additional jet are also presented, as well as
a measurement of the top quark mass using 13 TeV data.
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Top Quark and Electroweak Physics / 157

First measurements of top quark mass and other properties with
Run-2 data in CMS
Corresponding Author: nataliia.kovalchuk@desy.de

Measurements of top quark properties using data collected by the CMS experiment at 13 TeV are
presented. The top quark mass is measured in the lepton+jets channel is consistent with the CMS
measurements of Run-1. The top quark mass is also studied as a function of the event kinematical
properties. For the first time at the LHC, the width of the top quark is directly probed during Run-2,
in what constitutes the most precise direct bound of the top quark width performed to date.

Top Quark and Electroweak Physics / 175

Standard Model measurements at the High-Luminosity LHC with
CMS
Corresponding Author: alexander.savin@cern.ch

The High-Luminosity Large Hadron Collider (HL-LHC) is expected to deliver an integrated lumi-
nosity of up to 3000 fb-1. The very high instantaneous luminosity will lead to about 200 proton-
proton collisions per bunch crossing (“pileup”) superimposed to each event of interest, therefore
providing extremely challenging experimental conditions. Prospects for selected Standard Model
(SM) measurements at the High-Luminosity LHC are presented. In particular, the performance of
the upgraded CMS detector at the HL-LHC for precision measurements of the global SM param-
eters, top mass and electroweak mixing angle is studied. Prospects for flavour changing neutral
currents search in single top quark production and also for QCD-oriented measurements are also
presented.

Top Quark and Electroweak Physics / 154

Recent ttbar (inclusive and differential) cross sections results in
CMS
Authors: Douglas John Paul Burns1; Douglas John Paul Burns1

1 University of Bristol (GB)

Corresponding Authors: douglas.john.paul.burns@cern.ch, douglas.burns@cern.ch

Latest results on inclusive top quark pair production cross sections are presented using proton-
proton collision data collected by CMS at different centre-of-mass energies, including 5 TeV. Final
states with at least one charged lepton and one b-jet are explored to measure inclusive production
cross sections. The sensitivity of some these measurements to PDFs and extraction of standard
model parameters is also described. Moreover, first ttbar cross sections results in proton-lead colli-
sions are discussed. Differential top quark pair production cross sections are discussed with respect
to kinematic variables in final states with at least one lepton. Constraints placed on the EFT opera-
tor OtG are discussed as well as the measurement of ttbar asymmetries in the top quark-antiquark
system.
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Top Quark and Electroweak Physics / 156

Single top quark production in CMS
Corresponding Author: matthias.komm@cern.ch

Recent results on single top quark production are presented, performed using CMS data collected at
different centre-of-mass energies. The single top quark analyses investigate separately the produc-
tion of top quarks via t-channel exchange, in association with a W boson (tW) or via the s-channel.
Differential measurements of t-channel production cross sections are also presented.

Top Quark and Electroweak Physics / 56

Exclusive Top Threshold Matching at Lepton Colliders
Authors: Jürgen Reuter1; Andre Hoang2; Wolfgang Kilian3; Maximilian Stahlhofen4; Thomas Teubner5

1 DESY Hamburg, Germany
2 University of Vienna
3 University of Siegen
4 JGU Mainz
5 U

Corresponding Authors: thomas.teubner@liv.ac.uk, maximilian.stahlhofen@univie.ac.at, andre.hoang@univie.ac.at,
kilian@physik.uni-siegen.de, juergen.reuter@desy.de

The threshold scan at future lepton colliders is the most precise
known method to determine the top quark mass (well below 100 MeV), a
fundamental parameter of the Standard Model that co-determines the
stability properties of the electroweak vacuum. We present a new method to
match the continuum next-to-leading order QCD corrections with the
next-to-leading logarithmic resummation of the Coulomb singularities of the
quasi-toponium bound state at threshold where fixed-order perturbation
theory is invalid. This matching is performed at the level of the fully
exclusive WbWb final state. It allows to study all kinds of differential
distributions at or close to threshold. The top mass dependence of these
distributions opens up new possibilities for the top mass determination
that might be competitive with the inclusive threshold scan.

Top Quark and Electroweak Physics / 526

Top-quark physics at the first CLIC stage
Corresponding Author: filip.zarnecki@fuw.edu.pl

The Compact Linear Collider (CLIC) is a mature option for a future electron-positron collider oper-
ating at centre-of-mass energies of up to 3 TeV. CLIC will be built and operated in a staged approach
with three centre-of-mass energy stages currently assumed to be 380 GeV, 1.5 TeV and 3 TeV. This
talk discusses the prospects for precision measurements of the top-quark properties at the first stage
of CLIC operation based on benchmark analyses using full detector simulations. The top-quark mass
can be determined with a precision of about 50 MeV in a theoretically well-defined manner by using
a centre-of-mass energy scan around the top-quark pair production threshold. Other approaches to
extract the top-quark mass at CLIC make use of ISR photons or the direct reconstruction of the top
quarks. Another key measurement at 380 GeV is the study of the top-quark couplings to electroweak
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gauge bosons. Expected precisions on Effective Field Theory (EFT) operator coefficients are shown.
Finally, searches for Flavour Changing Neutral Current (FCNC) top quark decays, such as t->cH,
t->c+photon and t->c+missing energy, are discussed.

Top Quark and Electroweak Physics / 971

Top-quark physics at the Future Circular Colliders
Author: Clement Helsens1

1 CERN

Corresponding Author: clement.helsens@cern.ch

The FCC-ee project includes a running time at and above the top pair production threshold.
The collection of about 0.2 ab-1 at the tt threshold would allow the most precise measurement of
the top mass with about 10 MeV of statistical accuracy. The threshold region can also be used to
measure the top width and extract an indirect value of the top Yukawa coupling. A second running
phase will collect about 1.5ab-1 of data at sqrt(s)=365 GeV with a luminosity of 3x10ˆ34. The million
of tops produced will be used for the measurement of the top quark electroweak coupling to the
photon and the Z with a precision around or below the per-cent level. This precision can be reached
with the sole angular and momentum distributions of the lepton arising from semi-leptonic decays
in top anti-top events, and can be further improved with other observables.
New improved estimates of the limits for FCNC processes in top events can also be obtained using
both the top pair produced events at 365 GeV along with the anomalous production of single top via
FCNC at the sqrt(s)=240 GeV of the Higgs running phase.

Top Quark and Electroweak Physics / 922

A Precision Event Generator for EW Radiative Corrections in Hadron
Scattering: KKMC-hh
Author: Bennie Ward1

Co-authors: Stanislaw Jadach 2; Scott Yost 3; Zbigniew Was 2

1 Baylor University
2 INP, Krakow, Poland
3 The Citadel, Charleston, SC, USA

Corresponding Authors: bennie.ward@cern.ch, bfl_ward@baylor.edu, z.was@cern.ch, syost@citadel.edu, stanis-
law.jadach@cern.ch

KKMC-hh is a precision event-generator for Z production and decay in hadronic collisions, which
applies amplitude-level resummation to both initial and final state photon radiation, including
perturbative residuals exact through order α2L, together with exact order α electroweak matrix
element corrections. We present some comparisons to other programs and results showing the effect
of multi-photon radiation for cuts motivated by a recent ATLAS W -mass analysis. We also show
preliminary untuned comparisons of the electroweak corrections of KKMC-hh to those of HORACE,
which includes order exact α EW corrections with resummed final-state photon radiation.

Top Quark and Electroweak Physics / 450
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Measurements of ttbar+X using the ATLAS detector

Corresponding Author: marisa.sandhoff@cern.ch

The large centre-of-mass energy available at the proton-proton collider LHC allows for the copious
production of top quark pairs in association with other final state particles at high transverse mo-
menta. The ATLAS experiment has measured several final state observables that are sensitive to
additional radiation in top anti-top quark final states. Results on the top production in association
with W and Z bosons are presented as well as top pair production with a photon or with b quarks.
These measurements are compared to modern Monte Carlo generators based on NLO QCD matrix
elements.

Top Quark and Electroweak Physics / 536

Results of vector boson scattering from CMS

Corresponding Author: kdlong@wisc.edu

The production of massive vector boson pairs is a key process for the understanding of the non-
abelian gauge structure of the standard model and for the comprehension of the electroweak sym-
metry breaking mechanism. The study of the production of vector boson pairs with the presence of
two jets in the event allows to measure the electroweak production of vector bosons in association
with jets, in particular made up through vector boson scattering (VBS) processes. In this presenta-
tion, we will report the recent results of the production of diboson in association with two jets. The
constraints on anomalous quartic couplings will be presented as well.

Top Quark and Electroweak Physics / 912

The role of positron polarization for the inital 250 GeV stage of
the International Linear Collider
Authors: Gerald Eigen1; Keisuke Fujii2; Jürgen Reuter3

1 University of Bergen (NO)
2 High Energy Accelerator Research Organization (JP)
3 DESY Hamburg, Germany

Corresponding Authors: juergen.reuter@desy.de, keisuke.fujii@cern.ch, gerald.eigen@cern.ch

The International Linear Collider is now proposed with a staged machine design, with the first stage
at sqrt(s)=250 GeV and an integrated luminosity goal of 2 abˆ-1. One of the questions for the machine
design is the importance of positron polarization. In this report, we review the impact of positron
polarization on the physics goals of the 250 GeV stage of the ILC and demonstrate that positron
polarization has distinct advantages.

Top Quark and Electroweak Physics / 968

TopFitter: Fitting top quark Wilson Coefficients to Run II data
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Moore5; Michael Russell6; Stephen Brown1
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We will describe the latest TopFitter analysis, which uses top quark observables to fit the Wilson
Coefficients of the SM augmented with dimension 6 operators. In particular, we will discuss the
inclusion of new LHC Run II data, and the implementation of particle-level observables.

Top Quark and Electroweak Physics / 585

Top physics at LHCb

Corresponding Author: carlos.vazquez@cern.ch

LHCb, while purpose built for b-physics, also functions as a general purpose forward detector, cov-
ering the pseudo-rapidity range 2.0 to 5.0. Measurements of top production in the LHCb acceptance
have particular sensitivity to high values of Bjorken-x, and offer complementary PDF constraints
to measurements at the central detectors. In addition, the higher contribution from quark-initiated
production to top pair production in the forward region leads to a larger expected charge asymmetry
at LHCb than at the other experiments. The first Run 2 measurement of top pair production at LHCb
at 13 TeV will be presented, along with previous Run 1 measurements in final states accessible to
both single top and top pair production.

