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Heavy resonance searches at the FCC-hh

Author: Clement Helsens’

' 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.
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LUCID: The ATLAS Luminosity Detector

Authors: ATLAS Collaboration™*™; Federico Lasagni Manghi'

! 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.
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Recent results from MICE on multiple Coulomb scattering and
energy loss

Authors: Vittorio Palladino'; Scott Wilbur?

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

Corresponding Authors: sh.wilbur@sheffield.ac.uk, vittorio.palladino@cern.ch

Page 1



ICHEP2018 SEOUL / Book of Abstracts

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 Keeble'

! University College London
Corresponding Author: fk@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~! 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.
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First Ever Ionization Cooling Demonstration in MICE

Authors: Vittorio Palladino'; Chris Rogers®

! Universita e sezione INFN di Napoli (IT)
¢ 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.
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CEPC injector linac design
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Author: Cai Meng'

! Institute of High Energy Physics, CAS
Corresponding Authors: Ixp@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 Zhu'; Jie Gao?; Xinchou Lou®; Ke LNove, Xiongfei Wanglg Wei Xu¥°"; Sha Bai?; Yiwei WANGNo"®

! Chinese Academy of Sciences (CN)

2 Institute of High Energy Physics, China
® University of Texas at Dallas (US)

* 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 MICHIZONO'

! 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 Otani'

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

' 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 Shiltsev™°™; Sergei Nagaitsev"°™; Mary Convery"°"; Michael Lindgren™*"; Ioanis Kourba-
nis™°"; Alexander Valishev¥°"; Phil Adamson'

! 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 CHI"

! 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 Levichev'

' 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 Levichev'

' 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 10°35 cm”-2s"-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 team!; Akio Morita?

' KEK
? 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 x 103°cm~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 Schulte'; Steinar Stapnes'

' 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 Haciomeroglu'

' CAPP/IBS
Corresponding Author: selcuk.haciomeroglu@gmail.com
Previous Muon g-2 experiment at BNL measured the anomalous magnetic moment of muon which
is = 30 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 Burrows'
' 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 Shatilov'; Evgeny Levichev'

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

! Budker Institute of Nuclear Physics (RU)
* CERN
’ 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 Checchin’

' FNAL - IT
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.
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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 Gao’

! 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 Kashikhin'; Igor Novitski?; Alexander Zlobin!

! Fermilab
? 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 Stapnes’
' 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 Babaev'; James Dale Bueghlyz; Edgar Carrera Jarrin®; Anne Dabrowski*; Jonas Daugalass; An-
dres Guillermo Delannoy Sotomayor®; Thoth Kenneth Gunter?; Moritz Guthoff’; Joseph Heideman®; Sam Higgin-
botham®; Alexis Kalogeropoulosg; Olena Karacheban®; Joscha Knolle’; Andreas Kornmayer4 ; Georgios Krintiras®;
Arkady Lokhovitskiy”; Paul Lujan12 ; Jingyu Luo®; Peter Major”; Daniel Marlow®; Chris Palmer®; Jakob Salfeld-
Nebgens; David Stickland®; Nicolo Tosi'*; Peter Tsrunchev'; Oleksii Turkot'®; Zhen Xie?

! National Research Tomsk Polytechnic University (RU)
® Northwestern University (US)

* Boston University

* CERN

3 Vilnius University (LT)

¢ University of Tennessee (US)

7 Deutsches Elektronen-Synchrotron (DE)

8 Princeton University (US)

? Princeton University

19 Universite Catholique de Louvain (UCL) (BE)
! University of Canterbury (NZ)

2 Universita e INFN, Padova (IT)

3 Eotvos Lorand University (HU)

!* INFN Bologna, Bologna (IT)

'3 University of Sofia (BG)

'® 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,
paullujan@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 VAM 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 Schellman'®

! 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.

Accelerators: Physics, Performance, and R&D for Future Facilities / 767

SQUID-based BPM for proton EDM experiment

Author: Selcuk Haciomeroglu'

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

! Institute for Basic Science
? Institute for Basic Sciences

* KRISS
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 10~2°
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 1072 ¢-cm
sensitivity

Author: Yannis Semertzidis'

' 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 1072% 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 Zhou'; Jianli Wang™°"; Shengchang Wang"°"; Yunlong Chi™*"; Yuan Chen™°"™; Zhijun Lu~°";
Ouzheng Xiao™°*; Guan Shu™°™; Ningchuang Zhou"*"; Xiang He™*"*; Dong Dong~°"; Fukuda Shikegi°"; Shilun
Pei™°™; Guoxi Pei™*™; Zaib Nisa"*"; Shengchang Wang'

! IHEP
Corresponding Authors: wangsc@ihep.ac.cn, zhouzs@ihep.ac.cn

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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Author: Alain Blondel

! 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 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 Schulte’

' 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 XU’

' 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

Author: Nestor Armesto Perez'

! Universidade de Santiago de Compostela (ES)

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~! 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 x 1032 cm~2s~! 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

Precision Measurement of the Monthly Cosmic Ray Fluxes with
the Alpha Magnetic Spectrometer on the ISS
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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.

Astro-particle Physics and Cosmology / 726

Properties of Elementary Particle Fluxes in Primary Cosmic Rays
Measured with the Alpha Magnetic Spectrometer on the Interna-
tional Space Station
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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 Dujmovic'
! 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
"10°28 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 Seo’
! 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 Peng'

! Nanjing University
Corresponding Author: ghpeng@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 y 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 y ray burst detected by the Fermi y 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
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The generation of B-mode and circular polarization of cosmic pho-
tons due to NonCommutative space-Time background

Author: Seddigheh Tizchang'
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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 In¥°"; Carsten Rott

! 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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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 160 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 Keum'
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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 Dienes’; Jeff Kost®; Brooks Thomas®

! University of Arizona
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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 Jong™°™
Co-author: for the GRAND collaboration

Corresponding Author: sijpbrand@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
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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.
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Astro-particle Physics and Cosmology / 263

Dark matter in the early matter dominated Universe

Author: Ki-Young Choi’

! 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

Supernovarelic neutrino sensitivity study with 2nd Hyper-Kamiokande
detector in Korea

Author: Dongnyeok Yeum'

! 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 Tumurtushaa'; Bum-Hoon Lee?; Seoktae Koh®

! Institute for Basic Science
2 Sogang University
* Jeju National University
Corresponding Authors: bhl@sogang.ac.kr, kundolkoh@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 (n7). We showed that the energy spectrum of the

primordial gravitational waves (GWs) induced by a group of models that predict blue-tilted tensor
spectrum (np > 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
Tie > 107% 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 Ye'; Tevong You®; Minho Son'

! KAIST
% 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 creusot’

' 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 Natale'; Soo-Min Choi’; pyungwon ko’

! Korea Institute for Advanced Study
? Chung-Ang University
* 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)_LxSU(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 Kamada'

! 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 Oliva!; Alexandre Ghelfi’; Amaresh Datta®; Andrea Contin?; Andreas Bachlechner’; Andrei Kou-
nine’; Bastian Beischer’; Benoit Jean-Albert Coste’; Bilge Demirkoz®; Bruna Bertucci’; Carlos Delgado Mendez!;
Cen Zhangw; Chan Hoon Chungs; Claudio Corti®; Corinne Goyz; Cristina Consolandi’; Davide Grandi'!'; Domenico
D’Urso’; Fernando De Carvalho Barao'?; Francesca Giovacchini!; Francesco Dimiccoli’; Giovanni Ambrosi’; Giuseppe
La Vacca'l; Henning Gast’; Hesheng Chen'®; Hsin-Yi Chou'*; Hu Liu®; Iris Gebauer'; Javier Berdugo Perez'; Jie
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Torre''; Stefano Di Falco*; Travis Gordon Nelson™°"®; Ulrich Becker®; Valerio Formato’; Veronica Bindi®; Wei-
wei Xu®; Wim De Boer?; Xudong Cai®; Yuan-Hann Chang“; Zhicheng Tang13; Zhili Wengf’; Zuhao Li*%; Vitaly
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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,
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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 kadota™™

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 Collaboration™°™; Nicolas Arnaud'

! 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 Kim'; Ki Young Choi'; Sin Kyu Kang?

