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Muonic charged Higgs boson discovery channel at
the LHC

Tuesday 17 May 2022 19:00 (1 hour)

The ATLAS and CMS experiments have an ambitious search program for charged Higgs bosons.
The two main searches for H± at the LHC have traditionally been performed in the τν and tb
decay channels, as they provide the opportunity to probe complementary regions of the Minimal
SuperSymmetric Model (MSSM) parameter space. Charged Higgs bosons may decay also to light
quarks, H± → cs/cb, which represent an additional probe for the mass range below mt. In
this work, we focus on H± → µν as an alternative channel in the context of two Higgs doublet
model type III. We explored the prospect of looking pp → tbH±, followed by H± → µν signal
at the LHC. Such a scenario appears in 2HDM type-III where couplings of the charged Higgs
are enhanced to µν. Almost all the experimental searches rely on the production and decay of
the charged Higgs are taken into account. We show that for a such scenario, the above signal is
dominant for most of the parameter space, and H± → µν can be an excellent complementary
search.

Author: Mr BOUKIDI, Mohammed (Cadi Ayyad University, Marrakech)

Co-authors: Prof. BENBRIK, Rachid (Cadi Ayyad University, Marrakech); Dr SEMLALI, Souad
(School of Physics and Astronomy, University of Southampton); Prof. MANAUT, Bouzid (Sultan Moulay
Slimane University); Prof. TAJ, Souad (Sultan Moulay Slimane University); OUCHEMHOU, Mohamed
(Cadi Ayyad University, Marrakech)
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Multi-partonic cascades in expanding medium
Tuesday 17 May 2022 19:00 (1 hour)

In this work, we introduce both gluon and quark degrees of freedom for describing the partonic
cascades inside the medium. We present numerical solutions for the set of coupled evolution
equations with splitting kernels calculated for the static, exponential and Bjorken expanding media
to arrive at medium-modified parton spectra for quark and gluon initiated jets respectively. We
discuss novel scaling features of the partonic spectra between different types of media. Next, we
study the inclusive jet by including phenomenologically driven combinations of quark and gluon
fractions inside a jet. In addition, we have also studied the effect of the nPDF as well as vacuum
like emissions on the jet . Differences among the estimated values of quenching parameter for
different types of medium expansions are noted. Next, the impact of the expansion of the medium
on the rapidity dependence of the jet as well as jet v2 are studied in detail. Finally, we present
qualitative results comparing the sensitivity of the time for the onset of the quenching for the
Bjorken profile on these observables. All the quantities calculated are compared with the recent
ATLAS data.

Authors: SALGADO LOPEZ, Carlos Albert (Universidade de Santiago de Compostela (ES)); Mr AD-
HYA, Souvik Priyam (Institute of Nuclear Physics, Polish Academy of Sciences); TYWONIUK, Konrad
(University of Bergen (NO)); SPOUSTA, Martin (Charles University)
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Extended relaxation time approximation and
relativistic dissipative hydrodynamics

Tuesday 17 May 2022 19:00 (1 hour)

Development of a new framework for the derivation of order-by-order hydrodynamics from the
Boltzmann equation is necessary as the widely used Anderson-Witting formalism leads to viola-
tion of fundamental conservation laws when the relaxation-time depends on particle energy, or
in a hydrodynamic frame other than the Landau frame. We generalize an existing framework for
the consistent derivation of relativistic dissipative hydrodynamics from the Boltzmann equation
with an energy-dependent relaxation-time by extending the Anderson-Witting relaxation-time
approximation. We argue that the present framework is compatible with conservation laws and
derives first-order hydrodynamic equations in the landau frame. Further, we show that the trans-
port coefficients, such as shear and bulk viscosity as well as charge and heat diffusion currents,
have corrections due to the energy dependence of relaxation-time compared to what one obtains
from the Anderson-Witting approximation of the collision term. The ratio of these transport coef-
ficients are studied using a parametrized relaxation time, and several interesting scaling features
are reported.