Top Quark and Electroweak Physics / 452

Single Top quark production and properties measurements using
the ATLAS detector

Corresponding Author: h73@nikhef.nl

Measurements of single top-quark production in proton-proton collisions and of angular correla-
tions in single top-quark events are presented based on the 8 TeV and 13 TeV ATLAS datasets. For
the production of single top quarks in the t-channel and the tW-channel, measurements of inclusive
and differential cross-sections are included. Evidence for s-channel production using 8 TeV data
and the measurement of single top quark production in association with a Z boson at 13 TeV are
also presented. All measurements are compared to state-of-the-art theoretical calculations. Differ-
ential cross-sections are measured as a function of angular variables that are sensitive to anomalous
contributions to the Wtb vertex and the top quark polarization.

Top Quark and Electroweak Physics / 420
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3rd Generation Quark and Electroweak Boson Couplings at the
250 GeV stage of the ILC
Authors: Kiyotomo Kawagoe1; Sviatoslav Bilokin2; Sviatoslav Bilokin3

1 Kyushu University (JP)
2 Université Paris-Saclay (FR)
3 Institut Pluridisciplinaire Hubert CURIEN

Corresponding Authors: sviatoslav.bilokin@iphc.cnrs.fr, sviatoslav.bilokin@cern.ch, kiyotomo.kawagoe@cern.ch

The 3rd generation quarks are, due to their large mass, highly sensitive probes for new physics
connected to the electroweak symmetry breaking. While top quark pair production requires center-
of-mass energies of larger than 350 GeV, the first stage of the ILC at a center-of-mass energy of
250 GeV can perform precision measurements of bottom quark pair production, thereby settling the
long standing ˜3\sigma tension between the LEP experiments and SLD. For this measurement, the
polarised beams of the ILC are of special importance as they enable the separation of the vector and
axial-vector couplings of the b quark to Z boson and photon. Another important precision probe
for new physics are triple gauge boson coupings (TGCs). Thanks to the polarised beams and the
much higher luminosity, a significant increase in precision beyond past and present experiments is
expected at the first stage of the ILC for the TGCs involving W bosons. For both measurements,
we will report recent projections based on detailed simulations of the ILD detector concept, and
highlight the role of important detector performance aspects, e.g. for the separation of b and anti-b
jets based on vertex charge measurements and particle ID.

Top Quark and Electroweak Physics / 970

Electroweak Physics at FCC-ee
Author: Tadeusz Lesiak1

1 Polish Academy of Sciences (PL)

Corresponding Author: tadeusz.lesiak@cern.ch

The Future Circular Collider with electron-positron beams (FCC-ee) should provide improvements
of the electroweak precision measurement concerning Z, W, H and their masses by a large factor
over the present status.
The unparalleled experimental precision would open, via Electroweak loop corrections, a broad dis-
covery potential for new, at least weakly interacting particles up to high energy scales.
The Z boson mass and width, as well as the Z → bb partial width, and the forward-backward asym-
metries for leptons and quarks can be measured with high precision with the run at the Z pole, where
the instantaneous luminosity is expected to be five to six orders of magnitude larger than LEP. As a
result, a precise determination of the effective weak mixing angle, as well as of the running electro-
magnetic coupling αQED(mZ2) can be extracted directly from the data.
At centre-of-mass energies around 160 GeV, corresponding to the WW production threshold, the W
boson mass and width can be determined precisely with high-statistics cross section measurements
at several energy points. The key breakthrough for this exceptional performance is the continuous
beam energy determination by resonant depolarization of the beams. Considerable improvements of
the strong coupling constant determination down to a precision of Δαs(mZ) ±0.0001 will be possible
with the measurements of the hadronic widths of the Z and W bosons.