! Sungkyunkwan University
? 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

Observation of the New Properties of the Secondary Cosmic Rays
Lithium, Berillium and Boron with the Alpha Magnetic Spectrom-
eter on the International Space Station9 20m9Y 20m
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nine®; Bastian Beischer®; Benoit Jean-Albert Coste’; Bilge Demirkoz®; Bruna Bertucci’; Carlos Delgado Mendez';
Cen Zhanglo; Chan Hoon Chungs; Claudio Corti®; Corinne Goyz; Cristina Consolandi®; Davide Grandi'!; Domenico
D’Urso’; Fernando De Carvalho Barao'?; Francesca Giovacchini'; Francesco Dimiccoli’; Giovanni Ambrosi’; Giuseppe
La Vacca'l; Henning Gast’; Hesheng Chen'®; Hsin-Yi Chou'*; Hu Liu®; Iris Gebauer"; Javier Berdugo Perez’; Jie
Fengm; Jorge Casaus'; Laurent Yves Marie Derome?; Manuel Aguilar-Benitez”; Manuela Vecchi'®; Marco Incaglilg;
Matteo Boschini?’; Matteo Duranti’; Matthew Daniel Behlmann®; Maura Graziani'®; Melanie Heil’; Mercedes Panic-
cia?l; Miguel Angel Velasco Frutos'; Mike Capellé; Nikolas Zimmermann®; Paolo Zuccon®; Philip Von Doetinchem?®;
Qi Yan®; Roberto Battiston®’; Sadakazu Haino'®; Senquan Lu'®; Stefan Schael®; Stefan Zeissler®; Stefano Della
Torre''; Stefano Di Falco®; Travis Gordon Nelson“°"; Ulrich Becker®; Valerio Formato’; Veronica Bindi®; Wei-
wei Xu®; Wim De Boer'?; Xudong Cai®; Yuan-Hann Chang”; Zhicheng Tang13; Zhili Wengs; Zuhao Li"; Vitaly
Choutko®

! Centro de Investigaciones Energéti cas Medioambientales y Tecno
% Centre National de la Recherche Scientifique (FR)

* University of Hawai’i at Manoa (US)

* Universita e INFN, Bologna (IT)

> Rheinisch Westfaelische Tech. Hoch. (DE)

® Massachusetts Inst. of Technology (US)

7 Universita e INFN, Padova (IT)

8 Middle East Technical University (TR)

® Universita e INFN, Perugia (IT)

19 Institute of High Energy Physics, Chinese Academy Sciences

! Universita & INFN, Milano-Bicocca (IT)

12 LIP Laboratorio de Instrumentacao e Fisica Experimental de Part
3 Chinese Academy of Sciences (CN)

'* National Central University (TW)

5 KIT - Karlsruhe Institute of Technology (DE)

16 Academia Sinica (TW)

17 Cent.de Investigac.Energeticas Medioambientales y Tecnol. (CIEMAT)
8 Universidade de Sao Paulo (BR)

1% INEN Sezione di Pisa, Universita’ e Scuola Normale Superiore, P
% Univ. degli Studi Milano-Bicocca (IT)

21 Universite de Geneve (CH)

%2 University of Hawaii at Manoa

» Univ + INFN

# Universita & INFN Pisa (IT)

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

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.

Astro-particle Physics and Cosmology / 722

Measurements of Light Nuclear Isotopic Composition in Cosmic
Rays with the Alpha Magnetic Spectrometer on the International
Space Station
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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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Searches for Nucleon Decay at Hyper-Kamiokande

Authors: Gabriella Catanesi'; Masashi Yokoyama2

L INFN, Sezione di Bari-Universita & INFN, Bari
2 University of Tokyo (JP)

Corresponding Author: masashi@phys.s.u-tokyo.ac.jp

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*7” and p — UK+ 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 10°{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
of observations

Author: Ramon Miquel'

! IFAE Barcelona
Corresponding Author: rmiquel@ifae.es

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.

Astro-particle Physics and Cosmology / 423

Direct Leptogenesis

Authors: Wen Yin'; Ryuichiro Kitano?; Yuta Hamada®

! Institute of High Energy Physics
2 KEK,Sokendai
* KEK; Department of Physics, University of Wisconsin,

Corresponding Authors: yinwen1117@icloud.com, yinwen@tuhep.phys.tohoku.ac.jp
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.

Astro-particle Physics and Cosmology / 663

Leptogenesis in the minimal Scotogenic Model through annihila-
tion and coannihilation of scalar Dark Matter

Author: Arnab Dasgupta’

Co-authors: Debasish Borah ?; Sin Kyu Kang B

! School of Liberal Arts, Seoul National University of Science and Technology
* Department of Physics, Indian Institute of Technology, Guwahati

Corresponding Authors: skkang@seoultech.ac kr, debasish.phy19@gmail.com, arnabdasgupta@protonmail.ch

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.

Astro-particle Physics and Cosmology / 501

Revisiting electroweak phase transitions in SM with a singlet scalar:
gauge artifact issue

Author: Eibun Senaha’

Co-authors: Cheng-Wei Chiang *; Yen-Ting Lee >

' IBS
? National Taiwan University

* 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.

Astro-particle Physics and Cosmology / 731

Dark matter assisted Dirac leptogenesis and neutrino mass

Author: Narendra Nimmala'
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* Institute of Physics, Bhubaneswar
Corresponding Authors: nirakar.pintu.sahoo@gmail.com, ph14resch01002@iith.ac.in, nsahu@iith.ac.in

We propose a minimal extension of the standard model with U(1)_B-L x 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 6 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.

Astro-particle Physics and Cosmology / 33

IceCube’s astrophysical neutrino energy spectrum from CPT vi-
olation

Authors: Danny Marfatia'; D MY

! University of Hawaii
Corresponding Author: dmarf8@hawaii.edu

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 £ 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 £~2 power-law neutrino flux from a muon-damped p~y 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.

Astro-particle Physics and Cosmology / 79

First Results from the DAMPE Mission
Authors: Xin Wu'; for DAMPE Collaboration™*"; Andrii Tykhonov'
! Universite de Geneve (CH)
Corresponding Authors: andrii.tykhonov@cern.ch, xin.wu@cern.ch
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.

Astro-particle Physics and Cosmology / 464

The ISS-CREAM Silicon Charge Detector for identification of the
charge of cosmic rays up to Z = 26

Authors: Jik Lee'; on behalf of the ISS-CREAM collaboration™°"®

! Sungkyunkwan University
Corresponding Author: jiklee999@gmail.com

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
cm?2 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.

Astro-particle Physics and Cosmology / 465

The LHCf experiment: recent physics results
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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 10! 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 7 > 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 /sy = 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 7° [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 /sy = 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-LHCT 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-LHCT joint analysis.

Astro-particle Physics and Cosmology / 570

The spectrum of the axion dark sector, cosmological observable
and black hole superradiance constraints.

Author: Matthew Stott

! King’s College London
Corresponding Author: matthew.stott@kcl.ac.uk

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, m,, and (effective) decay constant, f,, 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 2n,y 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.

Astro-particle Physics and Cosmology / 725

Tests of hadronic interactions using the Pierre Auger Observa-
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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.

Astro-particle Physics and Cosmology / 723

Precision Measurement of Electron and Positron Fluxes in Pri-
mary Cosmic Rays with the Alpha Magnetic Spectrometer on the
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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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Anisotropy of Elementary Particle Fluxes in Primary Cosmic Rays
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francesco.dimiccoli@cern.ch, jie.feng@cern.ch, qi.yan@cern.ch, benoit.coste@cern.ch, alexandre.ghefli@cern.ch,
zhili.weng@cern.ch, hsin-yi.chou@cern.ch, amaresh.datta@cern.ch, di.falco.stefano@cern.ch, marco.incagli@cern.ch,
ulrich.becker@cern.ch, weiwei.xu@cern.ch, bastian.beischer@cern.ch, andreas.bachlechner@cern.ch, alberto.oliva@cern.ch,
travis.gordon.nelson@cern.ch, manuel.aguilar@ciemat.es, manuela.vecchi@cern.ch, corinne.goy@cern.ch, jorge.casaus@cern.ch,
domenico.d urso@cern.ch, javier.berdugo@ciemat.es, chenhs@ihep.ac.cn, bilge.demirkoz@cern.ch, r.battiston@tiscali.it,
cristina.consolandi@cern.ch, henning.gast@cern.ch, bruna.bertucci@cern.ch, cenzhang@ihep.ac.cn, matteo.boschini@cern.ch,
vitaly.choutko@cern.ch, giovanni.ambrosi@cern.ch, nikolas.zimmermann@cern.ch, hu.liu@cern.ch

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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Astro-particle Physics and Cosmology / 776

Combined search for dark matter in the Galactic center with ANTARES
and IceCube

Author: Christoph Ténnis'

' SKKU Suwon
Corresponding Author: christoph.toennis@gmx.de

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.

