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Dark Matter and Particle Astrophysics / 44

Exotic Prompt and Non-Prompt Leptonic Decays as a Window to
the Dark Sector with ATLAS
Miriam Deborah Joy Diamond1

1 University of Toronto (CA)

Corresponding Author(s): m.diamond@mail.utoronto.ca

Results of searches for both prompt and non-prompt leptonic decays
of new dark sector particles in proton-proton collisions with the ATLAS
detector are presented. Searches that encompass a wide range of new
particle masses, lifetimes and degrees of collimation of leptonic decay
products are discussed. The results are interpreted in the context of
models containing new gauge bosons (dark photons or dark Z bosons) that give
rise to lepton-jets or to more general displaced leptonic signatures that
could be a viable dark matter candidate.

Summary:

Dark Matter and Particle Astrophysics / 41

Searching for Dark Matter with the ATLAS Detector
Laser Seymour Kaplan1

1 University of Wisconsin-Madison (US)

Corresponding Author(s): laser.seymour.kaplan@cern.ch

While it is known that about 85% of the matter in the universe is in the
form of Dark Matter (DM), little is known about its properties. As they
should interact only weakly, if DM particles are produced in the
proton-proton collisions at the LHC, they would be measured as missing
transverse momentum (MET) in the detectors. Recent results from the ATLAS
experiment based on the presence of large MET along with a variety of
objects will be discussed.

Summary:

Dark Matter and Particle Astrophysics / 113

Higgs Inflation and UV completion
Anupam Mazumdar1

1 Lancaster University

Corresponding Author(s): a.mazumdar@lancaster.ac.uk

I will discuss ultraviolet completion of the Standard Model Higgs inflation. I will argue why the
Standard Model Higgs cannot be the inflaton once quantum corrections are taken into account.I will
argue in this respect MSSM ( minimal supersymmetric Standard Model ) is still a plausible candidate
to explain dark matter, baryogenesis and large scale structures.
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Summary:

Dark Matter and Particle Astrophysics / 77

Dark Forces in the Sky: signals from Z’ and the dark Higgs
Yi Cai1

1 The University of Melbourne

Corresponding Author(s): yi.cai@unimelb.edu.au

We consider the indirect detection signals for a self-consistent hidden U (1) sector, containing a
fermionic dark matter candidate, dark gauge boson and a Dark Higgs. The presence of an additional
scalar, the Dark Higgs, provides a mass generation mechanism for the dark sector particles and is
required to avoid unitarity violation at high energies. We find that the inclusion of the additional
scalar to the sector opens up a new two-body channel and allows fermionic dark matter annihilation
to be used to probe the properties of a scalar final state. We examine the phenomenology of the sector
with a focus on this new process, and determine the limits on the model parameter space from Fermi
data on Dwarf Spheriodal Galaxies and other relevant experiments.

Summary:

Dark Matter and Particle Astrophysics / 69

Gravitational Wave Instabilities in the Cosmic Neutrino Back-
ground
Archil Kobakhidze1 ; Neil BarrieNone

1 The University of Sydney

Corresponding Author(s): nbar5465@physics.usyd.edu.au, archil.kobakhidze@coepp.org.au

We investigate the propagation of gravitational waves through the cosmic neutrino background, as-
suming it carries a non-zero lepton asymmetry. In this background, the graviton dispersion relation
is found to exhibit birefringent behaviour leading to an enhancement/suppression of the gravita-
tional wave amplitudes depending on the polarisation, where the magnitude of this effect is related
to the size of the lepton asymmetry. The heralding of the new era of gravitational wave astron-
omy may allow the investigation of this behaviour and provide an indirect way to learn about the
properties of the cosmic neutrino background and the neutrino sector.

Dark Matter and Particle Astrophysics / 83

Searches for dark matter in hadronic final states at CMS
Cristian Ignacio Pena Herrera1

1 California Institute of Technology (US)

Corresponding Author(s): cristian.pena@cern.ch

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

Summary:

Dark Matter and Particle Astrophysics / 84

Searches for dark matter in non-hadronic final states at CMS
Bhawna Gomber1

1 University of Wisconsin (US)

Corresponding Author(s): bhawna.gomber@cern.ch

Searches in CMS for dark matter in final states with invisible particles recoiling against leptons
and photons are presented. Various topologies are explored, covering several specific dark-matter
production modes. The talk focuses on the recent results obtained using data collected at Run-II of
the LHC.

Summary:

Dark Matter and Particle Astrophysics / 115

Relic density and baryogenesis from natural SUSY with mixed
axion-higgsino dark matter
Howard Baer1

1 University of Oklahoma

Corresponding Author(s): baer@nhn.ou.edu

We describe an eight-coupled-Boltzmann equation calculation of the mixed axion-higgsino dark mat-
ter scenario which is expected from natural SUSY. Typically the relic density is axion dominated
unless late decaying axinos or saxions feed the WIMP abundance. While thermal leptogenesis is
barely viable, non-thermal and Affleck-Dine leptogenesis remain robust scenarios to generate the
matter-anti-matter asymmetry.

Summary:

Dark Matter and Particle Astrophysics / 105

Distinguishing between Warm Dark Matter and Late Kinetic De-
coupling using CMB spectral distortions.
Author(s): James Diacoumis1

Co-author(s): Jan Hamann ; Steen Hannestad 2 ; Yvonne Wong 3

1 University of New South Wales
2 Aarhus University
3 The University of New South Wales
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Corresponding Author(s): j.diacoumis@unsw.edu.au, jan.hamann@sydney.edu.au, sth@phys.au.dk, yvonne.y.wong@unsw.edu.au

Recently a number of alternative dark matter models have been introduced as a means of explaining
the physics of small-scale structure formation. These include, warm dark matter and dark matter
with late kinetic decoupling both of which differ substantially from the canonical cold dark matter
formalism. One interesting way of constraining the phenomenology in these models is to look at the
characteristic imprint they leave on the photon spectrum left over from the Big Bang. These imprints
are known as spectral distortions in the literature and arise due to spatial fluctuations in the photon
temperature along the line of sight. As a result, the thermal history of the photon bath gives us
a unique insight into the evolution of the early universe. In this talk I will show how this insight
can be used to constrain the phenomenology of these dark matter models, in particular noting that
the signatures can be used to distinguish between warm dark matter and late kinetic decoupling
scenarios.

Summary:

Dark Matter and Particle Astrophysics / 74

Constraints on cosmological viscosity from GW150914 observa-
tion
Author(s): Gaurav Goswami1

Co-author(s): A.R. Prasanna 2 ; Subhendra Mohanty 2

1 Ahmedabad University
2 Physical Research Laboratory

Corresponding Author(s): mohanty@prl.res.in, gaurav299792458@gmail.com, prasanna@prl.res.in

It has been shown that gravitational waves propagate through ideal fluids without experiencing
any dispersion or dissipation. However, if the medium has a non-zero shear viscosity, gravitational
waves will be dissipated at a rate proportional to Gη. We test Dark Matter and Dark Energy models
with non-zero shear viscosity by calculating the dissipation of GW150914 which propagates over a
distance of 410 Mpc through the dissipative
fluid and comparing the data with the theoretical prediction. We put an upper bound on the shear
viscosity of the cosmological fluid as < 109 Pa sec which is close to the critical viscosity of fluids
at which the viscous pressure becomes significant for the dynamics of the Universe. We show that
future observations of gravitational waves at LIGO have the potential of detecting any possible vis-
cosity of Dark Matter and Dark Energy. Finally, we comment on how this could be related to a lower
bound on the self-interaction cross-section of Dark Matter.

Summary:

Dark Matter and Particle Astrophysics / 116

Freeze-in of light dark matter
Michael Schmidt1 ; Rupert Coy2

1 The University of Sydney
2 University of Sydney

Corresponding Author(s): rupertlcoy@gmail.com, michael.schmidt@sydney.edu.au

We investigate the production of keV sterile neutrino dark matter via the decay of a frozen-in com-
plex scalar with a feeble Higgs portal coupling. Sterile neutrinos at the keV range is an attractive class
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of model because it can naturally explain Standard Model neutrino masses and can be cosmologically
warm dark matter. This is the first time a complex scalar has been considered in this scenario, and the
presence of a light pseudo-Nambu Goldstone boson component, caused by spontaneously breaking
a U(1) global sterile neutrino number symmetry, leads to highly interesting behaviour. Moreover,
this is a robust model that can be applied to generic light fermion dark matter candidates.

Summary:

Dark Matter and Particle Astrophysics / 118

Gravitationally Bound Condensates Formed by Bosons with Po-
tential Energy V(A)= (1-cos(A/f)
Rohana Wijewardhana1

1 University of Cicinnati

Corresponding Author(s): rohana.wijewardhana@gmail.com

We review our recent work on gravitationally bound condensates formed by Hermitian bosons in-
teracting with a potential energy Λ4[1− cos(A/f)]. We have used an expansion method to simplify
the equations of motion. The expansion parameters are the binding energy of the condensed bosons,
and the ratio between the scale of the Bose field f and the Planck mass. Applying our analysis to
QCD axions, we find that the condensates have a limiting mass of O(1019) kg and a size of O(100)
km.

Summary:

Dark Matter and Particle Astrophysics / 138

Top-philic Scalar DM with a Vector-like Top Partner
Author(s): Peiwen Wu1

Co-author(s): Seungwon Baek 1 ; pyungwon ko 2

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

Corresponding Author(s): pko@kias.re.kr, peiwen.wu123@gmail.com, swbaek@kias.re.kr

We consider a scalar top-philic Dark Matter (DM)S coupling, apart from the Higgs portal, exclusively
to the right-handed top quark tR and a colored vector-like top partner T with a Yukawa coupling
yST which we call the topVL portal. When the Higgs portal is closed and yST is perturbative (< 1),
TS → (W+b, gt), SS → tt̄ and T T̄ → (qq̄, gg) provide the dominant annihilation contributions
to obtain the correct thermal relic density in light, medium and heavy DM mass range, respectively.
However, large yST ∼ O(10) can make SS → gg dominate via the loop-induced coupling CSSgg in
the mS < mt region. In this model it is the CSSgg coupling that dominates DM-nucleon scattering
in the direct detection, which can be large when SS → gg dominates the DM annihilation. The
current LUX results can exclude the SS → gg dominating scenario and the expected sensitivity of
XENON-1T may further test yST > 1, and 0.5 < yST < 1 may be covered in the future LUX-ZP
experiment. The indirect detection results from Fermi gamma-ray observations can also exclude the
SS → gg dominating scenario and play a complementary role to direct detection in the heavy DM
mass region, of which one order of magnitude of sensitivity improvement will push DM mass to be
heavier than about 400, 600, 1000 GeV for yST = 0.3, 0.5, 1.0, respectively. The colored top partner
T and its anti-particle can be produced in pair at the hadron collider. They will decay 100% into
tt̄ + Emiss

T signal when kinematically open and receive constraints from the corresponding CMS
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measurements at 8 TeV. We found that the top partner mass in the range 300 (450)-850 GeV can be
excluded for mS =0 (200) GeV.

Summary:

Dark Matter and Particle Astrophysics / 139

Layered dielectric haloscopes: a new way to detect axion dark
matter
Alex Millar1 ; Frank Daniel Steffen2 ; Georg Raffelt3 ; Javier Redondo4

1 Max Planck Institute for Physics
2 Max-Planck-Institute of Physics
3 MPI Physik, Munich
4 LMU/MPP Munich

Corresponding Author(s): steffen@mppmu.mpg.de, redondo@mpp.mpg.de, raffelt@mpp.mpg.de, millar@mpp.mpg.de

Axions and axion-like particles are among the best-motivated candidates for dark matter. In par-
ticular, the QCD axion is capable of not only providing a dark matter candidate, but it also gives a
natural explanation for the strong CP problem. Consequently, the detection of dark matter axions
is of great interest as it would solve two of the most significant problems of modern physics. To this
end, we introduce a new method to detect galactic dark-matter axions using dielectrics. When a di-
electric interface is inside a strong parallel magnetic field, the oscillating axion field acts as a source of
microwaves, which emerge in both directions perpendicular to the surface. These microwaves com-
pensate for a discontinuity in the axion induced electric field. Crucially, the emission rate can be
boosted by multiple parallel layers judiciously placed to achieve constructive interference. Starting
from the axion-modified Maxwell equations, we calculate the efficiency of this new “layered dielec-
tric haloscope” approach. This technique may prove useful in the well-motivated high-frequency
range of 10-100 GHz (axion mass
40-400 µeV), where traditional cavity resonators have difficulties reaching the required volume. This
would allow one to study axion dark matter generated by the topological defects, which occur if the
reheating temperature after inflation was lower than the Peccei-Quinn scale. Unlike a cavity res-
onator it is possible for dielectric haloscopes to conduct a broadband search. In particular, we study
the relation between the power generated and the bandwidth, the connection between the emission
and reflection functions, the required placement precision for meter-scale disks, and the impact of
small but non-vanishing axion velocities.

Summary:

Dark Matter and Particle Astrophysics / 143

Search for Dark matter with XENON1T Experiment
Marie Cecile Piro1

1 Rensselaer Polytechnic Institute (RPI)

Corresponding Author(s): mariec.piro@gmail.com

Astronomical and cosmological observations strongly suggest the presence of dark matter. The direct
search for evidence of Weakly Interacting Massive Particle (WIMP) dark matter continues to be one
of the forefront activities in experimental particle physics. In this talk I will give an overview of the
evidences of dark matter and present in particular XENON1T experiment which has achieved world-
leading sensitivities in WIMP-nucleon interactions using liquid xenon time projection chambers
(TPCs), first with the XENON10 and later with the XENON100 experiments. The actual phase of
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the experiment consists of an unprecedented one ton fiducial (three tons total) volume of ultra pure
liquid xenon as both target and detection medium. The data-taking will start soon and should reach
sensitivities down to 10-47 cm2 after two ton years of exposure. I will present the upgrade to the ton
scale which was only possible due to a massive research and development program encompassing
every aspect of the detector. The current and future stages of the XENON experiment in the context
of the global dark matter search will also be discussed.

Summary:

Dark Matter and Particle Astrophysics / 154

Reconstructing WIMP dark matter properties through signal mea-
surements in direct detection, Fermi-LAT, and CTA
Author(s): Enrico Maria Sessolo1

Co-author(s): Andrew J. Williams 1 ; Leszek Roszkowski 1 ; Sebastian Trojanowski 1

1 NCBJ, Warsaw

Corresponding Author(s): andrew.williams.2009@live.rhul.ac.uk, sebastian.trojanowski@ncbj.gov.pl, enrico.sessolo@ncbj.gov.pl,
leszek.roszkowski@ncbj.gov.pl

I will examine the projected ability to reconstruct the mass, scattering, and annihilation cross section
of dark matter in the new generation of large underground detectors in combination with diffuse
gamma radiation from expected 15 years of data from Fermi-LAT observation of 46 local spiral dwarf
galaxies and projected CTA sensitivity to a signal from the Galactic Center. I will consider several
benchmark points inspired by rather general extensions of the Standard Model, spanning a wide
range of WIMP mass, different annihilation final states, and large enough event rates to warrant
detection in one or more experiments. Direct and indirect detection experiments can be used in
complementarity to ameliorate the respective determinations, which in individual experiments can
at best be rather poor. A remarkable improvement in WIMP reconstruction can be achieved by
combining discovery data from Fermi-LAT and/or CTA, or by combining gamma-ray observatories
with direct detection experiments.

Summary:

Dark Matter and Particle Astrophysics / 85

Searches for dark matter in heavy- flavor final states at CMS
Douglas Ryan Berry1

1 University of Illinois at Chicago (US)

Corresponding Author(s): douglas.ryan.berry@cern.ch

Searches in CMS for dark matter in final states with invisible particles recoiling against top or bot-
tom quarks are presented. Various topologies are explored, covering several specific dark -matter
production modes. The focus of the talk is the recent results obtained using data collected at the
Run-II of the LHC.

Summary:

Dark Matter and Particle Astrophysics / 162
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The DEAP-3600 Dark Matter Direct Detection Experiment
Joseph Walding1

1 Royal Holloway, University of London

Corresponding Author(s): joseph.walding@rhul.ac.uk

DEAP-3600 is a single phase liquid argon (LAr) dark matter experiment, located 2 km underground at
SNOLAB, in Sudbury, Ontario. The detector has 1 tonne fiducial mass of LAr. The target sensitivity to
spin-independent scattering of 100 GeV WIMPs is 1×10−46 cm2. The DEAP-3600 background target
is <1 background events in the WIMP region of interest in 3 tonne-years exposure. The strategies
to achieve this background are pulse shape discrimination to mitigate electron recoils, ultra-low
radioactivity materials for detector construction to reduce neutron and alpha backgrounds, and in-
situ sanding of the acrylic vessel to mitigate radon exposure of surfaces during construction and
fabrication. Detector commissioning is underway and the WIMP search begins in 2016. This talk
reports on recent progress from the DEAP-3600 experiment.

Summary:

Dark Matter and Particle Astrophysics / 230

Theoretical uncertainty of the supersymmetric dark matter relic
density
Julia Harz1

1 Institut Lagrange de Paris

Corresponding Author(s): jharz@lpthe.jussieu.fr

To gain for a more precise prediction of the supersymmetric dark matter relic density, we have
calculated next-to-leading order SUSY-QCD corrections to neutralino (co)annihilation processes in-
cluding Coulomb enhancement effects. We demonstrate that these corrections can have significant
impact and are thus of general interest for parameter studies. For particle physics observables at
colliders, it is common practice to estimate the theoretical uncertainty by studying the variations of
the predicted cross sections with a priori unpredictable scales. In astroparticle physics, this has so
far not been possible, since most of the observables were calculated at Born level only, so that the
renormalization scheme and scale dependence could not be studied in a meaningful way. Thus, we
present the fi rat quantitative study of the theoretical uncertainty of the neutralino dark matter relic
density from scheme and scale variations.

Summary:

Dark Matter and Particle Astrophysics / 177

Nonperturbative Dynamics in Dark Matter Freezeout
William Shepherd1

1 University of Copenhagen

Corresponding Author(s): will.shepherd@gmail.com

I discuss the cosmological impact of dark matter bound state formation in the early universe in
the context of complete simplified models of dark matter interactions. In particular, I show that
the effects of relativity on the nature and behavior of these bound states are important to correctly
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describe the physics in cases of interest. I continue on to discuss the implications of these interactions
for the parameter space of well-motivated models of dark matter, especially in the context of unitarity
considerations which lead to upper bounds on the mass of thermal dark matter.

Summary:

Dark Matter and Particle Astrophysics / 228

Unitarity constraints for Effective Field Theories
Giorgio Busoni1

1 University of Melbourne

Corresponding Author(s): giorgio.busoni@unimelb.edu.au

Effective Field Theories have shown to suffer from some validity problems when applied to DM
search at collider. EFT operators are generated by integrating out heavy mediators of some UV the-
ory, and therefore are valid up to some energy scale below the mass of the integrated out particles.
To overcome such problems, different proposals have been made. An appealing possibility is cer-
tainly to switch from EFT to simplified models. Anyway this enlarges the parameter space and
introduces some model dependence.
It would be certainly useful to be able to work with EFT, despite of such validity issues, given its
model-independent and simple framework. A development in such direction was the introduction
of truncation of the simulated events.
To calculate the expected cross section, one may retain only the events that have a momentum trans-
fer below a certain treshold, usually identified with the mass of the heavy integrated out mediator. In
this talk we analyse limitations coming from unitarity bounds, showing that in some cases unitarity
may break at energies below the mass of the heavy mediator, and therefore in such cases additional
constrains have to be enforced on the EFT.
Using the K matrix formalism, we propose a way to force the theory to satisfy such additional con-
strains.

Summary:

Dark Matter and Particle Astrophysics / 180

Mass-constraining variables to confront dark matter production
at the LHC
Author(s): Abhaya Kumar Swain1

Co-author(s): Partha Konar 1

1 Physical Research Laboratory

Corresponding Author(s): konar@prl.res.in, abhaya@prl.res.in

After successful discovery of the Higgs boson, the LHC presently confronts the major challenge
in searching for new physics. Any such observation necessitates the determination of mass and
other quantum numbers like spin, polarization etc for the new resonance. Most of the BSM theories
motivated from profound experimental indication of dark matter (DM), trying to accommodate them
as some stable BSM particle within their framework. In a wide class of such scenario, any production
of heavy resonance particles eventually decay semi-invisibly resulting at least two massive stable
undetectable particles in the final state. Reconstruction of these events at a hadron collider or the
mass determination of these new particles are challenging. Here we discuss two interesting mass-
constraining variables, M2Cons and

√
ŝ, which possess an array of rich features having the ability

to use on-shell mass constraints inclusively. We argue the consequence of applying the additional
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resonance mass-shell constraint in the context of a semi-invisible antler decay topology produced
at the LHC. Our proposed variable, under additional constraint, develops a new kink solution at the
true masses. This enables one to determine the invisible (DM) particle mass simultaneously with
the parent particle mass from these events. We also demonstrate the ability of these constrained
variables to reconstruct the semi-invisible events with the momenta of invisible particles and thus
improving the measurements to reveal the properties of new physics.

Summary:

Dark Matter and Particle Astrophysics / 188

Dark matter annihilation into right-handed neutrinos and the
galactic center gamma-ray excess
Author(s): Yi-Lei Tang1

Co-author(s): Shouhua Zhu 1

1 Peking University

Corresponding Author(s): tangyilei15@pku.edu.cn, shzhu@pku.edu.cn

We have studied a specific case that the dark matter particles annihilate into right-handed neutrinos.
We calculate the predicted gamma-ray excess from the galactic center and compare our results with
the data from the Fermi-LAT. An approximately 10-60 GeV right-handed neutrino with heavier dark
matter particle can perfectly explain the observed spectrum. The annihilation cross section ⟨σv⟩ falls
within the range 0.5-4×10−26 cm3/s, which is roughly compatible with the WIMP annihilation cross
section. This presentation is based on our work 1512.02899.

Summary:

Dark Matter and Particle Astrophysics / 200

Sidereal modulation searches for the direct detection of self-interacting
dark matter
Author(s): Jackson Clarke1

Co-author(s): Edmund Noel Dawe 1 ; Robert Foot 1

1 ARC Centre of Excellence for Particle Physics at the Terascale

Corresponding Author(s): end@cern.ch, rfoot@unimelb.edu.au, jdclarke5@gmail.com

I will outline the unique direct detection phenomenology which arises if dark matter is self-interacting.
The crucial point is that, in the Earth frame, the halo wind interaction with Earth-captured dark mat-
ter generically results in a spatially dependent near-Earth dark matter environment. This implies
distinctive signatures in the direct detection signal, including latitudinal dependence, and modula-
tion with sidereal day. The sidereal modulation is particularly interesting, since it can only have a
cosmological origin. Some examples will be shown from dark matter simulations with dark photon
self-interactions. I will then describe some model-independent search strategies for sidereal mod-
ulation signals of unknown shape, in the hope of encouraging experimental colleagues to perform
such searches.

Summary:
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Dark Matter and Particle Astrophysics / 201

Minimal Majoronic Dark Radiation and Dark Matter Model and
its Phenomenology

We-Fu Chang1

1 National Tsing Hua University

Corresponding Author(s): wfchang@phys.nthu.edu.tw

We study the simplest singlet Majoron model for the dark radiation and dark matter and it 1-loop
RGE running.
We found that a smaller effective number of neutrinos △Neff ∼ 0.05 is preferred.
Moreover, a heavy scalar dark matter, ρ, of mass 1.5− 4 TeV is required by the stability of the scalar
potential
and an operational type-I see-saw mechanism for neutrino masses. A neutral scalar, S, of mass in
the 10− 100 GeV range
and its mixing with the standard model Higgs as large as 0.1 is also predicted.
The dominant decay modes are S into bb̄ and/or a pair
of Majorons. A sensitive search will come from rare Z decays
via the chain Z → S + ff̄ , where f is a Standard Model fermion, followed by S into a pair
of Majorons and/or b-quarks.
The interesting consequences of dark matter bound state due to the sizable Sρρ-coupling
are discussed as well. In particular, shower-like events with an apparent neutrino energy at Mρ

could contribute to the
observed effective neutrino flux in underground neutrino detectors such as IceCube.