Page 412


	Heavy resonance searches at the FCC-hh 353
	LUCID: The ATLAS Luminosity Detector 289
	Recent results from MICE on multiple Coulomb scattering and energy loss 356
	Status and prospects of the AWAKE experiment 796
	First Ever Ionization Cooling Demonstration in MICE 354
	CEPC injector linac design 83
	Machine-Detector Interface at the CEPC 245
	Recent ILC R&D status 85
	First Muon RF Acceleration for the Muon g-2 Experiment at J-PARC 63
	Fermilab Accelerator Complex: Status, Progress, and Near-and Far- Future Upgrade Plans 72
	R&D status of CEPC Accelerator key technologies 523
	Low energy e+e- collider to search and study of mu+mu- bound state (dimuonium) 688
	Super Charm-Tau Factory in Novosibirsk 687
	Status of SuperKEKB phase-2 commissioning 877
	The CLIC accelerator project status and plans 884
	Status of the Fermilab Muon g-2 experiment 991
	Progress on stabilising relativistic lepton beams for future colliders 1004
	The FCC-ee Lepton Collider: Design Status and Operation Concept 762
	Superconducting RF Cavities R&D Towards Future High Energy Accelerators 489
	CEPC Accelerator CDR and R&D towards TDR 50
	Magnet design studies for future hardon colliders 391
	An 3-15 GeV electron beam facility at CERN for particle physics and accelerator R&D 886
	Van der Meer calibration of the CMS luminosity detectors in 2017 997
	LBNF Beamline 48
	SQUID-based BPM for proton EDM experiment 767
	Storage ring proton Electric Dipole Moment Experiment with 10-29 ecm sensitivity 817
	Progress on the 650MHz/800kW CW klystron development at IHEP 246
	Physics at the FCC: a story of synergy and complementarity 976
	Status of the FCC-hh design studies 680
	HTS Technology R&D for Future High Energy Accelerators 101
	An Energy Recovery Linac for energy-frontier DIS at CERN: the LHeC and the FCC-eh 896
	Design study of a Split-Coaxial RFQ for IsoDAR 1136
	Observation of the Identical Rigidity Dependence of the Primary Cosmic Rays Helium, Carbon and Oxygen fluxes by the Alpha Magnetic Spectrometer on the International Space Station 720
	Precision Measurement of the Monthly Cosmic Ray Fluxes with the Alpha Magnetic Spectrometer on the ISS 728
	Properties of Elementary Particle Fluxes in Primary Cosmic Rays Measured with the Alpha Magnetic Spectrometer on the International Space Station 726
	Search for decaying dark matter with IceCube 841
	Cosmic Ray Energetics And Mass (CREAM) Launch and On-Orbit Performance 963
	The Evidence of Magnetic Monopoles by Astronomical Observation and Its Astrophysical Implication 65
	The generation of B-mode and circular polarization of cosmic photons due to NonCommutative space-Time background 1013
	Search for Solar atmospheric neutrinos with the IceCube Neutrino Telescope 881
	Status of the Supernova Relic Neutrino Search and Atmospheric Neutrino Neutral-Current Quasi-Elastic Interactions Measurement in Super-Kamiokande 247
	A new Paradigm on the TeV-scale Cosmic Rays: Contributions from the local sources 924
	Kaluza-Klein Towers in the Early Universe: Phase Transitions, Relic Abundances, and Applications to Axion Cosmology 802
	GRAND: A Giant Radio Array for Neutrino Detection 516
	Dark matter and early Universe 930
	Dark matter in the early matter dominated Universe 263
	Supernova relic neutrino sensitivity study with 2nd Hyper-Kamiokande detector in Korea 643
	Probing the Reheating Temperature with a Gravitational Waves: with application to Gauss-Bonnet Inflation 874
	Leptogenesis in Cosmological Relaxation with Particle Production 866
	Latest results of the Antares detector and perspectives for KM3NeT/ARCA 739
	Unitarizing SIMP scenario with dark vector resonances 748
	Cosmological Helical Hypermagnetic Fields and Baryogenesis 418
	Precision Measurement of Nitrogen flux by AMS 730
	Cosmological search of light dark matter 746
	In between the Observation Runs 2 and 3, a status report on the Advanced LIGO and Advanced Virgo gravitational-wave detectors 482
	Non-thermal WIMP baryogenesis 513
	Observation of the New Properties of the Secondary Cosmic Rays Lithium, Berillium and Boron with the Alpha Magnetic Spectrometer on the International Space Station¶ 20m¶ 20m 721
	Measurements of Light Nuclear Isotopic Composition in Cosmic Rays with the Alpha Magnetic Spectrometer on the International Space Station 722
	Searches for Nucleon Decay at Hyper-Kamiokande 640
	The Dark Energy Survey: Cosmological results from the first year of observations 577
	Direct Leptogenesis 423
	Leptogenesis in the minimal Scotogenic Model through annihilation and coannihilation of scalar Dark Matter 663
	Revisiting electroweak phase transitions in SM with a singlet scalar: gauge artifact issue 501
	Dark matter assisted Dirac leptogenesis and neutrino mass 731
	Relaxion: A Landscape Without Anthropics 813
	IceCube's astrophysical neutrino energy spectrum from CPT violation 33
	First Results from the DAMPE Mission 79
	The ISS-CREAM Silicon Charge Detector for identification of the charge of cosmic rays up to Z = 26 464
	The LHCf experiment: recent physics results 465
	The spectrum of the axion dark sector, cosmological observable and black hole superradiance constraints. 570
	Tests of hadronic interactions using the Pierre Auger Observatory 725
	Precision Measurement of Electron and Positron Fluxes in Primary Cosmic Rays with the Alpha Magnetic Spectrometer on the International Space Station 723
	Anisotropy of Elementary Particle Fluxes in Primary Cosmic Rays Measured with the Alpha Magnetic Spectrometer on the International Space Station 727
	Combined search for dark matter in the Galactic center with ANTARES and IceCube 776
	Status of a 3D Imaging Calorimeter of DAMPE for Cosmic Ray Physics on Orbit 689
	The cosmic-ray electron spectrum measured with the CALorimetric Electron Telescope 463
	Precision Measurement of the positron fraction and the combined electron and positron flux in Primary Cosmic Rays with the Alpha Magnetic Spectrometer on the International Space Station 724
	An indirect dark matter search using cosmic ray antiparticles with GAPS 984
	Ultralight Axion Dark Matter and Structure Formation 76
	Highlights from the Telescope Array Experiment 848
	Constraining New Physics with high multiplicity 251
	The unusual structure detection in Extensive air shower events at Horizon-8T cosmic rays detector system 27
	Search for Rotational Cross-Correlations in Emergent Space-Time with the Holometer 31
	Statistical Analyses of Higgs- and Z-Portal Dark Matter Models 490
	Low-scale leptogenesis with 3 right-handed neutrinos 936
	Extremely weak and super-efficient production of keV sterile neutrino: phase transition and induced parametric resonance creation. 690
	Light Dark Matter Showering under Broken U(1) – Revisited 414
	The fate of the Littlest Higgs with T parity under 13 TeV LHC data 57
	Spontaneous CP-violation in the Simplest Little Higgs Model 53
	CP violation in B –> D** tau nu 37
	The MoEDAL Experiment at the LHC - a New Light on the High Energy Frontier 60
	Loop Induced Single Top Partner Production and Decay at the LHC 55
	Scherk-Schwartz twists in GUT models 918
	Searches for electroweakly produced supersymmetry with CMS 118
	Probing new intra-atomic force with isotope shifts 259
	BSM physics in energy-frontier DIS with the LHeC and the FCC-eh 899
	Spectral Decomposition of Missing Transverse Energy at Hadron Colliders 454
	Indirect detection of (Late-decoupling) Semi-Annihilating Dark Matter 870
	Monojet signatures at the High-Luminosity and High-Energy LHC 704
	Searches for SUSY with boosted objects at CMS 133
	Searches for strongly-produced SUSY at CMS 135
	Searches for long-lived particles and other non-conventional signatures at CMS 140
	Searches for new physics in dijet and multijet final states 137
	Searches for new physics in lepton+jet final states 138
	Searches for new heavy resonances in final states with leptons and photons at CMS 170
	Searches for non-resonant new phenomena in final states with leptons and photons 136
	Searches for squarks and gluinos in final states involving dark matter candidates with ATLAS 393
	Searches for New Phenomena in Dijet Events with the ATLAS Detector 387
	Search for New Physics through the Reconstruction of Challenging Signatures with the ATLAS detector 392
	Search for vector-like quarks with the ATLAS Detector 384
	Complementarity of ATLAS Searches for s-channel Resonance Production in Bosonic an Leptonic Final States 385
	Searches for heavy resonances decaying to top quarks with the ATLAS detector 388
	Searches for new phenomena in leptonic final states using the ATLAS detector 389
	Searches for direct pair production of stops and sbottoms with the ATLAS detector 397
	Searches for electroweak production of supersymmetric particles involving the Higgs boson and the higgsino with ATLAS 398
	New results on R(D) and R(D*) from Belle 331
	Search for K+->pi+nunu at CERN 758
	Flavour Anomalies in Rare Decays at LHCb 584
	Search for invisible dark photon decay at BABAR 804
	Recent progress with Muon g-2 Experiment at Fermilab 906
	Improved studies of B—>D(*) tau nu with vertexing at Belle II 531
	Reconstruction techniques in supersymmetry searches in the ATLAS experiment 401
	The Light Dark Matter eXperiment 985
	New Precision Measurement of Muonium Hyperfine Structure 309
	Searches for Long Lived Particles at LHCb 582
	Limits on non-Newtonian gravity at 10 m scale by precision force measurements with optically-levitated microspheres 372
	Search for exotic particles at NA62 760
	Study of Electroweak Vacuum Stability from Extended Higgs Portal of Dark Matter and Neutrinos 514
	EWBG, alignment and searching for new scalar via triple top signature 258
	The Reach of Thermal Supersymmetric Dark Matter 315
	Hunting Z/H-resonant Neutralino Dark Mater at High-Luminosity LHC 658
	Dark Matter searches with the ATLAS Detector 383
	SModelS - new developments and applications 496
	Bottom-quark Fusion Processes at the LHC for Probing Z′ Models and B-meson Decay Anomalies 512
	Search for Light Scalars Produced in Association with a Z boson at the 250 GeV stage of the ILC 422
	The absolute maximum and detailed phenomenology of the muon magnetic moment in the 2HDM 889
	Higgs masses and couplings in a general 2HDM with unitarity bounds 954
	SuperIso Relic new extensions for direct and indirect detection 929
	Search for contact interactions in inclusive ep scattering at HERA 995
	Search for new resonances coupling to third generation quarks at CMS 178
	The unexplored landscape of top-partner decays 62
	Common exotic decays of top partners 421
	Search for Dark Particles and Dark Sector at Belle 335
	B+L violation at colliders and new physics 18
	Searches for heavy resonances decaying into Z, W and Higgs bosons at CMS 173
	The milliQan experiment: search for milli-charged particles at the LHC 370
	Beyond-Standard-Model Physics at the High-Luminosity LHC with CMS 176
	Searches for vector-like quarks at CMS 179
	Measurements of R(D(*) and other missing energy decays modes at Belle II. 188
	Exotic signals of heavy scalar bosons through vectorlike quarks 320
	Dilaton-Assisted composite Higgs model at LHC 26
	Searches for sleptons with the ATLAS detector 400
	Global fits of the MSSM with GAMBIT 783
	Test of Beyond-Standard-Model Scenarios with sub-keV Germanium Detectors 765
	The MUonE experiment: measuring the leading hadronic contribution to the muon g-2 via space-like data 961
	(In)dependence of various LFV observables in the non-minimal SUSY 925
	Search for the forbidden charm meson decays D0hh'll’ 803
	Detecting Heavy Charged Higgs boson at the LHC 1022