Astro-particle Physics and Cosmology / 689

Status of a 3D Imaging Calorimeter of DAMPE for Cosmic Ray
Physics on Orbit

Author: Libo Wu'!

! University of Science and Technology of China
Corresponding Author: wulibol1@gmail.com

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 (>10"5). 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

Author: Lorenzo Pacini’
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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 10° 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.

Astro-particle Physics and Cosmology / 724

Precision Measurement of the positron fraction and the combined
electron and positron flux in Primary Cosmic Rays with the Al-
pha Magnetic Spectrometer on the International Space Station

Authors: Alberto Oliva'; Alexandre Ghelfi?; Amaresh Datta®; Andrea Contin?; Andreas Bachlechner’; Andrei Kou-
nine®; Bastian Beischer’; Benoit Jean-Albert Coste’; Bilge Demirkoz®; Bruna Bertucci’; Carlos Delgado Mendez!;
Cen Zhanglo; Chan Hoon Chung5 : Claudio Corti®; Corinne Goy2; Cristina Consolandi®; Davide Grandi'!; Domenico
D’Urso’; Fernando De Carvalho Barao'?; Francesca Giovacchini!; Francesco Dimiccoli’; Giovanni Ambrosi’; Giuseppe
La Vacca'l; Henning Gast’; Hesheng Chen"; Hsin-Yi Chou'*; Hu Liu®; Iris Gebauer’; Javier Berdugo Perez'; Jie
Fengm; Jorge Casaus'; Laurent Yves Marie Derome?; Manuel Aguilar—Beni’[ez17 : Manuela Vecchi'®; Marco Incaglilg;
Matteo Boschini?’; Matteo Duranti’; Matthew Daniel Behlmann®; Maura Graziani'®; Melanie Heil’; Mercedes Panic-
cia?l; Miguel Angel Velasco Frutos!; Mike Capellﬁ; Nikolas Zimmermann®; Paolo Zuccon®; Philip Von Doetinchem?;
Qi Yan®; Roberto Battiston?®; Sadakazu Haino'®; Senquan Lu'®; Stefan Schael®; Stefan Zeissler'®; Stefano Della
Torre'!; Stefano Di Falco®; Travis Gordon Nelson™*"; Ulrich Becker®; Valerio Formato’; Veronica Bindi’; Wei-
wei Xu®; Wim De Boer?; Xudong Cai®; Yuan-Hann Chang“; Zhicheng Tang”; Zhili Weng(’; Zuhao Li®%; Vitaly
Choutko®

! Centro de Investigaciones Energéti cas Medioambientales y Tecno
% Centre National de la Recherche Scientifique (FR)

* University of Hawai’i at Manoa (US)

* Universita e INFN, Bologna (IT)

> Rheinisch Westfaelische Tech. Hoch. (DE)

® Massachusetts Inst. of Technology (US)

7 Universita e INFN, Padova (IT)

® Middle East Technical University (TR)

® Universita e INFN, Perugia (IT)

19 Institute of High Energy Physics, Chinese Academy Sciences

! Universita & INFN, Milano-Bicocca (IT)

12 LIP Laboratorio de Instrumentacao e Fisica Experimental de Part

3 Chinese Academy of Sciences (CN)

Page 39



ICHEP2018 SEOUL / Book of Abstracts

" National Central University (TW)

'3 KIT - Karlsruhe Institute of Technology (DE)

16 Academia Sinica (TW)

'7 Cent.de Investigac.Energeticas Medioambientales y Tecnol. (CIEMAT)
8 Universidade de Sao Paulo (BR)

% INFN Sezione di Pisa, Universita’ e Scuola Normale Superiore, P
% Univ. degli Studi Milano-Bicocca (IT)

1 Universite de Geneve (CH)

*2 University of Hawaii at Manoa

% Univ + INFN

# Universita & INFN Pisa (IT)

Corresponding Authors: nikolas.zimmermann@cern.ch, zhili. weng@cern.ch, jorge.casaus@cern.ch, veronica.bindi@cern.ch,
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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.

Astro-particle Physics and Cosmology / 984

An indirect dark matter search using cosmic ray antiparticles with
GAPS

Author: Alexander Lowell'
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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.

Astro-particle Physics and Cosmology / 76

Ultralight Axion Dark Matter and Structure Formation

Author: Kingman Cheung'

! National Tsing Hua University (TW)
Corresponding Author: kingman.cheung@cern.ch

The Ultra-Light Axion (ULA) is a dark matter candidate with mass 10°{-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 10°{-23} eV.
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Astro-particle Physics and Cosmology / 848

Highlights from the Telescope Array Experiment

Authors: IL H. PARK'; on behalf of the Telescope Array collaboration™"

! 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 10°18 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 10715.8 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 Park’

Co-author: Yongsoo Jho '

! 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. Beisembayev"°"; Dmitriy Beznosko'; Ayan Batyrkhanov"°™; E.A. Beisembayeva"**; OLEG DALKA-
ROV?; Alexander Iakovlev'; Vladimir Ryabov®; TKh. Sadykov"°™; M.I. Vildanova™*"; V.V. Zhukov™°"
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Horizon-8T is a detector system aimed to study Extensive Air Showers (EAS) temporal structure
in the energy range of the primary above "10716 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
"10"17 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 Kwon'; Craig Hogan®

' KAIST
? U. Chicago and Fermilab

Corresponding Authors: o.kwon@kaist.ac.kr, cihogan@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 Fowlie!; John Ellis?; Luca Marzola®; Martti Raidal*

! Monash University
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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
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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 Chudaykinl; Dmitry Gorbunov?; Fedor Bezrukov®
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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 v-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 Ko!; Hsiang-nan Li%; Jinmian Li'; Hiroshi Yokoyal;]unmou Chen®
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% Academia Sinica

? 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: Jiirgen Reuter'; Daniel Dercks, né Schmeier™™; Gudrid Moortgat—PickN"“e; So Young Shim?
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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

Page 45



ICHEP2018 SEOUL / Book of Abstracts

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 Mao'
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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
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Current measurements of the branching fractions for b —> ¢ 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 IT or LHCb.

Beyond the Standard Model / 60

The MoEDAL Experiment at the LHC - a New Light on the High
Energy Frontier

Author: James Pinfold

' 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

-None

Authors: Ian Lewis!; Jeong Han Kim?; K.C. Kongz; Haider Alhazmi

! The University of Kansas

% 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 — yt, 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 Smaranda!; David Miller!

! 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 Dutta’

' 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 yamamoto’

' 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 Perez'; Daniel Britzger”
! Universidade de Santiago de Compostela (ES)
% 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~!. 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 Jung'; Kyu Jung Bae?; Myeonghun Park®

! Institute for Basic Science
% Univ. of Oklahoma
* 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 Kallén-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 Spray’

Co-author: Yi Cai 2

! 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 Z,. 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 Nojiri'

! 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 Meyerlg Rishi Gautam Patel?

! 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 Meyer'; Ana Ovcharova®

! 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 Meyer'; Alberto Escalante Del Valle®

! Rheinisch Westfaelische Tech. Hoch. (DE)
® 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 Meyer'; Sung Won Lee?

! Rheinisch Westfaelische Tech. Hoch. (DE)
% 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 Meyer'; Muzamil Ahmad Bhat?

! Rheinisch Westfaelische Tech. Hoch. (DE)
? 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 Meyer'; Benjamin Radburn-Smith?

! 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 Meyer'; Kyungwook Nam?

! Rheinisch Westfaelische Tech. Hoch. (DE)
% 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 Wahlberg'

! 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 Coccaro’

! 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 Testa’

! Frascati
Corresponding Author: marianna.testa@Inf.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 v/s = 13 TeV pp collision is presented.