Summary:

Dark Matter and Particle Astrophysics / 218

Indirect detection of sub-GeV dark matter

Author(s): Adam Coogan1

Co-author(s): Francesco D’Eramo 2 ; Logan Morrison 1 ; Stefano Profumo

1 UC Santa Cruz
2 UC Berkeley

Corresponding Author(s): loanmorr@ucsc.edu, acoogan@ucsc.edu, profumo@ucsc.edu

Since the WIMP paradigm has dominated for decades, dark matter (DM) in the sub-GeV mass range
is only now receiving significant attention. I will discuss indirect detection of such models in light
of the recently proposed ComPair experiment, which will increase sensitivity to 1–100 MeV gamma
rays by two orders of magnitude. Using a scalar-mediated model as an example, I illustrate how
to apply chiral perturbation theory to compute the cross section for dark matter annihilation to
pions. I also present the gamma ray spectrum resulting from the subsequent charged and neutral
pion decay. Finally, I explain how to perform this analysis for theories with different mediators and
discuss cosmological issues.

Summary:

Dark Matter and Particle Astrophysics / 208
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The status of KIMS-NaI experiment at Yangyang underground lab-
oratory
Nam Young KIM1

1 Center for Underground Physics, Institute for Basic Science

Corresponding Author(s): nkim70@gmail.com

The Korea Invisible Mass Search (KIMS) searches for WIMP dark matter signals using an array of
ultra-pure NaI(Tl) crystals. The target goal of the KIMS-NaI experiment is to confirm or reject the
DAMA/LIBRA claim of an annual modulation signature in similar NaI(Tl) crystals. We have studied
the properties of more then ten prototype NaI(Tl) crystals, each with different internal radioisotope
contaminations in order to characterize the internal backgrounds and learn how how they can be
reduced. To date, we have achieved background levels of 2.5 counts/kg/keV/day in the 10 keV en-
ergy region. We have prepared a first phase of a collaborative effort with the DM-Ice group, called
COSINE-100, that is using a 100 kg array of crystals from the KIMS & DM-Ice R&D projects placed
in a liquid scintillator veto tank at the Yangyang underground laboratory. While this first phase op-
erates, we will develop NaI(Tl) crystals with background levels that are below 1 counts/day/keV/kg
for the next phase of the experiment. In this presentation, we will report on the current status of
COSINE-100 and the status of our R&D on techniques for producing a 200 kg array of lower back-
ground crystals for the next phase of the experiment.

Summary:

Dark Matter and Particle Astrophysics / 196

Combined analysis of effective Higgs portal dark matter mod-
els
Author(s): Ankit Beniwal1

Co-author(s): Anthony G. Williams 1 ; Christoph Weniger 2 ; Christopher Savage 3 ; Filip Rajec 1 ; Martin White 1

; Pat Scott 4

1 University of Adelaide, Australia
2 University of Amsterdam, Netherlands
3 KTH Royal Institute of Technology and Stockholm University, Sweden and University of Utah, USA
4 Imperial College London, United Kingdom

Corresponding Author(s): p.scott@imperial.ac.uk, ankit.beniwal@adelaide.edu.au, martin.white@adelaide.edu.au,
chris@savage.name, filip.rajec@adelaide.edu.au, c.weniger@uva.nl, anthonygwilliams@gmail.com

We combine and extend the analyses of effective scalar, vector, Majorana and Dirac fermion Higgs
portal models of Dark Matter (DM), in which DM couples to the Standard Model (SM) Higgs boson
via an operator of the form ODM H

†H . For the fermion models, we take an admixture of scalar ψψ
and pseudoscalar ψiγ5ψ interaction terms. For each model, we apply constraints on the parameter
space based on the Planck measured DM relic density and the LHC limits on the Higgs invisible
branching ratio. For the first time, we perform a consistent study of the indirect detection prospects
for these models based on the WMAP7/Planck observations of the CMB, a combined analysis of
15 dwarf spheroidal galaxies by Fermi-LAT and the upcoming Cherenkov Telescope Array (CTA).
We also perform a correct treatment of the momentum-dependent direct search cross-section that
arises from the pseudoscalar interaction term in the fermionic DM theories. We find, in line with
previous studies, that current and future direct search experiments such as LUX and XENON1T can
exclude much of the parameter space, and we demonstrate that a joint observation in both indirect
and direct searches is possible for high mass WIMPs. In the case of a pure pseudoscalar interaction
of a fermionic DM candidate, future gamma-ray searches are the only class of experiment capable
of probing the high mass range of the theory.

Summary:
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Dark Matter and Particle Astrophysics / 206

Searches for Axion-Like Particles with NGC1275: Observation of
Spectral Modulations
Andrew J Powell1 ; Francesca Day1 ; Joseph Conlon2 ; Marcus Berg3 ; Markus RummelNone ; Nicholas Jennings1 ;
Sven Krippendorf1

1 University of Oxford
2 Oxford University
3 Karlstad University

Corresponding Author(s): marcus.berg@kau.se, sl.krippendorf@googlemail.com, nicholas.jennings@physics.ox.ac.uk,
markus.rummel@physics.ox.ac.uk, francesca.day@physics.ox.ac.uk, j.conlon1@physics.ox.ac.uk, andrew.powell2@physics.ox.ac.uk

Axion-like particles (ALPs) can induce localised O(10%) oscillatory modulations in the spectra of
photon sources passing through astrophysical magnetic fields. Ultra-deep Chandra observations
of the Perseus cluster contain over 5×10^5 counts from the central NGC1275 AGN and represent
a dataset of extraordinary quality for ALP searches. We use these to search for X-ray spectral ir-
regularities from the AGN. The absence of irregularities at the O(30%) level allows us to place lead-
ing constraints on the ALP-photon mixing parameter g_aγγ�1.5−5.4×10^{−12}GeV^{−1} for axion
mass m_a�10^{−12}eV, depending on assumptions on the magnetic field realisation along the line
of sight. At O(10%) level two modulations are present at high statistical significance, an excess
in the 2-2.2 keV region and a deficit at 3.4-3.5 keV. We are unable to account for these through
conventional instrumental or astrophysical processes and, interpreted as a signal, they would corre-
spond to an ALP-photon coupling in the range g_aγγ∼1−5×10^{−12}GeV^{−1}. This talk is based on
1605.01043.

Summary:

Dark Matter and Particle Astrophysics / 217

Constraints on dark matter annihilation to fermions and a pho-
ton
Author(s): Debtosh Chowdhury1

Co-author(s): Abhishek M. Iyer 2 ; Ranjan Laha 3

1 INFN, Rome
2 Tata Institute of Fundamental Research, Mumbai
3 Stanford University

Corresponding Author(s): debtosh.chowdhury@roma1.infn.it, abhishek@theory.tifr.res.in, rlaha@stanford.edu

We consider Majorana dark matter annihilation to fermion - anti-fermion pair and a photon in the
effective field theory paradigm, by introducing dimension 6 and dimension 8 operators in the La-
grangian. For a given value of the cut-off scale, the latter dominates the annihilation process for
heavier dark matter masses. We find a cancellation in the dark matter annihilation to a fermion -
anti-fermion pair when considering the interference of the dimension 6 and the dimension 8 oper-
ators. Constraints on the effective scale cut-off is derived while considering indirect detection ex-
periments and the relic density requirements and then comparing them to the bound coming from
collider experiments.

Summary:

Dark Matter and Particle Astrophysics / 240
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Right-handed sneutrino dark matter
Genevieve Belanger1

1 Laboratoire d’Annecy-le-Vieux de Physique Théorique

Corresponding Author(s): genevieve.belanger@lapth.cnrs.fr

The superpartner of the right-handed neutrino provides an alternative
to the neutralino WIMP dark matter in supersymmetry.
We consider the case where this feebly interacting particle is
produced via the decay of the long-lived next-to-lightest charged sfermion.
After taking into account constraints such as dark matter relic
density or big-bang nucleosynthesis, we discuss the discovery propect
at future runs of the LHC notably through the charged track signatures.

Summary:

Dark Matter and Particle Astrophysics / 192

Semi-analytical approaches in particle cosmology
Csaba Balazs1 ; Graham White1 ; Sujeet Akula1

1 Monash University

Corresponding Author(s): csaba.balazs@monash.edu, graham.white@monash.edu, sujeet@freeboson.org

We propose a general method to analytically solve transport equations as well as the bubble wall
profile during a cosmic phase transition. For the bubble wall profile we approximately solve the
general one dimensional problem and derive a perturbative series of corrections to this ansatz and
prove convergence. We then present general analytic solutions for coupled transport equations that
govern the behavior of particle number densities during a phase transition. Finally we derive a
perturbative series that relaxes the usual approximation that inactivates VEV dependent relaxation
and CP violating source terms at the bubble wall and through the symmetric phase.

Summary:

Dark Matter and Particle Astrophysics / 191

Colour Breaking Baryogenesis
Graham White1 ; Michael Ramsey-Musolf2 ; Peter Winslow3

1 Monash University
2 U. Massachusetts Amherst
3 UBC/TRIUMF

Corresponding Author(s): graham.white@monash.edu, pwinslow@phas.ubc.ca, mjrm@physics.umass.edu

We propose a new cosmological scenario for the production of the baryon asymmetry of the Uni-
verse which exploits a multistep phase transition in which SU(3) color symmetry is fist broken and
then restored. Baryon production occurs during the initial transition mainly due to spontaneous
breaking of B-L near the phase boundary. The same B-L violation leads to washout far away from
the wall. However, as long as the second transition is not first-order and occurs before the total
baryon asymmetry is depleted, all washout processes are quenched and some fraction of the baryon
asymmetry produced persists as the observed baryon asymmetry of our Universe. We illustrate this
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mechanism with a simple model that reproduces the observed baryon asymmetry and discuss how
certain aspects of such a scenario may potentially be probed by future electric dipole moment and
collider searches.

Summary:

Experimental and Collider Aspects of SUSY / 36

Search for stable massive SUSY particles with the ATLAS detec-
tor
Jochen Jens Heinrich1

1 Ludwig-Maximilians-Univ. Muenchen (DE)

Corresponding Author(s): jochen.jens.heinrich@cern.ch

Several supersymmetric models predict the production of massive long-lived supersymmetric par-
ticles. Such particles, if charged, may be detected through abnormal specific energy loss or long
time-of-flight to the calorimeters. The talk presents recent results from searches of long-lived su-
persymmetric charged particles using proton-proton collisions at a centre of mass energy of 13 TeV
with the ATLAS detector.

Summary:

Experimental and Collider Aspects of SUSY / 59

Search for supersymmetry in events with photons and missing
transverse momentum
Johannes Schulz1

1 Rheinisch-Westfaelische Tech. Hoch. (DE)

Corresponding Author(s): jschulz@physik.rwth-aachen.de

The results of searches for new physics in final states with
photons and missing transverse energy are reported. The
searches are based on samples of proton-proton collisions
collected with the CMS detector, both at 8 and at 13 TeV. The
results are interpreted in models of supersymmetry with
gauge-mediated SUSY breaking, covering both strong
production (13 TeV results) and electroweak production (8 TeV
results).

Summary:

Experimental and Collider Aspects of SUSY / 31

Search for gluinos decaying via top or bottom squarks with the
ATLAS detector
Maximilian J Swiatlowski1
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1 University of Chicago (US)

Corresponding Author(s): maximilian.j.swiatlowski@cern.ch

Naturalness arguments favour supersymmetric particle spectra with the partners of the Higgs boson,
top and bottom quarks, and gluons within the reach of the LHC. Searches for gluinos decaying to the
lightest supersymmetric particle via real or virtual third generation squarks are thus well motivated.
This talk present searches performed by the ATLAS collaboration with such final states, using data
recorded at 13 TeV centre of mass energy.

Summary:

Experimental and Collider Aspects of SUSY / 32

Search for direct stop and sbottom pair production with the AT-
LAS detector
Silvia Fracchia1

1 Universitat Autònoma de Barcelona (ES)

Corresponding Author(s): silvia.fracchia@cern.ch

Naturalness arguments favour supersymmetric particle spectra with relatively light partners of the
top and bottom quarks. Top or bottom squarks with masses less than a few hundred GeV can give rise
to direct pair production rates in proton-proton collisions at the LHC that can be observed with the
ATLAS detector. The talk presents recent ATLAS results from searches for direct stop and sbottom
pair production, using data recorded at 13 TeV centre of mass energy.

Summary:

Experimental and Collider Aspects of SUSY / 60

Search for supersymmetry in the multijet and missing transverse
momentum channel in pp collisions at 13 TeV
Kevin Pedro1

1 Fermi National Accelerator Lab

Corresponding Author(s): kevin.jerome.pedro@cern.ch

A search for new physics is performed based on multijet
events with large missing transverse momentum produced in
13 TeV proton-proton collisions. The data sample,
corresponding to an integrated luminosity of 2.3 fb-1, was
collected with the CMS detector at Run 2 of the CERN LHC. The
data are examined in search regions of jet multiplicity,
bottom-quark jet multiplicity, missing transverse momentum,
and the scalar sum of jet transverse momenta. Exclusion limits
are presented for simplified supersymmetric models of gluino
pair production.These results significantly extend the limits
from LHC Run 1.

Summary:
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Experimental and Collider Aspects of SUSY / 35

Search for R-parity violating supersymmetric signals with the
ATLAS detector
Russell Woods Smith1

1 Columbia University (US)

Corresponding Author(s): russell.smith@cern.ch

R-parity violation introduces new signatures to be considered in the search for supersymmetry at
the LHC. Strongly interacting resonances may decay to jets, sleptons may decay via lepton-flavour
violating processes and lightest supersymmetric particles may decay into many particles with or
without missing transverse momentum. The talk presents recent results from searches of supersym-
metry in resonance production and R-parity violating signatures with the ATLAS detector.

Summary:

Experimental and Collider Aspects of SUSY / 56

Search for supersymmetry in the single-lepton final state with
CMS
Claudia Seitz1

1 Deutsches Elektronen-Synchrotron (DE)

Corresponding Author(s): seitz.claudia@cern.ch

Results of searches for supersymmetry in events with a single, isolated electron or muon are pre-
sented. The data set
comprises proton-proton collisions at a centre-of-mass energy
of 13 TeV, recorded by the CMS experiment. The results are
interpreted in models of strong production of supersymmetric
particles, with decay chains yielding third-generation or light
quarks, a lepton, and missing transverse energy.

Summary:

Experimental and Collider Aspects of SUSY / 29

Inclusive searches for squarks and gluinos in final states with two
opposite sign leptons with the ATLAS detector
Jonathan Long1

1 Urbana UI

Corresponding Author(s): jonathan.long@cern.ch

The decay of pair produced sparticles to the lightest supersymmetric particle via intermediate su-
persymmetric particles can yield final states with two opposite sign electrons or muons, jets, and
missing transverse momentum. The searches performed by the ATLAS collaboration on this final
state are reported, using data recorded at 13 TeV centre of mass energy. This includes two related
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searches, one searching at deviations from the Standard Model prediction on a wide range of values
of the di-lepton invariant mass, the other one focusing on the region of the Z boson peak.

Summary:

Experimental and Collider Aspects of SUSY / 61

Search for supersymmetry in events with two or more leptons in
pp collisions at 13 TeV at CMS
Jan Hendrik Hoss1

1 Eidgenoessische Tech. Hochschule Zuerich (CH)

Corresponding Author(s): jan.hoss@cern.ch

A search for supersymmetry is performed using events with
two or more isolated leptons and jets in the final state using
the CMS detector. Results are based on a sample of protonproton
collisions at a centre-of-mass energy of 13 TeV at the
LHC corresponding to an integrated luminosity of 2.3 fb-1.
Constraints are set on the gluino and sbottom pair production
cross section; model independent limits and selection
efficiencies are also provided for additional model testing.

Summary:

Experimental and Collider Aspects of SUSY / 30

Searches for SUSY in photons and tau channels with the ATLAS
detector
Jovan Mitrevski1

1 Ludwig-Maximilians-Univ. Muenchen (DE)

Corresponding Author(s): jovan.mitrevski@cern.ch

The talk presents searches for the prompt decay of supersymmetric particles in events containing
photons or taus and large transverse missing momentum, performed by the ATLAS experiment.
The final states considered are particularly motivated in gauge mediated supersymmetry breaking
models with a light gravitino as the lightest supersymmetric particle.

Summary:

Experimental and Collider Aspects of SUSY / 52

Singlino-Higgsino Dark Matter in the NMSSM
Zhao-Huan Yu1

1 University of Melbourne
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Corresponding Author(s): zhao-huan.yu@unimelb.edu.au

We study a simplified scenario in the next-to-minimal supersymmetry standard model where the
electroweak sector has a split spectrum with light singlino and higgsinos and the lightest neutralino
χ̃0
1 is singlino-dominated. Serving as a dark matter candidate, χ̃0

1 should have either resonant anni-
hilation effects or sizable higgsino components to satisfy the observed relic abundance. The sensitiv-
ities of LHC trilepton and dilepton searches and dark matter detection experiments are investigated.
Near future direct and indirect dark matter searches are promising to cover the parameter regions
where collider searches lose their sensitivities.

Summary:

Experimental and Collider Aspects of SUSY / 65

Search for third generation squarks in pp collisions at 13 TeV at
CMS
Florent Sylvain Lacroix1

1 University of California Riverside (US)

Corresponding Author(s): florent.sylvain.lacroix@cern.ch

We present results from the search for third generation
squarks (stops and bottoms) in pp collisions at 13 TeV with the
CMS detector.

Summary:

Experimental and Collider Aspects of SUSY / 27

Inclusive searches for squarks and gluinos in fully hadronic final
states with the ATLAS detector
Manfredi Ronzani1

1 Albert-Ludwigs-Universitaet Freiburg (DE)

Corresponding Author(s): manfredi.ronzani@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 promptly decaying supersymmetric squarks and gluinos in events containing
jets, missing transverse momentum, and no leptons. The results presented are based on the data
recorded at 13 TeV centre of mass energy.

Summary:

Experimental and Collider Aspects of SUSY / 58

Search for supersymmetry in hadronic final states with the MT2
variable
Mario Masciovecchio1
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1 Eidgenoessische Tech. Hochschule Zuerich (CH)

Corresponding Author(s): mario.masciovecchio@cern.ch

We present a search for supersymmetry in hadronic final
states with transverse momentum imbalance as measured by
the MT2 variable. Results are based on 2.3 fb-1 of 13 TeV
proton-proton collisions collected with the CMS detector . The
results are interpreted as limits on the masses of potential new
colored particles in a variety of simplified models of
supersymmetry, significantly improving existing the 8 TeV
limits.

Summary:

Experimental and Collider Aspects of SUSY / 62

Inclusive searches for SUSY using the razor variables in CMS
Javier Mauricio Duarte1

1 California Institute of Technology (US)

Corresponding Author(s): javier.mauricio.duarte@cern.ch

We present the latest SUSY search results using the razor
kinematic variables in CMS. An inclusive strategy is adopted
using multijet events with zero or one lepton, categorized in
the number jets and b-tags, which is sensitive to a wide
variety of SUSY scenarios. Results are interpreted in terms of
limits of gluino pair production decaying to stops, sbottoms,
and squarks, as well as squark pair production.

Summary:

Experimental and Collider Aspects of SUSY / 33

Searches for electroweak production of SUSY particles with the
ATLAS detector
Matthew Gignac1

1 University of British Columbia (CA)

Corresponding Author(s): matthew.gignac@cern.ch

Many supersymmetry models feature gauginos and also sleptons with masses less than a few hun-
dred 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 searches results obtained
by the ATLAS collaboration, including interpretations of the run 1 searches in a reduced sector of
parameter space of the phenomenological pMSSM, and in General Gauge Mediation models.

Summary:

Experimental and Collider Aspects of SUSY / 273
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The 750 GeV anomaly

Corresponding Author(s): alessandro.strumia@cern.ch

Experimental and Collider Aspects of SUSY / 147

Applications of the Recursive Jigsaw to searches for SUSY
Author(s): Lawrence Lee Jr1 ; Marco Santoni1 ; Paul Douglas Jackson1

Co-author(s): Christopher Rogan 2

1 University of Adelaide
2 Harvard University (US)

Corresponding Author(s): paul.douglas.jackson@cern.ch, crogan@cern.ch, lawrence.lee.jr@cern.ch, marco.01.santoni@gmail.com

In R-parity conserving SUSY models one anticipates searching for signal events where multiple miss-
ing neutral particles are present in a final state. Typical collider signatures for such events leverage
large missing transverse momentum and high values of inclusive quantities such as the effective
mass. In addition, specific features of distributions can be targeted with variables that preserve
end-points and other observable shapes.

Through application of the Recursive Jigsaw reconstruction technique we demonstrate methods by
which one can extract information in events sensitive to the underlying mass-splittings and parti-
cle properties. By application of well-defined rules, and imposing a view of the event that satisfies
a particular “decay tree”, we demonstrate an approach that provides further handles to probe chal-
lenging signals. Searches for gluino and squark pair-production, third generation particles and direct
electroweak-ino pairs are all used by way of example.

Summary:

Experimental and Collider Aspects of SUSY / 34

SUSY discovery potential of the ATLAS detector at an upgraded
LHC
Geoffrey Mullier1

1 Universitaet Bern (CH)

Corresponding Author(s): geoffrey.andre.mullier@cern.ch

The so-called high-luminosity upgrade of the LHC will impose new technological challenges to the
ATLAS detector, requiring the partial upgrade of the detector. Scenarios of SUSY sparticle produc-
tion, among others, have been used as benchmark to drive the design of the component upgrades, and
to evaluate the sensitivity of the upgraded accelerator and detector. This talk will give an overview
of the expected sensitivity that the ATLAS experiment will have to SUSY sparticle production with
3000 fb-1 pf proton-proton collisions collected at a centre of mass energy of 14 TeV.

Summary:

Experimental and Collider Aspects of SUSY / 161
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pMSSM scans in ATLAS
Author(s): Elizaveta Shabalina1 ; Lukas Alexander Heinrich2 ; Salvador Marti I Garcia3

Co-author(s): Iacopo Vivarelli 4 ; Tommaso Lari 5

1 Georg-August-Universitaet Goettingen (DE)
2 New York University (US)
3 IFIC-Valencia (UV/EG-CSIC)
4 University of Sussex (GB)
5 University and INFN, Milano

Corresponding Author(s): tommaso.lari@cern.ch, iacopo.vivarelli@cern.ch, elizaveta.shabalina@cern.ch, mar-
tis@ific.uv.es, lukas.heinrich@cern.ch

Multidimensional scans of the pMSSM have been used in ATLAS to assess the experiment sensitivity
to classess of models usually not well represented by simplified models. Such scans require a well
defined approach in generating signal events and deciding which ones should be passed through the
CPU-intensive detector simulation and for which ones the sensitivity can be instead parametrised.
They also impose challenges in deciding how the experiment sensitivity should be summarised. The
talk will discuss in detail hos such large-scale scans have been approached by ATLAS, touching upon
recent results obtained.

Summary:

Experimental and Collider Aspects of SUSY / 28

Inclusive searches for squarks and gluinos in final states with one
or two same sign leptons with the ATLAS detector
Moritz Backes1

1 Oxford University

Corresponding Author(s): moritz.backes@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 promptly decaying supersymmetric squarks and gluinos in events containing
jets, missing transverse momentum, and either one or two same sign light leptons. The results
presented are based on the data recorded at 13 TeV centre of mass energy.

Summary:

Experimental and Collider Aspects of SUSY / 57

Search for SUSY in hadronic final states with the AlphaT variable
at CMS
Tai Sakuma1

1 University of Bristol (GB)

Corresponding Author(s): tai.sakuma@cern.ch
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An inclusive search for supersymmetric processes that produce
final states with jets and missing transverse momentum is
performed in pp collisions at a centre-of-mass energy of 13
TeV. A dimensionless kinematic variable, aT, is used to
discriminate between events with genuine and
misreconstructed missing transverse momentum. A data
sample corresponding to an integrated luminosity of 2.3 fb-1,
recorded by the CMS experiment at the LHC, is analysed. The
observed signal candidate event counts are found to be in
agreement with the expected contributions from standard
model processes and the result is interpreted in the mass
parameter space of supersymmetric simplified models.