	Hearing the echoes of dark matter and new physics 308
	The Potential of the ILC for Discovering New Particles 756
	Tagging "Dark-Jet" at collider 945
	Jet substructure shedding light on heavy Majorana neutrinos at the LHC 373
	Search for a Long-Lived Heavy Photon with the Heavy Photon Search Experiment 982
	Ultra long-lived particles searches with MATHUSLA 477
	KLOE/KLOE-2 results and perspectives on dark force search 350
	Constraining Right Handed Gauge Boson Mass from Lepton Number Violating Meson Decays in a Low Scale Left Right Model 75
	BSM @ Future Colliders 1042
	Search for new physics with the SHiP experiment at CERN 29
	Search for a heavy dark photon at future e^+e^− colliders 635
	BSM searches at CLIC 525
	Searches for electroweak production of supersymmetric gauginos and sleptons at LHC 1135
	Introduction and IUPAP C11 matters 1115
	LP2017 summary 1116
	ICHEP2018 update 1117
	Baldin Seminar series 1120
	LP2019 Toronto 1118
	ICHEP2020 Prague 1119
	TIPP 2020 Vancouver 1121
	ICHEP2022-Singapore 1125
	ICHEP2022-Canada 1126
	ICHEP2022-Krakow 1124
	ICFA report 1123
	LHCP Series 1130
	Neutrino Series 1129
	Executive Session 1131
	Particle identification at LHCb: new calibration techniques and machine learning classification algorithms 564
	Simulating fix-target and heavy-ion collisions in LHCb 567
	New approaches using machine learning for fast shower simulation in ATLAS 633
	First assessment of new Evaluated Data Libraries for Monte Carlo particle transport 684
	ALICE Analysis Framework for the LHC Run III 735
	Applying deep learning methods to HEP data 1025
	Machine Learning on Datacenter Operations 1027
	The LHCb Run 2 trigger as a benchmark for the upgrade 556
	CMS High Level Trigger performance at 13 TeV 225
	Turbo: the flexible reduced data format for real-time analysis at the LHCb experiment 557
	PID strategy and performance at LHCb in Run 2 563
	An Introduction of DAQ system for CUP experiments 854
	Muon performance with the CMS detector in Run2 of the LHC 132
	Measurements of the CMS jet energy scale and resolution at 13 TeV 129
	Geant4 Detector Simulations for Future HEP Experiments 240
	Performance of Tau Reconstruction and Identification at CMS 199
	Automated Monitoring Tools for the CMS Muon System Based on Machine Learning Algorithms 1035
	Fast calorimeter simulation in LHCb 572
	A palette of fast simulations in LHCb 568
	Reconstruction and study of hadronic showers with highly granular calorimeters 733
	Machine learning at CERN: ALICE, CMS, and other developments 1039
	Machine learning at CERN: ATLAS, LHCb, and other developments 1040
	Identification of Jets, Missing energy and Boosted Hadronic Resonances in high pile-up conditions with ATLAS 270
	Application of machine learning techniques at BESIII experiment 190
	TrackML : a tracking Machine Learning challenge 82
	Exploitation of heterogeneous resources for ATLAS Computing 779
	HEPfit: The Analysis Toolkit 928
	Performance of tau and muon leptons reconstruction and identification in the ATLAS experiment using pp collisions at sqrt(s)=13 TeV and their prospects for the HL-LHC 267
	Discussion 1137
	Searches for dark matter with CMS 139
	Heavy quarks flavored scalar dark matter 252
	Prospects of Higgs portal DM models at future colliders 325
	Ultra-light dark matter in NEWS-G experiment using a gaseous spherical detector 717
	Dark matter axion search experiments using 18T HTS magnet at CAPP/IBS in KAIST 833
	Dark matter searches in XMASS 834
	New Physics searches at BESIII 183
	The DarkSide-20k Experiment and the future of Dark Matter Liquid Argon Program 969
	Recent results in the COSINE-100 experiment 659
	On the Calibration of the DEAP-3600 Experiment 842
	Dark photons in the decay of a scalar 16
	Dark matter search with the SABRE experiment 789
	Cancelled 839
	The LUX-ZEPLIN Dark-Matter Experiment 862
	A frequentist analysis of proton-philic spin-dependent inelastic Dark Matter (pSIDM) as an explanation of the DAMA effect 865
	Search for Boosted Dark Matter at ProtoDUNE 917
	Darkside latest results and future prospects 966
	Low radioactivity Argon for rare event searches 974
	Recent PandaX-II Results on Dark Matter Search and PandaX-4T Upgrade Status 1020
	Synchrotron Emission from a Flavored Dark Matter Model as An Explanation of ARCADE-2 Excess 1021
	First Results from the ADMX G2 dark matter axion search 1045
	CAPP’s axion data with mass range from 2.45 to 2.75 GHz 859
	The Beam Dump eXperiment 819
	Dark Matter Direct Detection with Spin-2 Mediators 750
	Present and future sensitivity of WIMP direct detection in EFT 853
	Lastest results from the XENON Dark Matter Project 667
	Dark Matter Search with the DEAP-3600 experiment 488
	PICO Bubble Chambers for Dark Matter Searches 369
	Direct dark matter search with the CRESST-III experiment 888
	A dark matter search with NaI(Tl) crystals by using a pulse shape discrimination analysis 628
	Dark Sector Physics with Belle II 196
	The investigation on the dark sector at the PADME experiment. 942
	Resonance Search for a Heavy Photon with the Heavy Photon Search Experiment 983
	MAGIS-100 at Fermilab 520
	DANAE - a new experiment for direct dark matter detection with DEPFET silicon detectors 551
	Directional Search for Dark Matter Using Nuclear Emulsion 28
	Status and prospects of the China Dark Matter Experiment 413
	CMS electron and photon performance at 13 TeV 117
	The CMS Tracker Upgrade for the High Luminosity LHC 126
	Design and performance of the upgrade of the CMS L1 trigger 127
	The CLIC detector 528
	The Mu2e crystal calorimeter 626
	The micro-Resistive-WELL detector for the phase 2 upgrade of the LHCb muon detector 559
	Near Detectors for Hyper-Kamiokande 649
	Detector status of AMoRE-Pilot Experiment 674
	Development of Superconducting Tunnel Junction Far-Infrared Photon Detector for Cosmic Background Neutrino Decay Search - COBAND experiment 745
	Belle II iTOP Particle Identification Detector: Construction, Operation and Commissioning 863
	ATLAS Calorimeter system: Run-2 performance, Phase-1 and Phase-2 upgrades 272
	Operational Experience and Performance with the ATLAS Pixel detector at the Large Hadron Collider 283
	Construction and performance of the Top and Bottom Counting Detectors for the ISS-CREAM experiment 318
	Test Beam Results of 3D Detectors in CVD Diamond 1010
	Prototype Production of Large Area Picosecond Photodetectors 941
	Commissioning of the Baby MIND detector 1017
	Expected performance of the upgraded ATLAS experiment for HL-LHC 282
	Overview talk on detector performances at CMS 571
	The LHCb Velo Upgrade 565
	The LHCb RICH Upgrade 566
	Fast Timing Detectors towards a 4-Dimensional Tracking 365
	The design and layout of the Phase-II upgrade of the Inner tracker of the ATLAS experiment 326
	Precision Timing with the CMS MIP Timing Detector 655
	Characteristics of MCP-PMTs in magnetic field 627
	Development of the Silicon Tracker for CEPC 795
	Status of CEPC-ECAL R&D 502
	A new particle identification method with the Belle II calorimeter using pulse shape discrimination in CsI(Tl) 840
	Moliere radius measurement using a compact prototype of LumiCal in a test set-up 737
	The upgrade of the ATLAS Muon System for High-Luminosity LHC 291
	ATLAS level-1 calorimeter trigger: Phase-I Upgrade Performance 280
	Frontend and backend electronics for the ATLAS New Small Wheel Upgrade 297
	Upgrade of the ATLAS Monitored Drift Tube Frontend Electronics for the HL-LHC 296
	Luminosity measurement at the Circular electron-positron collider CepC 321
	Results of quality control of large size GEM detector based on Korean GEM foil for future upgrades of the CMS muon system 548
	Flavour Physics at the High Luminosity LHC: LHCb Upgrade II 553
	Upgrade of the CMS muon spectrometer in the forward region with the GEM technology 549
	Status of single phase and dual phase DUNE prototype detectors at CERN 47
	The Belle II Experiment: Status and Prospects 187
	Performance of missing transverse momentum reconstruction at the CMS detector in 13 TeV data 130
	Electron and photon energy measurement calibration with the ATLAS detector 266
	Level1 Calorimeter Trigger: from Xilinx Virtex7 to Ultrascale+ 276
	The ATLAS FastTracker: Pioneering the next era of hardware track triggers 275
	The ATLAS trigger in 2017 and 2018 – developments and performance 277
	ATLAS ITk Strip Detector for High-Luminosity LHC 288
	Small-Strip Thin Gap Chambers for the Muon Spectrometer Upgrade of the ATLAS Experiment 295
	Performance and Calibration of 2m^2 -sized 4-layered Micromegas Detectors for the ATLAS Upgrade 293
	R&D progress of CEPC HCAL 447
	The KLOE-2 experiment at DAPHNE 364
	SciFi - A large Scintillating Fibre Tracker for LHCb 560
	The Mu2e Tracker 573
	High rate performance of Small-pad Resistive Micromegas. Results of different resistive protection concepts 576
	A multi-PMT photodetector system for the Hyper-Kamiokande experiment 645
	Development of TPC detector module and prototype with laser calibration for CEPC 798
	Scalability of technologies for highly granular calorimeters 732
	Silicon Strip Detector for J-PARC Muon g-2/EDM Experiment 832
	Ageing and high rate studies on resistive Micromegas at the CERN Gamma Irradiation Facility 821
	Characterization of the 20-inch Photomultiplier Tubes for the JUNO Central Detector 934
	Design, construction and performance of magnetised mini-ICAL detector module 933
	The Mu3e scintillating fiber tracker R&D 1023
	Latest Results on Radiation Tolerance of Diamond Detectors 1011
	The TORCH time-of-flight detector 1002
	Status of DUNE experiment 46
	Design of the CMS upgraded trigger from Phase I to Phase II of the LHC 222
	Performance of the SoLid reactor neutrino detector 323
	Construction and performance tests of the COMET CDC 355
	The Micromegas construction project for the ATLAS New Small Wheel 292
	The upgraded trigger system and di-τ trigger strategies of the ATLAS detector at the HL-LHC 278
	Level-1 track finding with an all-FPGA system at CMS for the HL-LHC 470
	The upgrade project of the T2K near detector 624
	LHCb Upgrade Detector 558
	Commissioning of liquid Xe detector with VUV-MPPC readout for MEG II experiment 855
	The R&D, Mass Production of the 20 inch MCP-PMT for neutrino detector 793
	Electron and photon identification with the ATLAS detector 264
	The CMS HGCAL detector for HL-LHC upgrade 121
	The upgrade of the CMS ECAL Barrel calorimeter at the HL-LHC for high-precision energy and time measurements 124
	A High-Granularity Timing Detector for the Phase-II upgrade of the ATLAS Calorimeter system: detector concept, description and R&D and first beam test results 273
	Upgrades of the CMS muon system in preparation of HL-LHC 547
	The ATLAS Muon Trigger 281
	Design and performance studies of the calorimeter system for a FCC-hh experiment 664
	Development of 50 cm Photo-Detectors for Hyper-Kamiokande 644
	the 20-inch PMT system for the JUNO experiment 654
	Design and construction of, and physics results from an INO RPC detector stack 907
	Status of the PTOLEMY project for CNB detection and directional direct detection of MeV dark matter 937
	Large Area SiPM Readout and Signal Processing for nEXO 1033
	An ultra-low radioactivity measurement HPGe facility at the Center for Underground Physics 938
	Ultra-Fast Hadronic Calorimetry 67
	Four dimensional calorimetry with both-side readout of the CsI calorimeter in the KL0 search 811
	Performance in heavy -ion beam tests of a high time resolution and two-dimensional position sensitive MRPC with transmission line impedance matched to the FEE 484