Beyond the Standard Model / 384

Search for vector-like quarks with the ATLAS Detector

Author: Allison Mccarn Deiana’

! 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 Willocq'

! 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,ZZWZ,WH,ZH) and possibly leptons (11, Iv), 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 Fassi'

' 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 Kersevan'

! 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 Polesello’

! 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 Taffard’

' uct
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 Nishida'; Kodai Matsuoka?

' KEK
? 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 — | nu gamma will also be covered. The analyses are based on the full data set
recorded by the Belle detector at the Y(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 Lazzeroni'

! University of Birmingham (GB)
Corresponding Authors: karim.massri@cern.ch, cristina.lazzeroni@cern.ch

The decay K+ — mtvw, 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+ — 7T vv 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™ — 7T v, 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 Capriotti'

! 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 Anulli'; Gerald Eigen®

! Sapienza Universita e INFN, Roma I (IT)
? University of Bergen (NO)

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

We report on a search for single-photon events in 53 b ! of data collected with the BABAR detector.
We look for events consistent with production of a dark photon (A’) through the process eTe™ —
~A’, 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 Li'

! 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 Peruzzi'; Abi Soffer?

! Laboratori Nazionali di Frascati del INFN
% 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™)7v and B, — J/17v to be
higher than the SM expectations, with a combined discrepancy of 4.1¢ (for B — D™)7v only)
or ~ 4.30 (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**{v 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
T — 37, as already demonstrated by LHCb.

Beyond the Standard Model / 401
Reconstruction techniques in supersymmetry searches in the AT-
LAS experiment

Author: Mark Hodgkinson'

! 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 Moreno'

' 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 Kanda'; Shoichiro Nishimura?; Shun Seo?; Koichiro Shimomura®; Patrick Strasser®; Kazuo Tanaka®;
Toya Tanaka®; Hiroyuki Torii’; Daisuke Yagi®; Yasuhiro Ueno®

' RIKEN

2 University of Tokyo
* KEK

* 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,
a, is known for the 3¢ 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 a,,, these
storage ring experiments need an input parameter, 11,,//t,, Which can be precisely determined
by the MUHEFS 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 MuHEFS 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.

1W. 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 Sierra'

! 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 LHCDb 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 10 um scale by precision force
measurements with optically-levitated microspheres

Author: Akio Kawasaki’

Co-authors: Alexander Rider '; Charles Blakemore '; Giorgio Gratta !

! 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~'7 N/+/Hz [3] for the purpose of increasing the sensitivity
of searches for non-Newtonian forces in the 1-100 ym 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 pum, 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 Lazzeroni'; Matthew Moulson?

! 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 Saha!; Purusottam Ghosh'; Arunansu Sil?

' Dept. of Physics, IT Guwahati
? Dept of Physics, IT Guwahati

Corresponding Authors: asil@iitg.ernet.in, abhijitsahal18@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 Modak'

! National Taiwan University
Corresponding Author: tanmoyy@hep1.phys.ntu.edu.tw

The alignment phenomenon, that the 125 GeV h° boson so resembles the Standard Model Higgs
boson, can be understood in a two Higgs doublet model without discrete symmetry. The Yukawa
couplings ps; and p;. offer new probes for the extra scalar H° and pseudoscalar A°. We propose
to search for cg — tH?, tA° followed by H 0 A% — tt, té, 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 Ellis'; Keith Alison Olive™"; Feng Luo'; Jiaming Zheng?; Jason Evans®

' CERN

% University of Tokyo

* University of Minnesota

Corresponding Authors: fluo@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 Zhang'; Giancarlo Pozzo'

! Monash University

Page 61



ICHEP2018 SEOUL / Book of Abstracts

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 mgo € [41,46] or [58,63] GeV and
Mg € [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 + B, 11 4 2b + E** and also two boost jet +E** 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 Tolley'

! 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 Lessa'; Federico Ambrogi®; Sabine Kraml’; Suchita Kulkarni?; Ursula Laa*; Wolfgang Waltenberger’

! CCNH - Univ. Federal do ABC
% Austrian Academy of Sciences (AT)
* LPSC Grenoble

* Monash University

Corresponding Authors: lessa.a.p@gmail.com, sabine kraml@gmail.com, suchita.kulkarni@cern.ch, federico.ambrogi@cern.ch,
uschilaa@gmzx.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 Dalchenko'

Co-authors: Adrian Thompson 2. Bhaskar Dutta %; Denis Rathjens 1. Mohammad Abdullah *; Peisi Huang %, Ricardo
Eusebi !; Teruki Kamon *

! Texas A & M University (US)
% Texas A&M University

* 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 Kawagoe'; Yan Wang®

! Kyushu University (JP)
? 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-Kim'; Dominik Stoeckinger'; Adriano Cherchiglia®

L TU Dresden, Germany
? 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 30 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 45x1071° for the muon g-2 and large top and tau Yukawa
couplings are possible in the parameter region 20 < M4 < 100 GeV in the 2HDM.

Beyond the Standard Model / 954

Higgs masses and couplings in a general 2HDM with unitarity
bounds

Author: Darius Jurciukonis’

Co-author: Luis Lavoura *

! Vilnius University (LT)
? 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

Superlso Relic new extensions for direct and indirect detection

Authors: Glenn Robbins!; Nazila Mahmoudi?; Alexandre Arbey3

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

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

Superlso 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 Wingl; Stefan Schmitt?; Oleksii Turkot®

! University College London
% Deutsches Elektronen-Synchrotron (DE)
> 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 tb~!. 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 Meyer'; Kevin Connor Nash®

! 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 Lewis!; Jeong Han Kim?; Haider Alhazmi™°"; K.C. Kong2

! 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 Flacke'; Giacomo Cacciapaglia™"; Nicolas Bizot?

' 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

Page 66



ICHEP2018 SEOUL Book of Abstracts

Search for Dark Particles and Dark Sector at Belle

Authors: Shohei Nishida!; Eunil Won?

! KEK

% 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 Tamarit

Co-authors: David G. Cerdeno %; Reimitz Peter *; Kazuki Sakurai *

! Technische Universitit Miinchen
? University of Durham
’ Heidelberg

* 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 Meyer'; Simon Regnard®
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! Rheinisch Westfaelische Tech. Hoch. (DE)
? 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 Yoo!

! 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 Meyerlg Sezen Sekmen?

! Rheinisch Westfaelische Tech. Hoch. (DE)
? 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 Meyerlg Justin Pilot?

! 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 Peruzzi'; Sophie Hollitt"*"

! 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 x 103> cm~2s~! and the Belle II experiment
aims to record 50 ab—! 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) 7v. Prospects for other missing energy modes sensitive to physics beyond the
Standard Model such as BT — 77v and B — K v will also be covered

Beyond the Standard Model / 320

Exotic signals of heavy scalar bosons through vectorlike quarks

None

Author: Jeonghyeon Song

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 /Z Z can happen at loop level,
which is shown in a singlet extended standard model with VLQs. We find that the critical condition

Page 69



ICHEP2018 SEOUL / Book of Abstracts

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 Wy and WZ. In a
two Higgs doublet model with VLQs, the branching ratios can be as large as 1073.

Beyond the Standard Model / 26

Dilaton-Assisted composite Higgs model at LHC

Author: Deog Ki Hong'

! 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 Primavera’

! 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 Kvellestad'

' 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 .!

! 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. AK. Soma et al., Nucl. Instrum. Meth. A 836, 67 (2016).

2. HT. 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 Venanzoni’

! INEN 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
3.50 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-Kim'; Dominik Stoeckinger'; Wojciech Kotlarski'; Jae-hyeon Park®

' 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 ;1 — e~y branching ratio and the 1 — e
conversion rate in the nuclei from the point of view of the planned ;1 — e conversion experi-
ments.

In the MSSM these processes are strongly correlated through tan 5 enhanced contributions. We
demonstrate how in the Minimal R-symmetric Supersymmetric Standard Model the ;4 — ey branch-
ing ratio and the y# — 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 ;1 — ey searches, the analysis points to the need of constructing a dedicated
1 — 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 D° — hh'll’

Authors: Fabio Anulli'; Fergus Wilson?