Summary:

Experimental and Collider Aspects of SUSY / 170

Mass and event reconstruction under constraint in semi-invisible
production at the LHC
Author(s): Partha Konar1

Co-author(s): Abhaya Kumar Swain 2

1 Physical Research Laboratory, Ahmedabad, Gujarat-380 009, INDIA
2 Physical Research Laboratory

Corresponding Author(s): konar@prl.res.in, abhaya@prl.res.in

Semi-invisible production at the Large Hadron Collider are often theoretically essential or experi-
mentally convenient signatures originated from a large class of physics models beyond the standard
model. Be it light neutrino or some heavy exotic dark matter, observing absence being the signa-
ture of their presence, and any study looking into these neutral, stable missing particles remains
complex. Here starting from an organizing principle, we present the developments on some of the
constrained variables useful for deriving properties and couplings associated with these invisible
particles.

Summary:

Experimental and Collider Aspects of SUSY / 148

Compressed SUSY with the Recursive Jigsaw
Paul Douglas Jackson1

1 University of Adelaide

Corresponding Author(s): paul.douglas.jackson@cern.ch

The Recursive Jigsaw reconstruction technique provides a powerful way to tackle challenging SUSY
final states with multiple missing particles. By altering the input “decay tree” we demonstrate a
new approach to considering compressed SUSY signatures from a variety of different sources. The
imposition of this decay tree provides a clear way to define which objects are associated with an ISR
system and those which are candidate decay products of the SUSY system. From this choice a set of
variables emerge, providing a method to distinguish compressed cases from the pernicious standard
model backgrounds present.
We introduce this new approach, comparing it briefly to other methods used to probe this phase-
space and demonstrate it’s power through application to several compressed final states. We will
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further touch on the applicability of this same method to other physics processes where the use of
conventional kinematic handles breaks down.

Summary:

Experimental and Collider Aspects of SUSY / 221

Towards a phenomenological MSSM fit with Fittino
Alexander Johnston1 ; Bjorn Sarrazin2 ; Daniel Schmeier3 ; Herbi Dreiner3 ; Jamie Tattersall4 ; Jan Schütte-Engel5 ;
Jory Sonneveld6 ; Klaus Desch1 ; Matthias Hamer7 ; Michael Kramer7 ; Peter Wienemann1 ; Philip Bechtle2 ; Tim
Keller5 ; Werner Rudolf Porod8

1 University of Bonn
2 Universitaet Bonn (DE)
3 Bonn University
4 RWTH Aachen
5 RWTH Aachen University
6 Universität Hamburg
7 Rheinisch-Westfaelische Tech. Hoch. (DE)
8 Julius Maximilians Universitaet Wuerzburg (DE)

Corresponding Author(s): jan.schuette-engel@rwth-aachen.de, mkraemer@physik.rwth-aachen.de, bjorn.sarrazin@cern.ch,
johnston@uni-bonn.de, bechtle@physik.uni-bonn.de, matthias.hamer@cern.ch, peter.wienemann@physik.uni-bonn.de,
desch@uni-bonn.de, porod@physik.uni-wuerzburg.de, tattersall@physik.rwth-aachen.de, dreiner@uni-bonn.de, tim.keller@rwth-
aachen.de, daschm@uni-bonn.de, jory.sonneveld@cern.ch

The phenomenological Minimal Supersymmetric Standard Model (pMSSM) is investigated in the
light of constraining experimental and observational data from precision measurements, astrophysics,
direct supersymmetry searches at the LHC and measurements of the properties of the Higgs boson
by means of a global fit using the program Fittino. Emphasis is set on a precise description of the
limits from the full set of LHC SUSY searches and on the measures needed to finally proceed towards
calculating a p-value for pMSSM models.

In addition, Fittino is used in combination with SModelS, a tool for interpreting simplified model
results, and CheckMATE, a tool for the inclusive re-interpretation of LHC searches, to find impor-
tant signatures for non-excluded regions in the simplified models published by the LHC collabora-
tions.

Summary:

Experimental and Collider Aspects of SUSY / 146

The Recursive Jigsaw Reconstruction technique
Lawrence Lee Jr1 ; Paul Douglas Jackson1

1 University of Adelaide

Corresponding Author(s): paul.douglas.jackson@cern.ch, lawrence.lee.jr@cern.ch

Signal events where multiple missing neutral particles are present in a final state represent challeng-
ing topologies to search for new physics at the LHC. The key to any search is the ability to separate
background-like events from signal-like events. Identifying such signal-like events, and extracting
their properties, is exacerbated by

Page 24



SUSY 2016 / Book of Abstracts

a lack of knowledge of the particle masses and some missing kinematic handles. The “Recursive Jig-
saw” reconstruction technique introduces a new approach to extracting information in events with
open final states resulting from pair-production of objects.

We demonstrate sensitive analysis strategies to search for beyond standard model signatures by de-
composing the final state objects into hemispheres and further sub-dividing them where necessary,
based on the topology of interest. Backgrounds are controlled without recourse to conventional
approaches based on variables such as missing transverse momentum and effective mass to select
regions of sensitivity. Applications of the technique will be shown.

Summary:

Experimental and Collider Aspects of SUSY / 108

Investigating light NMSSM pseudoscalar states with boosted di-
tau tagging
Jinmian Li1

1 University of Adelaide

Corresponding Author(s): phyljm@gmail.com

We study a class of realizations of the Next-to-Minimal Supersymmetric Standard
Model that is motivated by dark matter and Higgs data, and in which the lightest
pseudoscalar Higgs boson mass is smaller than twice the bottom quark mass and
greater than twice the tau lepton mass. In such scenarios, the lightest
pseudoscalar Higgs boson can be copiously produced at the LHC from the decay of
heavier superpartners and will dominantly further
decay into a pair of tau leptons that
is generally boosted. We make use of a boosted object tagging technique designed
to tag such a ditau jet, and estimate the sensitivity of the LHC to the
considered supersymmetric scenarios with 20 to 50~fb−1 of proton-proton
collisions at a center-of-mass energy of 13~TeV.

Summary:

Experimental and Collider Aspects of SUSY / 78

Experimental Constraints on Baryon Number Violation in Super-
symmetry
Christoffer Petersson1 ; David Anthony Milstead2 ; Gabriele Ferretti3 ; Lorenzo Calibbi4 ; Ruth Pottgen2

1 Chalmers University of Technology (SE)
2 Stockholm University (SE)
3 Chalmers University
4 ULB, Brussels

Corresponding Author(s): ruth.poettgen@cern.ch, calibbi@gmail.com, ferretti@chalmers.se, christoffer.petersson@cern.ch,
milstead@fysik.su.se

Baryon number violation (BNV) features in a number of physics beyond the Standard Model and is
experimentally well motivated as it is one of the conditions for baryogenesis. In this talk, experimen-
tal results which are sensitive to BNV will be discussed in the context of R-parity violating super-
symmetric scenarios with non-zero BNV couplings and a simplified sparticle mass spectrum. Focus
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is placed on processes in which baryon number is the only hitherto conserved quantity which is vi-
olated unlike, for example, single nucleon decay in which lepton number and baryon number must
be violated. The suite of results considered comprises neutron-antineutron oscillations, dinucleon
decays, precision measurements of flavour transitions and CP-violation as well as LHC searches.
The relative contributions of the different experimental observables in constraining BNV processes
are studied. The impact of a new proposed search at the European Spallation Source for neutron-
antineutron oscillations, which is projected to improve sensitivity in the neutron-antineutron oscil-
lation probability by three orders of magnitude, is also quantified.

Summary:

Experimental and Collider Aspects of SUSY / 53

Single top squark production as a probe of natural supersymme-
try at the LHC

Author(s): Lei Wu1

Co-author(s): Jin Mian Li 2 ; Jin Min Yang 3 ; Ken-ichi Hikasa 4

1 The University of Sydney
2 University of Adelaide
3 Institute of Theoretical Physics, Academia Sinica
4 Tohoku University

Corresponding Author(s): wuleihep@gmail.com, jmyang@itp.ac.cn, jinmian.li@adelaide.edu.au, hikasa@phys.tohoku.ac.jp

Light top squarks (stops) and light higgsinos are the key features of natural supersymmetry (SUSY),
where the higgsinos are nearly degenerate and act as the missing transverse energy (ET) at the LHC.
Besides the pair production via strong interaction, the stop can be produced via the electroweak
interaction. The determination of the electroweak properties of the stop is an essential task for
the LHC and future colliders. So, in this paper, we investigate the observability of the single stop
production in natural SUSY at LHC.

Experimental and Collider Aspects of SUSY / 55

The Global And Modular BSM Inference Tool (GAMBIT)

Martin John White1

1 University of Adelaide (AU)

Corresponding Author(s): martin.white@coepp.org.au

With the flood of data from particle and astrophysics experiments increasing all the time, it is harder
than ever to test beyond Standard Model (BSM) physics theories in a comprehensive and rigorous
manner. I will present a new tool for performing global fits of generic new physics models using a
very wide range of particle and astrophysics measurements. Results from studies of supersymmetric
parameter spaces and Higgs portal dark matter scenarios will be presented.

Experimental and Collider Aspects of SUSY / 106
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Naturalness and light Higgsinos: a powerful reason to build the
ILC
Howard Baer1 ; Jacqueline Yan2 ; Jenny List3 ; Keisuke Fujii4 ; Mikael Berggren3 ; Suvi-Leena Lehtinen5 ; Tomohiko
TanabeNone

1 University of Oklahoma
2 The University of Tokyo
3 Deutsches Elektronen-Synchrotron (DE)
4 High Energy Accelerator Research Organization (JP)
5 DESY

Corresponding Author(s): jackie@icepp.s.u-tokyo.ac.jp, jenny.list@cern.ch, suvi-leena.lehtinen@desy.de, keisuke.fujii@cern.ch,
tomohiko@icepp.s.u-tokyo.ac.jp, mikael.berggren@cern.ch, baer@nhn.ou.edu

Natural SUSY with light, nearly mass-degenerate Higgsinos is a theoretically well motivated scenario
which would in general escape LHC searches. An
electron-positron collider would provide a clean environment where the Higgsinos would be either
discovered or excluded. We present a detailed study of
precision measurements of Higgsinos at the proposed International Linear Collider with

√
s = 500

GeV, using a Geant4-based simulation of the International
Large Detector concept. The scenarios considered have Higgsino mass differences of 10 - 20 GeV
and a heavy scalar sector. The precision measurements can be used
to determine the parameters of NUHM2. Alternatively, weak scale gaugino masses can be extracted
which allows for tests of gaugino mass unification.

Summary:

Experimental and Collider Aspects of SUSY / 107

Dissecting Jets and Missing Energy Searches Using n-body Ex-
tended Simplified Models
Matthew Dolan1

1 University of Melbourne

Corresponding Author(s): maitiu.o.dolain@gmail.com

New physics scenarios for the LHC are often characterized by Simplified Models,
where the decay of a given particle is represented by an operator involving a minimal
number of fields. Such decay operators can be generalized beyond the
standard cases to describe a wide variety of final state multiplicities. This approach,
which we dub the n-body extension of Simplified Models, provides a unifying
treatment of the signal phase space resulting from a large class of new physics
scenarios. In this talk, we present its first application, in the context of multijet
plus missing energy searches. We present a global performance study aiming at
identifying which set of observables yields the best discriminating power against the
largest Standard Model backgrounds for a wide range of signal jet multiplicities. Our
analysis compares combinations of one, two and three variables, placing emphasis
on the enhanced sensitivity gain resulting from non-trivial correlations. To this
end, machine-learning techniques known as boosted decision trees are employed.
We compare and classify performance of combinations of missing energy, energy
scale and energy structure observables, and we demonstrate that observables from
each of the three classes are required to achieve optimal performance. This work
additionally serves to demonstrate the utility of n-body extended Simplified Models
as a diagnostic for unpacking the relative merits of different search strategies, thereby
motivating their application to other signatures of new physics beyond jets and
missing energy.
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Summary:

Flavour Physics / 46

Search for new physics phenomena with heavy flavour quarks in
ATLAS
Maria Smizanska1

1 Lancaster University (GB)

Corresponding Author(s): maria.smizanska@cern.ch

ATLAS has a wide programme of activities in B-physics. The results of studies in the electro-weak
sector and beyond SM searches will be discussed, including CP violation and mixing in the B0_s and
B0 systems, rare decay of B0_(s) to muon pairs, and angular correlations in the decay of B0 to K*0
mu+mu-.

Summary:

Flavour Physics / 102

Lepton Flavor and Number Violation in Left Right Models
Thomas Rizzo1

1 SLAC

Corresponding Author(s): rizzo@slac.stanford.edu

If the Left-Right Symmetric Model (LRM) realized at the TeV scale provides the correct
explanation of the diboson excess observed at the 8 TeV LHC by ATLAS and CMS, then there
are numerous implications for physics at lower energy scales involving many aspects of the
leptonic sector. These include lepton number-violating processes such asββ0ν , lepton flavor-violating
(LFV) processes, such as µ → 3e, µ → eγ and µ → e conversion, as well as lepton number-
conserving processes, such as M{\o}ller scattering, the g − 2 of the muon and µ decay itself. To
explore these numerous implications we have performed a detailed examination of the relevant pa-
rameter space of the LRM to ascertain the capabilities of these various processes to probe this space
and the complementarity among them. We find that future measurements of both µ → e conver-
sion and µ → 3e will be particularly valuable in this regard. Even if the connection to the diboson
excess is surrendered we find that the important complementarity of these multiple probes of the
LRM leptonic sector is maintained.

Summary:

Flavour Physics / 94

Heavy flavor result from CMS
George Wei-Shu Hou1

1 National Taiwan University (TW)
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Corresponding Author(s): george.wei-shu.hou@cern.ch

The available statistics of heavy flavored particles collected at the LHC in pp collisions at 7, 8 and
13 TeV provides an excellent opportunity to test the standard model and probe for New Physics. A
review of selected recent measurements on heavy flavors by CMS based on LHC Run I and Run II
data is presented, along with future prospects.

Summary:

Flavour Physics / 133

Radiative b-hadron decays at LHCb
Olivier Deschamps1

1 Univ. Blaise Pascal Clermont-Fe. II (FR)

Corresponding Author(s): odescham@in2p3.fr

Radiative b-hadron decays are sensitive probes of New Physics through the study of branching frac-
tions, CP asymmetries and measurements of the polarisation of the photon emitted in the decay.
During Run 1 of the LHC, the LHCb experiment has collected large samples of radiative b-hadron de-
cays. We present here the latest LHCb measurements, including new results on the time dependence
of Bs → ϕγ decays. These results help constrain the size of right-handed currents in extensions of
the Standard Model.

Summary:

Flavour Physics / 134

Rare leptonic and semileptonic b-hadron decays
Espen Eie Bowen1

1 Universitaet Zuerich (CH)

Corresponding Author(s): espen.eie.bowen@cern.ch

Rare leptonic and semileptonic decays of B, D and K mesons provide sensitive indirect probes of
effects beyond the Standard Model (SM). In the SM, these decays are forbidden at tree level and are
therefore suppressed. In particular, the b→ sℓ+ℓ− processes give access to many observables where
effects of New Physics can be observed. The LHCb experiment is designed for these searches due
to its large acceptance and trigger efficiency, as well as its excellent invariant mass resolution and
particle identification capabilities. Recent results on these searches will be presented. Moreover the
possibility to measure new theoretically clean observables, such as the Bs → µµ effective lifetime,
will be also shown.

Summary:

Flavour Physics / 157

SUSY-related lepton and hadron flavour results from Belle
Maria Rozanska1
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1 Polish Academy of Sciences (PL)

Corresponding Author(s): maria.rozanska@cern.ch

SUSY-related lepton and hadron flavour results from Belle

Summary:

Flavour Physics / 79

Studies of the rare decays B -> K* l+ l- and B -> K pi pi gamma and
search for B+ -> K+ tau+ tau- at BABAR
Abi Soffer1 ; Fergus Wilson2

1 Tel Aviv University (IL)
2 STFC - Rutherford Appleton Lab. (GB)

Corresponding Author(s): abner.soffer@cern.ch, fergus.wilson@stfc.ac.uk

Flavour changing neutral current processes, such as B -> K()l+l- where l = e+, mu+, tau+ are highly
suppressed in the Standard Model (SM). These rare decays occur at lowest order via 1-loop diagrams,
and contributions from virtual particles in the loop allow one to probe large mass scales at relatively low
energies. We present here the most recent results based on the full BABAR data sample, collected at the
energy of the Y(4S) resonance, which corresponds to 471 million BBbar pairs.
In particular, the decays B -> K l+l- (both charged and neutral modes) are studied using an angular
analysis to extract the quantities A_FB and F_L, which are sensitive to potential effects of physics
beyond the Standard Model. Furthermore, the quantity P_2, which is subject to smaller theoretical
uncertainties and is more sensitive to non-SM contributions, is extracted.
We also present a search for the B+ -> K+ tau+ tau- decay. This search is performed on the recoil of
a fully reconstructed B-meson decay from the decay of Y(4S) -> B+B-, by looking for activity com-
patible with B+ -> K+ tau+ tau- decay and leptonic decays of the two tau’s in the rest of the event.
Finally, we report the measurement of the CP asymmetry in the radiative decay B0->Ks0 pi- pi+
gamma, a quantity that is sensitive to possible processes where non-SM photon helicities are in-
volved. The structure of the hadronic final state is studied using the isospin-related decay B+ ->K+
pi- pi+ gamma.

Summary:

Flavour Physics / 109

GUT Scale Threshold Effects on Proton Decay
Author(s): Takumi Kuwahara1

Co-author(s): Borut Bajc 2 ; Junji HISANO 3 ; Yuji Omura 4

1 Nagoya University
2 Jozef Stefan institute
3 Nagoya university
4 Nagoya university (KMI)

Corresponding Author(s): borut.bajc@ijs.si, kuwahara@th.phys.nagoya-u.ac.jp, yujiomur@eken.phys.nagoya-
u.ac.jp, hisano@eken.phys.nagoya-u.ac.jp

The supersymmetric grand unified theories (SUSY GUTs) are the promising models beyond the stan-
dard model for particle physics.
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The standard SUSY GUTs predict that there exist the baryon-number violating processes, such as
proton decay.
It is important to estimate quantum corrections on these processes in order to predict precise nu-
cleon lifetime since there exists a large scale running between the GUT scale and 1 GeV where the
nucleon matrix elements are calculated.
In this work, we have evaluated the GUT scale threshold corrections to the Wilson coefficients of
the dimension-six baryon-number violating operators,
and then we have estimated the effect of the threshold corrections on the decay rate in the minimal
and non-minimal SUSY SU(5) GUTs.
This talk will be based on our recent papers [arXiv:1503.08561] and [arXiv:1603.03568].

Summary:

Flavour Physics / 9

Common origin of flavour anomalies and neutrino masses
Erik SchumacherNone ; Heinrich Päs1

1 TU Dortmund

Corresponding Author(s): erik.schumacher@tu-dortmund.de, heinrich.paes@uni-dortmund.de

The same leptoquarks that explain the recently observed anomalies in rare B meson decays can gen-
erate naturally small Majorana neutrino masses at one-loop level through mixing with the standard
model Higgs boson. We explore flavour model realisations with at least two leptoquark mediators
to address these unresolved phenomena of the SM.

Summary:

Flavour Physics / 47

Studies of Higgs and flavour physics at the high pT frontier (top
& FCNC) with ATLAS
Jana Schaarschmidt1

1 Weizmann Institute of Science (IL)

Corresponding Author(s): jana.schaarschmidt@cern.ch

The studies performed by ATLAS in the sector of flavour physics in the high-pT range will be dis-
cussed, including FCNC in top decays involving coupling to gamma, Z, and Higgs, single top pro-
duction, and lepton-flavour violation in Higgs decays.

Summary:

Flavour Physics / 50

Search for K+ to pi+ nu nu at NA62
Cristina Lazzeroni1 ; Michal Zamkovsky2

1 University of Birmingham (GB)
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2 Charles University (CZ)

Corresponding Author(s): cristina.lazzeroni@cern.ch, michal.zamkovsky@cern.ch

K+->pi+nunu is one of the theoretically cleanest meson decay where to look for indirect effects of
new physics complementary to LHC searches. The NA62 experiment at CERN SPS is designed to
measure the branching ratio of this decay with 10% precision. NA62 took data in pilot runs in 2014
and 2015 reaching the final designed beam intensity. The quality of data acquired in view of the final
measurement will be presented.

Summary:

Flavour Physics / 110

Searching for neutrinoless double beta decay with CUORE and
CUORE-0
Cuore collaboration TBD1

1 .

Corresponding Author(s): mariam@unizar.es

The Cryogenic Underground Observatory for Rare Events (CUORE)
is a 1-ton scale double beta decay experiment based on cryogenic bolometers currently
in its final stages of construction at the Gran Sasso National Laboratory (LNGS).
The detector consists of an array of 988 TeO2 crystals arranged in a cylindrical compact structure of
19 towers.
Its primary goal is to search for neutrinoless double beta decay of 130Te, a process that, if observed,
would probe the Majorana nature of the neutrinos and demonstrate lepton number violation.
CUORE-0 was the CUORE demonstrator: with 52 CUORE-like bolometers it served as a proof-of-
concept of the CUORE technology and,
in combination with its predecessor CUORICINO, produced the most stringent limits to the half life
of 130Te.
In this talk we will present the final CUORE-0 results on neutrinoless double beta decay
and the corresponding detector performance. We will also discuss the status of the CUORE experi-
ment and its physical potential.

Summary:

Flavour Physics / 132

Tests of Lepton Flavour Universality and searches for Lepton Fla-
vor Violation at LHCb

Corresponding Author(s): c.onderwater@cern.ch

The Standard Model predicts, with small uncertainties, the ratios of branching fractions of rare de-
cays involving different lepton flavours to be unity up to lepton mass corrections. The universality
of lepton couplings has been tested using the LHCb run 1 dataset, resulting in some tensions with
the predicted values. Lepton non-universality would be a major departure from the Standard Model
and may also be accompanied by lepton flavour violation. Recent tests of lepton flavour universality
and searches for lepton flavour violation decays at LHCb will be presented.

Summary:
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Flavour Physics / 165

The final result of the MEG experiment and the status of the MEG
II experiment
Toshiyuki Iwamoto1

1 ICEPP, the University of Tokyo

Corresponding Author(s): iwamoto@icepp.s.u-tokyo.ac.jp

The MEG experiment, which searches for a lepton flavor violating muon decay, µ+ → e+γ, to
explore new physics like SUSY-GUT, started physics data taking in 2008 at Paul Scherrer Institute
in Switzerland, and finished it in 2013. Its innovative detector system enabled orders of magnitude
better sensitivity than previous experiments. The analysis result of the full dataset of the MEG
experiment is presented here.

In order to improve the sensitivity, it is necessary to improve resolutions and detection efficiencies
of all the detector components, and to increase the muon beam intensity. The construction of the
MEG II experiment is now in progress, and we will strat engineering run in 2017, aiming at one order
of magnitude better sensitivity that the MEG experiment. The status of the MEG II experiment is
also discussed.

Summary:

Flavour Physics / 159

LHC vs. Precision Experiments - A comparison of LFV D6 opera-
tors QQLL at the LHC and Precision Experiments
Michael Schmidt1 ; Yi CaiNone

1 The University of Sydney

Corresponding Author(s): michael.schmidt@sydney.edu.au, yi.cai@unimelb.edu.au

Precision experiments usually lead to the best limits on lepton flavour violating operators. How-
ever in light of the new possibilities at the LHC, one might wonder, how its capability to test lepton
flavour violating processes compares to precision experiments.
I will present a sensitivity study of the LHC to lepton flavour violating operators of dimension 6 with
two same flavour quarks and different flavour leptons and compare its reach to results from preci-
sion measurements of lepton flavour violating processes. For light quarks precision measurements
yield the most stringent constraints. The LHC complements precision measurements for operators
with heavier quarks. Competitive limits can already be set on the cutoff scale Λ > 600–800 GeV for
operators with right-handed τ leptons using the LHC run 1 data.

Summary:

Flavour Physics / 178

Analysis of B → PP, PV decays in Factorization Assisted Topo-
logical Amplitude Approach
Cai-Dian Lu1

1 IHEP, Beijing
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Corresponding Author(s): lucd@ihep.ac.cn

We analyze charmless two-body non-leptonic B decays B → PP, PV under the framework of fac-
torization assisted topological amplitude approach, where P (V ) denotes a light pseudoscalar (vec-
tor) meson. Compared with the conventional flavor diagram approach, we consider flavor SU(3)
breaking effect assisted by factorization hypothesis for topological diagram amplitudes of differ-
ent decay modes, factorizing out the corresponding decay constants and form factors from non-
factorization (factorization) topological amplitudes after parameterizing (factorized in factorization
framework) it as associated magnitude χ and strong phase ϕ (effective Wilson coefficient). These
non-perturbative parameters are universal that can be extracted from current abundant experimen-
tal data of B → PP, PV simultaneously. With these best fitted parameters, we predict branching
fractions and CP asymmetries of 97 decay modes, which are in good agreement with measured
data or to be test in the LHCb and the Belle-II experiments in the future. The long-standing ππ and
πK-CP puzzles are resolved with favorable color-suppressed tree emission diagram C .