	Performance of the 3x1x1 m3 Dual Phase Liquid argon TPC 718
	Scintillation crystal growth at the Center for Underground Physics 905
	Experimental Setup to capture high resolution images for Quality Control of GEM Foils 740
	Fast timing measurement for CMS RPC Phase II upgrade 909
	Status Report on Inner Tracking System Upgrade of ALICE 1057
	Upgrade of ALICE forward detectors 59
	Regional, Age and Gender Demographics in the ATLAS Collaboration 298
	ECGD: Supporting early-career physicists, gender equality, and diversity at LHCb 554
	Using HEP Expertise for Social & Humanitarian Impact 503
	Broadening access to STEM via Gender inclusive teaching 752
	Advancing inclusion through work-life balance policies. 753
	A scientometric analysis of diversity in HEP over the past three decades 691
	Strategies to improve diversity and inclusion in physics 236
	Moving towards diversity and inclusion in science: Why it is essential for Physics in Africa 763
	Discussion 1107
	Discussion 1108
	The "social content" strategy of the ATLAS Experiment 472
	The impact of Particle Physics Masterclasses on higher school students’ Understanding of Science and Attitudes towards Science 52
	The Italian Summer Students Program at the Fermi National Accelerator Laboratory 13
	A MOOC on HEP for French high schools 574
	Public analysis of Belle II Data 487
	ATLAS Open Data project 474
	Status of outreach activities at LHCb 555
	Taking science to festivals: engaging the public where they least expect it 473
	Particle Physics Masterclasses: Sharing LHC Research and Discovery with High School Students 666
	The role of nuclear and particle physics, astrophysics, and cosmology in building capacity for Physics in Africa 812
	Engineering Physics : Bridging Basic Sciences Based R&D And Technology Developments And Adaptation. 951
	CERN’s Education and Education Research Projects 475
	Belle2VR – An Interactive Virtual Reality Visualization of Particle Physics 913
	8 Hours of the NicoNico live webcast from the Belle II experimental hall 921
	Phantom of the Universe: A State-of-the-Art Planetarium Show on Dark Matter 657
	\theta=\pi in SU(N)/Z_N Theory 744
	Analyticity Properties of Scattering Amplitude in Higher Dimensional Field Theories 943
	Prediction for the Cosmological Constant and Constraints on SUSY GUTS: Status Report for Resummed Quantum Gravity 923
	Non-orientable surfaces and electric-magnetic duality 522
	SSB in tensor theories and matrices 312
	Casimir scaling and Yang-Mills glueballs 239
	Supersymmetrizing the map between W symmetry and affine Yangian 521
	Extensive quantum entanglement and localization in quantum spin chains 319
	On Geometric classification of 5d SCFTs 1038
	Modular Constraints with (Super-)Virasoro Algebras 1037
	D-instantons in Klebanov-Witten model 1015
	Charmonium production in pPb and PbPb collisions at 5.02 TeV from CMS 144
	nPDF studies with electroweak bosons in pPb collisions with the CMS detector 172
	Freeze-out Conditions in Au+Au collisions at sNN = 7.7 - 39 GeV at RHIC 314
	Quarkonia production in pPb collisions with LHCb 579
	Anisotropic flow of identified particles in Pb–Pb collisions at sNN = 5.02 TeV with ALICE 459
	Recent results on correlations and fluctuations in pp, p+Pb, and Pb+Pb collisions from the ATLAS Experiment at the LHC 479
	Recent results on hard processes in p+Pb, Pb+Pb, and photon-photon collisions from the ATLAS Experiment at the LHC 480
	Production of open charm and beauty states in pPb collisions with LHCb 578
	Heavy ion collision experiments at NICA 1005
	pA collisions in fixed-target mode at LHCb 580
	Prompt photon production by gluon fusion in a magnetized medium for heavy-ion collisions 828
	Soft QCD measurements with ALICE 869
	Energy frontier electron-ion physics with the LHeC and the FCC-eh 902
	Exclusive Photoproduction of J/Psi's in Peripheral AA Collisions 1001
	The Critical Point and Random Fluctuation Walk 14
	Open charm measurements in heavy ion collisions with the CMS detector 147
	Bottomonium production in PbPb collisions from CMS 145
	Transverse momentum distributions of charged particles in pp and nuclear collisions with ALICE at the LHC 467
	Charmonium production in pp collisions with ALICE at the LHC 327
	Open heavy-flavour production in Pb-Pb and Xe-Xe collisions measured with ALICE at the LHC 515
	Measurements of strange and non strange beauty production in PbPb collisions at 5.02 TeV with the CMS detector 182
	Strangeness and hadronic resonance production in pp, p-Pb and Pb-Pb collisions measured by ALICE at the LHC 499
	HYDJET++ model for the ultra-relativistic heavy-ion collisions: new results and developments 51
	Elliptic flow of direct photons in Pb-Pb collisions at sNN=2.76 TeV from ALICE 87
	Multiplicity dependence of azimuthal particle correlations as a probe of collectivity in deep inelastic electron-proton collisions at HERA 351
	Long-range angular correlations of charged particles in high multiplicity e+e- collisions using archived data from the ALEPH detector at LEP 242
	Recent results from the strong interaction programme of the NA61/SHINE experiment 788
	A Fixed-Target Program at the LHC (AFTER@LHC): where do we stand ? 262
	Photon production and correlations in pp and pPb collisions with LHCb 581
	Investigating jet modification in heavy-ion collisions at \sqrt{s_{\rm{NN}}} = 5.02 and 2.76 \rm{TeV} with ALICE 871
	Spin alignment measurements of K∗0 vector mesons in ALICE at the LHC 711
	Low mass dielectron measurements in pp, p-Pb and Pb-Pb collisions with ALICE at the LHC 481
	Gravitational waves from first order electroweak phase transition in models with the U(1)_X gauge symmetry 427
	Higgs mass from high-scale (split) supersymmetry 946
	FlexibleSUSY: Precise automated calculations in any BSM theory 395
	Partially Composite Higgs Models 652
	Measurements of ttH production at CMS 167
	Phenomenology in a Zee-Babu type model with local U(1)L- L symmetry 700
	Status of the semileptonic B decays and muon g-2 in general 2HDMs with right-handed neutrinos 836
	Global constraints on the dimension-6 Standard Model Effective Field Theory 927
	Searches for extended Higgs boson sectors with CMS 169
	Measurements of Higgs boson production and properties in the ZZ decay channel using the CMS detector 123
	Higgs to WW measurements with CMS 125
	Fiducial inclusive and differential Higgs boson cross sections at CMS 128
	Prospects for Higgs Boson Measurements at the High-Luminosity LHC with CMS 174
	Constraints on CP-violating couplings of the Higgs boson using its decay to fermions in the CMS experiment 162
	Measurements of the Higgs boson mass, production and decay rates and constraints on its couplings at CMS 166
	The latest results of the measurement of the Higgs boson decaying to bottom quarks pair at CMS 164
	The latest results of the measurement of the Higgs boson decaying to tau lepton pairs at CMS 165
	The latest results of the measurement of the Higgs boson decaying into two photons at CMS 163
	Measurement of cross sections and properties of the Higgs boson in decays to four leptons using the ATLAS detector 433
	Measurement of cross sections and properties of the Higgs boson in decays to two photons using the ATLAS detector 432
	Evidence for Higgs boson production in decays to two b-quarks using the ATLAS detector 436
	Higgs boson production in decays to two tau leptons using the ATLAS detector 435
	Search for rare decays of the Higgs boson 440
	Searches of Higgs boson rare decays at CMS 168
	Searches for non-Standard Model decays to a light meson and a photon of the Higgs boson 441
	Searches for light Higgs bosons at CMS 119
	Searches for non-Standard Model decays to two light bosons of the Higgs boson 442
	Searches for additional charged Higgs bosons in the MSSM 446
	Searches for additional neutral Higgs bosons in the MSSM 445
	Searches for high-mass resonances 444
	Measurement of cross sections and properties of the Higgs boson in decays to two W bosons using the ATLAS detector 434
	Search for di-Higgs production 443
	Evidence for Higgs boson production in association with a ttbar pair 437
	Measurement of the Higgs boson mass 439
	Measurements of Higgs boson properties using a combination of different Higgs decay channels 438
	Searches for charged Higgs bosons at CMS 201
	HH production at the High-Luminosity LHC with CMS 177
	Search for single top + Higgs production with CMS 241
	Higgs physics at CLIC 524
	SM and BSM Higgs physics at the LHeC and the FCC-eh 898
	Learning from Higgs Physics at Future Higgs Factories 698
	An Improved Model-Independent Higgs Precision Analysis 766
	Deep learning approaches to the Higgs boson self coupling 500
	Constraining Sterile Neutrinos from Precision Higgs Data 376
	Background study of HW production with the Higgs decaying to a b-quark pair 35
	Boosted Higgs decay in a pair of light jets 768
	Higgs and Electroweak symmetry breaking at the FCC-hh 469
	Higgs measurements at the Future Circular Colliders 975
	Status of the (p)MSSM Higgs sector 931
	Prospects for measuring Higgs triscalar coupling at the HL-LHC and HL-100 TeV hadron collider 84
	Light resonances from fundamental composite Higgs models: LHC and future colliders 419
	Current status of Two-Higgs-Doublet models with a softly broken Z_2 symmetry 550
	Sensitive study of the Higgs-strange coupling at FCC-ee 38
	Supervising Deep Neural Networks with Topological Augmentation in search for di-Higgs Production at the LHC 978
	Searches of double Higgs boson production with CMS 171
	Precision Higgs Measurements at the 250 GeV ILC 755
	Flavor Changing Neutral Higgs Interactions with Top and Tau at Hadron Colliders 307
	Study of the Higgs couplings to leptons and Higgs CP properties at the ILC 411
	Heavy resonances and the electroweak effective theory 682
	Phenomenological consequences of Higgs inflation in the NMSSM at the electroweak scale 39
	Implications of  - Reflection Symmetry in Minimal Seesaw Formalism 45
	Results from the CUORE experiment 98
	Recent EXO-200 results 911
	Probing the Light Sterile Neutrino Through the Heavy Charged Higgs Decay at the LHC 255
	Electromagnetic neutrino properties: present status and future prospects 650
	Updated MiniBooNE Neutrino Oscillation Results within the Context of Global Fits to Short-Baseline Neutrino Data 254
	The Short Baseline Neutrino Program at Fermilab 546
	Reactor antineutrino physics with DANSS experiment 58
	Status of NEOS 843
	PROSPECT, A Precision Reactor Oscillation and SPECTrum Short-Baseline Antineutrino Experiment 543
	STEREO search for a sterile neutrino at the ILL Grenoble reactor 1014
	Physics Programme for the SBND (Short-Baseline Near Detector) 545
	The MicroBooNE Detector 979
	Latest Results from MicroBooNE 519
	Searches for heavy neutral lepton production and lepton flavour violation in kaon decays at the NA62 experiment 759
	Results from Borexino on solar and geo-neutrinos 529
	Astrophysical Neutrinos at Hyper-Kamiokande 641
	Hadron Production Measurements for Neutrino Oscillation Experiments with NA61/SHINE 486
	Progress on the IsoDAR Antielectron Neutrino Experiment 967
	First Measurement of Monoenergetic Muon Neutrino Charged Current Interactions 36
	An overview of the neutrino interaction cross-section measurements in the T2K experiment 302
	First observation of coherent elastic neutrino-nucleus scattering and continued efforts of the COHERENT Collaboration 1032
	The latest oscillation results from the T2K Experiment 301
	Physics Potentials of the 2nd Hyper-Kamiokande Detector in Korea 642
	Discovery of Massive Sterile Neutrinos at the LHC 24