Author: Mrs DASH, Dipika (NISER, Bhubaneswar)

Co-authors: Mr BHADURY, Samapan (NISER, Bhubaneswar); Mr JAISWAL, Sunil (TIFR, Mum-
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A new Scattering and Neutrino Detector at the LHC
Tuesday 17 May 2022 19:00 (1 hour)

SND@LHC is a compact and stand-alone experiment to perform measurements with neutrinos
produced at the LHC in a hitherto unexplored pseudo-rapidity region of 7.2 < � < 8.6, complemen-
tary to all the other experiments at the LHC. The experiment is located 480 m downstream of IP1
in the unused TI18 tunnel. The detector is composed of a hybrid system based on an 800 kg target
mass of tungsten plates, interleaved with emulsion and electronic trackers, followed downstream
by a calorimeter and a muon system. The configuration allows efficiently distinguishing between
all three neutrino flavours, opening a unique opportunity to probe physics of heavy flavour pro-
duction at the LHC in the region that is not accessible to ATLAS, CMS and LHCb. This region
is of particular interest also for future circular colliders and for predictions of very high-energy
atmospheric neutrinos. The detector concept is also well suited to searching for Feebly Interact-
ing Particles via signatures of scattering in the detector target. The first phase aims at operating
the detector throughout LHC Run 3 to collect a total of 150 fb−1. The experiment was recently
approved by the Research Board at CERN and its detector is being commissioned. A new era of
collider neutrino physics is just starting.

Author: GRAVERINI, Elena (EPFL - Ecole Polytechnique Federale Lausanne (CH))

Presenter: DE SIMONE, Dario (University of Zurich (CH))
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Lepton and quark mixing patterns with generalized
CP transformations

Tuesday 17 May 2022 19:00 (1 hour)

In this work, we have modified a scenario, originally proposed by Grimus and
Lavoura, in order to obtain maximal values for atmospheric mixing angle and CP violating Dirac
phase of the lepton sector. To achieve this, we have employed CP and some discrete symmetries
in a type II seesaw model. In order to make predictions about neutrino mass ordering and the
smallness of the reactor angle, we have obtained some conditions on the elements of the neutrino
mass matrix of our model. Finally, within the framework of our model, we have studied quark
masses and mixing pattern.

Author: GANGULY, Joy

Co-author: Dr HUNDI, Raghavendra Srikanth (Indian Institute of Technology Hyderabad)
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Prospects for dark boson searches via exotic Higgs
decays in Run 3 and high luminosity era of the LHC

Tuesday 17 May 2022 19:00 (1 hour)

We investigate the potential reach of a search for a long-lived dark vector boson, a dark Z or ZD ,
through exotic decays of the standard model (SM) Higgs boson h into eitherZDZD orZZD . In ad-
dition, we study a decay of h into two dark Higgs bosons hDhD . We consider the production of the
SM Higgs boson at the large hadron collider (LHC) via gluon-gluon fusion and use production cross
sections for Run 3 of the LHC (i.e., 14 TeV) calculated to a combination of next-to-next-to-next-to-
leading order with QCD corrections (N3LO QCD) and next-to-leading order with electroweak cor-
rections (NLO EW) from the literature. The ZD production through the Higgs portal is completed
via one of two mechanisms, kinetic mixing of ZD with the SM Z boson and the mixing of hD with
h. The branching fractions are calculated to NLO and scanned over the relevant mixing parameters
and particle masses in Monte Carlo (MC) simulation using the {\textsc{MadGraph5}}\_aMC@NLO
v2.7.0 framework. We focus on a final state of multiple dimuon pairs, displaced up to \mbox{7500
mm}, where the muons can be reconstructed without vertex constraint using data from the AT-
LAS and CMS detectors to be collected in Run˜3 of the LHC. Integrated luminosities of 300 and
3000 fb−1 for Run 3 and High Luminosity (HL), respectively, of the LHC are used for estimating
the expected search sensitivity of the LHC to each decay mode. Finally, we investigate the decay
lengths of ZD and hD in the detectors as well as kinematics of the displaced dimuons in the final
state.

Author: ELKAFRAWY, Tamer (Florida Institute of Technology (US))

Co-authors: HOHLMANN, Marcus (Florida Institute of Technology (US)); RAHMANI, Mehdi
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Light nuclei production with/without critical
fluctuation

Tuesday 17 May 2022 19:00 (1 hour)

Light nuclei production is a hot research topic in heavy-ion collision at RHIC-BES. The observed
non-monotonic behavior with the colliding energies[1,2] was declared to be related to the criti-
cal point of the QCD phase diagram[3,4]. In this talk, we focus on investigating the light nuclei
production with and without critical fluctuations within the framework of the coalescence model.