Summary:

Flavour Physics / 181

Results from the Daya Bay Experiment (On Behalf of the Daya
Bay Experiment Collaboration)
Bedrich Roskovec1

1 Charles University in Prague

Corresponding Author(s): roskovec@ipnp.troja.mff.cuni.cz

The Daya Bay Experiment has been measuring reactor antineutrino disappearance on short baseline
with unprecedented precision since 2011. It was the first experiment which in 2012 observed a non-
zero value of mixing angle θ13. Experiment benefits from the large statistics, precise knowledge of
background and unique layout with 8 functionally identical antineutrino detectors deployed in the
three underground experimental halls near the nuclear power plant complex in Southern China.\\
We will present latest results on the measurement of the oscillation parameters sin2 2θ13 and |∆m2

ee|.
The Daya Bay Experiment can go with its precise measurement beyond 3-flavour neutrino frame-
work. We will show updated search for light sterile neutrino in the antineutrino oscillations.\\
Measurement of the absolute reactor anti-neutrino flux will be also presented. Being lower than the
theoretical predictions, it favors the so called ‘reactor anomaly’ which is in an agreement with pre-
vious measurements of other short-baseline experiments. The result can be explained by existence
of sterile neutrino at the scale of ∆m2 ∼ 1 eV2.\\
Moreover, we will show recent search for time dependent sidereal modulation of the antineutrino
oscillations as possible indication of the CPT and Lorentz Invariance violation.

Summary:

Flavour Physics / 184

Mass Insertions vs. Mass Eigenstates calculations in Flavor Physics

Janusz Andrzej Rosiek1

1 University of Warsaw (PL)

Corresponding Author(s): janusz.rosiek@fuw.edu.pl

I will discuss the relation between QFT amplitudes calculated in the “interaction” basis and “mass
eigenstate” basis, especially important for flavor physics. I will present and prove a theorem in matrix
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analysis allowing to algebraically translate an amplitude written in mass eigenbasis into flavor mass
insertions, without performing diagrammatic calculations in the interaction basis. The mentioned
technique works to any mass insertion order for amplitudes involving scalar, vector and fermion
particles. I will also describe MassToMI Mathematica package automatizing such translation and
discuss its application to physical examples of neutron Electric Dipole Moment and Higgs boson
decays in the MSSM.

Summary:

Flavour Physics / 210

Top Flavor Changing Neutral Higgs Interactions at the LHC
Author(s): Chung Kao1

Co-author(s): Baris Altunkaynak 1 ; Brent McCoy 1 ; Masaya Kohda 2 ; Wei-Shu Hou 3

1 University of Oklahoma
2 Chung-Yuan Christian University
3 National Taiwan University

Corresponding Author(s): mccoy@physics.ou.edu, wshou@phys.ntu.edu.tw, mkohda@cycu.edu.tw, baris@physics.ou.edu,
kao@physics.ou.edu

A general two Higgs doublet model (2HDM) is adopted to study the signature of
flavor changing neutral Higgs (FCNH) decay
ϕ0 → tc̄+ t̄c, where
ϕ0 could be a CP-even scalar (H0) or a CP-odd pseudoscalar (A0)
as well as t→ ch0.
Measurement of the light 125 GeV neutral Higgs boson (h0) couplings at the
Large Hadron Collider (LHC) favor the decoupling limit or the alignment limit
of a 2HDM, in which gauge boson and diagonal fermion couplings of h0
approach Standard Model values.
In such limit, FCNH couplings of h0 are naturally
suppressed by a small mixing parameter cos(β − α), while the
off-diagonal couplings of heavier neutral scalars ϕ0 are sustained by
sin(β − α) ∼ 1.
We study physics background from dominant processes with realistic acceptance
cuts and tagging efficiencies. Promising results are found for the LHC running
at 13 or 14 TeV collision energies.

Summary:

Flavour Physics / 220

Leptonic CP violation and mass hierarchy in the presence of ster-
ile neutrino
Author(s): Shivani Gupta1 ; Zachary Matthews1

Co-author(s): Anthony Williams 1 ; Pankaj Sharma 1

1 University of Adelaide

Corresponding Author(s): shivani.gupta@adelaide.edu.au, anthonygwilliams@gmail.com, pickle_puddings@hotmail.com,
pankaj.sharma@adelaide.edu.au

We investigate the impact of a light sterile neutrino (∼ eV) on the prospective data expected
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from currently running long-baseline experiments T2K and NOνA. If the future short baseline

experiments confirm the existence of an eV scale sterile neutrino, then the 3+1 scheme will

modify the mass hierarchy and CP-violation searches of the 3 active neutrino scenario in

these two experiments (taken alone and in combination). We perform a detailed study of the

sensitivity of these two experiments in the presence of new active sterile mixing angles and

Dirac CP-violating phases. T2K and NOνA may give the first indications of new CP phases

involved in such a 3+1 scenario and enable the extraction of more information on this enlarged

active sterile mixing parameter sector.

Summary:

Flavour Physics / 182

Impact of Z’ Boson on Pure AnnihilatioDecays
Ying LI1

1 Yantai University, China

Corresponding Author(s): liying@ytu.edu.cn

We study the Bs → π+π− and Bd → K+K− decays in the standard model and the family non-
universal Z ′ model. Since none of the quarks in final states is the same as the initial quark, these
decay modes can occur only via power-suppressed annihilation diagrams. Despite the consistence of
the standard model prediction with the available data, there is a surviving room for a light Z ′ boson.
Taking into account theZ ′ contribution, we find theoretical results for branching fractions can better
accommodate the data. With the relevant data, we also derive a constraint on the parameter space for
theZ ′. Moreover, for theBd → K+K−, both the direct and the mixing-inducedCP asymmetry are
sensitive to the couplings betweenZ ′ and fermions in the parameter spaces constrained by data. The
measurements at future experimental facilities, including the LHC-b, Belle-II and the proposed high
energy e+e− collider, will provide us useful hints for direct searching for the light Z ′ boson.

Summary:

Formal Field and String Theory / 135

Cyclic Leibniz rule, cohomology and non-renormalization theo-
rem in lattice supersymmetry
Author(s): Makoto Sakamoto1

Co-author(s): Hiroto So 2 ; Mitsuhiro Kato 3

1 Kobe University
2 Ehime University
3 University of Tokyo

Corresponding Author(s): kato@hep1.c.u-tokyo.ac.jp, dragon@kobe-u.ac.jp, hiroto.so@gmail.com

We first discuss that a full supersymmetry algebra cannot be realized
on lattice. This comes from the fact that the Leibniz rule of space-time
derivatives in the continuum cannot hold for finite difference operators
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on lattice by the no-go theorem. We then propose a modified Leibniz rule,
called a cyclic Leibniz rule (CLR), on lattice, and consider a complex
supersymmetric quantum mechanics equipped with the CLR.
It is shown that the CLR allows two of four supercharges of the
continuum theory to preserve, while a naive lattice model can realize
one supercharge at the most. A striking feature of our lattice model
is that there are no quantum corrections to potential terms in any
order of perturbation theory. This is one of characteristic properties
of supersymmetric theory in the continuum. It turns out that the
CLR allows to have a non-trivial cohomology and plays a crucial role
in the proof of the non-renormalization theorem.

Summary:

Formal Field and String Theory / 160

Component versus Superspace Approaches to D=4, N=1 Confor-
mal Supergravity
Author(s): Ryo Yokokura1

Co-author(s): Koichi Yoshioka 2 ; Taichiro Kugo 3

1 Keio University
2 Osaka University of Pharmaceutical Sciences
3 Maskawa Institute for Science and Culture, Kyoto Sangyo University

Corresponding Author(s): ryokokur@rk.phys.keio.ac.jp, yoshioka@gly.oups.ac.jp, kugo@cc.kyoto-su.ac.jp

We show the equivalence between the superspace formulation and the conventional component field
approach based on the superconformal tensor calculus of calN = 1 conformal supergravity in four
dimensions, and that superspace formulation does not have the restriction previously discussed by
Kugo and Uehara.
We present also the correspondences of the conformal multiplets.
This talk is based on the preprint arXiv:1602.04441.

Summary:

Formal Field and String Theory / 140

DBI action of real linear superfield in 4D N=1 conformal super-
gravity
Author(s): Shuntaro Aoki1

Co-author(s): Yusuke Yamada 2

1 Waseda University
2 Keio University

Corresponding Author(s): shun-soccer@akane.waseda.jp, yusuke-yamada@keio.jp

We construct the Dirac-Born-Infeld (DBI) action of a real linear multiplet
in 4D N = 1 supergravity. Based on conformal supergravity, we derive the
general condition under which the DBI action can be realized, and show that
it can be constructed in the new minimal supergravity. We also generalize it
to the matter coupled system.
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Summary:

Formal Field and String Theory / 67

Supergravity Spectra in Type IIB Flux Compactifications
Author(s): Callum Brodie1

Co-author(s): David Marsh 2

1 Rudolf Peierls Centre for Theoretical Physics, University of Oxford
2 Department of Applied Mathematics and Theoretical Physics, University of Cambridge �

Corresponding Author(s): callum.brodie@bnc.ox.ac.uk, cmm92@cam.ac.uk

I will present results from work done with David Marsh (DAMTP, Cambridge) on the spectra of type
IIB flux compactifications at large complex structure, as reported in our paper in JHEP (arXiv:1509.06761).
In this work we considered four-dimensional effective supergravities arising in the low-energy limit
of flux compactifications of type IIB string theory, and we computed the spectra of the Hessian ma-
trix and the matrix that governs the critical point equation, at large complex structure. We found
both spectra analytically in a subspace of the moduli space, independently of many details of the
compactification. The resulting eigenvalue distributions are remarkably given by highly degenerate
eigenvalues at integer multiples of the value of the superpotential and the gravitino mass. In this
subspace, while the spectrum of the Hessian matrix contains no tachyons, there are also no criti-
cal points. Our results imply that proposed random matrix theory models are inapplicable at large
complex structure, and we argue that for more general compactifications, existing ‘universality the-
orems’ in the random matrix theory literature may not apply. In this poster, after outlining the
context, I will present the key results of this work. I will also include a discussion contrasting our
results with the expectations from the much-used continuous flux approximation, and outlining the
implications for the applicability of random matrix theory to the statistical modelling of the string
theory landscape.

Summary:

Formal Field and String Theory / 15

Supersymmetry, multi-instantons, and the necessity of Lefshetz
thimbles
Erich PoppitzNone

Corresponding Author(s): poppitz@physics.utoronto.ca

Studies of four-dimensional confining supersymmetric theories on R3 × S1 have shown, via the
power of supersymmetry, that instanton-antiinstanton “topological molecules” have profound ef-
fects on their vacuum structure. In the calculable semiclassical regime, these are found responsi-
ble for center stability, confinement, and discrete chiral symmetry breaking. These configurations
also play crucial role in recent studies of “resurgence”-the fascinating interplay of perturbative and
nonperturbative physics. They also exist in nonsupersymmetric theories, but their identification
has been hampered by the lack of a controlled way to distinguish them from the perturbative vac-
uum.

We shall argue, using non-supersymmetric path integral methods, that the inclusion of instanton-
antiinstanton configurations in the path integral requires the use of “Lefshetz thimbles”, i.e. the
complexification of (at least some) the integration paths in field space. We show that the corre-
sponding results agree with those predicted by supersymmetry and discuss avenues for current and
future work.
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Formal Field and String Theory / 112

”Infinite derivative Ghost free Gravity, holography, and deSitter
and Anti-deSitter propagator”
Anupam Mazumdar1

1 Lancaster University

Corresponding Author(s): a.mazumdar@lancaster.ac.uk

I will discuss the most generic covariant construction of infinite derivative theory of gravity which
is ghost free and singularity free around Minkowski background. I will discuss the propagator, Eu-
clidean aspect of Quantum Gravity, Holographic interpretation of infinite derivative gravity, and
describe how to obtain Ghost free propagator around
deSitter and Anti-deSitter backgrounds.

The talk will be based on summary of following results:
Phys.Rev.Lett. 108 (2012) 031101,
Phys.Rev.Lett. 114 (2015) no.20, 201101,
Class.Quant.Grav. 32 (2015) no.21, 215017, and
“ e-Print: arXiv:1602.08475 [hep-th]”,

Summary:

Formal Field and String Theory / 119

BPS Boojums in N=2 supersymmetric gauge theories

Filip BlaschkeNone ; Masato Arai1 ; Minoru Eto2

1 Unknown
2 Italy

Corresponding Author(s): fblasch@post.cz, minoru@df.unipi.it, arai@fzu.cz

We study 1/4 Bogomol’nyi-Prasad-Sommerfield (BPS) composite solitons of vortex strings, domain
walls and boojums in N=2 supersymmetric Abelian gauge theories in four dimensions. We obtain
both numerical and analytical solutions to the 1/4 BPS equations with the finite gauge coupling
constant. We examine various configurations and clarify how the shape of the boojum depends on
the coupling constants and moduli parameters. We find a semi-local boojum with a size moduli
which appears when the semi-local string ends on the domain wall. Dyonic solutions are also ob-
tained. When the configuration is extended to the dyonic case, the domain wall becomes an electric
capacitor storing electric charges on its skin.

Summary:

Formal Field and String Theory / 197

Supersymmetric nonlocal theories
Author(s): Masahide Yamaguchi1

Co-author(s): Anupam Mazumdar 2 ; Tetsuji Kimura 3 ; Toshifumi Noumi 4

1 Tokyo Institute of Technology
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2 Lancaster University
3 Keio University
4 Hong Kong University of Science and Technology

Corresponding Author(s): gucci@phys.titech.ac.jp, toshifumi.noumi@riken.jp, a.mazumdar@lancaster.ac.uk, tet-
suji.kimura@keio.jp

We construct N = 1 supersymmetric nonlocal theories in four dimension. We discuss Higher deriva-
tive extension of Kahler potential as well as that of superpotential. Then, we obtain the on-shell
condition. As a concrete example, we consider nonlocal extension of the O’RAIFERATAIGH model
and discuss how the mass formula is modified in comparison to the local case.

Summary:

Formal Field and String Theory / 223

Spectrum and mode functions in the presence of a brane-localized
mass in six dimensions
Yutaka Sakamura1

1 Japan/KEK

Corresponding Author(s): sakamura@post.kek.jp

In many extra-dimensional models, brane-localized mass terms are introduced in order to decou-
ple unnecessary exotic particles from the four-dimensional effective theory. However, it should be
noted that the impacts of the brane-localized terms become smaller as the codimensions increase.
Thus it should numerically be checked how heavy the exotic parcticles can be by them. Here we
study the effects of a brane-localized mass on
the KK mass eigenvalues and the mode functions of a bulk field in two-dimensional compact space.

Summary:

Formal Field and String Theory / 151

Holographic models with a small cosmological constant at Finite
Temperature
Author(s): Bithika Jain1

Co-author(s): Don Bunk 2 ; Jay Hubisz 3

1 Korea Institute for Advanced Study, South Korea
2 Hamilton College
3 Syracuse University

Corresponding Author(s): bjain@kias.re.kr, dbunk@hamilton.edu, jhubisz@physics.syr.edu

The cosmological constant problem can be reformulated in the brane world models. It was recently
proposed that in “generalized” holographic Randall-Sundrum like models of spontaneously bro-
ken conformal invariance, a naturally light dilaton can be obtained via the condensation of a near
marginal operator. The resulting 4D effective cosmological constant is also suppressed. We discuss
a “soft-wall” realization of the Randall Sundrum geometry where the infrared brane plays a lesser
role as a cutoff for large curvature effects and low energy observables such as spectrum of states are
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largely insensitive to its position. We then explore the finite temperature behavior of such models
by studying geometries which include a horizon or a “black brane” along the extra dimension in
the presence of non-trivial scalar field vacuum expectation value. A first order geometric phase
transition proceeds via bubble nucleation between the two different gravity solutions. We shall
then compare these results to the Randall Sundrum phase transition with Goldberger-Wise stabiliza-
tion.

Summary:

Formal Field and String Theory / 211

Higgs and Coulomb Branch Localization in Quiver Quantum Me-
chanics
Author(s): Kazutoshi Ohta1

Co-author(s): Yuya Sasai 1

1 Meiji Gakuin University

Corresponding Author(s): kohta@law.meijigakuin.ac.jp, yuya331@gmail.com

We derive the localization formula for calN = 4 supersymmetric quiver quantum mechanics in the
Higgs and Coulomb branch. The partition function (index) is exactly evaluated and it is shown that
the path integral is localized at fixed points, which are given by solutions to the BRST equations
combined with D-term and F-term conditions. We give some examples of the quiver theory and
classifications of their fixed points. We also discuss a gravitational description of the localization in
the Coulomb branch.

Summary:

Formal Field and String Theory / 174

Soft-Collinear Supersymmetry
Author(s): Gilly ElorNone

Co-author(s): Andrew Larkoski 1 ; Timothy Cohen 2

1 Harvard University
2 Princeton/IAS

Corresponding Author(s): gelor84@gmail.com, tcohen@uoregon.edu, larkoski@physics.harvard.edu

Soft-Collinear effective theory (SCET) is a framework for organizing the infrared structure of theo-
ries that manifest soft and collinear divergences in the Feynman diagram expansion. We provide the
first demonstration that SCET can be made compatible with supersymmetry (SUSY). SCET is formu-
lated by expanding fields along a light-like direction, and then subsequently integrating out degrees-
of-freedom that are away from the light-cone. This can be done consistently with a well-defined
power counting parameter. Naively, the presence of a specific frame obscures Lorentz invariance
and provides a possible obstruction for compatibility with extended space-time invariance, i.e., SUSY.
In order to demonstrate that the SCET limit of SUSY Yang-Mills is itself consistent, we develop a for-
malism for 2-component fermions in the collinear limit, and then provide the first derivation of the
SCET Lagrangian expressed in light-cone gauge. A proof that N = 1 SUSY Yang-Mills can be formu-
lated in a self-consistent manor, and is given in terms of component Lagrangians (obstructions for
chiral theories such as the Wess-Zumino model are also ellucidated). A novel “collinear superspace”
is introduced, and can be used to derive the light-cone gauge SUSY SCET theory directly by integrat-
ing out half of superspace. Furthermore, this can be bootstrapped back to the full theory to yield the
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first direct derivation of the full theory SUSY Yang-Mills on-shell superspace action. Our formalism
paves the way to explore the soft-collinear limit of N = 4 SYM or N = 8 supergravity.

Summary:

Formal Field and String Theory / 190

The SSM with Suppressed SUSY Charge
John Dixon1

1 CAP

Corresponding Author(s): jadixg@gmail.com

A new version of the SSM Action is constructed. The constuction starts with the usual SSM before
any breaking is implemented. So there are the usual Chiral SU(2) Doublets and Singlets for the Left
and Right Quark and Lepton Superfields, and the usual two Chiral SU(2) Doublets for the Higgs
Superfields. One more Chiral SU(2) Triplet Higgs Superfield is added. These are coupled as usual to
the Gauge Superfields forSU(3)×SU(2)×U(1). No other Superfields are used, and no spontaneous
or explicit breaking of SUSY is assumed. No hidden or messenger sector is assumed. There is a Master
Equation that implements exact SUSY in this starting theory.

The Chiral multiplets are then subjected to a set of ‘Exchange Transformations’, which remove some
or all of the Scalars from the Chiral Multiplets. These change the Chiral Multiplets into two new
kinds of SUSY Multiplet that have Suppressed SUSY Charge’.
The Exchange Transformations preserve SUSY exactly, in the sense that the resulting model still
exactly satisfies a new Master Equation for SUSY.

These Exchange Transformations are chosen so that all the Squarks and Sleptons are removed. So
this new SSM is exactly equal to the old Standard Model in its Matter sector. The Higgs sector has half
of its Scalar Fields removed. The remaining Higgs Scalars develop VEVs to give mass to the Quarks
and Leptons, and they also spontaneously break the Gauge symmetry from SU(2)×SU(1) down to
U(1). One major difference from the old Standard Model is the prediction of two new Higgs Bosons,
and their masses, which are predicted to be approximately 13.4 TeV. Another major difference is
the prediction of Gauginos and Higgsinos which are degenerate in Mass with the Gauge and Higgs
Bosons. These Gauginos and Higgsinos are also uncoupled to the Quarks and Leptons.

Summary:

Formal Field and String Theory / 203

Magnetized orbifold models of dynamical supersymmetry break-
ing

Author(s): Keigo SUMITANone

Co-author(s): Hiroyuki Abe 1 ; Tatsuo Kobayashi 2

1 Waseda University
2 Hokkaido University

Corresponding Author(s): k.sumita@aoni.waseda.jp, abe@waseda.jp, kobayashi@particle.sci.hokudai.ac.jp

Magnetic fluxes in extra dimensional space can be an origin of the flavor structure of the standard
model. In particular, in higher-dimensional supersymmetric Yang-Mills (SYM) theories compactified
on magnetized orbifolds, several MSSM-like models were constructed successfully.

Page 42



SUSY 2016 / Book of Abstracts

In this work, we derive dynamical supersymmetry breaking models from a single SYM theory com-
pactified on magnetized orbifolds to combine with the MSSM-like models mentioned above. In mag-
netized orbifold models, essential structure of dynamical supersymmetry breaking mechanism, such
as, field contents, their couplings and the number of flavors of SU(N) gauge theory, is completely
determined by the structure of extra dimensional space. We research configurations of the magnetic
fluxes and orbifold projections in a systematic way. As the result, we found several suitable config-
urations to generate the dynamical supersymmetry breaking. Furthermore, in some of the obtained
configurations, orbifold projections eliminate all of extra massless modes which will cause problems
in phenomenology of particle physics and cosmology.
We also discuss its association with other sectors, such as, the MSSM sector and moduli stabilization
mechanisms.

Summary:

Formal Field and String Theory / 219

Nambu–Jona-Lasinio Model of Dynamical Supersymmetry Break-
ing
Author(s): Otto Kong1

Co-author(s): Gaber Faisel 2 ; Yan-Min Dai 1 ; Yifan Cheng 1

1 Department of Physics and Center for Mathematics and Theoretical Physics, National Central University, Taiwan
2 Department of Physics, Faculty of Arts and Sciences, Suleyman Demirel University, Turkey

Corresponding Author(s): 982402007@cc.ncu.edu.tw, gfaisel@cc.ncu.edu.tw, otto@phy.ncu.edu.tw, yifancheng@cc.ncu.edu.tw

Supersymmetry is undoubtedly a popular candidate for physics beyond the Standard Model. How-
ever, the origin of soft supersymmetry breaking masses has been usually depicted intricately in the
literature via extra hidden/mediating sectors. Thus, a simple theory for the generation of the soft
masses would be more compelling. In this talk, I will present the prototype model with a four-
superfield interaction term that induces a real two-superfield composite with vacuum condensate.
The latter has supersymmetry breaking parts, which we show to bear nontrivial solution following a
standard nonperturbative analysis for a Nambu–Jona-Lasinio type model. No other messenger sec-
tor, or hidden sector is needed. Moreover, the analysis of effective theory picture, and the presence
of the expected Goldstino along with the supersymmetry breaking, will be discussed.

Summary:

Formal Field and String Theory / 236

Partiton Function of U(N) 5D Gauge Theory with Hyper-multiplets
via 2D Topological Field Theory Amplitudes
Amer Iqbal1 ; Babar Qureshi2

1 Abdus Salam School of Mathematical Sciences, Government College University, Lahore, Pakistan
2 School of Science & Engineering, LUMS, D.H.A, Lahore, Pakistan

Corresponding Author(s): iqbal.amer@gmail.com, babar.qureshi@lums.edu.pk

Engineering of supersymmetric(SUSY) gauge theories in string theories is a powerful tool to study
the SUSY gauge theories and has lead to many fascinating dualities. It has been recently found
that SUSY indices of certain SUSY gauge theories are related to two dimensional topological field
theories (TFTs). For example, U(1) gauge theory with g-adjoint hyper-multiplets can be engineered
using Calabi-Yau Three-folds (CY3s) that are C^2 bundles over genus-g surfaces. Vafa et.al. and

Page 43



SUSY 2016 / Book of Abstracts

Pandharipande et. al. have shown that the partition function of the topological string theory on
these CY3s can be obtained via partition functions of certain 2-d TFT which is just the q-deformed
Yang-Mills theory. The partition function of the gauge theory itself can be built from amplitudes of
the 2d TFT which are just the open string amplitudes of the corresponding CY3.