	Neutrino Oscillation Probabilities in Matter 43
	Long-range interactions at current and future neutrino oscillation experiments 107
	New Results from Double Chooz 122
	Recent results of the AMoRE-pilot experiment, a search for neutrinoless double beta decay of Mo-100 677
	Phenomenology of minimal seesaw model with S4 symmetry 838
	Bounds on heavy right handed neutrinos and implications for collider searches 374
	Recent results from the MAJORANA DEMONSTRATOR 810
	Search for neutrinoless double-beta decays in Ge-76 in the LEGEND experiment 823
	Double beta decay search with CUPID-0: results and perspectives 932
	New results from GERDA Phase II 955
	Three Neutrino Oscillations in Uniform Matter 988
	Recent Results from the NOvA experiment 1036
	The ENUBET neutrino beam 95
	Neutrino physics with the SHiP experiment at CERN 30
	Search for heavy neutrinos with the near detector ND280 of the T2K experiment 305
	Neutrino mixing in a rephasing invariant parametrization 415
	New results from RENO 426
	Average CsI neutron density distribution from COHERENT data 462
	Latest Reactor Antineutrino Oscillation Results from the Daya Bay 631
	Oscillation Physics with Atmospheric Neutrinos at Hyper-Kamiokande 639
	Resolving DUNE oscillation parameter ambiguities in the 3+1 sterile neutrino scenario using SBN 914
	DOUBLE BETA DECAY WITH NEMO-3 AND SUPERNEMO 780
	Nuclear Matrix Elements for Neutrinoless Double Beta Decay from Lattice QCD 956
	Searches for Heavy Neutrinos with the ATLAS Detector 1046
	Physics Potential of Super-K Gd 476
	The road to SuperK-Gd 511
	Measuring Neutrino Oscillations with KM3NeT/ORCA 926
	Search for Oscillations with a Lithium-6 Detector at the SCK•CEN BR2 reactor 324
	The measurement of absolute reactor neutrino flux and spectrum, and their evolution at Daya Bay 311
	Analysis of Gd(n,gamma) reaction with 155, 157 and natural Gd targets taken with JPARC-ANNRI and development of Gd(n,gamma) decay model for Gd-doped neutron/neutrino detectors 466
	Searching for a Light Sterile Neutrino at Daya Bay 494
	JUNO: A Multipurpose Underground Precision Neutrino Detector 940
	Status and Prospects of the JSNS2 experiment 772
	Search for sterile neutrinos with the T2K far detector 304
	Study of tau-neutrino production at the CERN SPS 417
	Neutrino scattering at nuSTORM 1018
	Probing neutrino cross-section models with T2K near-detector data 303
	Quasi-elastic-like anti-neutrino production at MINERvA 363
	Neutrino properties deduced from the double beta decay study 651
	CANDLES project to search for neutrino-less double beta decay of 48Ca 749
	Right-Handed neutrino searches at the FCC 977
	Democratic neutrino mass matrix from generalized Fridberg-Lee model 986
	Prospects for CP violation measurement with Hyper-Kamiokande 638
	Neutrino CP Violation with the European Spallation Source neutrino Super Beam project 61
	Spectroscopy of the first electrons from the KATRIN tritium source 317
	Search for heavy neutrinos at CMS 1044
	Discovery potential of light sterile neutrinos with displaced vertices 306
	COHERENT constraints on generalized neutrino-quark interactions 1056
	NSI @LBL 1148
	Theory (SM Higgs, top, EW) 1079
	Future neutrino (DUNE, T2HK) 1074
	CPV and CKM, experimental 1083
	Formal theory Development 1087
	Industry activities 1076
	Rare decays of B, D, and K mesons, experimental 1084
	Strong interactions and hadron physics, experimental 1093
	Heavy ions, experimental 1095
	Poster show-case 1099
	Axion searches 1101
	CMB, cosmology, other astroparticle physics 1103
	Conference Summary and Outlook 1105
	SUSY 1080
	Outreach & Education 1088
	2nd Public Lecture 1091
	C11 Report 1097
	charged lepton flavor, experimental (incl. (g-2), EDM, mu & tau LFV) 1085
	Strong interactions and hadrons, theory including lattice 1092
	Exotic hadrons 1094
	Heavy ions, theory 1096
	Dark matter searches 1100
	Dark matter theory 1102
	High-energy cosmic particles 1104
	Wrap-up and thanksgiving 1106
	Higgs, experimental 1077
	Diversity 1089
	Flavor theory & outlook 1086
	BSM Theory 1082
	Top/EW/SM 1078
	Opening remarks by IBS president 1060
	Welcome by Mayor of Seoul 1062
	ATLAS+ ALICE highlights 1064
	CMS+ LHCb highlights 1065
	Multi-messenger Astrophysics 1066
	Long baseline experiments 1067
	Short baseline experiments 1068
	non-accelerator-based experiment 1069
	Neutrino theory including leptogenesis 1070
	Detector R&D's 1071
	Accelerators (mainly SuperKEKB) 1072
	Future e+e- (CEPC, FCC, ILC, CLIC) 1073
	Computing & S/W 1075
	Public lecture 1 1059
	Congratulatory remarks 1061
	TBA 1063
	ICFA Report 1122
	Special speech 1132
	Exotics 1081
	Industry Keynote speech by a Senior VP of Samsung Electronics 1133
	Directors' Forum & Round-table Discussions 1134
	YSP 2018 award - Geometric picture for scattering amplitudes 1098
	YSP 2018 award: From the ATLAS pixel detector to probing the coupling of the Higgs to quarks 1147
	Axion dark matter search experiment for the mass range of 6.62 to 7.04 μeV 670
	B0 and Bs0 mesons in hot and dense asymmetric nuclear medium 260
	A search for secluded dark matter in the Sun using the IceCube neutrino telescope 777
	Light Dark Matter through Assisted Annihilation 313
	The Role of Environment on Void's galaxy Evolution 1000
	: Multi-channel YSO scintillator crystals for the application of low energy X-rays detection in space 653
	Central Exclusive Production at LHCb 588
	The Minkowskian dynamics of hadrons 947
	Hadronic wave functions in the extended harmonic oscillator model 1016
	Study of hadronic processes in the energy interval from 2 GeV up to 3.08 GeV at BESIII. 214
	Two-particle correlation via Bremsstrahlung 712
	Photo production of dijets in ultra-peripheral PbPb collisions at 5.02 TeV 890
	Measurement of the psi(2S) to J/psi cross section ratio in photoproduction with the ZEUS detector at HERA 349
	Performance of Jets at CEPC 461
	Emittance growth from Beam-Gas Scattering in CEPC 100
	Design and R&D of CEPC Superconducting RF System 81
	The CMS Level-1 muon triggers for the LHC Run II 109
	Search for supersymmetric partners of the tau lepton with CMS 110
	Probing Dark Matter with the Higgs Boson in the diphoton final state with CMS 112
	Design study of a Split-Coaxial RFQ for IsoDAR 530
	Recent results from the study of emittance evolution in MICE 357
	A non-destructive beam profile monitor for a muon beam of g-2/EDM experiment at J-PARC 705
	Analytical Estimation of Dynamic Aperture for Higgs Factory 792
	Mitigation of the Energy Sawtooth Effects in the Partial Double Ring Scheme of a Circular Higgs Factory 794
	Measurement of normalized differential ttbar cross sections in the dilepton channel from pp collisions at 13 TeV with CMS 203
	Measurements of differential top quark pair production cross sections as a function of kinematic event variables at 13TeV with CMS 205
	Search for ttH production in multileptons final states at 13 TeV with CMS 210
	High precision tracking for J-PARC (g-2)/EDM experiment. 703
	The IBS/CAPP magnetometer station for the GNOME experiment is running 707
	Study on the tuning mechanism of RF cavity for axion dark matter search experiment at CAPP/IBS in KAIST 835
	High frequency axion search cavity using dielectric ring at IBS/CAPP 868
	Lightweight Dark Matter search in a neutrino beam with the NOvA Near Detector 851
	Singlet fermionic dark matter and Veltman conditions 814
	Search for the Electric Dipole Moment and anomalous magnetic moment of the tau lepton 992
	Search for high-mass dimuon resonances using proton-proton collisions at √s = 13 TeV with the ATLAS detector 405
	Search for four-top-quark production in pp collisions at sqrt(s) = 13 TeV with the ATLAS detector 406
	Planck scale boundary conditions in extended Higgs sectors 867
	Magnetic in-vacuum field mapping system for the Muon g-2 experiment 980
	Cosmogenic activation study of the COSINE-100 experiment NaI(Tl) crystals 830
	Axion dark matter search experiment with 18T high temperature superconducting magnet at CAPP/IBS in KAIST 831
	Search for dark matter candidates in the channel of Mono-H() at the ATLAS experiment 506
	Search for SM H→μμ production in pp collisions with the ATLAS detector at the LHC 507
	Measurement of nuclear recoil responses of NaI(Tl) crystal for dark matter search 675
	Study on the noise temperature of Josephson Parametric Amplifier (JPA) used in the axion dark matter search experiment at CAPP/IBS in KAIST 844
	Measurements of the fast neutron flux at the Yangyang underground laboratory for the COSINE-100 experiment 826
	Monitoring System and Detector Stability of COSINE-100 736
	Exploring high mass regions for axion dark matter at IBS/CAPP 741
	Background assessment and performance of the COSINE-100 detector 770
	Muon and muon-induced phosphorescence events in the COSINE-100 Dark Matter Searches 837
	Low noise Amplifier R&D for CULTASK experiment at CAPP 858
	Snowball Chamber: A Super-cooled Approach to Dark Matter Detection 957
	Study of Jet Substructure Variables with the SiFCC Detector at 100 TeV 244
	High speed trigger system with 4.8Gbps rate for COMET Phase-I experiment 362
	Overview of the Electromagnetic Calorimeter Trigger System at the Belle II Experiment 849
	JUNO Calibration System 824
	Status of Korean Neutrino Observatory 692
	AMoRE-Pilot background simulation 893
	AMoRE Muon Veto Counter and Event Selection 903
	Calibration study of the Electromagnetic Calorimeter Trigger system at the Belle II experiment 904
	Update on the TowerJazz CMOS DMAPS development for the ATLAS ITk 949
	PURIFICATION TECHNIQUES OF MoO3 FOR AMoRE EXPERIMENT 630
	Physics performance of the Particle Flow Oriented detector at the CEPC 468
	Modeling Radiation Damage to Pixel Sensors in the ATLAS Detector 286
	Single Event Upsets in the ATLAS IBL Frontend ASICs 287
	A Cosmic Ray Detector for the Mu2e Experiment at Fermilab 665
	Study on the Secondary Electron Emission Coefficient of aluminum oxide 714
	Heavy flavour identification at CMS 120
	Study of Jet Substructure Variables with the SiFCC Detector at 100 TeV 243
	Innovative Strategies in the Search for Electroweak Production of Compressed SUSY States with the ATLAS Detector 402
	Search for the Standard Model Higgs boson in the dilepton plus a photon channel at 13 TeV with CMS 218
	Construction of new hybrid CC1π + sample for the SK detector error estimation 93
	Search for high-mass resonances decaying into dilepton final state at 13 TeV with CMS 226
	Search for Heavy Majorana Neutrinos in the Events with Same-Sign Lepton Pairs and Jets Using the CMS Detector in pp Collisions at sqrt(s) = 13 TeV 227
	ttH(bb) in leptonic final state with CMS 216
	ttH(bb) in the all-hadronic final state with CMS 215
	Top quark pair production in association with a photon 683
	Studies of initial state radiations in Drell-Yan events from ppbar collision at 1.96TeV 701
	Support system for ATLAS distributed computing operations 778
	Hough transform based low momentum track finding for the BESIII drift chamber 412
	Boosting the Searches of Gluon Pair Initiated Processes using Deep Learning of ISR Jets 771
	Track reconstruction in high-multiplicity environments with the ATLAS Detector at the LHC 375
	The ATLAS Electron and Photon Trigger 274
	Feasibility study for development of a PET device based on Multi-gap Resistive Plate Chambers 637
	Status of Korean Neutrino Observatory 248
	Upgrade plan for RENO 261
	Measurement of theta13 in the reactor neutrino events with neutron captures on Hydrogen at RENO 425
	Manifestations of neutrino magnetic moments in spin and flavor oscillations of ultrahigh-energy cosmic neutrinos 686