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

Corresponding Authors: fergus.wilson@stfc.ac.uk, fabio.anulli@romal.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 form D° — hh'Il’
provide sensitive tools to investigate new mediators or couplings in physics beyond the SM.
D-mesons were copiously produced in eTe™ — ¢ continuum events at the PEP-Il eTe™ 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 type D° — hh'll’ (with h, h' = K /mand [,]’ = e/ ) 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 Guchait'

! Tata Inst. of Fundamental Research (IN)
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 7v 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 '

' 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 Eigen'; Michael Peskin™*"; Keisuke Fujii’; Mikael Berggren®

' University of Bergen (NO)
? High Energy Accelerator Research Organization (JP)
* 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 Park'; Mengchao Zhang?

! SeoulTech
% 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 Das’

Co-authors: Partha Konar *; Arun Thalapillil *

L KIAS
2 PRL, India
3 [ISER, 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 (V). 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 — N/*, N — (TWT, WT — jj. We propose a new search strategy
utilising jet substructure techniques, observing that for a heavy right handed neutrino mass My
much above My +, the two jets coming out of the boosted 1+ may be interpreted as a single fat-jet
(J). Hence, the distinguishing signal topology will be /*¢*.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 < My < 800 GeV and different light-heavy neutrino
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mixing |V, v|?. At the 13 TeV LHC with 3000 fb~! 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 Solt

! 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 Alpigianilg Paolo Camarri?

! 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 (¢ ~ 107 — 10® 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 x 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 x 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.

Beyond the Standard Model / 350

KLOE/KLOE-2 results and perspectives on dark force search

Authors: Enrico Graziani'; Elena Perez Del Rio*

' INFN - Sezione Roma III
% INFN - National Institute for Nuclear Physics

Corresponding Authors: elena.perezdelrio@Inf.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 pOpOp0

« 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.

Beyond the Standard Model / 75
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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 Mandal'

Co-authors: Nita Sinha '; Manimala Mitra 2

! The Institute of Mathematical Sciences

? 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 (M) lies in the range ~ (100 MeV — 5 GeV). Using the expected upper limits on
the number of events for the LNV decay modes M1+ — (Tt~ (M, = B, D, D, 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, Myy,, > 18.4 TeV (corresponding to
My = 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 Torre!

' 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 SHiPN"; Taroslava Bezshyiko'

! 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 2x10°20 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 e"+e”- colliders

Authors: Min He'; Xiao-Gang He?; Cheng-Kai Huang?; Gang Li*™

! Shanghai Jiao Tong University

% National Taiwan University
Corresponding Author: gangli@phys.ntu.edu.tw

A coupling of a dark photon A’ from a U(1) 4/ with the standard model (SM) particles can be gen-
erated through kinetic mixing represented by a parameter ¢. A non-zero € also induces a mixing
between A’ and Z if dark photon mass m 4/ is not zero. This mixing can be large when m 4/ is close
to myz even if the parameter € is small. Many efforts have been made to constrain the parameter €
for alow dark photon mass m 4/ compared with the Z boson mass mz. We study the search for dark
photon in ete™ — yA’ — yutu~ for a dark photon mass m 4+ as large as kinematically allowed
at future eTe™ colliders. For large m 4, care should be taken to properly treat possible large mixing
between A’ and Z. We obtain sensitivities to the parameter € for a wide range of dark photon mass
at planed et 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

lesssimm a

lesssim330 GeV, the 20 exclusion limits on the mixing parameter are €

lesssim10~3 — 1072, The CEPC with /s = 240 GeV and FCC-ee with y/s = 160 GeV are more
sensitive than the constraint from current LHCb measurement once the dark photon mass m 4
gtrsimb0 GeV. For m 4/

gtrsim220 GeV, the sensitivity at the FCC-ee with /s = 350 GeV and 1.5 ab™ ' is better than that
at the 13"TeV LHC with 300 fb~*, while the sensitivity at the CEPC with /s = 240 GeV and 5 ab™!
can be even better than that at 13"TeV LHC with 3 ab™* for m A

gtrsim180 GeV. We also comment on sensitivities of eTe~™ — A’ with dark photon decay into
several other channels at future e™e™ colliders.

Beyond the Standard Model / 525

BSM searches at CLIC

Authors: The CLICdp Collaboration™°; Roberto Franceschini'

! Rome 3 U.

Corresponding Author: roberto.franceschini@cern.ch
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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 Zinonos!

! Max-Planck-Institut fur Physik, Miinchen (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 vs = 13
TeV, collected and reconstructed with the ATLAS detector.
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Computing and Data Handling / 564

Particle identification at LHCb: new calibration techniques and
machine learning classification algorithms

Author: Anton Poluektov’

! 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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Computing and Data Handling / 567

Simulating fix-target and heavy-ion collisions in LHCb

Author: Benjamin Audurier’

! 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, LHCD 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 Ahmed’

' 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, GEANTY, 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.

Computing and Data Handling / 684

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 Zimmermann'

' CERN
Corresponding Author: markus.bernhard.zimmermann@cern.ch

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 Choi'

! Korea University (KR)
Corresponding Author: su.yong.choi@cern.ch

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.

Computing and Data Handling / 1027

Machine Learning on Datacenter Operations

Author: Jeongheon Kim'

! 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?

Computing and Data Handling / 556

The LHCb Run 2 trigger as a benchmark for the upgrade

Author: Mark Peter Whitehead'

! Rheinisch Westfaelische Tech. Hoch. (DE)
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 1IMHz.
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.

Computing and Data Handling / 225

CMS High Level Trigger performance at 13 TeV

Author: Laurent Thomas'

! Universite Libre de Bruxelles (BE)
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Corresponding Author: laurent.thomas@cern.ch

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 - 103*cm 257! with pile-up of 55, well above the design
values, and it is expected to exceed 2.0 - 103*em=2s7! 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.

Computing and Data Handling / 557

Turbo: the flexible reduced data format for real-time analysis at
the LHCDb experiment

Author: Alex Pearce'

' 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 Benito’

! Centre National de la Recherche Scientifique (FR)
Corresponding Author: carla.marin.benito@cern.ch

The LHCD 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 LHCD 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.

Computing and Data Handling / 854
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An Introduction of DAQ system for CUP experiments

Author: Jaison Lee'

' CUP/IBS
Corresponding Author: jsahnlee@gmail.com

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 Lee'

! Seoul National University (KR)
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 Dordevic!

! Vinca Institute, University of Belgrade
Corresponding Author: milos.djordjevic@cern.ch

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

Author: Farah Hariri'

Co-authors: Mihaly Novak L. Vladimir Ivantchenko !; Alberto Ribon !

' CERN
Corresponding Authors: mihaly.novak@cern.ch, alberto.ribon@cern.ch, vladimir.ivantchenko@cern.ch, farah.hariri@cern.ch

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 Hlushchenko'

' RWTH Aachen
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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Author: Junghwan Goh'

' Hanyang University (KR)
Corresponding Author: junghwan.goh@cern.ch

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 Ratnikov'

! 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 Whitehead'

! Rheinisch Westfaelische Tech. Hoch. (DE)
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LHCDb 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 Simon'; Marina Chadeeva?

! Max-Planck-Institut fuer Physik
? 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 Stoye'

! 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
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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 Schramm’

! 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 Dandoy’

! 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

None

Author: Beijiang Liu

Corresponding Author: liubj@ihep.ac.cn

Page 90



ICHEP2018 SEOUL / Book of Abstracts

The BESIII detector is a general purpose spectrometer located at BEPCIL. 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 x 1033ecm =251 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 /1) ,
¥(3686), 1¥(3770), 1(4040) and 1(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
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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 Chudoba’

' 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 MPJ, 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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HEPfit: The Analysis Toolkit

Authors: HEPfit Collaboration™°"¢; Ayan Paul'; Otto Eberhardt?

L INFN, Sezione di Roma

? Istituto Nazionale di Fisica Nucleare
Corresponding Authors: otto.eberhardt@romal.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 Kirchmeier’

! 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 ]/t
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 ~ 7.5x10%*em 2571 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 Meyer'; Andreas Albert!