We generalize this result to U(N) gauge theory with g-adjoint hyper-multiplets via geometric en-
gineering on a Calabi-Yau three-fold that is A_N ( resolution of singularity) fibration on genus-g
curve by relating the open string theory amplitudes on this Calabi-Yau with the amplitudes of 2-d
TFT which in this case is just quiver q-deformed gauge theory.

Note: This talk is built upon the work that is published in JHEP 1512 (2015) 017.

Summary:

Formal Field and String Theory / 212

Localization and Supersymmetric Entanglement Renyi entropy

Eric Howard1

1 Macquarie University

Corresponding Author(s): howard@centralcoastlearning.cnri.edu

We calculate Renyi entropy in supergravity background and recover the trivial entanglement entropy
from localization terms. We calculate the two-point function of the energy-momentum tensors and
study the analytic properties of Renyi entropy in large-N limit. We find the gravity duals of the
supersymmetric Renyi entropies as a supersymmetric topological AdS4 black hole and evaluate the
on-shell action together with the free energy for the gravity dual solution.

Summary:

Higgs Physics / 20

Measurement of properties of the Higgs Boson in fermionic de-
cay channels using the ATLAS detector

Carlo Enrico Pandini1

1 Centre National de la Recherche Scientifique (FR)

Corresponding Author(s): carlo.enrico.pandini@cern.ch

The final Run 1 and first Run 2 results on the measurement and searches for the Higgs boson
and Higgs boson pair production in the fermion decay channel with the ATLAS detector are pre-
sented.

Summary:

Higgs Physics / 21
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Search for the 125 GeV Higgs Boson produced in association with
top quarks: final run-1 results and first run-2 results from the
ATLAS collaboration
Ricardo Jose Morais Silva Goncalo1

1 LIP Laboratorio de Instrumentacao e Fisica Experimental de Part

Corresponding Author(s): jose.goncalo@cern.ch

The search for the production of the Higgs Boson with a pair of top-anti-top quarks is both very
important and very challenging. The final results from run-1 are presented, with about 20 fb^(-1) of
data at 8 TeV, as well as first run-2 results with 3.2 fb^(-1) of data at 13 TeV.

Summary:

Higgs Physics / 22

Combined ATLAS+CMS measurement of the properties of the Higgs
Boson
Eric Feng1

1 CERN

Corresponding Author(s): eric.feng@cern.ch

A review of the combination of the Higgs boson coupling measurements
using the data collected in 2011 and 2012 by the ATLAS and CMS experiments is presented.

Summary:

Higgs Physics / 25

Search for a high mass Higgs Boson in fermionic decay modes
using the ATLAS detector
Blake Oliver Burghgrave1

1 Northern Illinois University (US)

Corresponding Author(s): blake.burghgrave@cern.ch

Several theories beyond the Standard Model, like the EWS or 2HDM models, predict the existence
of high mass neutral or charged Higgs particles, which could decay into final states with fermions.
In this presentation the latest ATLAS results on these searches will be discussed, using 3.2 ifb of p-p
collisions at 13 TeV.

Summary:

Higgs Physics / 82

The Higgs boson profile at CMS

Page 45



SUSY 2016 / Book of Abstracts

Serguei Ganjour1

1 CEA/IRFU,Centre d’etude de Saclay Gif-sur-Yvette (FR)

Corresponding Author(s): serguei.ganjour@cern.ch

The status of the Higgs boson parameter measurements (mass, spin/CP, couplings, off-shell cross
sections and constraints on invisible width) from the CMS experiment will be discussed in this
talk.

Summary:

Higgs Physics / 232

Non-MSSM Higgs searches with the CMS experiment
Martin Flechl1

1 Austrian Academy of Sciences (AT)

Corresponding Author(s): martin.flechl@cern.ch

Recent results on searches for Beyond Standard Model production of Higgs bosons at the LHC by
the CMS collaboration in other than Minimal supersymmetric models are presented.

Summary:

Higgs Physics / 209

Measuring the Higgs Boson Trilinear and Quartic Couplings at
the LHC
Author(s): Chung KaoNone ; Duane Dicus1

Co-author(s): Wayne Repko 2

1 University of Texas
2 Michigan State University

Corresponding Author(s): repko@pa.msu.edu, dicus@physics.utexas.edu, kao@physics.ou.edu

Thus far the results from the LHC indicate that the couplings of
the Higgs boson to other particles are consistent with the
Standard Model (SM). However the ultimate test as to whether this particle
is the SM Higgs boson will be the trilinear Higgs coupling that
appears in Higgs pair production and the quartic Higgs coupling
that shows up in triple Higgs production.
To gain some sense about the likelihood of measuring the Higgs boson self
couplings, we calculate the cross section and interferences for
Higgs pair production and triple Higgs production in pp collisions at the LHC.

Summary:

Higgs Physics / 80
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BSM Higgs searches with CMS experiment
Ye Chen1

1 IHEP and DESY

Corresponding Author(s): ye.chen@cern.ch

Recent results on searches for Beyond Standard Model production of Higgs bosons at the LHC by
the CMS collaboration are presented. Minimal supersymmetric models (MSSM), next-to-minimal
supersymmetric models (NMSSM) and generic two-higgs -doublet models (2HDM) are explored.
Additional Higgs bosons (pseudoscalar, charged, light and heavy scalars) are also looked for in mul-
tiple final states, including invisible decays.

Summary:

Higgs Physics / 175

Probing classically conformal B−L model with gravitational waves

Ryusuke Jinno1

1 KEK

Corresponding Author(s): jinno0121@gmail.com

We study the cosmological history of the classical conformal B−L gauge extension of the standard
model, in which the physical scales are generated via the Coleman-Weinberg-type symmetry break-
ing. Especially, we consider the thermal phase transition of the U(1)B−L symmetry in the early uni-
verse and resulting gravitational-wave production. Due to the classical conformal invariance, the
phase transition tends to be a first-order one with ultra-supercooling, which enhances the strength
of the produced gravitational waves. We show that, requiring (1) U(1)B−L is broken after the re-
heating, (2) the B−L gauge coupling does not blow up below the Planck scale, (3) the thermal phase
transition completes in almost all the patches in the universe, the gravitational wave spectrum can
be as large as ΩGW∼10−8 at the frequency f∼0.01-1Hz for some model parameters, and a vast pa-
rameter region can be tested by future interferometer experiments such as eLISA, LISA, BBO and
DECIGO.

Summary:

Higgs Physics / 224

Unnatural Composite Higgs at the LHC
Andrew Spray1 ; James Barnard2 ; Peter Cox3 ; Tony Gherghetta4

1 Institute for Basic Science
2 University of Melbourne
3 The University of Melbourne
4 University of Minnesota

Corresponding Author(s): tgher@physics.umn.edu, pcox@physics.unimelb.edu.au, james.barnard@unimelb.edu.au,
a.spray.work@gmail.com

Long-lived, colour-triplet scalars are a generic prediction of unnatural, or split, composite Higgs
models where the spontaneous global-symmetry breaking scale f �10 TeV and an unbroken SU(5)
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symmetry is preserved. Since the triplet scalars are pseudo Nambu-Goldstone bosons they are split
from the much heavier composite-sector resonances and are the lightest exotic, coloured states. This
makes them ideal to search for at colliders. Due to discrete symmetries the triplet scalar decays via
a dimension-six term and given the large suppression scale f is often metastable. We show that
existing searches for collider-stable R-hadrons from Run-I at the LHC forbid a triplet scalar mass
below 845 GeV, whereas with 300 fb−1 at 13 TeV triplet scalar masses up to 1.4 TeV can be discovered.
For shorter lifetimes displaced-vertex searches provide a discovery reach of up to 1.8 TeV. We also
present exclusion and discovery reaches of future hadron colliders.

Summary:

Higgs Physics / 19

Measurement of cross sections and properties of the Higgs Boson
in bosonic decay channels using the ATLAS detector
Peter Kluit1

1 Nikhef National institute for subatomic physics (NL)

Corresponding Author(s): s01@nikhef.nl

The final Run 1 and first Run 2 results on the measurement of the cross sections and couplings of
the Higgs boson in the diboson decay channel with the ATLAS detector are presented.

Summary:

Higgs Physics / 24

Search for a high mass Higgs Boson in bosonic decay modes using
the ATLAS detector
Dmitri Tsybychev1

1 Stony Brook University (US)

Corresponding Author(s): tsybych@sbhep.physics.sunysb.edu

Several theories beyond the Standard Model, like the EWS or 2HDM models, predict the existence
of high mass neutral Higgs particles, which could decay into final states with Weak bosons. In
this presentation the latest ATLAS results on these searches will be discussed, using 3.2 ifb of p-p
collisions at 13 TeV.

Summary:

Higgs Physics / 26

Search for non-standard and rare decays of the Higgs boson with
the ATLAS detector
Philip Chang1

1 Univ. Illinois at Urbana-Champaign (US)
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Corresponding Author(s): philip.chang@cern.ch

Some theories predict Lepton Flavour Violating decays of the Higgs boson, while other predict en-
hanced decay rates in rare modes like Z-photon, J/Psi-photon, Phi-photon or into pairs of light
pseudoscalar bosons “a”. Such decays are searched for using about 10 ifb of p-p collisions at 13
TeV.

Summary:

Higgs Physics / 127

E6 inspired composite Higgs model and 750 GeV Diphoton Ex-
cess
Author(s): Roman Nevzorov1

Co-author(s): Anthony Thomas 1

1 University of Adelaide

Corresponding Author(s): roman.nevzorov@adelaide.edu.au, anthony.thomas@adelaide.edu.au

We consider a composite Higgs model embedded into a Grand Unified Theory (GUT) based on theE6

gauge group. The phenomenological viability of this E6 inspired composite Higgs model (E6CHM)
implies that standard model (SM) elementary fermions with
different baryon or lepton number should stem from different 27 representations of E6. We present
a six–dimensional orbifold GUT model in which the E6 gauge symmetry is broken to the SM gauge
group so that the appropriate splitting of the bulk 27–plets takes place. In this model the strongly
coupled sector is localised on one of the branes and possesses an SU(6) global symmetry that con-
tains the SU(3)C × SU(2)W × U(1)Y subgroup. In this case the approximate gauge coupling
unification can be attained if the right–handed top quark is a composite state and the elementary
sector involves extra exotic matter beyond the SM which ensures anomaly cancellation.
The breakdown of the approximate SU(6) symmetry at low energies in this model results in a set of
the pseudo–Nambu–Goldstone states which include a Higgs doublet and scalar colour triplet. The
presence of the TeV scale vector–like exotic quarks and scalar colour triplet may provide spectacu-
lar new physics signals that can be observed at the LHC. The possible interpretation of the 750 GeV
diphoton excess within this composite Higgs model is also discussed.

Summary:

Higgs Physics / 136

Higgs to SUSY decays
Sven Heinemeyer1

1 CSIC (Santander, ES)

Corresponding Author(s): sven.heinemeyer@cern.ch

We present the full one-loop calculations of Higgs bosons to SUSY particles in the MSSM with com-
plex parameters (cMSSM). They include SUSY-QCD and electroweak corrections, as well as real QED
and QCD radiation. The size of the corrections are at the level of 10-20%, but can also be higher, de-
pending on the parameter space. Consequently, the one-loop corrections should be included in any
precision SUSY Higgs analysis. It is planned to include the results into our code FeynHiggs.

Summary:
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Higgs Physics / 150

Unraveling the CP phase of top-Higgs coupling in associated pro-
duction at the LHC
Author(s): Pankaj Sharma1

Co-author(s): Ambresh Shivaji 2 ; Saurabh Rindani

1 CoEPP, Adelaide
2 Harish-Chandra Research Institute, India

Corresponding Author(s): saurabh@prl.res.in, pankaj.sharma@adelaide.edu.au, ambreshkshivaji@hri.res.in

We study the sensitivity of top polarization observables to the CP phase ζt in the top Yukawa cou-
pling in the process pp→ thj at the 14 TeV high-luminosity run of Large Hadron Collider (HL-LHC).
We calculate the top polarization in this process as well as an azimuthal asymmetry of the charged
lepton arising from the decay of the top in the laboratory frame. We find that the dependence of this
laboratory-frame azimuthal asymmetry on the phase ζt is closely similar to the dependence of the
top polarization on ζt. As compared to the cross section, which is sensitive to ζt for larger values, the
lepton azimuthal asymmetry can provide a sensitive measurement of ζt for smaller values.

Summary:

Higgs Physics / 187

MSSM Higgs Interpretations after LHC Run 1
Author(s): Lisa ZeuneNone

Co-author(s): Georg Ralf Weiglein 1 ; Howard Haber 2 ; Oscar Stal 3 ; Philip Bechtle 4 ; Sven Heinemeyer 5 ; Tim
Stefaniak 6

1 Deutsches Elektronen-Synchrotron (DE)
2 University of California,Santa Cruz (US)
3 DESY
4 Universitaet Bonn (DE)
5 CSIC (Santander, ES)
6 SCIPP, UCSC

Corresponding Author(s): bechtle@physik.uni-bonn.de, haber@scipp.ucsc.edu, tistefan@ucsc.edu, oscar.stal@desy.de,
sven.heinemeyer@cern.ch, georg.weiglein@desy.de, lisa.zeune@nikhef.nl

Focussing on the MSSM Higgs sector, we present a multi-dimensional fit of the pMSSM to the LHC
Run 1 results, taking into account the measurements of Higgs and low energy observables as well as
constraints from direct SUSY searches. We investigate in how much the MSSM can provide a good
description of the experimental data, and which parts of the MSSM parameter space are favoured.
We analyse different viable scenarios where the Higgs signal is interpreted either as the light MSSM
Higgs (via decoupling or alignment) or as the heavy MSSM Higgs.

Summary:

Higgs Physics / 189

Gravitational waves from nonlinearly realised electroweak phase
transition

Page 50



SUSY 2016 / Book of Abstracts

Adrian Manning1 ; Archil Kobakhidze2 ; Jason Tsz Shing Yue3

1 The Unversity of Sydney
2 The University of Sydney
3 University of Sydney

Corresponding Author(s): archil.kobakhidze@coepp.org.au, j.yue@physics.usyd.edu.au, a.manning@physics.usyd.edu.au

The Higgs may be a singlet under a nonlinearly realised electroweak symmetry. Differing from the
SM, anomalous Higgs cubic couplings are then permitted in the potential, which may lead to a first
order electroweak phase transition. We find a range of cubic coupling that may lead to observable
gravitational waves signatures at interferometer such as eLISA.

Summary:

Higgs Physics / 101

FeynHiggs: New and improved predictions for the (N)MSSM
Sven Heinemeyer1

1 CSIC (Santander, ES)

Corresponding Author(s): sven.heinemeyer@cern.ch

We present new results and improved predictions for the Higgs sector in the (N)MSSSM, based on
the implementation into our code FeynHiggs.

Summary:

Higgs Physics / 233

Study of Higgs Production in Bosonic Decay Channels at CMS

Georgia Karapostoli1

1 Universite Libre de Bruxelles (BE)

Corresponding Author(s): georgia.karapostoli@cern.ch

A summary of the CMS results in the study of the Higgs boson in decays to bosons will be presented
in this talk.

Summary:

Higgs Physics / 234

Study of Higgs Production in Fermionic Decay Channels at CMS

Daniel Salerno1
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1 Universitaet Zuerich (CH)

Corresponding Author(s): daniel.salerno@cern.ch

A summary of the CMS results in the study of the Higgs boson in decays to fermions will be presented
in this talk. The studies on the ttH production are also included in this talk.

Summary:

Higgs Physics / 194

Boosting the charged Higgs search using jet substructure at the
LHC
Author(s): Riley Patrick1

Co-author(s): Anthony Williams 1 ; Jinmian Li 1 ; Pankaj Sharma 2

1 University of Adelaide
2 CoEPP, Adelaide

Corresponding Author(s): pankaj.sharma@adelaide.edu.au, riley.patrick@adelaide.edu.au, anthonygwilliams@gmail.com,
jinmian.li@coepp.org.au

Charged Higgs bosons are predicted in variety of theoretically well-motivated new physics models
with extended Higgs sectors. In this study, we focus on a type-II two Higgs doublet model (2HDM-
II) and consider a heavy charged Higgs with its mass ranging from 500 GeV to 1 TeV as dictated
by the b → sγ constraints which render MH± > 480 GeV. We study the dominant production
mode H±t associated production with H± → W±A being the dominant decay channel when the
pseudoscalarA is considerably lighter. For such a heavy charged Higgs, both the decay productsW±

and A are relatively boosted. In such a scenario, we apply the jet substructure analysis of tagging
the fat pseudoscalar and W jets in order to eliminate the standard model background efficiently.
After performing the detailed detector simulation and applying the kinematical cuts, we present the
LHC search sensitivities for the charged Higgs boson with mass up to 1 TeV in the W±A decay
channel.

Summary:

Higgs Physics / 195

Exploring tau lepton pairs from Higgs at the LHC
Abhaya Kumar Swain1 ; Pankaj Sharma2 ; Partha Konar3

1 Physical Research Laboratory
2 CoEPP, Adelaide
3 Physical Research Laboratory, Ahmedabad, Gujarat-380 009, INDIA

Corresponding Author(s): konar@prl.res.in, pankaj.sharma@adelaide.edu.au, abhaya@prl.res.in

We study a noble approach in reconstructing the semi-invisible events by utilizing the constrained
mass variable, M2Cons and applied so in case of presently developing scenario, when a pair of the
third generation τ leptons originated from Higgs at LHC. Buoyed with a relatively large Yukawa
coupling, the LHC has already started exploring this pair production to investigate the properties of
Higgs in the leptonic sector. Dominant signatures through hadronic decay of tau, associated with
invisible neutrinos compound the difficulty in the reconstruction of such events. Exploiting the
already existing Higgs mass bound, the proposed method provides a unique event reconstruction and
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results in a significant enhancement in efficiency over the existing methods. After reconstructing
the semi-invisible tau lepton pair events, we also study the CP properties of Higgs using tau-lepton
momentum correlations.

Summary:

Higgs Physics / 216

Next-to-leading order unitarity fits of the Two-Higgs-Doublet Mod-
els
Author(s): Debtosh Chowdhury1

Co-author(s): Christopher W. Murphy 2 ; Luca Silvestrini 3 ; Otto Eberhardt 4 ; Vincenzo Cacchio 1

1 INFN, Rome
2 Scuola Normale Superiore, Pisa
3 INFN Rome
4 Istituto Nazionale di Fisica Nucleare

Corresponding Author(s): luca.silvestrini@roma1.infn.it, vincenzo.cacchio@roma1.infn.it, christopher.murphy@sns.it,
debtosh.chowdhury@roma1.infn.it, otto.eberhardt@roma1.infn.it

We present global fits of the Two-Higgs-Doublet models with a softly broken Z2 symmetry. The
results were obtained with the public HEPfit package and combine the effects of various constraints
coming from experiment (including LHC run I) and theory. As for the latter, we use for the first
time the next-to-leading order contributions to the scattering matrix of “two scalar to two scalar”
processes in a global Two-Higgs-Doublet model fit. We will discuss in detail how unitarity and
perturbativity affect the model parameters.

Summary:

Higgs Physics / 12

Charged Higgs Study in the s-channel Single Top production at
LHC
Author(s): Ijaz Ahmed1

Co-author(s): Majid Hashemi 2

1 University of Malaya (MY)
2 School of Particles and Accelerator Inst. for Res. in Fundam. S

Corresponding Author(s): ijaz.ahmed@cern.ch, majid.hashemi@cern.ch

With the current measurements performed by CMS and ATLAS experiments, the light charged Higgs
scenario (mH± < 160 GeV), is excluded for most of the parameter space in the context of MSSM.
However, there is still possibility to look for heavy charged Higgs boson particularly in the s-channel
single top production process where the charged Higgs may appear as a heavy resonance state and
decay to tb̄. The production process under consideration in this paper is pp → H± → tb̄ + h.c.,
where the top quark decays toW+b andW+ boson subsequently decays to two light jets. It is shown
that despite the presence of large QCD and electroweak background events, the charged Higgs signal
can be extracted and observed at a large area of MSSM parameter space (mH± ,tanβ) at LHC. The
observability of charged Higgs is potentially demonstrated with 5σ contours and 95% confidence
level exclusion curves at different integrated LHC luminosities assuming a nominal center of mass
energy of

√
s = 14 TeV.

Page 53



SUSY 2016 / Book of Abstracts

Higgs Physics / 237

Higgs measurements at the Future Circular Colliders
Christophe Grojean1 ; Markus Klute2

1 DESY (Hamburg) and ICREA/IFAE (Barcelona)
2 Massachusetts Institute of Technology

Corresponding Author(s): markus.klute@cern.ch, christophe.grojean@cern.ch

After the Higgs boson discovery, the precision measurements and searches for new phenomena in
the Higgs sector are among the most important goals in particle physics. Experiments at the Future
Circular Colliders (FCC) are ideal to study these questions. Electron-positron collisions up to an
energy of 350 GeV (FCC-ee) provide the ultimate precision with studies of Higgs boson couplings,
mass, total width and CP parameters, as well as searches for exotic and invisible decays. The feasi-
bility of observation of the s-channel production e+e- → H(125) is reviewed. We conclude by noting
the remarkable complementarity of the FCC-ee and FCC-hh colliders, which in combination offer
the best possible overall study of the Higgs boson properties.

Summary:

Higgs Physics / 225

A Sequential Heavy Quark Doublet Q and a Light Dilaton D
George Wei-Shu Hou1

1 National Taiwan University

Corresponding Author(s): wshou@phys.ntu.edu.tw, george.wei-shu.hou@cern.ch

There is a cry in the wilderness: “Repent! The Higgs boson may be fictitious.” (Phil Anderson, Na-
ture Physics 2/2015). A light “Higgs” mode appears in a specially prepared superconductor material,
where “amplitude modes” are much higher at twice the energy/mass gap. With the 125 GeV bo-
son well established, could it be dynamical rather than elementary, and not in the Standard Model
Lagrangian? We recount the possibility that an extra sequential quark Q with Yukawa coupling
lambdaQ > 4pi could be the source of dynamical electroweak symmetry breaking, while the 125 GeV
boson is a dilaton from spontaneous violation of scale invariance. To exclude the latter, one should
make date-based measurements of both the vector-boson fusion and gluon-gluon fusion plus two-jet
processes at the LHC, which can be achieved with Run 2 data. With such strong Yukawa coupling,
the numerical solution of a “gap equation” is shielded from UV completion, though the actual UV
should not be too far beyond, and likely related to the fundamental theory of Yukawa couplings.
The 2mQ scale may be out of reach for the LHC, but QQ(bar) boundstates could be accessible, while
supporting Bd -> mu+mu- and KL -> pi0 nu nu(bar) rare decays could emerge during the LHC Run2
period.

Summary:

Higgs Physics / 49

LHC Run-2 Bounds on the Z’ boson mass in Classically Confor-
mal U(1)’ extended SM with Electroweak Vacuum Stability
Author(s): Daisuke Takahashi1 ; Nobuchika Okada2 ; Satsuki Oda3

Co-author(s): Arindam Das 2
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1 OIST [Okinawa institute of Science and Technology Graduate University]
2 University of Alabama
3 OIST [Okinawa Institute of Science and Technology Graduate University]

Corresponding Author(s): keep-it-real@cocoa.plala.or.jp, anti_particle@msn.com, adas8@crimson.ua.edu, okadan@ua.edu

With the LHC Run-2 results at 13 TeV, we perform the calculation on the lower bound on the Z’ boson
mass in the context of the general U(1) gauged extension of the standard model with classically scale
invariance and the electroweak vacuum stability at 2-loop level. The model is called the classically
conformal U(1)’ extended standard model which is a phenomenologically viable one that realizes
Coleman-Weinberg-type breaking of the electroweak symmetry. The model can naturally provide a
solution to one of the most important problem in the standard model, gauge hierarchy problem, and
also solving the SM Higgs vacuum instability with having nonzero U(1)’ charge of the SM Higgs,
which is contrast to the U(1)B−L case. In this study, we perform the calculation at 2-loop level
where we find the parameter regions for solving the SM Higgs instability. We plot the allowed
parameter regions with three free parameters, the U(1)’ gauge coupling, the U(1)’ charge of the SM
higgs, and the vacuum expectation value of the new additional singlet Higgs. We find that U(1)B−L

and orthogonal model are excluded from having the electroweak vacuum stability with the currenct
world average of the experimental data, mt = 173.34 GeV and mh = 125.09 GeV. Finally, we find
that the current collider bounds are around mZ′ > 3.5 TeV, and naturalness bounds are around
mZ′ < 7 TeV in order to avoid a fine-tuning severer than 10% level, where the Z’ boson can be
detected at the current LHC Run-2 experiment in the near future.