	Measured Cosmogenic Background at RENO 431
	Detection of reactor neutrinos with a delayed signal of neutron capture on Hydrogen at RENO 424
	Precise measurement of theta13 and dm^2_ee at RENO 569
	Search for Sterile Neutrinos at RENO 497
	Physics Sensitivity Studies at Korean Neutrino Observatory 694
	Neutrino evolution accounting for the longitudinal and transversal magnetic fields and matter currents 697
	Study of PMT saturation for JSNS2 experiment 747
	Signal optimization and study of the JUNO 20-inch PMT with high-voltage divider 790
	3-inch PMT system of JUNO experiment 827
	A muon simulation study for the AMoRE-II experiment. 846
	Performance of the KOTO Sampling Calorimeter 742
	Hardening Effects of the TeV-scale Cosmic Ray Proton and Helium Spectra 774
	Daya Bay energy calibration model 787
	A study on high energy gamma intensities in 208Tl decay from a ThO2 powder sample 669
	An enriched Mo-100 powder measurement by a HPGe array detector 702
	Status of KL0 0  in the KOTO Experiment at J-PARC 791
	Non-identical particle femtoscopy in Pb-Pb collisions at sNN = 2.76 TeV with ALICE at the LHC 873
	NaI(Tl) crystal encapsulation with liquid scintillator 882
	Photo production of dijets in ultra-peripheral PbPb collisions at 5.02 TeV with CMS 891
	Electron source of Uniform distribution using deep ultraviolet light excited Au film 895
	Search for black holes and sphalerons in high-multiplicity final states in proton-proton collisions at sqrt(s) = 13 TeV with CMS 959
	Inclusive SUSY searches with razor kinematic variables at CMS 993
	Track finding with GPU-implemented Runge-Kutta 4th order tracks in the drift chamber 360
	The LHCb tracks reconstruction in Run 2: strategy and performance 561
	DAQ Design and Implementation for the HEPS-BPIX 1M Detector 708
	The Matrix Element Method used in the search for the associated production of the Higgs boson with top quarks and decaying into tau leptons at CMS 623
	Measurement of the tau lepton reconstruction and identification performance in the ATLAS experiment using pp collisions at sqrt(s)=13 TeV 269
	A novel water-Cherenkov detector design with retro-reflectors to produce antipodal rings 64
	Pilot production of RPCs for the SHiP experiment 49
	Lattice Design of the CEPC Collider Ring for the Conceptual Design Report 498
	Electroweakinos with GAMBIT 371
	Search for additional Higgs Bosons in Final States with b-Quarks with the LHC Run II data at CMS 213
	Construction and prototype modules testing of HT-KZ Ultra-high energy cosmic rays detector system for cosmic rays with energies above 10^17 eV 23
	Thermodynamics for pion gas in the large N limit 71
	Calibration of the CMS preshower detector in LHC Run2 105
	Oscillations and exact states of neutrinos in a magnetic field 754
	A Study on the Shielding Ability of Current Aerospace Materials of a Detector against High Energy Cosmic Rays 428
	Study of production of electrons from beauty-hadron decays in pp collisions at √s = 13 TeV and Pb-Pb collisions at √s = 5.02 TeV with ALICE 504
	Development of a 3D highly granular scintillator neutrino detector for the T2K experiment 625
	New readout system for the KOTO CsI calorimeter upgrade 679
	B-meson Anomalies and New Physics for Flavor Violation 852
	Recent progress of the ARIADNE experiment 706
	Lattice calculation of form factors for semi-leptonic decays B \to D^(\ast) using improved heavy quark action 816
	Phonon simulation of low temperature acoustic waves for rare event detector 876
	CMS emittance scans for 2017 luminosity calibration 998
	Neutrino mass, Dark Matter and stability of the electroweak vacuum in TeV Seesaw models 1006
	Design status of CEPC booster system 99
	Primary (conformal) photons 15
	Commissioning of Belle II data acquisition 1058
	Dynamical system analysis of agegraphic dark energy in brane-induced gravity 25
	Exclusive Photoproduction of 2π+2π− Final State at HERA 92
	Performance Measurements of B-tagging Algorithms in CMS 106
	CMS muon reconstruction and identification performance of Run2 data 111
	Measurement of ttbb production at 13 TeV with the CMS experiment 204
	Measurement of the of   e+ e-  branching fraction by Belle 256
	Measurement of Single Event Upset rates in single pixels of ATLAS IBL 285
	A Search for Vector-Like Quark Pair Production using a New Multiclassification Machine Learning Algorithm for Boosted Final State at CMS 116
	Aging Studies of the triple-GEM detectors for future upgrades of the CMS muon high rate region at the HL-LHC 238
	Electronics for Hyper-Kamiokande 646
	Search for Zgamma resonances using leptonic and hadronic final states in proton-proton collisions at 13 TeV with the CMS experiment 229
	Search for high mass resonances decaying into four lepton final state at 13 TeV with the CMS detector 228
	Dark matter research platform with deep learning 668
	Neutrino decoherence due to radioactive decay 662
	Advancements of THGEM in IHEP, China 104
	Development of profiling system for low energy physics 44
	DUNENDGGD, a geometry generator for DUNE near detector design 86
	Three dimensional scintillator tracker in the DUNE near detector 94
	Triggering on electrons, photons, tau leptons, Jets and energy sums with the CMS Level-1 Trigger 108
	Cross-section measurements and anomalous gauge couplings searches in multileptonic WZ decays with the CMS detector at 13 TeV 114
	2S Modules for the Phase-2 Upgrade of the CMS Tracker 115
	Search for top squarks in the dileptonic final state in CMS 211
	Search for Flavor Changing Neutral Higgs at 13 TeV with CMS 207
	Search for Heavy Stable Charged Particles at the CMS experiment using the RPC phase II upgrade 208
	Searches for dark matter in CMS in non-hadronic final states 230
	Identification of very-low transverse momentum muons with the ATLAS experiment 268
	Status of Flavour Maximal Non-minimal Universal Extra Dimension 235
	Van der Meer calibration of the CMS luminosity detectors in 2017 233
	Measurement and simulation of the background in the CMS muon detectors 237
	Interesting Models unifying Neutrino Mass, Dark Matter, Origin of PMNS and CKM, and GUT 250
	Study of the H->tau+tau decay channel with ATLAS 505
	Triggering on hadronic signatures in ATLAS – developments for 2017 and 2018 279
	Simulation of the ATLAS New Small Wheel Trigger System 290
	Measurement of phase-space density evolution in MICE 358
	Search for top squarks with ATLAS at s = 13 TeV in fully hadronic and semi-leptonic final states 403
	Heavy Majorana neutrino pair productions at the LHC in minimal U(1) extended Standard Model 430
	Wideband SQUID Amplifiers for Axion Search Experiments 458
	Measurement of azimuthal correlations of D mesons with charged particles in pp collisions at sqrt{s}=13 TeV with ALICE at the LHC 517
	Search for Z and Higgs boson decaying into J/psi + photon in pp collisions at 13 TeV with CMS 542
	Study of the differential Drell-Yan cross sections at 13 TeV with CMS 544
	Correction of the Effect of the Coherent Betatron Oscillation by the RF Electric Field for Fermilab Muon g-2 Experiment 671
	Reduction of the radioactive impurities in NaI powder by recrystallization method 629
	Search for first generation scalar leptoquarks in pp collisions at 13 TeV with CMS 632
	Asymmetry realization of p-Carbon interactions in Geant4 for the storage ring proton EDM experiment 660
	A low frequency Axion search using the storage ring electric dipole moment method 661
	Search for Higgs boson production in association with a pair of top-quarks with the Atlas detector 508
	Search for Higgs boson pair production with the ATLAS detector 509
	A Minimal Model For Two-Component FIMP Dark Matter: A Basic Search 990
	New design of multiple-cavity detector for high mass axion dark matter search 829
	Implosion protection and waterproof potting for the JUNO 20-inch PMTs 878
	Probing a singlet scalar in electron- positron colliders 1007
	Signal Processing Methods for CAPP's Axion Data 860
	R&D on superconducting cavity at IBS/CAPP 880
	Temperature dependent study of NaI(Tl) scintillator and PMT 892
	Measurements of detector material samples with two HPGe detectors at the YangYang Underground Lab. 709
	Data reconstruction and analysis for the 3x1x1 m^3 dual phase Liquid Argon Time Projection Chamber prototype 751
	Simulation study for the Electromagnetic Calorimeter Trigger system at the Belle II Experiment 845
	Silicon PIN photodiode based radon detectors for an underground experiment environment. 910
	A study of cryogenic Li2MoO4 phonon-scintillation detectors for AMoRE-II 908
	Spin Light of Neutrino in Gamma-Ray Bursts 775
	Simulation Studies on Supernova Neutrino Detections in JUNO 861
	Cosmogenic Neutron Production at the Daya Bay Reactor Neutrino Experiment 872
	Search for dark matter production in association with a hadronically decaying vector boson in pp collisions at s = 13 TeV with the ATLAS detector at LHC 713
	EFT for new physics in multi-Higgs final states in hadron colliders 1030
	Low temperature light detectors using metallic magnetic calorimeter 847
	Development of a multi channel silicon avalanche photodiode sensor for low light imaging detection. 919
	Research of the 20-inch Microchannel Plate Photomultiplier with Transit Time Spread Improved 693
	Flavor physics in the multi-Higgs doublet models induced by the Left-Right symmetry 710
	Spectral measurement of sinSq(2theta13) via neutron capture on hydrogen at Daya Bay 716
	An Analysis of Bottom Mesons Decaying into Axial-Vector and Pseudoscalar Mesons 950
	Scattered Kaon Study in the KOTO Experiment at J-PARC 820
	Probing BSM physics with Recursive Jigsaw Reconstruction 822
	The tunable microwave cavity for pilot axion experiment at IBS/CAPP 857
	Development of Slow Control Package for the Calorimeter Trigger System at the Belle II Experiment 864
	Bound eigenstates for Yukawa potential through Matrix representation 875
	An R&D of Molybdate scintillating crystals for the AMoRE phase-II 916
	The Top Tracker detector of the JUNO experiment 879
	Measurements of internal alpha activities in the AMoRE-pilot CaMoO4 crystals 900
	An improved Pulse Shape Discrimination (PSD) method to detect directly for a non-baryonic dark matter 915
	Fast Calorimeter Simulation in ATLAS 960
	Indirect search for light charged Higgs bosons through the dominant semileptonic decays of top quark tb(B/D+X)+H+(+) 965
	Flavour Physics at FCC-ee 972
	Improved determination of d(x) − u(x) flavor asymmetry in the proton by data from the BONuS experiment at JLAB and using an approach by Brodsky, Hoyer, Peterson, and Sakai 1009
	An updated design of the read out link and control board for the Phase-2 upgrade of the ATLAS Tile calorimeter. 1012
	High Precision Magnetic Field Measurement for the Muon g-2 Experiment 958
	Usage of tracking in the CMS Level-1 trigger for the High Luminosity LHC Upgrade 1041
	PROBING OF XYZ-MESON STRUCTURE USING ANTIPROTON BEAM WITH MOMENTUN UP TO 15 GeV/c 1128
	PERSPECTIVE STUDY OF CHRMONIUM, EXOTICS AND BARYONS WITH CHARM AND STRANGENESS 1127
	Measurements of heavy flavor properties at CMS 149
	Hadronic decays of D0(+) and Ds+ at BESIII 198
	Leptonic and semi-leptonic decays of charmed mesons at BESIII 197
	Rare decays at CMS 151
	Angular analyses at CMS 152
	Lepton flavor violation and seesaw models at future lepton colliders 70
	Connecting b→sμμ anomalies to enhanced rare nonleptonic B_s decays in Z' model 883
	Towards establishing New Physics in B0 K*0 + - decays 952
	Optimising sensitivity to γ with B0→DK+π−, D→K0Sπ+π− double Dalitz plot analysis 1003
	c+ physics with BESIII threshold data 200