In the first part [5], we derive the yield of light nuclei in terms of various orders of cumulants for
the density distribution function by the implementation of the characteristic function of the phase
space density without considering the critical fluctuations. We found that the leading terms of the
phase-space cumulants in the yield of light nuclei share a similar form and could be canceled out
in light nuclei ratio, whereas the higher-order ones (non-Gaussian shaped density profile) remain
and play an important role in the interpretation of the behavior of light nuclei yield ratio.

In the second part [6], we introduce the static critical correlation contribution to the phase space
density and derive the light nuclei production in terms of phase space cumulant. Because the lead-
ing terms of the phase-space cumulants in the yield of light nuclei share the similar form, we can
construct a new light nuclei yield ratio, which is directly proportional to the critical contribution.
By mapping the equation of state from the three-dimension Ising model, the new light nuclei yield
ratio can describe the experiment measurements[1,2], which indicate the existence of QCD critical
point and its effect on light nuclei production.

[1] H. Liu, D. Zhang, S. He, K.-j. Sun, N. Yu, and X. Luo, Phys. Lett. B 805, 135452 (2020).
[2] D. Zhang (STAR), JPS Conf. Proc. 32, 010069 (2020).
[3] E. Shuryak and J M.Torres-Rincon, Eur.Phys.J.A 56 (2020) 9,241.
[4] K.-j. Sun, F.Li and C.M.Ko, Phys.Lett.B 816 (2021) 136258.
[5] S.Wu, K.Murase, S.Tang and H.Song, in preparation.
[6] S.Wu, K.Murase, S.Zhao and H.Song, in preparation.
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Spin magnetohydrodynamics
Tuesday 17 May 2022 19:00 (1 hour)

We extend the classical phase-space distribution function to include the spin and electromag-
netic fields coupling and derive the modified constitutive relations for charge current, energy-
momentum tensor, and spin tensor. Because of the coupling, the new tensors receive corrections
to their perfect-fluid counterparts and make the background and spin fluid equations of motion
communicate with each other. We investigate special cases which are relevant in high-energy
heavy-ion collisions, including baryon free matter and large mass limit. Using Bjorken symme-
tries, we find that spin polarization increases with increasing magnetic field for an initially posi-
tive baryon chemical potential. The corrections derived in this framework may help to explain the
splitting observed in Lambda hyperons spin polarization measurements.
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Constraining Deep Neural Network classifiers’
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Tuesday 17 May 2022 19:00 (1 hour)

In current and future high-energy physics experiments, the sensitivity of selection-based analysis
will increasingly depend on the choice of the set of high-level features determined for each col-
lision. The complexity of event reconstruction algorithms has escalated in the last decade, and
thousands of parameters are available for analysts. Deep Learning approaches are widely used to
improve the selection performance in physics analysis.
In many cases, the development of the algorithm is based on a brute force approach where all the
possible combinations of available neural network architectures are tested using all the available
parameters. A crucial aspect is that the results from a model based on a large number of input
variables are more difficult to explain and understand. This point becomes relevant for neural
network models since they do not provide uncertainty estimation and are often treated as perfect
tools, which they are not.

In this work, we show how using a sub-optimal set of input features can lead to higher systematic
uncertainty associated with classifier predictions. We also present an approach to selecting an
optimal set of features using ensemble learning algorithms. For this study, we considered the
case of highly boosted di-jet resonances produced in pp collisions decaying to two b-quarks to be
selected against an overwhelming QCD background. Results from a Monte Carlo simulation with
HEP pseudo-detectors are shown.
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In this paper, we study the prospect of ECAL barrel timing to develop triggers dedicated to long-
lived particles decaying to jets at the level-1 of HL-LHC. We construct over 20 timing-based vari-
ables, and identify three of them which have better performances and are robust against increasing
PU. We estimate the QCD prompt jet background rates accurately using the “stitching” procedure
for varying thresholds defining our triggers and compute the signal efficiencies for different LLP
scenarios for a permissible background rate. The trigger efficiencies can go up to O(80%) for the
most optimal trigger for pair-produced heavy LLPs having high decay lengths, which degrades
with decreasing mass and decay length of the LLP. We also discuss the prospect of including the
information of displaced L1 tracks to our triggers, which further improves the results, especially
for LLPs characterised by lower decay lengths.
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Long-Lived Light Mediators from Higgs boson
Decay at HL-LHC, FCC-hh and a Proposal of