Summary:

Non-SUSY and Exotics / 276

The MoEDAL Experiment at the LHC – A New Experiment at the
LHC’s Discovery Frontier
Albert de Roeck1

1 CERN

Corresponding Author(s): deroeck@mail.cern.ch, albert.de.roeck@cern.ch

MoEDAL is a pioneering experiment designed to search for highly ionizing messengers of new
physics such as magnetic monopoles or massive (pseudo-)stable charged particles.
Recently MoEDAL released its first results on a search for monopoles, using data collected at 8 TeV,
and based on a prototype of the magnetic monopole trapper. The trapper material got analysed with
a SQUID at the University of Zurich.
MoEDAL has also collected data with the full detector during the 2015 LHC run, using several
monopole detection techniques, and these data are being analysed now. Recent results of MoEDAL
and prospects for the upcoming LHC runs will be
discussed.

Summary:

Non-SUSY and Exotics / 45

Searches for Magnetic Monopoles and Anomalously Charged Ob-
jects with ATLAS
Akshay Katre1 ; Salvador Marti I Garcia2

1 Universite de Geneve (CH)
2 IFIC-Valencia (UV/EG-CSIC)
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Corresponding Author(s): martis@ific.uv.es

Results of searches for highly ionising particles and particles with
anomalously high electric charge produced in proton-proton collisions in
the ATLAS detector are presented. Such signatures, encompassing particles
with charges from 10 to 60 times the electron charge, involve high levels
of ionization in the ATLAS detector and can arise from magnetic monopoles
or models involving technicolor, doubly charged Higgs bosons or composite
dark matter models.

Summary:

Non-SUSY and Exotics / 81

Searches for long-lived particles at CMS
Malgorzata Kazana1

1 NCBJ Warsaw (PL)

Corresponding Author(s): malgorzata.kazana@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. We
present recent results of searches for exotic long-lived particles obtained using data recorded by the
CMS experiment at Run -II of the LHC.

Summary:

Non-SUSY and Exotics / 239

Testing the Properties of the DiPhoton Resonance
Florian Goertz1

1 CERN

Corresponding Author(s): florian.goertz@cern.ch

In this talk, I will present on the one hand information that we
already have on the properties of the potential
diphoton resonance at M~750 GeV, with a special focus on the flavor
structure. On the other hand, I will discuss how we can gain
further
insights, both directly on the resonance itself and it’s relation
with the sector of electroweak symmetry breaking, as well as on the
physics producing/decaying it, via different precise measurements
at the LHC.

Summary:

Non-SUSY and Exotics / 86

Searches for BSM physics in diphoton final state at CMS
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Malgorzata Kazana1

1 NCBJ Warsaw (PL)

Corresponding Author(s): malgorzata.kazana@cern.ch

A search for new physics in high- mass diphoton events is presented. The analysis is performed by
looking for bumps on the continuum diphoton mass spectrum. This clean signature is sensitive to
high-mass gravitons predicted by models with extra dimensions and to scalar resonances arising
from many extensions of the standard model. The talk focuses on the recent results obtained using
data collected during the 2015 run as well as the first part of the 2016 run.

Summary:

Non-SUSY and Exotics / 88

Searches for BSM physics in dijet and multijet final states at CMS

Javier Mauricio Duarte1

1 California Institute of Technology (US)

Corresponding Author(s): javier.mauricio.duarte@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 during the 2015 run as well as the first part of the 2016 run.

Summary:

Non-SUSY and Exotics / 91

Searches for BSM physics in dilepton, multilepton, and lepton+MET
final states at CMS
Shilpi Jain1

1 National Central University (TW)

Corresponding Author(s): shilpi.jain@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 dilepton, multilepton,
and lepton+MET final states. This talk presents searches for new physics in these three leptonic final
states at CMS, focusing on the recent results obtained using data collected during the 2015 run as
well as the first part of the 2016 run.

Summary:

Non-SUSY and Exotics / 92
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Searches for BSM physics in final states with leptons and jets at
CMS
Cristian Ignacio Pena Herrera1

1 California Institute of Technology (US)

Corresponding Author(s): cristian.pena@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.

Summary:

Non-SUSY and Exotics / 23

Search for a high mass diphoton resonance using the ATLAS de-
tector
Eilam Gross1

1 Weizmann Institute of Science (IL)

Corresponding Author(s): eilam.work@gmail.com

The search for a spin-0 or spin-2 state decaying into two photons, in a large mass range is presented,
using 3.2 ifb of p-p collisions at 13 TeV.

Summary:

Non-SUSY and Exotics / 38

Search for ttbar resonances with the ATLAS detector
David Sosa Corral1

1 Ruprecht-Karls-Universitaet Heidelberg (DE)

Corresponding Author(s): david.sosa@cern.ch

In the present talk the search for new resonances decaying to ttbar.
The search is performed with the ATLAS experiment at the LHC using
proton-proton collision data. The current status of the ATLAS searches
will be reviewed, addressing the used analysis techniques, in particular
the selection criteria, the background modelling and the related
experimental uncertainties.

Summary:

Non-SUSY and Exotics / 39

Search for vector-like quarks with the ATLAS detector
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Daiki Yamaguchi1

1 Tokyo Institute of Technology (JP)

Corresponding Author(s): daiki.yamaguchi@cern.ch

New vector quarks appear in many beyond the Standard Model trying to
cancel the mass divergence for the Higgs boson. At the LHC such new
quarks can be produced singly or in pairs and, depending on their
decays, can originate several different final states. A topological
approach was followed by ATLAS, allowing to comprehensively cover such
final states in a model independent way. The status of these searches
will be reviewed, with emphasis on the complementarity between the
different analysis.

Summary:

Non-SUSY and Exotics / 42

Searches for new phenomena in high-pT lepton final states and
jets using the ATLAS detector
Rui Zhang1

1 Universitaet Bonn (DE)

Corresponding Author(s): rui.zhang@cern.ch

Searches for physics beyond the Standard Model are performed in final
states with at least one high-pT lepton and jets. These searches target a
large range of beyond the Standard Model phenomenology ranging from
leptoquarks, heavy leptons and strong gravity effects. The full 2015 LHC
proton-proton dataset is combined with the data which has been collected so
far during 2016, at √s = 13 TeV.

Summary:

Non-SUSY and Exotics / 43

Searches for new phenomena in high-pT lepton final states using
the ATLAS detector
Yosuke Takubo1

1 High Energy Accelerator Research Organization (JP)

Corresponding Author(s): yosuke.takubo@cern.ch

Searches for physics beyond the Standard Model are performed in final
states with high-pT leptons (including tau final states). We will
present results of searches for resonant, and non-resonant phenomena
in dilepton final states, searches for new phenomena in lepton +
missing momentum and lepton flavour violating final states. These
searches target a large range of beyond the Standard Model
phenomenology ranging from new massive W’ or Z’ bosons, Gravitons,
extra dimensions, black holes, contact interactions and heavy
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sneutrinos. The full 2015 LHC proton-proton dataset is combined with
the data which has been collected so far during 2016, at √s = 13 TeV.

Summary:

Non-SUSY and Exotics / 37

Searches for new resonances decaying into bosons with the AT-
LAS detector
Savanna Marie Shaw1

1 University of Manchester

Corresponding Author(s): savanna.marie.shaw@cern.ch

Many extensions to the Standard Model predicts new particles decaying into
two bosons (WW, WZ, ZZ , W/Zgamma, W/ZH and HH) making this a smoking gun
signature. Searches for such diboson resonances have been performed in
final states with different numbers of leptons , photon and jets where new
identification techniques to disentangle the decay products in highly
boosted configuration are being used. This talk summarizes ATLAS searches
for diboson resonances with LHC Run 2 data.

Summary:

Non-SUSY and Exotics / 40

Searches for physics beyond the Standard Model using jet-based
resonances with the ATLAS Detector
Meghan Frate1

1 University of California, Irvine

Corresponding Author(s): mfrate@uci.edu

Run2 of the LHC, with its increased center-of-mass energy, is an
unprecedented opportunity to discover physics beyond the Standard
Model. One interesting possibility to conduct such searches is to use
resonances based on jets. The latest search results from the ATLAS
experiment, based on either inclusive or heavy-flavour jets, will be
presented.

Summary:

Non-SUSY and Exotics / 95

Search for fermionic top partners at CMS
Heiner Tholen1

1 Hamburg University (DE)
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Corresponding Author(s): heiner.tholen@cern.ch

We present results of searches for massive top and bottom quark partners using proton- proton colli-
sion data collected with the CMS detector at the CERN LHC at a center-of -mass energy of 8 and 13
TeV. These fourth- generation vector- like quarks are postulated to solve the Hierarchy problem and
stabilize the Higgs mass, while escaping constraints on the Higgs cross section measurement. The
vector -like quark can be produced singly or in pair and their decays result in a variety of final states,
containing top and bottom quarks, 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.

Summary:

Non-SUSY and Exotics / 97

Search for heavy resonances coupling to third generation quarks
at CMS
Douglas Ryan Berry1

1 University of Illinois at Chicago (US)

Corresponding Author(s): douglas.ryan.berry@cern.ch

Many models of physics beyond the Standard Model (SM) contain enhanced couplings to third gener-
ation quarks. We present an overview of searches for new physics containing 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. These 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. This results in a top-pair -like final state, as the
T decays to a W boson and bottom quark; however the reconstructed mass of the T can be used to
further signal discrimination. We explore the use of jet substructure techniques to reconstruct the
highly boosted objects in events, enhancing the sensitivity of these searches.

Summary:

Non-SUSY and Exotics / 98

Search for heavy resonances decaying to dibosons at CMS
Devdatta Majumder1

1 University of Kansas (KU)

Corresponding Author(s): devdatta.majumder@cern.ch

Beyond the standard model theories like Extra-Dimensions and Composite Higgs scenarios predict
the existence of very heavy resonances compatible with a spin 0 (Radion),spin 1 (W’, Z’) and spin 2
(Graviton) particle with large branching fractions in pairs of standard model bosons and negligible
branching fractions to light fermions. We present an overview of searches for new physics contain-
ing W, Z or H bosons in the final state, using proton-proton collision data collected with the CMS
detector at the CERN LHC.
Many results use novel analysis techniques to identify and reconstruct highly boosted final states
that are created in these topologies. These techniques provide increased sensitivity to new high-mass
particles over traditional search methods.

Summary:
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Non-SUSY and Exotics / 131

Exotica searches with LHCb
Gerco Onderwater1

1 Van Swinderen Institute

Corresponding Author(s): c.onderwater@cern.ch

A flexible trigger system, excellent vertex locator, ring imaging Cherenkov (RICH) detectors, and for-
ward acceptance allow unique direct searches to be performed at LHC energies using data collected
with the LHCb detector, in particular dealing with complementary New Physics parameter regions.
A summary of results will be presented, including several SUSY related results, such as searches for
long-lived heavy charged particles, as well as displaced particles decaying into jet pairs.

Summary:

Non-SUSY and Exotics / 171

Radiative Left-Right symmetry breaking from flavour enhanced
trinification
Author(s): Jonas Wessén1

Co-author(s): António Morais 2 ; José Eliel Camargo-Molina 1 ; Marco Sampaio 2 ; Roman Pasechnik 1

1 Lund University
2 Aveiro University

Corresponding Author(s): jonas.wessen@thep.lu.se, eliel.camargo-molina@thep.lu.se, aapmorais@ua.pt, msam-
paio@ua.pt, roman.pasechnik@thep.lu.se

In this talk I will present our recent work on a non-supersymmetric trinification GUT with a global
SU(3) flavour symmetry. The SU(3) flavour symmetry solves many of the persistent issues of tradi-
tional trinification model building, where models typically contain an uncomfortably large number
of free parameters and naturally prefers GUT scale masses for the Standard Model (SM) fermions.
In our model, the trinification symmetry group (gauge and global) is spontaneously broken down
to the standard Left-Right symmetric gauge group, together with an extra SU(2) × U(1) global
symmetry. Upon integrating out the heavy states at this scale, we obtain an effective Left-Right
symmetric model which spontaneously breaks to the SM gauge group at a lower scale by means of
RG running.

Summary:

Non-SUSY and Exotics / 51

Backreaction of particle production on false vacuum decay
Cyril Lagger1

1 The University of Sydney

Corresponding Author(s): cyril.lagger@sydney.edu.au

As originally described by Rubakov, particles are produced during the tunneling of a metastable
quantum field. We propose to extend his formalism to compute the backreaction of these particles
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on the semiclassical decay probability of the field. The idea is to integrate out the external bath
of particles by computing the reduced density matrix of the system. Following this approach, we
derive an explicit correction factor in the specific case of scalar particle production in flat spacetime.
In this given framework, we conclude that the backreaction is ultraviolet finite and enhances the
decay rate. Moreover, in the weak production limit, the backreaction factor is directly given by one
half of the total number of created particles. In order to estimate the importance of this correction,
we apply our formalism to a toy model potential which allows us to consider both the decay of a
homogeneous bounce and the nucleation of a thin-wall bubble. In the former case, the impact of the
created particles is parameter dependent and we exhibit a reasonable choice of variables for which
ones the backreaction is significant. In the latter case, we conclude that the backreaction is always
negligible.

Non-SUSY and Exotics / 66

Heavy Fermion Bound States for Diphoton Excess at 750GeV
Mihoko Nojiri1

1 KEK

Corresponding Author(s): nojiri@post.kek.jp

A colored heavy particle with sufficiently small width may form non-relativistic bound states when
they are produced at the large hadron collider\,(LHC), and they can annihilate into a diphoton final
state. The invariant mass of the diphoton would be around twice of the colored particle mass. In this
paper, we study if such bound state can be responsible for the 750 GeV diphoton excess reported by
ATLAS and CMS. We found that the best-fit signal cross section is obtained for the SU(2)L singlet
colored fermion X with YX=4/3. Having such an exotic hypercharge, the particle is expected to decay
through some higher dimensional operators, consistent with the small width assumption. The decay
of X may involve a stable particle χ, if both X and χ are odd under some conserved Z2 symmetry.
In that case, the particle X suffers from the constraints of jets + missing ET searches by ATLAS and
CMS at 8 TeV and 13 TeV. We found that such a scenario still survives if the mass difference between
X and χ is above ∼ 30 GeV for mX∼375 GeV. Even assuming pair annihilation of χ is small, the relic
density of χ is small enough if the mass difference between X and χ is smaller than ∼ 40 GeV.

Non-SUSY and Exotics / 68

750 GeV Diphoton Resonance in Warped Geometries
Author(s): Thomas Rizzo1

Co-author(s): JoAnne Hewett 1

1 SLAC

Corresponding Author(s): rizzo@slac.stanford.edu, hewett@slac.stanford.edu

We examine the scenario of a warped extra dimension containing bulk SM fields in light of the
observed diphoton excess at 750 GeV. We demonstrate that a bulk spin-2 graviton whose action
contains localized kinetic brane terms is compatible with the excess, while being consistent with all
other constraints. This model contains a single free parameter, the mass of the first gauge Kaluza-
Klein excitation. The scale of physics on the IR-brane is found to lie in the range of a few TeV,
relevant to the gauge hierarchy.
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The 750 GeV diphoton LHC excess from Singlets in Exceptional
Supersymmetric Standard Model
Author(s): Roman Nevzorov1

Co-author(s): Stephen King

1 University of Adelaide

Corresponding Author(s): king@soton.ac.uk, roman.nevzorov@adelaide.edu.au

The 750-760 GeV diphoton resonance may be identified as one or two scalars and/or
one or two pseudoscalars contained in the two singlet superfields S1,2

arising from the three 27-dimensional representations of E6. We study the corresponding collider
signature within the exceptional supersymmetric standard model (E6SSM).This model is based on
the SM gauge group together with an extra U(1)N gauge symmetry under which right–handed
neutrinos have zero charge. To ensure anomaly cancellation the low energy matter content of the
E6SSM involve three 27 representations of E6. Thus E6SSM predicts Z ′ boson and extra matter
beyond the MSSM. In particular, the low–energy spectrum of the E6SSM involves three families
of Higgs–like doublets,three families of exotic quarks and three SM singlets Si that carry U(1)N
charges. The E6SSM Higgs sector contains one family of the Higgs–like doublets and one SM singlet
S3 that develops vacuum expectation values (VEV) breaking U(1)N gauge symmetry and inducing
masses of exotic states mentioned above. The fermion and scalar components of other Higgs–like
superfields form Inert Higgsino and Inert Higgs states respectively. Two lighter singlets S1,2 with
masses around 750 GeV can couple to Inert Higgsino and exotic quarks giving rise to diphoton
excess. We calculate the branching ratios and cross-sections for the two scalar and two pseudoscalar
states associated with the S1,2 singlets, including possible degeneracies and maximal mixing, subject
to the constraint that their couplings remain perturbative up to the unification scale.

Summary:
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Probing the interplay between TeV scale heavy vector resonances
and top partners at the LHC
Author(s): Bithika Jain1

Co-author(s): Mihailo Backovic 2 ; Seung Joon Lee 3 ; Thomas Dieter Flacke 4

1 Korea Institute for Advanced study, Seoul
2 CP3-UCL
3 Korea University (KR)
4 Korea Advanced Institute of Science and Technology (KR)

Corresponding Author(s): t.flacke@cern.ch, seung.lee@cern.ch, bjain@kias.re.kr, mbackovic@gmail.com

Fermionic and vector resonances are a generic prediction of theories where electroweak symmetry
breaking is triggered by new strongly interacting dynamics at the TeV scale.
We work in a “discrete” two site prescription of the Composite Higgs model where the spon-
taneous breaking of the SO(5)/SO(4) coset gives the Standard Model gauge bosons and six heavy
vector resonances. We implement a partially composite scenario for the top sector which gives
us the 1/3, 2/3 and 5/3 charged top partners.  The direct and indirect (electroweak and flavor preci-
sion) constraints and requirement of naturalness impose stronger bounds on the heavy vectors than
the top partners.  This mild hierarchy between the top partners and the heavy vector resonances
modifies the search strategy for vector resonances at the LHC. We find that when kinematically al-
lowed, decays of heavy vector resonances to top partners dominate over pure Standard Model final
states. We focus on the decay modes where top partner is singly produced. As a part of the “no
loose” strategy for heavy vector resonances, these signatures with strongly boosted tops need
to be considered. These searches for top partners from vector resonances can aid in hunting
top partners and also discover (exclude) vector resonances at the 13 TeV run of the LHC.
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Non-SUSY and Exotics / 142

The hierarchy problem in non-supersymmetric extended mod-
els
David Miller1 ; John McDowall1

1 University of Glasgow

Corresponding Author(s): david.j.miller@glasgow.ac.uk, j.mcdowall.1@research.gla.ac.uk

Efforts building models of Grand Unification have overwhelmingly been within the framework of
Supersymmetry, since it provides the dual benefit of a solution to the hierarchy problem and gauge
coupling unification. Any non-supersymmetric model of Grand Unification must necessarily in-
clude an alternative solution to the hierarchy problem. In this talk, I will discuss mechanisms such
as asymptotic safety and the multiple point principle that provide interesting high scale boundary
conditions on the Higgs quartic coupling leading to the prediction of the light Higgs boson. I will
review the well known predictions within the Standard Model and describe new work on extended
Higgs sectors and the predictions that such boundary conditions enforce. I will also look forward to
how these ideas may be used in the construction of a believable non-supersymmetric Grand Unified
Theory.

Summary:
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Asymptotically Safe QCD
Author(s): Kamila Kowalska1

Co-author(s): Daniel Litim 2 ; Gudrun Hiller 3

1 TU Dortmund
2 University of Sussex
3 Technische Universitaet Dortmund (DE)

Corresponding Author(s): kamila.kowalska@tu-dortmund.de, d.litim@sussex.ac.uk, ghiller@physik.uni-dortmund.de

We discuss the possibility that QCD is not asymptotically free and develops instead an interactive UV
fixed point. This can happen if the Standard Model is extended by a set of NF vector-like fermions
that transform non-trivially under SU(3)c, with Yukawa-type interactions mediated by aNF ×NF

matrix scalar field. We point out that the 750 GeV diphoton excess can be explained within such a
framework.

Summary:
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Grand Unification in the light of preliminary LHC hints of WR

Author(s): Amitava Raychaudhuri1
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Co-author(s): Biswajoy Brahmachari 2 ; Triparno Bandyopadhyay 1

1 University of Calcutta, India
2 Vidyasagar Evening College, Kolkata, India

Corresponding Author(s): biswa.brahmac@gmail.com, palitprof@gmail.com, gondogolegogol@gmail.com

In the LHC Run 1 CMS reported a 2.8σ excess in the
(2e)(2jets) channel around 2.1 TeV. We take this as a hint of
the production of a right-handed weak gauge boson, WR, of the
left-right symmetric model arising from an SO(10) grand unified
theory. We show that a WR with mass in the TeV region if
embedded in SO(10) requires 0.64 ≤ gR/gL ≤ 0.78,
when one abides by the Extended Survival Hypothesis. A unique
symmetry-breaking route – the order being left-right discrete
symmetry breaking first, followed by SU(4)C and finally
SU(2)R – is also picked out. The L↔ R
discrete symmetry must be broken around 1016 GeV while the
GUT scale is pushed to 1018 GeV. So, in this model
observation of proton decay in ongoing searches is unlikely. On
the flip side, the SU(4)C breaking scale can be as low as
106 GeV so that n− n̄ oscillation or flavour changing
decays such as KL → µe and Bd,s → µe may be detectable. The Higgs scalars responsible for
symmetry breaking at various stages are uniquely identified so
long as one adheres to a minimalist principle. We also remark on
the scope of interpreting the O(TeV)-scale LHC Run 1
diboson and Run 2 diphoton indications within this model.

Summary:
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Naturalness of the relaxion mechanism
Author(s): Andrew FowlieNone

Co-author(s): Csaba Balazs 1 ; Graham White 2 ; Luca Marzola 3 ; Martti Raidal 4

1 Monash University
2 Monash university
3 University Of Tartu
4 Nat. Inst. of Chem.Phys. & Biophys. (EE)

Corresponding Author(s): martti.raidal@cern.ch, andrew.fowlie@monash.edu, graham.white@monash.edu, luca.marzola@ut.ee,
csaba.balazs@monash.edu

The relaxion mechanism is a novel solution to the hierarchy problem that utilizes the dynamics
of an axion-like field. I discuss results from the first statistical analysis of the relaxion mechanism
(arXiv:1602.03889), in which we quantified the relative plausibility of a QCD and a non-QCD relaxion
model versus the Standard Model with Bayesian statistics, which includes an automatic penalty for
fine-tuning. We included experimental constraints upon the weak-scale, θQCD and inflationary ob-
servables measured by Planck/BICEP. Whilst we confirmed that relaxion models could solve the hier-
archy problem, we found that their unconventional cosmology demolishes their plausibility.

Summary:
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Diphoton Excess at 750 GeV from a Radion in the Bulk-Higgs Sce-
nario
Author(s): Andrew Spray1

Co-author(s): Anibal Medina 2 ; Peter Cox ; Tirtha Sankar Ray 3

1 CoEPP, University of Melbourne
2 The University of Melbourne
3 University of Melourne

Corresponding Author(s): adm2180@gmail.com, andrew.spray@coepp.org.au, peterjonathancox@gmail.com,
tirtha.sankar@unimelb.edu.au

We show that the recent diphoton excess observed by the ATLAS and CMS collaborations might
originate from the radion of a warped extra dimension when the Higgs is located in the bulk. In this
case the couplings of the radion to massive gauge bosons are suppressed, allowing it to evade existing
searches. In the presence of kinetic and mass mixing with the Higgs, due to strong constraints from
diboson searches, only points near what we denominate the alignment region are able to explain
the diphoton signal and evade current experimental constraints. The radion always has a sizeable
branching ratio into top pairs, which provides a model independent channel to probe this scenario in
the near future. If alignment is strong it is also possible that diHiggs decays may dominate, providing
stronger constraints and interesting perspectives for future collider searches.