! 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

None
L QU

Authors: Peiwen Wu'; Seungwon Bae pyungwon ko’

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

Corresponding Authors: peiwen.wul23@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).,
singlet Up-type quarks U; = upg, cg,tr via a vector-like fermion ). The DM-nucleon scattering
can proceed through both h-mediated Higgs portal (HP) and ¢-mediated vector-like portal (VLP),
in which HP can receive sizable radiative corrections through the new fermions. We find that the
constraints of XENONI1T results are strong on y; from VLP scattering and on y3 from its radia-
tive contributions to HP scattering. Then we focus on DM-heavy quark interactions via 2, 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 Qpyh2 ~ 0.12, XENON1T, Fermi-LAT, 13 TeV LHC data have almost excluded
mg < m/2 when only DM-{c, t} interactions are considered. FCNC of top quark are usually be-
low 10~? 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 Li’

' 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 giomataris'; et a] Neve

! 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 Min'; DongLak Kim?; Jiyoung Lee’; Heejun Park?; Jongkuk Kim®; Lee Youngjae *; Ahn
Moohyun *; Jonghee Yoo’

! Institute for Basic Science (IBS)

? Institute for Basic Science (IBS)

* Department of Physics, Korea Advanced Institute of Science and Technology (KAIST)
* 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, djfldIshs@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 Kobayashi'

! 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 Collaboration™°"; Shenjian Chen!

' 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 /1, 1(2S) and ¢(3770) resonances. In
the data sample at the J /4 a search of possible invisible decays of light vector mesons V and pseudo-
scalar mesons via J /¢ — V P decays (V = w, ¢ and P = 1, n)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

None

Author: Pietro Giampa

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 cm? 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 Ha'

' IBS
Corresponding Author: changhyon ha@gmail.com

The COSINE-100 experiment searches for dark-matter interactions using an array of scintillating
Nal(TI) 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 Nal(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

None

Author: Pietro Giampa

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 Kozlov'

! 9INR

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’Imperio'

! 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 Nal(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 Nal(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 Miceli'

! 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 LEONARD'!

' 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 10°{-48} cm"2 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 Yoon'; Stefano Scopel'; Sunghyun Kang'

! 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 Chatterjeel; Albert De Roeck?; Doojin Kim?; Zahra Ghorbani Moghaddamz; Jong-Chul Park®;
Seodong Shin*; Leigh Howard Whitehead?; Jachoon Yu'

! University of Texas at Arlington (US)
® CERN
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* Chungnam National University

* Yonsei University/University of Chicago

Corresponding Authors: jachoonyu@uta.edu, shinseod@indiana.edu, leigh.howard.whitehead@cern.ch, animesh.chatterjee@uta.ec
log1079@gmail.com, albert.de.roeck@cern.ch, doojin.kim@cern.ch, z.gh.moghaddam@gmail.com

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 Cocco’

' 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 (My 3 p < 20 GeV /c?) and high
mass (MWIMP > 100 GGV/CZ)

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 10747 cm? for a
WIMP mass of 1TeV/c? in a 5 yr run.

Dark Matter Detection / 974

Low radioactivity Argon for rare event searches

None

Author: Pietro Giampa

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
CO; 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 3?Ar 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 Zhou'

! 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 ST WIMP-nucleon
scattering cross section could reach 10°{-47} cm"2 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 Fortes’

! 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 p*p~. 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 Rybka™°™

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 Chungl; Yannis Semertzidis?; Ohjoon Kwon?; Doyu Lee'; Danho Ahn*; Jinsu Kim*; Caglar
Kutlu*

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

* IBS/CAPP

* 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 ( 10~2* 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 Bondi'; Luca Marsicano®

U INFN - National Institute for Nuclear Physics
¢ 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 10?2 electrons on target in 1 year
time. The detector consists of two main components: a CsI(T]) 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(TI) 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-Monteverde!; Hyun Min Lee?; Myeonghun Park®; Veronica Sanz'; Yoo-Jin Kang4

! University of Sussex
% CAU - Chung-Ang University (KR)
3 Seoul National University of Science and Technology

* 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 Kang'; Stefano Scopel'; Gaurav Tomar'; Jong-Hyun Yoon'

! 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 Murra°®

Corresponding Author: michaelmurra89@gmail.com

The XENONI1T 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 keVy,;,
energy window did not yield evidence for dark matter interactions within the 35.6 (ton x 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/c?. The limit features a minimum of 7.7 x 10~%7cm? for 35 GeV/c? WIMPs at 90% con-
fidence level. Since this science run 0 result a total exposure of 1 (tonxyear) 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 x 10~% events/(kg x day x keVe,) - 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 Vazquez-Jauregui'

Co-author: DEAP collaboration

! Instituto de Fisica 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
10°-46 cm"2 for a spin-independent WIMP-nucleon cross section at 100 GeV/c"2 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

Page 104



ICHEP2018 SEOUL Book of Abstracts

PICO Bubble Chambers for Dark Matter Searches

Author: Eric Vazquez-Jauregui'

Co-author: PICO collaboration

! Instituto de Fisica 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 Mancuso’

! Max-Planck-Institut fiir 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/c*{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/c"{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 Nal(Tl) crystals by using a pulse shape
discrimination analysis

Author: Kyungwon Kim'
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! Center for Underground Physics, IBS
Corresponding Author: kwkim@ibs.re.kr

KIMS-Nal is an experiment aimed at directly detecting Weakly Interacting Massive Particle (WIMP)
via weak interactions with the nuclei in low-background Nal(Tl) crystals. Underground data for
the WIMP search were obtained in the Yangyang underground laboratory with two Nal(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 Nal(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 Peruzzi'; Dmitrii Neverov?; Dmitry Neverov\°re

! Laboratori Nazionali di Frascati dell INFN
* 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 et e collider. The accelerator has already successfully completed the
first phase of commissioning in 2016 and first electron positron collisions in Belle IT are expected for
April 2018. The design luminosity of SuperKEKB is 8 x 103> cm~2s~! and the Belle II experiment
aims to record 50 ab—! 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 PADME!; Paola GianottiNo™

' LNF, INFN
Corresponding Authors: paola.gianotti@Inf.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 DA®NE 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 (¢**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 Moreno'

! 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/c?. 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=! (7.29 mC) of data collected during the 2015 engineering
run.

Dark Matter Detection / 520

MAGIS-100 at Fermilab

Authors: Jonathon Coleman'; Joseph Lykken?; Swapan Chattopadhyay®; Rob Plunkett?; Jason Hogan®; Steve
Geer?; Peter Graham®; Phil Adamson?; Roni Harnik?; Steve Hahn?; Mark Kasevich*; Jeremiah Mitchell®; Surjeet
Rajendran®; Linda Valerio?; Arvydas Vasonis®

! University of Liverpool

2 Fermi National Accelerator Laboratory

* Northern Illinois University / Fermi National Accelerator Laboratory
* Stanford University

> Northern Illinois University

¢ University of California at Berkeley

Corresponding Authors: roni@fnal.gov, pwgraham@stanford.edu, pa@fnal.gov, swapan@fnal.gov, sgeer@fnal.gov,
joseph.david.lykken@cern.ch, hogan@stanford.edu, coleman@liverpool.ac.uk, plunk@fnal.gov
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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 SHI'; Alessandro Baehr?; Holger Kluck?; Jelena Ninkovic?; Jochen Schieck!; Johannes Treis?

! HEPHY OeAW
2 HLL MPG
3 HEPHY

Corresponding Authors: shihexi@gmail.com, jochen.schieck@oeaw.ac.at, axb@hll.mpg.de, ninkovic@hll.mpg.de,
holger.kluck@oeaw.ac.at, jot@hll.mpg.de, hexi.shi@oeaw.ac.at

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 x 64 pixel matrix with 75
pm x 75 pm 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 Guler'; NEWSdm CollaborationN°*¢; NEWSdm Collaboration™°®¢; Tatsuhiro Naka®

! Middle East Technical University (TR)
% 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 Yue!

! 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 Micheli’

! Eidgenoessische Tech. Hochschule Zuerich (ETH)
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Corresponding Author: francesco.micheli@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 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 Delcourt!

! 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*10"34cm-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 Davignon'

! 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 - 103*em =251, 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
pr 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 Sicking'

' 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 Diociaiuti!

! LNF-INFN
Corresponding Author: eleonora.diociaiuti@Inf.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 Muz2e 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 Csl

crystals readout by two large area 2 x 3 array of UV-extended

SiPMs of 6x6 mm? 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 Mueller!; Marco Poli Lener?

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

Corresponding Author: marco.polilener@Inf.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 2x10°34 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 (> 10°4) 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 Playfer'

' 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 Kim'

Co-author: Yong-Hamb Kim

! Institute of Basic Science

? Institute for Basic Science
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 (Onbb) of Mo-100 in scintillating molybdenum-based crystals using cryogenic
metallic magnetic calorimeters (MMCs) at millikelvin temperature. Its commissioning phase, the
AMOoRE-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-], 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
AMOoRE 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
spacel. 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 Atmacan'; On Behalf of the Belle II iTOP Group™°™
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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 Il iTOP detector.