Dedicated LLP Detectors for FCC-hh
Tuesday 17 May 2022 19:00 (1 hour)

We study the pair production of the long-lived mediator particles from the decay of the SM Higgs
boson and their subsequent decay into standard model particles. We compute the projected sensi-
tivity, both model-independently and with a minimal model, of using the muon spectrometer of
the CMS detector at the HL-LHC experiment for ggF, VBF, and Vh production modes of the Higgs
boson and various decay modes of the mediator particle, along with dedicated detectors for LLP
searches like CODEX-b and MATHUSLA. Subsequently, we study the improvement with the FCC-
hh detector at the 100 TeV collider experiment for such long-lived mediators, again focusing on
the muon spectrometer. We propose dedicated LLP detector designs for the 100 TeV collider exper-
iment, DELIGHT (\textbf{De}tector for \textbf{l}ong-l\textbf{i}ved particles at hi\textbf{gh} energy
of 100 \textbf{T}eV), and study their sensitivities.
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Constraining 3-3-1 Models at the LHC and Future
Hadron Colliders
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In this work, we derive lower mass bounds on the Z ′ gauge boson based on the dilepton data from
LHC with 13 TeV of center-of-mass energy, and forecast the sensitivity of the High-Luminosity-
LHC withL = 3000fb−1, the High-Energy LHC with

√
s = 27˜TeV, and also at the Future Circular

Collider with
√
s = 100˜TeV. We take into account the presence of exotic and invisible decays of

the Z ′ gauge boson to find a more conservative and robust limit, different from previous studies.
We investigate the impact of these new decays channels for several benchmark models in the scope
of two different 3-3-1 models. We found that in the most constraining cases, LHC with 139fb−1

can impose mZ′ > 4˜TeV. Moreover, we forecast HL-LHC, HE-LHC, and FCC bounds that yield
mZ′ > 5.8˜ TeV, mZ′ > 9.9˜TeV, and mZ′ > 27˜TeV, respectively. Lastly, put our findings into
perspective with dark matter searches to show the region of parameter space where a dark matter
candidate with the right relic density is possible.
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Progress on precision QCD calculations
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Inclusive jet + multijet + photon measurements
Thursday 19 May 2022 14:57 (18 minutes)

Presenter: SUNAR CERCI, Deniz (Adiyaman University (TR) - Istanbul University (TR))

Session Classification: QCD

July 27, 2025 Page 155



10th Edition of t ⋯ / Report of Contributions Hadron-hadron QCD interactions⋯

Contribution ID: 674 Type: not specified
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Jet substructure in heavy ions (theory)
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Presenter: ONTOSO, Alba (IPhT)
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Jet substructure in heavy ions (experiment)
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Presenter: RYBAR, Martin (Charles University (CZ))

Session Classification: Joint Session 2

July 27, 2025 Page 164



10th Edition of t ⋯ / Report of Contributions Pileup mitigation and grooming ( ⋯

Contribution ID: 683 Type: not specified

Pileup mitigation and grooming (theory)
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Quarks and gluons in the Lund plane
Tuesday 17 May 2022 19:00 (1 hour)

Discriminating quark and gluon jets is a long-standing topic in collider phenomenology. In this pa-
per, we address this question using the Lund jet plane substructure technique introduced in recent
years. We present two complementary approaches: one where the quark/gluon likelihood ratio
is computed analytically, to single-logarithmic accuracy, in perturbative QCD, and one where the
Lund declusterings are used to train a neural network. For both approaches, we either consider
only the primary Lund plane or the full clustering tree. The analytic and machine-learning dis-
criminants are shown to be equivalent on a toy event sample resumming exactly leading collinear
single logarithms, where the analytic calculation corresponds to the exact likelihood ratio. On
a full Monte Carlo event sample, both approaches show a good discriminating power, with the
machine-learning models usually being superior. We carry on a study in the asymptotic limit of
large logarithm, allowing us to gain confidence that this superior performance comes from effects
that are subleading in our analytic approach. We then compare our approach to other quark-gluon
discriminants in the literature. Finally, we study the resilience of our quark-gluon discriminants
against the
details of the event sample and observe that the analytic and machine-learning approaches show
similar behaviour.