Summary:

Non-SUSY and Exotics / 179

Light scalars in composite Higgs models in the light of LHC di-
boson searches
Thomas Flacke1

1 Korea University

Corresponding Author(s): flacke@korea.ac.kr

Models of compositeness can successfully address the origin of the Higgs boson as a pseudo-Goldstone
of a spontaneously broken global symmetry, and flavour physics via the partial compositeness mech-
anism. If the dynamics is generated by a simple underlying theory defined in terms of a confining
gauge group with fermionic matter content, there exists only a finite set of models that have the
correct properties to account for a composite Higgs and composite top partners at the same time.
As a prediction of these models, one obtains additional light composite scalars. We study the phe-
nomenology of these additional scalars in the light of di-boson resonance searches at LHC.

This presentation is based on JHEP 1511 (2015) 201, arXiv:1512.04508, arXiv:1512.07242, and work
to be completed, soon.

Summary:
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Implication of a 750 GeV Diphoton Resonance for Heavy Quark
Searches
Author(s): Daniele Barducci1
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1 Unite Reseaux du CNRS (FR)
2 Institute of High Energy Physics, Austrian Academy of Sciences
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suchita.kulkarni@cern.ch

The hinted diphoton excess at a mass of 750 GeV suggests the existence
of heavy quarks that mediated the resonance production via gluon fusion.
The decay of the heavy quark into Sq, with q being a SM quark, could
provide a new search channel for heavy quarks.
We consider the case of a singlet vector-like partner of the top quark
and show that it can be searched for at the 13 TeV LHC through its decay
into a scalar resonance in the 2\gamma+\ell final state, especially if
the diphoton branching ratio of the scalar S is further enhanced by the
contribution of non coloured particles. We further show that
conventional heavy quark searches can be sensitive to this new decay
pattern also when S decays into jets by slightly tightening the current
selection cuts. Finally we comment about the possibility of
disentangling the heavy quark decay to St from other standard decay
patterns by scrutinising appropriate kinematic distributions.

Summary:

Non-SUSY and Exotics / 207

Constraining Exotic Signatures Using Simplified Models
Andre Lessa1

1 UFABC

Corresponding Author(s): andre.lessa@ufabc.edu.br

Simplified models are a successful way of interpreting current LHC searches for models beyond
the standard model (BSM). So far most simplified models have focused on topologies featuring a
missing transverse energy (MET) signature. However, in some BSM theories other, more exotic,
signatures occur. We discuss the utility of applying the simplified models framework to exotic sig-
natures, such as heavy stable charged particles (HSCP). As a physical application we investigate the
CMSSM stau co-annihilation strip containing long-lived staus, which presents a potential solution
to the Lithium problem. Applying both MET and HSCP constraints we show that, for low values
of tanβ, all this region of parameter space either violates Dark Matter constraints or is excluded by
LHC searches.

Summary:
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Explaining 750 GeV diphoton excess with scalar particles charged
under new confining gauge interaction
Robert Foot1

1 University of Melbourne
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Corresponding Author(s): rfoot@unimelb.edu.au

It is shown that a charged scalar particle χ of mass around 375 GeV charged under both
SU(3)textscc and a new confining
non-abelian gauge interaction can explain the 750 GeV diphoton excess. After
pair production, these interactions confine the exotic scalar into
non-relativistic bound states whose decays into photons can explain the
discrepancy. Taking the new confining group to be SU(2), we find
χ must carry an electric charge of Q ∼ [ 12 , 1] to fit the data.
Interestingly, we find that pair production of the scalars and the subsequent
formation of the bound state dominates over direct bound state resonance
production. This explanation is quite weakly constrained by current searches
and data from the forthcoming run at the LHC will be able to probe our
scenario more fully. In particular, at an invariant mass of around 750 GeV
dijet, mono-jet, di-Higgs and jet + photon searches may be the most promising
discovery channels.

This work is based on arXiv: 1604.06180 (work done in collaboration with John Gargalionis).

Summary:
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The radion explanation of the 750 GeV di-photon excess at the
LHC.
John Gunion1

1 UC Davis

Corresponding Author(s): gunion@physics.ucdavis.edu

The radion of the five-dimensional Randall-Sundrum model provides a very natural explanation of
the excess in the di-photon channel at 750 GeV recently observed by ATLAS and CMS. Crucial future
experimental tests are proposed. Brief comparisons to other models employing extra dimensional
physics are made.

Summary:

Plenary / 242

Overview of SUSY Searches with ATLAS

Plenary / 247

SUSY with radiatively-driven naturalness and implications for
LHC, ILC, WIMP and axion searches

Corresponding Author(s): baer@nhn.ou.edu
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Plenary / 248

SUSY models

Corresponding Author(s): tcohen@uoregon.edu

Plenary / 263

Quark flavour experiment

Corresponding Author(s): bozzi@fe.infn.it

Plenary / 275

The 750 GeV anomaly

Corresponding Author(s): alessandro.strumia@cern.ch

Plenary / 249

Higher-order SUSY Higgs

Corresponding Author(s): georg.weiglein@desy.de

Plenary / 250

A Dark Needle in a Bright Haystack: Two stories of Astrophysical
Searches for Dark Matter

Corresponding Author(s): profumo@caltech.edu

Plenary / 251

Dark Matter Searches at ATLAS and CMS

Corresponding Author(s): antonio.boveia@cern.ch

Plenary / 259

Techniques for Probing SUSY at Colliders
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Corresponding Author(s): crogan@cern.ch

Plenary / 252

Dark Matter Direct Detection

Plenary / 253

A Dark Needle in a Bright Haystack: Two stories of Astrophysical
Searches for Dark Matter.

Corresponding Author(s): profumo@caltech.edu

Plenary / 254

Dark Matter Searches at ATLAS and CMS

Corresponding Author(s): antonio.boveia@cern.ch

Plenary / 255

Dark Matter Direct Detection

Plenary / 269

Amplitudes

Corresponding Author(s): yutinyt@gmail.com

Plenary / 270

Baryogenesis

Corresponding Author(s): mjrm@physics.umass.edu

Plenary / 257

Inflation
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Plenary / 272

Belle II Physics and Construction Status

Corresponding Author(s): teb@phys.hawaii.edu

Summary:

Plenary / 258

SUSY models with gauge singlets

Corresponding Author(s): ellwanger@th.u-psud.fr

Plenary / 243

SUSY Higgs

Corresponding Author(s): elcwagner@hotmail.com

Plenary / 260

LIGO

Corresponding Author(s): yuri.levin@monash.edu

Plenary / 274

Outlook

Corresponding Author(s): hitoshi@berkeley.edu

Plenary / 244

Non-SUSY BSM Higgs

Corresponding Author(s): christophe.grojean@cern.ch
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Extracting fundamental physics from GW150914

Corresponding Author(s): johnellis@fastmail.fm

Plenary / 245

CMS Higgs experiment

Corresponding Author(s): michele.degruttola@cern.ch

Plenary / 267

Supersymmetry: to be or not to be?

Corresponding Author(s): nicolai@aei.mpg.de

Abstract: “LHC data have so far shown no evidence of low energy (N=1)
supersymmetry, and it is thus not exluded that it is simply not there.
What would the implications of such a non-discovery be for the whole
idea of supersymmetry? In this talk I will discuss possible consequences of such a non-discovery
from a more theoretical perspective, and point to an alternative scenario based on some strange nu-
merology relating the
48 quarks and leptons of the Standard Model to the 48 spin-1/2 fermions of maximal N=8 supergrav-
ity remaining after complete breaking of supersymmetry. I will also explain how new theoretical
concepts ‘beyond’ supersymmetry may help to explain the emergence of the Standard Model
from a Planck scale unified theory.”

Plenary / 265

Latest results from neutrino oscillation experiments

Corresponding Author(s): anselmo.cervera@cern.ch

Plenary / 268

Non-linear supersymmetry

Corresponding Author(s): kallosh@stanford.edu

Recently non-linear supersymmetry with goldstino type models proved to be extremely useful in cos-
mology. In the context of string theory it was discovered that anti-D3-brane with spontaneously bro-
ken susy, involves constrained superfields. This led to manifestly supersymmetric KKLT construc-
tion of de Sitter vacua landscape. It was also possible to construct de Sitter supergravity, thanks to
non-linear supersymmetry. Advanced models of inflation, alpha-attractors, compatible with Planck
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data, are based on constrained superfields. We also review the recent progress in studies of Dirac-
Born-Infeld-Volkov-Akulov on-shell amplitudes.

Summary:
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Searches for SUSY at CMS

Corresponding Author(s): askew@fnal.gov

Plenary / 246

ATLAS Higgs experiment

Plenary / 264

Flavor physics theory

Corresponding Author(s): hexg@phys.ntu.edu.tw

Plenary / 256

Extended Higgs sectors and the alignment limit
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Plenary / 266

Naturalness

Corresponding Author(s): hewett@slac.stanford.edu

Plenary / 271

Exotic searches at ATLAS and CMS

Corresponding Author(s): shahram.rahatlou@cern.ch
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Cosmic microwave background implications for particle physics.

Corresponding Author(s): yvonne.y.wong@unsw.edu.au

Summary:
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Renormalization-Scale Uncertainty in the Decay Rate of False Vac-
uum
Motoi Endo1 ; Takeo Moroi2 ; Yutaro Shoji2 ; mihoko nojiri1

1 KEK
2 University of Tokyo

Corresponding Author(s): moroi@phys.s.u-tokyo.ac.jp, nojiri@post.kek.jp, endo@hep-th.phys.s.u-tokyo.ac.jp,
yshoji.hep@gmail.com

It is sometimes discussed that we may be in a meta-stable vacuum and its decay time is longer
than the age of universe. In most papers, the decay rate is estimated without calculating the pre-
exponential factor because they believe that it is much less significant than the exponential suppres-
sion factor. What we point out is that this estimate can involve a large error owing to the renor-
malization scale uncertainty. Since the renormalization scale is relevant in calculation of bounce
solution and its action, it modifies the decay rate and the uncertainty can be comparable to the ex-
ponential factor. To control the scale dependence, we explicitly calculate the pre-exponential factor
and show that it is greatly reduced.

Summary:
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HEPfit: a Code for the Combination of Indirect and Direct Con-
straints on High Energy Physics Models
Ayan Paul1 ; Debtosh Chowdhury2 ; Enrico Franco3 ; Jorge de Blas4 ; Laura Reina5 ; Luca Silvestrini6 ; Marco
Ciuchini7 ; Marco Fedele8 ; Maurizio Pierini9 ; Mauro ValliNone ; Otto Eberhardt10 ; Satoshi Mishima11
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11 KEK
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HEPfit is a flexible tool which, given the Standard Model or any new physics extension, allows one
to:

i) perform a Markov Chain Monte Carlo (MCMC) based fit of the model to an specified set of exper-
imental observables;

ii) obtain numerical predictions for observables.

HEPfit can be used either in Monte Carlo mode, to perform a Bayesian MCMC analysis of the given
model, or as a library, to obtain predictions of observables for a given point in the parameter space
of the model, allowing our computational tool to be used in any statistical framework. A large set
of electroweak, flavour and Higgs observables are implemented in the code along with a sizable set
of new physics models.

The code is publicly available from the website of the HEPfit Collaboration: http://hepfit.roma1.infn.it

The developer version can be obtained from: https://github.com/silvest/HEPfit

Summary:
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Production of Heavy neutrino in next-to-leading order QCD at
the LHC and beyond
Author(s): Partha Konar1

Co-author(s): Arindam Das 2 ; Swapan Majhi 3

1 Physical Research Laboratory, Ahmedabad, Gujarat-380 009, INDIA
2 University of Alabama
3 Saha Institute of Nuclear Physics, India

Corresponding Author(s): konar@prl.res.in, swapan.majhi@saha.ac.in, adas8@crimson.ua.edu

Majorana and pseudo-Dirac heavy neutrinos are introduced into the type-I and inverse seesaw mod-
els, respectively, in explaining the naturally small neutrino mass. TeV scale heavy neutrinos can
also be accommodated to have a sizable mixing with the Standard Model light neutrinos, through
which they can be produced and detected at the high energy colliders like LHC. We consider the
Next-to-Leading Order QCD corrections to the heavy neutrino production, and study the scale vari-
ation in cross-sections as well as the kinematic distributions with different final states at 14 TeV
LHC and also in the context of 100 TeV hadron collider. The repertoire of the Majorana neutrino is
realized through the characteristic signature of the same-sign dilepton pair, whereas, due to a small
lepton number violation, the pseudo-Dirac heavy neutrino can manifest the tri-leptons associated
with missing energy in the final state. Utilizing the 8 TeV data at the ATLAS and CMS, we obtain
prospective scale dependent upper bounds of the light-heavy neutrino mixing angles for the Majo-
rana heavy neutrinos at the 14 TeV LHC and 100 TeV collider. Similar upper bounds on the mixing
angles for the pseudo-Dirac neutrinos are discussed from multi-lepton search.

Summary:

Precision Calculations and Simulations / 137

Container technology for Phenomenology tools
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Sven Heinemeyer1

1 CSIC (Santander, ES)

Corresponding Author(s): sven.heinemeyer@cern.ch

The MasterCode collaboration (http://cern.ch/mastercode) is concerned with the investigation and
fits of supersymmetric models. Within the MasterCode collaboration, state-of-the-art HEP Phe-
nomenology codes are consistently combined to provide the most precise prediction for supersym-
metric models to be confronted with experimental data.

Generally speaking, for the type of software developed in HEP Phenomenology, there is a lack of
tools to enable the easy development and deployment of applications. Phenomenology applications
have many dependences in terms of libraries and compilers that makes it difficult to deploy on
traditional batch clusters due to system software version conflicts and related issues.

In this work we propose a framework based on “Container technology” to fill this gap. In particular
such developments allow us to easily build, modify, distribute and run Mastercode in containerized
form over multiple Cloud infrastructures.

Such an advanced computing framework has the potential of speeding up the
phases of development and deployment of complex scientific software used in
our research, with the corresponding impact in the results.

Summary:
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High-Precision Higgs Masses in the Complex MSSM
Author(s): Sebastian Paßehr1
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Since the discovery of a Higgs-like particle at the LHC considerable effort has been undertaken to
reveal its nature and properties. To make significant comparisons of the experimental measurements
and theory predictions, high-precision calculations are necessary.
One of the particle’s basic properties is its mass; due to the very precise measurement, the current
MSSM prediction is challenged.

I will present the most recent status of the Higgs-particle spectrum in the CP-violating MSSM in the
Feynman-diagrammatic approach with non-trivial renormalization. The known two-loop contribu-
tions (leading terms of O(αtαs + α2

t )) are briefly reviewed and new results and implications of the
full subleading QCD terms of O(αanyαs) are shown.

Summary:
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Precise Higgs-mass predictions in the Next-to-Minimal Supersym-
metric Standard Model
Author(s): Peter Drechsel1 ; Sebastian Paßehr1

Co-author(s): Georg Ralf Weiglein 2 ; Sven Heinemeyer 3

1 DESY
2 Deutsches Elektronen-Synchrotron (DE)
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Corresponding Author(s): sven.heinemeyer@cern.ch, georg.weiglein@desy.de, sebastian.passehr@desy.de, pe-
ter.drechsel@desy.de

The NMSSM represents an elegant and well motivated description for the observed Higgs-like par-
ticle at the LHC. In this theory a scalar singlet together with its superpartner is added to the Higgs-
sector of the Minimal Supersymmetric Standard Model (MSSM). Compared to the MSSM the NMSSM
provides a better description of the observed phenomenology including even the observed diboson
excess at 750 GeV. Significant testing of the NMSSM by experimental measurements requires high-
precision predictions for the parameters of the theory.

This talk will focus on the Higgs-mass predictions in the NMSSM at two-loop order obtained with
Feynman-diagrammatic methods. The phenomenological impact of the genuine NMSSM contribu-
tions are discussed and compared to their MSSM counterparts. The presented results will be included
in the upcoming NMSSM extension of the code FeynHiggs. This extension will be motivated and
compared with other publicly available tools.

Summary:
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CheckMATE and SUSY-AI
Jong Soo Kim1

1 IFT Madrid

Corresponding Author(s): jong.kim@csic.es

A key research question at the Large Hadron Collider (LHC) is the test of models of new physics.
In this talk, we want to present two tools to recast direct LHC results to (any) BSM models. First,
we discuss CheckMATE (Check Models At Terascale Energies) which is a program package which
accepts simulated event files in many formats for any model. The program then determines whether
the model is excluded or not at 95% C.L. by comparing to many recent experimental analyses at the
LHC. It is simple to use and the program structure allows for easy extensions to upcoming LHC
results in the future. CheckMATE can be found at: http://checkmate.hepforge.org.
Testing if a particular parameter set of such a model is excluded by LHC data is a challenge: It
requires the time consuming generation of scattering events, the simulation of the detector response,
the event reconstruction, cross section calculations and analysis code to test against several hundred
signal regions defined by the ATLAS and CMS experiment.
In the second part of the talk, we attack this challenge using a novel approach. A Machine Learning
tool has learned to predict within a fraction of a millisecond if a model is excluded or not directly
from the model parameters.
A first example (SUSY-AI) is presented for the phenomenological Supersymmetric Standard Model
(pMSSM). About 310,000 pMSSM model sets - each tested with 200 signal regions by ATLAS - have
been used to train and validate SUSY-AI. The code is now able to reproduce the ATLAS exclusion
regions in 19 dimensions with an accuracy of at least 97%

Summary:
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Precision Calculations and Simulations / 156

Precision Higgs mass predictions in minimal and non-minimal
SUSY models
Author(s): Peter AthronNone

Co-author(s): Alexander Voigt 1 ; Dominik Stockinger 2 ; Jae-hyeon Park 3 ; Tom Steudner 4

1 Unknown-Unknown-Unknown
2 University Glasgow
3 KIAS
4 TU Dresden

Corresponding Author(s): peter.athron@coepp.org.au, jhpark@kias.re.kr, alexander.voigt@cern.ch, tom.steudtner@gmx.de,
d.stockinger@physics.gla.ac.uk

Now that the Higgs mass has been well measured at the Large Hadron
Collider (combined ATLAS and CMS mh = 125.09 \pm 0.24) it is very
important that the precision of the Higgs mass prediction in SUSY
models is improved. This is particularly challenging since both limits
on the sparticles and the Higgs mass indicate that the SUSY scale may
be quite large. A great deal of work has recently been directed at
this in the MSSM with the state-of-the-art calculations ensuring that
large logs are resummed when the SUSY scale is much bigger than the EW
scale. However much less has been done on non-minimal SUSY
models. Currently a two-loop calculation is available with
SARAH/SPheno, but the precision is still limited due to large
logarithms when the SUSY scale is large. Here we present an
alternative algorithm for calculating the Higgs pole mass in and SUSY
theories that combines an effective field theory (EFT) approach to
resum large logs with a diagrammatic calculation of the Higgs pole
mass. We implement this algorithm in FlexibleSUSY and use this to
study the impact of these corrections in the MSSM, NMSSM, MRSSM and
E6SSM. In the MSSM we show that our Higgs mass prediction correctly
interpolates between the known EFT results when the sparticles are
heavy and fixed order calculations in the full theory when the
sparticle masses are close to the electroweak scale. We compare our
results to those in public codes and discuss the origin of the most
significant deviations.

Summary:
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Model independent constraints on new physics with HEPfit
Enrico Franco1 ; Jorge de Blas2 ; Laura Reina3 ; Luca Silvestrini4 ; Marco Ciuchini5 ; Maurizio Pierini6 ; Satoshi
Mishima7

1 INFN (Istituto Nazionale Fisica Nucleare)
2 INFN - National Institute for Nuclear Physics
3 Florida State University (US)
4 INFN Rome
5 INFN Sezione di Roma Tre
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7 KEK
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maurizio.pierini@cern.ch, enrico.franco@roma1.infn.it, satoshi.mishima@kek.jp

We present up to date limits from electroweak precision observables and Higgs-boson signal strengths
on new physics beyond the Standard Model. We consider general extensions such as new physics in
the form of oblique parameters, modified Zbb couplings, or modified Higgs-boson couplings, as well
as the model-independent parameterization given by the dimension-six Standard-Model effective
Lagrangian. We compare these results with the projection of the fit with the expected experimental
improvements at future e+e- colliders. All the results have been computed with HEPfit code.

Summary:
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Signal Morphing techniques and possible application to Higgs
properties measurements
Author(s): Elizaveta Shabalina1 ; Katharina Maria Ecker2 ; Salvador Marti I Garcia3
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One way of describing deviations from the Standard Model is via Effective Field Theories or pseudo-
observables, where higher order operators modify the couplings and the kinematics of the inter-
action of the Standard Model particles. Generating Monte Carlo events for every testable set of
parameters for such a theory would require computing resources beyond the ones currently avail-
able in ATLAS. Up to now, Matrix-Element based reweighting techniques have been often used to
model Beyond Standard Model process starting from Standard Model simulated events. In this talk,
we review the advantages and the limitations of morphing techniques to construct continuous prob-
ability model for signal parameters, interpolating between a finite number of distributions obtained
from the simulation chain. The technique will be exemplified by searching for deviations from the
Standard Model predictions in Higgs properties measurements.

Summary:

Precision Calculations and Simulations / 186

Impact of Jet Veto Resummation on Slepton Searches

Author(s): Lisa ZeuneNone
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Jet vetoes are a common tool in the experimental SUSY searches for eliminating the SM QCD back-
ground. They introduce large logarithms (of the jet veto scale over the partonic invariant mass) in
the SUSY cross sections, which increase with the SUSY particle mass and need to be resummed to
obtain reliable cross section predictions. Using slepton production as an example, we show that the
theoretical uncertainties associated with the jet veto are large, and when taken into account have a
sizeable impact already on present exclusion limits. This is improved by calculating the resummed
cross section to higher order, which allows us to obtain accurate predictions even for high slepton
masses, as probed by the LHC in the upcoming years.

Summary:
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GAMBIT - A general-purpose Beyond-the-Standard-Model global
fitting tool
Benjamin Farmer1

1 Oskar Klein Centre

Corresponding Author(s): benjamin.farmer@coepp.org.au

In this talk I will present an overview of GAMBIT, a soon-to-be released next-generation open-source
global fitting tool, along with preliminary MSSM fit results. The GAMBIT project aims to fill a need
in the phenomenology community for a robust and extensible tool for interfacing the physics calcu-
lators, advanced statistical sampling algorithms, and likelihood calculations that are necessary for
performing statistically valid global parameter fits and model comparisons in Beyond-the-Standard-
Model theories. The first public release of GAMBIT will be focused on SUSY and Higgs portal models,
and will ship with a comprehensive set of likelihood calculations (experimental constraints) includ-
ing a variety that are usually not included in SUSY global fits such as indirect dark matter searches
(IceCube, FermiLAT) and on-the-fly LHC event simulation.

Summary:
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Interpreting the simplified models results from the LHC with
SModelS
Andre Lessa1 ; Federico Ambrogi2 ; Sabine Kraml3 ; Suchita Kulkarni2 ; Ursula Laa4 ; Veronika Magerl5 ; Wolfgang
Waltenberger2

1 IFGW - UNICAMP
2 Austrian Academy of Sciences (AT)
3 Centre National de la Recherche Scientifique (FR)
4 LPSC Grenoble
5 Albert-Ludwigs-Universitaet Freiburg (DE)

Corresponding Author(s): ursula.laa@cern.ch, walten@cern.ch, sabine.kraml@cern.ch, suchita.kulkarni@cern.ch,
federico.ambrogi@cern.ch, v.magerl@gmx.at, andlessa@ifi.unicamp.br

SModelS is a tool designed for the interpretation of the LHC searches
for Beyond Standard Model (BSM) physics based on Simplified Models
Spectra (SMS).

SModelS performs the decomposition of arbitrary BSM scenarios
featuring a Z2 symmetry into their SMS components, and evaluates the
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theoretical predictions for their production cross sections. These
predictions are then compared with the results from the LHC searches
implemented in a comprehensive and up-to-date database, in the form of
cross section upper limit maps or signal efficiency maps.