Detector: R&D for Present and Future Facilities / 272
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ATLAS Calorimeter system: Run-2 performance, Phase-1and Phase-
2 upgrades
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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 10°{34} cm"{-2} s"{-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 fb*{-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 X 2 x 107{34} cm"{-2} s"{-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 K 7.5
x 107{34} cm™{-2} s*{-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
us 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 Bindi'
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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 10"34 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 Kim'
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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 x 500 mm x 5 mm and 600 mm x 600
mm x 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
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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 x10°6 @ 850/950 V (en-
try/exit), low dark rates (9.5 Cts/s cm"2 ), 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

Author: Alain Blondel !

' University of Geneva
Corresponding Author: alain.blondel@cern.ch

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
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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
4000/1b 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
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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 LHCDb Velo Upgrade
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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
8x10*1MeVn.q/cm?, 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 Thbit/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 um 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 COs. 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 (PCle40). The PCle40 is an Altera Arrial0-based
PClI-express control and readout card capable of 100 Gb/s data throughput. The PCle40 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
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The LHCD 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.
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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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The design and layout of the Phase-II upgrade of the Inner tracker
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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 |n|<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
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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 |n|=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
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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
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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%XO0 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 Niu!

' 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 20XXx20XX
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(T1)

Authors: Savino Longol; Michael Roneyl; Claudia Cecchi?; Torben Ferber®; Andrea Fodor®; Christopher Heartys;
Alexander Kuzmin®; Frank Meier’; Kenkichi Miyabayashis; Isamu Nakamura’; Mikhail Remnev'’; Vasily Shebalin'!;
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Corresponding Authors: isamu.nakamura@kek.jp, vladimir.zhulanov@cern.ch, longos@uvic.ca, miyabaya@cc.nara-
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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(TI) scintillators used for electromagnetic calorimeters. Using 5 x 5 x 30 cm?
CsI(TI) 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(TI) 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(TI) 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 K 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 Ghenescu™°"; Aharon Levy'
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! 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 Horii'

' Nagoya University (JP)
Corresponding Author: yasuyukihorii@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 Lin'

! 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 Bakalis'

! 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 2x1034 cm-2s-1 and 7.5x1034 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 Kortner!

! 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-Jelisavcic'; Kai Zhu?; Suen Hou®; Mangqi Ruan*; Hongbo Zhu!

! University of Belgrade (RS)

? Institute of High Energy Physics, China
* Academia Sinica (TW)

* Chinese Academy of Sciences (CN)

Corresponding Authors: ivanka.bozovic@cern.ch, suen.hou@cern.ch, hongbo.zhu@cern.ch, mangi.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-X3 and 10-4 in e+e-X 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 Yoon'

! 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 MEQ, 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 11

Authors: Katharina Mueller!; Chris Parkes?

! Universitaet Zuerich (CH)
? University of Manchester (GB)
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Corresponding Author: chris.parkes@cern.ch

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 x10"34
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 Gruchala’

! 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 x 10"34cm-2s-1 exceeding the design value of 1 x 10"34cm-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 x 10"34cm-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 MEO. 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 MEO 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 MEO 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 Whitehead'

' CERN

Corresponding Author: leigh.howard.whitehead@cern.ch

Page 127



ICHEP2018 SEOUL / Book of Abstracts

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 Tanaka'

' 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 x 103> cm~2s~! and the Belle II experiment
aims to record 50 ab—! 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 eTe™ environment.
This talk will review the detector upgrade, the achieved detector performance and the plans for the
commissioning of Belle I

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 Vesterbacka'

' ETH Zurich (CH)
Corresponding Author: minnaleonora.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 Morgenstern'

! 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

Levell Calorimeter Trigger: from Xilinx Virtex7 to Ultrascale+

Author: Marcel Weirich’

! 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
x1034cm-25s-1). Anew 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 Holmes'

! 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 Zanzi'

' 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 Stucci’

! 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 2x10°16 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 Heilman'

! 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 m?.
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All quadruplets have trapezoidal shapes with surface areas up to 2 m?. 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 pm 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 um along the precision coordinate
and 80 um 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 2m"2 -sized 4-layered Micromegas
Detectors for the ATLAS Upgrade

Author: Maximilian Herrmann'

! 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 m"2
-sized micromegas quadruplets. This large size requires a sophisticated construction to provide a
spatial resolution better than 100 um. 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 pm for perpendicular particle incident. A time projection
chamber like approach, the so-called uTPC 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 um. 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 o and +30 o to the zenith angle over an area of about 8 m"2 .

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

None

Authors: Jianbei Liu'; Tao Hu?; Boxiang Yu
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Corresponding Authors: hut@ihep.ac.cn, yubx@ihep.ac.cn, liujianb@ustc.edu.cn

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
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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 10"32 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, 1 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 yy-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 yy-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
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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 pm in the bending direction of the LHCb spectrometer. The detector will be built
from individual modules (0.5 m x 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 um. 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 10*{12} neq /cm"2, 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 -400 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.

Detector: R&D for Present and Future Facilities / 576

High rate performance of Small-pad Resistive Micromegas. Re-
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Authors: Mariagrazia Alviggil; Vincenzo Canale!; Massimo Della Pietra!; Camilla Di Donato'; Edoardo Maria
Farina?; Silvia Franchino®; Paolo Iengo4; Mauro Iodice®; Luigi Longo(’; Fabrizio Petrucci’; Eleonora Rossi’; Givi
Sekhniaidze'; Giuseppe Salamanna®; Ourania Sidiropoulou’

! Universita e sezione INFN di Napoli (IT)

Page 134



ICHEP2018 SEOUL / Book of Abstracts

2 Universita and INFN (IT)

* Ruprecht Karls Universitaet Heidelberg (DE)
* CERN

3 INFN - Sezione di Roma Tre

® INEN Lecce e Universita del Salento (IT)

7 Universita e INFN Roma Tre (IT)

® Roma Tre Universita Degli Studi (IT)

® Julius Max. Universitaet Wuerzburg (DE)

Corresponding Authors: givi.sekhniaidze@cern.ch, eleonora.rossi@cern.ch, fabrizio.petrucci@cern.ch, mauro.iodice@cern.ch,
ourania.sidiropoulou@cern.ch, giuseppe.salamanna@cern.ch, massimo.della.pietra@cern.ch, silvia.franchino@cern.ch,
camilla.di.donato@cern.ch, mariagrazia.alviggi@cern.ch, luigi longo@cern.ch, vincenzo.canale@cern.ch, edoardo.maria.farina@cern.ch,
paolo.iengo@cern.ch

Micromegas resistive detectors have already proven to be suitable for precision tracking at rates
up to few kHz/cm?. Rate capability up to few MHz/cm? 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(mm?) pad readout aiming at precision
tracking without efficiency loss up to several MHz/cm?. 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 mm? 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
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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("100pm) 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 10pm 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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The muon anomalous magnetic moment (g — 2), 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),, with a precision of 0.1 parts per million and search for EDM with a sensitivity of
10~2te-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 pm pitch [6]. The active area is 97.28 mmx
97.28 mm with 320 pm 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 us with 5 ns resolution. The prototype readout ASIC “SliT128A”
has been fabricated using the Silterra 0.18-um 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),,. 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
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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/cm?. After 3 years of continuous irradiation
more than 0.3 C/cm? 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/cm?. 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
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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%/v(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
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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
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The Mu3e experiment searches for a rare lepton flavour violating p+ — e+e+e- decay and it aims
at reaching an ultimate sensitivity of 10°-16 on the branching fraction of the u+ — e+e+e— decay,
four orders of magnitude better than the current limit B(u+ — e+e+e-) < 10°-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 x10"8 p/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 pm. 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 pm 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
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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
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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
LHCDb upgrade, will be presented.
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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
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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 - 103*em =2s7!, 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 p 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.XThe 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. XThis presentation will cover the design and performance of the Phase I trigger
and how it influences the path towards the Phase Il upgrade necessary for the LHC run at a center-of
mass energy of 14 TeV with luminosity of 5 — 7 - 103*em =251, 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 MANZANILLAS'

! Laboratoire de Accélérateur Linéaire (LAL)

Corresponding Author: Imanzanillas@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 Moritsu'

' 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 x 1015 which is 100 times better than the current limit.