	CP asymmetries in charm decays into neutral kaons 495
	Search for the rare decay of KL0 at J-PARC 634
	Charged Lepton Flavor Violation in a class of Radiative Neutrino Mass Generation Models 552
	Search for CP violation and rare decays in charm sector at Belle 337
	New results on semileptonic B decays and on the CKM magnitudes |Vub| and |Vcb| from Belle 332
	Recent results on -lepton decays with the BABAR detector 809
	Direct CP violation in B decays at LHCb 603
	Lepton Flavour Universality tests at LHCb 617
	Tests of lepton universality with semitauonic b-quark decays 615
	Electroweak Penguin B Decays at Belle 334
	Rare Charm decays at LHCb 612
	Time-integrated CP violation measurements in B->DD and B->DKK decays at LHCb 609
	Electroweak Penguin Decays at LHCb 619
	Time-dependent CP violation measurements in B->DX decays at LHCb 608
	CP violation in b-hadron decays to charmless charged two-body final states at LHCb 597
	CP violation and polarisation amplitudes in B->VV decays at LHCb 598
	Measurements of the CKM angle gamma at LHCb 607
	Mixing and indirect CPV in Charm decays at LHCb 610
	Direct CPV in charm decays at LHCb 611
	ATLAS measurements of CP Violation and Rare decays in Beauty mesons 492
	Mu2e: A Search for Charged Lepton Flavor Violation in Muon-Electron Conversion with a Sensitivity < 10^{-16} 74
	Radiative B decays at LHCb 616
	Search for the rare decay B   800
	Measurements of time-dependent CP violation in charmless B meson decays 330
	Measurement of cos2beta = cos2phi_1 in B^0 to D^{(*)0} h^0 with D to K^0_S pi^+ pi^- decays by a time-dependent Dalitz analysis using BaBar and Belle combined data 329
	An experiment to search for mu-e conversion at J-PARC MLF in Japan, DeeMe experiment 322
	B meson mixing parameters and branching fractions at LHCb 605
	Search for the rare decay D0K-+e+e- 801
	Precision measurement of the form factors of semileptonic charged kaon decays 761
	CP violation in b-baryon decays to multibody final states at LHCb 601
	Study of the Lorentz structure of tau decays and the rare tau decays from Belle 341
	Searches for Lepton Flavour Violating decays at LHCb 618
	Recent improvements and prospects with flavour tagging at LHCb 606
	CP violation in B decays to charmonia at LHCb 602
	Recent investigations of direct CP violation in B-meson decays at Belle 336
	Charmless three-body meson decays at LHCb 599
	Searches for Flavor Changing Neutral Currents at BESIII 184
	Measurement of hadronic cross sections at CMD-3 715
	The MEGII experiment at PSI and the quest for e  and its experimental limiting factors at future high intensity muon beams 22
	Radiative B Decays at Belle 333
	Towards a new paradigm for quark-lepton unification 42
	Studies of the CKM matrix with semileptonic decays 614
	Determination of the CKM matrix elements |Vub| and |Vcb| at Belle II 191
	Time dependent CP-violation measurements at Belle II 195
	Charm physics prospects at the Belle II experiment 189
	Study of the normalization modes in search the rare decay of K0L 0 with the KOTO detector 656
	KLEVER: An experiment to measure BR(K_L -> \pi^0\nu\bar{\nu}) at the CERN SPS 685
	Testing discrete symmetries with neutral kaons at KLOE-2 518
	Status of the Mu3e experiment 1028
	Search for Muon to Electron Conversion at J-PARC - COMET Experiment 12
	Report on the Fukuoka ALCW Workshop 1110
	Messaging to the Japanese Government regarding the ILC Decision 1112
	Discussion 1114
	Welcome and Introduction 1109
	Report on MEXT and Advisory Panel Meetings Outcome 1111
	Progress on Reports to be submitted to European Strategy Group 1113
	Accelerator R&D 1138
	Detector R&D 1139
	Physics performances 1140
	LCB 1141
	FALC 1142
	ICFA 1143
	Dinner 1145
	Lunch 1144
	Differential jet cross sections at the CMS experiment 533
	Recent results on charmonium(-like) states and search for pentaquark at Belle 339
	Measurements of elastic pp interactions and exclusive production with the ATLAS detector 380
	Parton Distributions, QCD and small-x physics in energy-frontier DIS with the LHeC and the FCC-eh 901
	Studies of Bc mesons at LHCb 594
	Heavy quark(onia) spectroscopy at LHCb 593
	Searches for exotic baryonic states at LHCb 592
	Soft QCD at LHCb 587
	Forward energy flow and jet production in pp and pA collisions at the LHC with CMS 962
	Studies of HERA deep inelastic scattering data at low Q^2 and low x_Bj 885
	Precise measurement of the D*(2010)+ - D+ mass difference 784
	Study of e+e-e+e- ' in the double-tag mode at BABAR 807
	Measurement of Diffractive and Exclusive processes at CMS 161
	QCD analysis of the ATLAS and CMS W and Z cross-section measurements and implications for the strange sea density 96
	Measurements of heavy flavor production at CMS 148
	Measurement of the Minimum Bias, Underlying Events and Double-Parton Scatterings at CMS 160
	Study of the e+e- annihilation into hadrons with the SND detector at the VEPP-2000 collider 103
	Exotic quarkonium states at CMS 150
	Quark jet fraction in multi-jet final states and quark gluon discrimination 257
	Strong coupling from a nonperturbative determination of the QCD Λ-parameter 249
	Studies of X Y Z states at BESIII 194
	Exclusive rho(770) photoproduction at HERA 471
	Probing the strange content of the proton via charm production in charged-current deep inelastic scattering at HERA 367
	Measurement of Jet Production Cross Sections in Deep-inelastic ep Scattering at HERA 88
	The CMS-TOTEM Precision Proton Spectrometer and first physics results 146
	Measurement of beauty production from dimuon events at HERA 348
	Studies of isolated photon production with a jet in deep inelastic scattering and diffractive photoproduction at HERA. 346
	Probing perturbative QCD at the ATLAS Experiment 378
	ATLAS results on quarkonia and its associated production 491
	Spectroscopy, production and exotica in HF states in ATLAS 493
	Constraints on the Parton Density Functions of the Proton by Measurements with the ATLAS Detector 381
	Recent LHCb Results in Charm Spectroscopy 595
	Electroweak and QCD aspects in V+jets from CMS 537
	IR-Improved results for LHC/FCC physics: Status report 920
	Measurement of D ∗ Production in Diffractive Deep Inelastic Scattering at HERA 89
	Recent results on charmed baryons at Belle 340
	Exotic and Conventional Quarkonium Physics Prospects at Belle II 193
	Measurement of Bs and Y(5S) Decays with Belle 343
	Tests of Perturbative QCD with Photon Final States at the ATLAS Experiment 379
	Investigation of parton densities at very high x 352
	New Results on the W Boson Production and Multi-lepton Cross Sections with the ATLAS Detector 382
	Studying parton correlations via double parton scatterings in associated quarkonium production at the LHC and the Tevatron 478
	Contribution of QCD Condensates to the OPE of Green Functions of Chiral Currents 673
	Studies of meson-like exotic states at LHCb 591
	Deeply Virtual Compton Scattering at Jefferson Lab 996
	First-principles lattice QCD calculation of the neutron lifetime 80
	Charm Quark Mass with Calibrated Uncertainty 32
	Lattice Predictions for Bound Heavy Tetraquarks 359
	Measuring jet substructure observables at the ATLAS Experiment 377
	Measurement of hadronic cross sections with the BABAR detector 781
	Study of inclusive di-hadron and production rates of hyperon and charmed baryon in e+e- colliders 338
	Probing the charm hadronisation with ALICE at the LHC 485
	Measurements of event properties and correlations in multijet events in CMS 534
	Determination of the strong coupling constant s (mZ ) in next-to-next-to-leading order QCD using H1 jet cross section measurements 90
	Combination and QCD analysis of beauty and charm production cross section measurements in deep inelastic ep scattering at HERA 483
	QCD and gamma-gamma Physics at FCC-ee 973
	Experimental Investigation of π+π− and K+K− atoms 1024
	Observation of Y(4S) → eta’ Y(1S) and Y(2S) → gamma eta_b(1S) at Belle 345
	Study of radiative decays of the (1S) and of three-body decays of the J/ 785
	Search for the B-meson decay to four baryons B p  p  782
	Open heavy-flavour measurements in proton-proton collisions with ALICE at the LHC. 460
	Studies of open charm production and properties at LHCb 590
	V+heavy flavor jets and constraints to PDFs with CMS 538
	Hyperon studies at BESIII 361
	Study of K^0_S pair production and eta_c(1S), eta_c(2S) and non-resonant eta' pi+ pi- in two-photon collisions at Belle 342
	Baryonic Decays of Charmonium at BESIII 202
	Light meson decays at BESIII 185
	Studies of the X(5568) state and Evidence for Zc±(3900) in b-flavored Hadron Decays at D0 223
	Chinese industries in technology developments related to high energy physics facilities: Introduction to CIPC 1050
	Convergence: HPC + AI 1051
	Ams’ Technology Concepts on Monolithically Integrated Photosensors 1053
	ALICE ITS production with Korean industry - Status and Outlook 1055
	From CERN knowledge to society 1052
	HL-LHC industrialization and procurement. Lessons learnt 1048
	Case Study for the Socio-economic Impact of large Scientific Projects on the Technology Transfer and Technology-driven Startups in KOREA 1049
	Mass Production of GEM foils in Korea 1054
	Top quark production cross-section measurements with the ATLAS detector 448
	Rare top quark production in CMS: ttW, ttZ, ttgamma, tZ, tgamma, and tttt production 158
	Forward-backward asymmetry in p t events at the Tevatron 219
	Anomalous top quark couplings, FCNC, and EFT interpretations in CMS 159
	Searches for rare top quark couplings with the ATLAS detector 453
	Top modelling and tuning in CMS 153
	Top quark properties measurements with the ATLAS detector 449
	Determination of electroweak parameters using H1 inclusive DIS data 91
	Charming Top Decays with Flavor Changing Neutral Higgs Interactions at Hadron Colliders 310
	Top-quark physics at high-energy CLIC operation 527
	Tests of the electroweak sector sector with Diboson final states at the ATLAS Experiment 456
	New Results on Multi-Boson Production with the ATLAS Detector 457
	Multiboson production at CMS 535
	Measurements of the effective weak mixing angle in at D0 220
	Measurements and combination of the weak mixing angle at the Tevatron and extraction of the W mass 221
	W/Z boson production cross sections with the CMS detector 539
	New Results on Z Boson Production with the ATLAS Detector 455
	EW physics at LHCb 586
	Electroweak Physics at CEPC 743
	Direct and indirect measurements of the top quark mass in p collisions 217
	Measurements of the top quark mass with the ATLAS detector 451
	First measurements of top quark mass and other properties with Run-2 data in CMS 157
	Standard Model measurements at the High-Luminosity LHC with CMS 175
	Recent ttbar (inclusive and differential) cross sections results in CMS 154
	Single top quark production in CMS 156
	Exclusive Top Threshold Matching at Lepton Colliders 56
	Top-quark physics at the first CLIC stage 526
	Top-quark physics at the Future Circular Colliders 971
	A Precision Event Generator for EW Radiative Corrections in Hadron Scattering: KKMC-hh 922
	Measurements of ttbar+X using the ATLAS detector 450
	Results of vector boson scattering from CMS 536
	The role of positron polarization for the inital 250 GeV stage of the International Linear Collider 912
	TopFitter: Fitting top quark Wilson Coefficients to Run II data 968
	Top physics at LHCb 585
	Single Top quark production and properties measurements using the ATLAS detector 452
	3rd Generation Quark and Electroweak Boson Couplings at the 250 GeV stage of the ILC 420
	Electroweak Physics at FCC-ee 970