In particular the usage of efficiency maps is one of the main new
features of the upcoming version SModelS v1.1. It allows for the
combination of different simplified models for the evaluation of cross
section upper limits, thus increasing the constraining power of
SModelS.

As an application, we show how SModelS has been used for the study of
specific supersymmetric models not only to constrain the theory’s
parameter space, but also to highlight interesting regions currently
not covered by the experiments. This way we can also give feedback to
the experiments for where to look next.

Summary:

SUSY Models / 18

Naturalizing Supersymmetry with a Two-Field Relaxion Mecha-
nism
Jason Evans1

1 Korean Institue for Advanced Study

Corresponding Author(s): jlevans@kias.re.kr

We present a supersymmetric version of a two- eld relaxion model that naturalizes tuned versions
of supersymmetry. This arises from a relaxion mechanism that does not depend on QCD dynamics
and where the relaxion potential barrier height is controlled by a second axion-like eld. During the
cosmological evolution, the relaxion rolls with a nonzero value that breaks supersymmetry and scans
the soft supersymmetric mass terms. Electroweak symmetry is broken after the soft masses become
of order the supersymmetric Higgs mass term and causes the relaxion to stop rolling for superpartner
masses up to 10^9 GeV. This can explain the tuning in supersymmetric models, including split-SUSY
models, while preserving the QCD axion solution to the strong CP problem. Besides predicting
two very weakly-coupled axion-like particles, the supersymmetric spectrum may contain an extra
Goldstino, which could be a viable dark matter candidate.

SUSY Models / 64

Phenomenological MSSM interpretation of CMS results

Jory SonneveldNone

Corresponding Author(s): jory.sonneveld@cern.ch

Using a global Bayesian analysis, it is shown how the results
from searches for supersymmetry performed by CMS constrain
the Minimal Supersymmetric Standard Model (MSSM). The
study is performed within the framework of the
phenomenological MSSM (pMSSM), a 19-parameter realization
of the R-parity conserving weakscale MSSM, that captures
most of the latter’s phenomenological features and which,
therefore, permits robust conclusions to be drawn about the
MSSM.
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Summary:
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Non-universal MSSM as the effective theory from flavour
Oscar Manuel Vives Garcia1

1 Instituto de Fisica Corpuscular (ES)

Corresponding Author(s): oscar.vives@uv.es

Flavour symmetries a la Froggatt-Nielsen provide a compelling way to explain the hierarchy of
fermionic masses and mixing angles in the Yukawa sector. In Supersymmetric extensions of the
SM where the breaking of Supersymmetry occurs at scales much larger than the breaking of flavour,
this flavour symmetry must be respected not only by the Yukawas of the superpotential, but by the
soft - breaking masses and trilinear terms as well. In this work we show that contrary to naive expec-
tations, even starting with flavour blind soft breaking at a high scale, the effective theory obtained
after integrating out the heavy flavour mediator fields is strongly non-universal. We explore the
phenomenology of these SUSY models after the latest LHC searches for new physics.

Summary:

SUSY Models / 16

Natural Supersymmetry and Unification in Five Dimensions
Author(s): Alan CornellNone

Co-author(s): Aldo Deandrea 1 ; Ammar Abdalgabar 2 ; Moritz McGarrie 3
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2 Sudan University of Science and Technology
3 DESY

We explore unification and natural supersymmetry in a five dimensional extension of the standard
model in which the extra dimension may be large, of the order of 1-10 TeV. Power law running
generates a TeV scale At term allowing for the observed 125 GeV Higgs and allowing for stop masses
below 2 TeV, compatible with a natural SUSY spectrum. We supply the full one-loop RGEs for various
models and use metastability to give a prediction that the gluino mass should be lighter than 3.5 TeV
for At > -2.5 TeV, for such a compactification scale, with brane localised 3rd generation matter. We
also discuss models in which only the 1st and 2nd generation of matter fields are located in the bulk.
We also look at electroweak symmetry breaking in these models.

SUSY Models / 54

Two (or more) Higgs bosons near 125 GeV in the complex NMSSM

Author(s): Shoaib Munir1

Co-author(s): Biswaranjan Das 2 ; Poulose Poulose 2 ; Stefano Moretti 3

1 KIAS, Seoul
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The two additional singlet-like Higgs bosons, one scalar and one pseudoscalar, of the next-to-minimal
supersymmetric standard model (NMSSM) can result in some unique signatures at the Large Hadron
Collider (LHC), helping establish the non-minimal nature of supersymmetry. In particular, there ex-
ists the possibility of one, or even both, of these new Higgs bosons being almost degenerate with
the 125 GeV SM-like Higgs boson. When, motivated by the baryon asymmetry of the universe,
CP-violating phases are explicitly invoked in the Higgs sector of the model, all the Higgs interac-
tion eigenstates mix to give five CP-indefinite physical states. In such a scenario, when the mass
difference between two (or more) Higgs bosons near 125 GeV is comparable to their widths, the
off-diagonal contributions to the propagator matrix ought to be taken into account. We perform a
detailed analysis of the impact of these contributions on the di-photon production in gluon fusion
via Higgs resonance near 125 GeV at the current LHC run. We find that these effect can become quite
sizable, thereby invalidating both the narrow width approximation and the approach based solely
on the tree-level interference, and thus considerably modifying the phenomenology of the observed
Higgs boson.

SUSY Models / 111

The NMSSM lives - with the 750 GeV diphoton excess
Author(s): Krzysztof Rolbiecki1

Co-author(s): Florian Domingo 2 ; Jong Soo Kim 2 ; Sven Heinemeyer 3
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Corresponding Author(s): florian.domingo@csic.es, sven.heinemeyer@cern.ch, krolb@fuw.edu.pl, jongsoo.kim@tu-
dortmund.de

We propose an NMSSM scenario that can explain the excess in the diphoton spectrum at 750 GeV
recently observed by ATLAS and CMS. We show that in a certain limit with a very light pseudoscalar
one can reproduce the experimental results without invoking exotic matter. The 750 GeV excess is
produced by two resonant heavy Higgs bosons with masses ~750 GeV, that subsequently decay to two
light pseudoscalars. Each of these decays to collimated photon pairs that appear as a single photon
in the electromagnetic calorimeter. A mass gap between heavy Higgses mimics a large width of
the 750 GeV peak. The production mechanism, containing a strong component via initial b-quarks,
ameliorates a possible tension with 8 TeV data compared to other production modes. We also discuss
other constraints, in particular from low energy experiments. Finally, we discuss possible methods
that could distinguish our proposal from other physics models describing the diphoton excess in the
Run-II of the LHC.

Summary:

SUSY Models / 117

Probing Non-holomorphic MSSM via precision constraints, dark
matter and LHC data
Author(s): Utpal Chattopadhyay1

Co-author(s): Abhishek Dey 2
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In this analysis we explore the phenomenological constraints of models
with non-holomorphic soft SUSY breaking terms in a beyond the MSSM scenario
having identical particle content. The model referred as NHSSM shows various
promising features like the possibility of a strong reduction in electroweak fin
e-tuning even for a scenario of a heavy higgsino type of LSP, a fact that is unavailable in pMSSM
models. The other important aspect is satisfying the muon g − 2 data even for a small
tanβ via a small value of coupling A′

µ associated with the tri-linear non-holomorphic soft term.
Thus, a large SUSY contribution to muon g − 2 is possible
even for a significantly large smuon massmµ̃1 . The Higgs mass radiative corrections are contributed
by both the holomorphic and non-holomorphic trilinear soft parameters At and A′

t, thus diluting
the requirement to have a larger At

to satisfy the Higgs mass data. The model also provides with valid parameter space
satisfying the constraint of B → Xs + γ for large values of
tanβ, a scenario unfavourable in pMSSM.

Summary:

SUSY Models / 128

The 750 GeV diphoton LHC excess from Singlets in Exceptional
Supersymmetric Standard Model
Author(s): Roman Nevzorov1

Co-author(s): Stephen King
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Corresponding Author(s): roman.nevzorov@adelaide.edu.au, king@soton.ac.uk

The 750-760 GeV diphoton resonance may be identified as one or two scalars and/or
one or two pseudoscalars contained in the two singlet superfields S1,2

arising from the three 27-dimensional representations of E6. We study the corresponding collider
signature within the exceptional supersymmetric standard model (E6SSM). This model is based on
the SM gauge group together with an extra U(1)N gauge symmetry under which right–handed
neutrinos have zero charge. To ensure anomaly cancellation the low energy matter content of the
E6SSM involve three 27 representations of E6. Thus E6SSM predicts Z ′ boson and extra matter
beyond the MSSM. In particular, the low–energy spectrum of the E6SSM involves three families
of Higgs–like doublets,three families of exotic quarks and three SM singlets Si that carry U(1)N
charges. The E6SSM Higgs sector contains one family of the Higgs–like doublets and one SM singlet
S3 that develops vacuum expectation values (VEV) breaking U(1)N gauge symmetry and inducing
masses of exotic states mentioned above. The fermion and scalar components of other Higgs–like
superfields form Inert Higgsino and Inert Higgs states respectively. Two lighter singlets S1,2

with masses around 750 GeV can couple to Inert Higgsino and exotic quarks giving rise to diphoton
excess. We calculate the branching ratios and cross-sections for the two scalar and two pseudoscalar
states associated with the S1,2 singlets, including possible degeneracies and maximal mixing, subject
to the constraint that their couplings remain perturbative up to the unification scale.

Summary:

SUSY Models / 123

On the smallness of the dark energy density in SUGRA models
with Planck scale SUSY breaking and degenerate vacua
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2 Glasgow Universitty
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In N = 1 supergravity (SUGRA) supersymmetric (SUSY) and non-supersymmetric
Minkowski vacua originating in the hidden sector can be degenerate. This allows for
consistent implementation of the multiple point principle (MPP) assumption.
We present no–scale inspired SUGRA model where the MPP assumption is realised
at the tree–level without extra fine-tuning. In the supersymmetric phase in flat Minkowski space
SUSY may be broken dynamically inducing tiny vacuum energy density which can be assigned, by
virtue of MPP, to all other phases including the one in which we live.We argue that the measured
value of the cosmological constant, as well as the small
values of quartic Higgs self–coupling and the corresponding beta function at the Planck
scale, which can be obtained by extrapolating the Standard Model (SM) couplings to
high energies, can originate from supergravity (SUGRA) models with degenerate vacua.
This scenario is realised if there are at least three exactly degenerate vacua. In the first vacuum,
associated with the physical one, local supersymmetry (SUSY) is broken near the Planck scale while
the breakdown of the SU(2)W × U(1)Y symmetry takes
place at the electroweak (EW) scale. In the second vacuum local SUSY breaking
is induced by gaugino condensation at a scale which is just slightly lower than
ΛQCD in the physical vacuum. Finally, in the third vacuum local SUSY
and EW symmetry are broken near the Planck scale.

Summary:
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New SUSY Fits with MasterCode
Sven Heinemeyer1

1 CSIC (Santander, ES)

Corresponding Author(s): sven.heinemeyer@cern.ch

New and updated SUSY fits, using the MasterCode framework, are presented. In particular, results
for new GUT based models are discussed.

Summary:

SUSY Models / 141

Constraints on non-universal gaugino mass scenario using the
latest LHC data
Author(s): Junichiro Kawamura1

Co-author(s): Yuji Omura 2

1 Waseda University
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We investigate exclusion limits on the the non-universal gaugino mass scenario
in the Minimal Supersymmetric Standard Model (MSSM), according the the latest results of the super-
particle search at the LHC8 and the LHC13. In this scenario, suitable ratios of wino to gluino mass
can realize the observed value of the Higgs boson mass, while keeping a small µ parameter.
Such a small µ parameter corresponds to the mass of higgsino, so that
lightest neutralino and chargino are higgsino-like and their masses are almost degenerate.
Besides, we find that the right-handed top squark tends to be lighter than other sfermions
and then the top squark search, where the top squark decays to a quark and higgsino, is relevant to
our model.
In our analysis, the exclusion limits are derived using the data of the top squark searches
in the bb+ Emiss

T and tb+ Emiss
T channels.

Furthermore, the exclusion limit on gluino mass, which is crucial to our scenario, is investigated as
well.
The analysis of the gluino is based on the data of the analysis with large missing energy and at least
three b-tagged jets at the ATLAS experiment.
This work is based on PRD 93(2016) no.5, 055019.

Summary:
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Mass Spectrum and Dark Matter in the CSE6SSM
Author(s): Dylan Harries1

Co-author(s): Anthony Williams 1 ; Peter Athron ; Roman Nevzorov 1
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E6 inspired SUSY models are a well-motivated class of models that can solve the µ problem in the
MSSM and allow for the tree-level Higgs mass to be increased. In the simplest variants of these
models, multiple exact and approximate discrete symmetries must be introduced for the model to be
phenomenologically viable. Here we study a constrained version of a recently proposedE6 inspired
model, the CSE6SSM, in which only a single, exact custodial symmetry is required. We perform
scans over the parameter space of
the model to identify regions with a SM-like Higgs with a mass of 125 GeV and sparticle masses above
existing limits. The obtained solutions lead to distinctive new physics signatures that would enable
the model to be discovered at run II of the LHC. At the same time, the observed dark matter relic
abundance is accounted for by the lightest MSSM-like neutralino. We find that in these scenarios
the predicted direct detection cross sections are close to the current limits from LUX and would be
easily discoverable at XENON1T.

Summary:
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The 750 GeV diphoton excess: models and precision tools
Author(s): Florian Staub1

Co-author(s): Alexander Voigt 2 ; Avelino Vicente Montesinos 3 ; Dylan Harries 4 ; Kilian Nickel 5 ; Lorenzo Basso
6 ; Lorenzo Ubaldi 7 ; Manuel E. Krauss 5 ; Mark Goodsell 8 ; Peter Athron ; Toby Opferkuch 9
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Indications from ATLAS and CMS of a potential new resonance at 750 GeV have seen a wide range
of models put forward to explain the excess. Obtaining precise theoretical predictions for a given
model can be a formidable computational challenge. On the other hand, relying on simpler analyti-
cal approximations often leads to important subtleties being neglected or missed. Here we describe
extensions to the Mathematica package SARAH and
the spectrum generators FlexibleSUSY and SPheno that enable the automatic calculation of the re-
quired diphoton and digluon rates, including crucial higher order corrections, in a large class of
models. We have implemented a large number of models presented in the recent literature. We
explain how these may be used to rigorously test the proposed models, emphasising cases in which
the use of the tools makes a significant difference to the final
results. We then formulate a new SUSY model capable of accommodating the diphoton excess with
a large width, and demonstrate the utility of the set-up by studying the new model in detail without
having to neglect physically important effects.

Summary:
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Di-Higgs signatures from R-parity violating supersymmetry as
the origin of neutrino mass
Author(s): Pankaj Sharma1

Co-author(s): Eung Jin Chun 2 ; Sanjoy Biswas 3
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Motivated by the naturalness and neutrino mass generation, we study a bilinear R-parity violating
supersymmetric scenario with a light Higgsino-like lightest supersymmetric particle (LSP). We ob-
serve that the LSP dominantly decays to νh in a large part of the parameter space, and thus study
the pair production of electroweakinos followed by the decays χ̃±

1 → χ̃0
1W

±∗ and χ̃0
1 → νh. This

leads to an interesting signature of Higgs boson pair production associated with significantly large
missing transverse energy which is grossly distinct
from the di-Higgs production in the Standard Model. We investigate the perspective of probing such
signatures by performing a realistic detector level simulation of both the signal and corresponding
backgrounds for the high-luminosity high energy phase of the Large Hadron Collider (LHC). We also
advocate some observables based on kinematical features to provide an excellent handle to suppress
the backgrounds.

Summary:
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Bayesian naturalness of Next-to-Minimal and Minimal Supersym-
metric Models
Andrew Fowlie1 ; Benjamin Farmer2 ; Csaba Balazs1 ; Doyoun Kim1 ; Dylan Harries3 ; Peter AthronNone
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peter.athron@coepp.org.au, andrew.fowlie@monash.edu, benjamin.farmer@coepp.org.au

The discovery of a 125 GeV Higgs-like boson and null results in searches for new physics at the LHC
have lead to renewed interest in next-to-minimal supersymmetric models and doubts about tradi-
tional measures of fine-tuning in supersymmetric models. We investigate fine-tuning in next-to-
minimal and minimal supersymmetric models with Bayesian statistics by picking non-informative
priors for superpotential and soft-breaking parameters (in contrast to informative priors for e.g.,MZ

and tanβ) which, we argue, underpin fine-tuning arguments in supersymmetric models. Further-
more, we contrast our Bayesian analyses with traditional fine-tuning measures based upon deriva-
tives of the Z-boson mass, including high- and low-scale measures, highlighting deficiencies in tra-
ditional fine-tuning measures.

Summary:
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Compressed SUSY with 125 GeV Higgs
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A compressed spectrum is seen as an natural explanation for the elusiveness of low-energy super-
symmetry at the LHC. Some characteristic signals, such as mono-jet + MET, had been accepted as
its trademark signals although investigations suggested that lower limits on the supersymmetric
particle masses are quite stringent in spite of compression. Also, most compressed SUSY scenarios
studied so far are only partially compressed. In this backdrop, we make an exhaustive analysis of
the compressed SUSY scenarios for the 13 TeV run of LHC, keeping the level of compression in the
entire spectrum as high as possible. A broad class of benchmark spectra are thus considered, af-
ter ensuring consistency with the observed Higgs mass as well as the dark matter constraints. The
rates of observable events in the high-energy run are obtained through detailed simulation, for both
the multi-jet + MET and mono-jet + MET final states. We argue that the former is still more effi-
cient to reveal a compressed SUSY spectrum first, while the latter can serve as a useful confirmatory
channel.
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We present predictions for SUSY Dark Matter searches and analyses based on the MasterCode frame-
work.
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Minimal Supersymmetry offers an explanation for the Hierarchy Problem in the Standard Model
of Particle Physics, however still requires fine tuning in order to receive the correct higgs mass.
We can consider compressed spectrum SUSY, where we can decouple the sparticle sector from the
electroweak physics and still maintain a light higgs mass. The phenomenology of such situations,
including calculations of the muon g-2, dark matter relic density and other observables are explored.
Alternatively, we explore the particle spectrum of a SUSY model with the electroweak symmetry
non-linearly realised. With the higgs realised as an SM singlet field in this parameterisation, we
discover a unique and rich spectrum relevant to collider phenomenology.
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We will discuss the low energy predictions arising from a GUT scale Pati-Salam gauge group with
an A4 × Z5 family symmetry. This results in four soft scalar masses at the GUT scale: one left-
handed soft mass and three right-handed soft masses, one for each generation. We will show that
this model can correctly describe measurements of the anomalous magnetic moment of the muon,
which currently suffers a puzzling 3σ excess of the experimentally measured value over the theo-
retical prediction. As the consequence, the model predicts specific regions of the MSSM parameter
space including light smuons and neutralinos, which may also potentially explain di-lepton excesses
observed by CMS and ATLAS.
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The accurate measurements of the neutrino oscillation parameters including a CP phase are
one of the important issues to understand the fermion mass hierarchy in unification picture.
It is expected that all the elements in the neutrino mass matrix can be obtained (up to Majorana
phases)
after the accurate measurements.
Before the measurements of 13-mixing and the CP phase, it was not ready to argue if the (1,2) element
is hierarchically smaller
than the (1,3) element of the neutrino mass matrix.
Currently, the (1,2) element is consistent to be zero up to experimental errors.
In grand unified theories, the size of the elements can be related to the one in the charged fermion
Yukawa matrices,
and thus, it is related to the size of proton decay amplitudes in SUSY GUT models.
We discuss the relation between the CP phase and the proton decay amplitudes in SUSY SO(10)
models,
and provide a prediction of the CP phase from the proton decay suppression.

Summary:

SUSY Models / 215

Vacuum Stability Bounds on Lepton Flavor Violating Tri-linear
Soft-terms in the General MSSM

Author(s): Debtosh Chowdhury1

Co-author(s): Ayan Paul 1 ; Luca Silvestrini 2 ; Otto Eberhardt 3

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

Page 91



SUSY 2016 / Book of Abstracts

Corresponding Author(s): ayan.paul@roma1.infn.it, debtosh.chowdhury@roma1.infn.it, luca.silvestrini@roma1.infn.it,
otto.eberhardt@roma1.infn.it

The stability of the standard electroweak vacuum imposes constraints on flavor violating tri-linear
soft terms which are comparable to the experimental bounds coming from the absence of the flavor
changing neutral currents. Furthermore, contrary to the bounds coming from flavor changing neu-
tral currents, the vacuum stability constraints do not decouple even if the scale of supersymmetry
breaking is arbitrarily large. We pinpoint the regions in supersymmetric parameter space, compati-
ble with vacuum stability and the experimental results from the LHC and predict the rates of various
lepton flavor violating processes in these regions. Moreover, results coming from demanding the vac-
uum being meta-stable are juxtaposed to the ones in which vacuum being absolutely stable in nature.
We further discuss the dependency on the other related supersymmetric parameters on the result.
We assess the prospect for present and future flavor factories while keeping the supersymmetry
breaking scale within the LHC reach.
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Supersymmetric models with Dirac masses for the gauginos have both a
solid top-down theoretical motivation and a rich phenomenology. We show
that the 750 GeV di-photon excess can be explained by the Minimal Dirac
Gaugino Supersymmetric Standard Model without introducing any additional
“ad-hoc” states. In this model, the resonance is identified with the
scalar partner of the Dirac bino. We demonstrate that the 750 GeV excess
can be achieved in this model while satisfying constraints arising from
the scalar mixing with the Higgs boson, vacuum stability, gauge coupling
unification and perturbativity of the couplings up to the GUT scale.
Considering different benchmark scenarios, we will present how this
model is able to produce the intriguing 750 GeV di-photon signature.
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I discuss electroweak symmetry breaking in SUSY models with extra vectorlike fields and show that
under certain simple assumptions a 125 GeV Higgs can be achieved in a natural way. Implications
for the properties of the Higgs boson and other collider phenomenology are also discussed.
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In this talk we propose a new supersymmetric model based on the trinification gauge group with
global SU(3) flavour symmetry. We aim at solving the major issues of conventional trinification
GUTs, such us multi-TeV SM fermion masses, as well as providing a natural way to introduce a
SU(2)_L x SU(2)_R symmetry. We investigate whether it is possible to spontaneously break the
original gauge symmetry and find that the minimal field content allowing for stable vacuum so-
lutions requires three copies of a full E6 27-plet, three gauge octets from an adjoint 78-plet and a
flavour octet, all belonging to a common fundamental 246-plet of E8. Unlike older realizations, the
new flavour symmetry forbids leptons from acquiring tree-level masses naturally suppressing them
from the GUT scale. Besides gauge coupling unification we also predict novel features such as top-
bottom-tau Yukawa unification alongside with Higgs-lepton unification, which are only possible in
supersymmetric realizations of the trinification model.
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The next-to-minimal supersymmetric standard model (NMSSM)
with an extended Higgs sector offers at least one Higgs boson as the
Standard model (SM) like Higgs with a mass around 125 GeV.
We revisit the mass spectrum and couplings of non-SM-like
Higgs bosons taking into consideration most relevant constraints.
We evaluate the rates of productions of these non-SM-like Higgs bosons at the LHC for a variety
of decay channels corresonding to the allowed region of the parameter space. We notice that for a
substantial region of the parameter space the two-photon decay mode has a remarkably
large rate. In this study we emphasize that this diphoton mode can be
exploited to find the non-SM-like Higgs bosons of the NMSSM
and can also be a potential avenue to distinguish the NMSSM from the MSSM.
We plan to present also detection possibility of light pseudoscalar
Higgs boson(A1) in the diphoton final states where A1 is produced
via chargino-neutralino production. In this context we will present
signal sensitivity by computing the background in details
at the LHC with energy 13 TeV.
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We study the Yukawa unification, in particular, the unification of the Yukawa coupling constants of
b and τ , in the framework of supersymmetric (SUSY) model. We concentrate on the model in which
the SUSY breaking scalar masses are of the order of the gravitino mass while the gaugino masses
originate from the effect of anomaly mediation and hence are one-loop suppressed relative to the
gravitino mass. We perform an accurate calculation of the Yukawa coupling constants of b and τ at
the grand unified theory (GUT) scale, including relevant renormalization group effects and threshold
correct ions. In particular, we study the renormalization group effects, taking into account the mass
splittings among sfermions, gauginos, and the standard model particles. This talk will be based on
our recent paper [arXiv:1604.02156].
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