In the COMET Phase-1, 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-C4H;( (90:10) as well as unplated 126-pm 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 pm. 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 ym 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-Charalampidi'

! Universita and INFN (IT)
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 < |n| < 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 pm, 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-t trigger strategies of the AT-
LAS detector at the HL-LHC

Author: Stephanie Majewski'

' 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 10"34 cm-2 s-1 (Run II) to a maximum expected value of 7.5 x 10"34 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
MH?z with a latency of 6 ps followed by a High Level Trigger. This corresponds to a 200 kHz target
for a di-t 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-t 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 James'

! Imperial College Sci., Tech. & Med. (GB)
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 10°35 cm"2 /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 Iwamoto'

! 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 v, — v, appearance with only 10\% of the
original beam request of 7.8 x 10?1 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 x 10%! p.o.t, i.e. an
increase in the exposure by more than a factor 10 aimed at establishing CP violation at 3 ¢ level for a
significant fraction of the possible d¢p 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 Mueller!; Giovanni Passaleva?

! Universitaet Zuerich (CH)
% 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 2:10"33 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 Ogawal; Kei Iekil; Toshiyuki Iwamoto’; Satoru Kobayashil; Nobuo Matsuzawa!; Satoshi Mihara?;
Toshinori Mori'; Hajime N; ishiguchizg Rina Onda'; Wataru Ootani!

! The University of Tokyo
? KEK

Corresponding Authors: nobuo@icepp.s.u-tokyo.ac.jp, iwamoto@icepp.s.u-tokyo.ac.jp, ogawa@icepp.s.u-tokyo.ac.jp,
wataru@icepp.s.u-tokyo.ac.jp, satoshi.mihara@kek.jp, satoruk@icepp.s.u-tokyo.ac.jp, onda@icepp.s.u-tokyo.ac.jp,
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, y1 — e. Target sensitivity of MEG Il is 6 x 104, 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 y — ey 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 x 12mm?), 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 Qian'

Co-authors: shulin Liu ; Jianning Sun %; Ling Ren

! Institute of High Energy Physics,CAS
? North Night Vision Technology Co., LTD

Corresponding Authors: sjin@nvt.com.cn, rl@nvt.com.cn, liusl@ihep.ac.cn, gians@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 Proklova'

! 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 Lobanov’

' LLR —Ecole Polytechnique (FR)
Corresponding Author: arturlobanov@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 cm"2 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 Rovelli’

! 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 10°34 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 Schwartzman’

! 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 x 10** cm™ s™* 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 x 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 Colaleo’

! Universita e INFN, Bari (IT)
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Corresponding Author: anna.colaleo@cern.ch

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, MEO station, behind the new forward calorimeter, covering up to |n| = 3.

Detector: R&D for Present and Future Facilities / 281

The ATLAS Muon Trigger

Author: Alexander Held'

' 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 Neubuser'; Anna Zaborowska'!; Ana Maria Henriques Correia'; Martin Aleksa!; Jana Faltova?;
Clement Helsens'; David Olivier Jamin®; Michele Selvaggi1

' CERN
% Charles University (CZ)
* 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 (1) =
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 || > 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 NISHIMURA'

' 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 Qin’

! 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 Majumder'

! 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 Tullyl; Alfredo Cocco?; Marcello Messina®
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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 Echevers’

' Univ. lllinois 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 Lee'

Co-authors: Insik Hahn *; Woongu Kang *; Gowoon Kim '; Yeongduk Kim *; Eun Kyung Lee *; Douglas Leonard
’; Suyeon Park °

' IBS

¢ 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 Nal(T1)
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 Denisov'; Strahinja Lukic?; Nikolai Mokhov'; Sergei Striganov’; Predrag Ujic*

! Fermi National Accelerator Lab. (US)
2 University of Belgrade (RS)
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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 K; — 7'v search

Author: Katsushige Kotera'

! Osaka University
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The aim of the KOTO experiment 1 is the first observation of K; — 7°v which is sensitive to
CP-violating new physics beyond the standard model (SM). The experimental signature is only two
photons from the 7°. To detect this simple signature, the KOTO detector consists of a pure cesium
iodide (Csl) calorimeter and hermetical veto counters. The calorimeter is made of 50 cm long Csl
crystals stacked in a cylinder of 1.9 m diameter. Each crystal is read out with a PMT. K, — 7%
is a rare decay: its SM prediction of the branching fraction is (3.0 4 0.3) x 107!, 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 ; Ingo DEPPNER?; Jochen FRUEHAUF®; Laura Radulescu'; Mariana Petris’; Mihai Petro-
vici'; Norbert Herrmann?; Pierre-Alain LOIZEAU?; Victor Simion®
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* GSI Helmholtz Center for Heavy Ion Research GmbH (GSI), Darmstadt, Germany

Corresponding Authors: Iradulescu@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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Y ETH Zurich (CH)
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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: SeJinRa !

Co-authors: Cheol Ho Lee '; Ju Kyung Son !. DaeYeon Kim !; KeonAh Shin !; JunSeok Choe '; HK. Park ?; W.G.
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Corresponding Authors: nsjnew@ibs.re kr, jkson@ibs.re kr, kashin@ibs.re.kr, mhlee@ibs.re.kr, Ich2301@ibs.re kr,
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 Nal: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 Nal: 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 Nal crystals and a few Tl doped Nal crystals
(Nal:T]) at the small-size grower and optimizing the growth condition of the Nal: Tl crystals before
trying the full-size grower.

For the AMoRE experiment, we grew the CaMo0O4 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 (Nal, 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 SUAREZ'; Rafael M Gutierrez?

! UNIVERSIDAD ANTONIO NARINO

? Universidad Antonio Narifio
Corresponding Authors: rafael.gutierrez@uan.edu.co, cesararodriguez@uan.edu.co

We present an experimental setup developed at the Detector Laboratory at Antonio Narifio 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 pm. 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 Gouzevitch'

! 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 Yoo!
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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 30x30um”2.

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 Slupecki'

! 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, VO 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 /7y discrimination, especially
for very high momenta. The main candidates to instrument the sensitive area are CMOS pixel sen-
SOrs.

Diversity and Inclusion / 298
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Regional, Age and Gender Demographics in the ATLAS Collabo-
ration

Author: Luis Roberto Flores Castillo’

! 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 Akar'

! 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 Dobos!
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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 Guinot’
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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 Guinot!

' 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
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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 Beckford!

! 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 Muronga'; Azwinndini Muronga™*™

! 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 Anthony"

! 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 Pergolini'

! 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

Page 162



ICHEP2018 SEOUL / Book of Abstracts

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 Donati'; Giorgio Bellettini?; Emanuela Barzi’; Carmela Luongo4

! University of Pisa and INFN Pisa
? University of Pisa, INFN Pisa, Fermi National Accelerator Laboratory
* 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 INEN. 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 MuZ2e 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 Arnaud“°"; Sebastien Descotes-Genon'!

! Laboratoire de Physique Théorique d’Orsay
Corresponding Authors: narnaud@lal.in2p3.fr, sebastien.descotes-genon@th.u-psud.fr

“Voyages de l'infiniment grand a U'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 Piilonen’

! Virginia Tech
Corresponding Author: piilonen@vt.edu

A small Belle IT 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 Evans'

! 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 Mueller'; Luca Pescatore Nom

! 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. LHCDb 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 LHCD 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 LHCD discovery is finalized.

Education and Outreach / 473

Taking science to festivals: engaging the public where they least
expect it

Authors: ATLAS Collaboration™™; Roger Jones'

! 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 Bilow'

! 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 Universitit 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 Muronga™°"™; Azwinndini Muronga™*"

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 SHARMA'; SHRUTI AGGARWAL'

! GGS INDRAPRASTHA UNIVERSITY
Corresponding Author: acsharmal956@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 Knapper’

Co-authors: Sascha Schmeling '; Julia Woithe '; Jeff Wiener '

' 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 Piilonen’

! 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 Takahashi!

' 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 Barnett'; Kaushik De?; Reinhard Schwienhorst®; Uta Bilow*

! LBNL

% University of Texas at Arlington

3 Michigan State University

* 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 o