Reference:
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Dynamically groomed jet radius in heavy-ion
collisions

Tuesday 17 May 2022 19:00 (1 hour)

We explore the ability of a recently proposed jet substructure technique, Dynamical Grooming, to
pin down the properties of the Quark-Gluon Plasma formed in ultra-relativistic heavy-ion colli-
sions. In particular, we compute, both analytically and via Monte-Carlo simulations, the opening
angle θg of the hardest splitting in the jet as defined by Dynamical Grooming. Our calculation,
grounded in perturbative QCD, accounts for the factorization in time between vacuum-like and
medium-induced processes in the double logarithmic approximation. We observe that the domi-
nating scale in the θg-distribution is the decoherence angle θc which characterises the resolution
power of the medium to propagating color probes. This feature also persists in strong coupling
models for jet quenching. We further propose for potential experimental measurements a suit-
able combination of the Dynamical Grooming condition and the jet radius that leads to a pQCD
dominated observable with a very small sensitivity (≤10%) to medium response.

References:
[1] P. Caucal, A. Soto-Ontoso, A. Takacs, arXiv:2111.14768
[2] P. Caucal, A. Soto-Ontoso, A. Takacs, JHEP 07 (2021) 020

Authors: TAKACS, Adam (University of Bergen); ONTOSO, Alba (IPhT); CAUCAL, Paul (Brookhaven
National Laboratory)
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Contribution ID: 688 Type: Theory poster

Intermittency analysis of charged hadrons generated
in Pb-Pb collisions at $\sqrt{s_{NN} = 2.76 TeV and

5.02 TeV using PYTHIA8/ Angantyr
Tuesday 17 May 2022 19:00 (1 hour)

The search for the QCD critical point (CP), and the study of quark-hadron phase transition (and
vice-versa), at finite baryon density and high temperature, is the main task in contemporary rel-
ativistic heavy-ion collision experiments. Fluctuation analysis with global and local measures is
the basic tool to achieve this goal. Local density fluctuations are directly related to the critical
behaviour in QCD. These fluctuations in the phase space are expected to scale according to uni-
versal power-law in the vicinity of critical-point. A search for such power-law fluctuations within
the frame-work of the intermittency method is ongoing to locate the critical point of the strongly
interacting matter. This method is used to probe the behaviour of these fluctuations through the
measurement of normalized factorial moments (NFMs) in (η, ϕ) phase space. Observations and
results from the intermittency analysis performed for generated charged hadrons in Pb+Pb col-
lisions, at two different energies, using PYTHIA8/Angantyr for centrality as well as transverse
momentum bin width dependence will be presented. We also made a comparison with published
EPOS3 results at 2.76TeV.

Authors: GUPTA, Ramni (University of Jammu (IN)); Mr MALIK, Salman K (University of Jammu
(IN))
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In medium properties of an axion within a 2+1 flavor
Polyakov loop enhanced Nambu–Jona-Lasinio model

Tuesday 17 May 2022 19:00 (1 hour)

We estimate in medium properties of axion i.e., its mass and self-coupling within a three flavor
Polyakov loop extended Nambu–Jona-Lasinio (PNJL) model with Kobayashi-Maskawa-t’Hooft de-
terminant interaction. We also estimate the topological susceptibility of strong interaction within
the same model. It is observed that (statistical) confinement effects simulated by Polyakov loop
potential play an important role in the estimation of all these quantities, particularly, near the crit-
ical temperature. Both the mass and the self-coupling of the axion get correlated with the chiral
and deconfinement transition. The results for all these quantities obtained within the PNJL model
is compared with chiral perturbation theory, Nambu–Jona-Lasinio (NJL) model and lattice QCD
simulation results wherever available. The results for properties of axions at finite baryon densities
are also presented.

Authors: Dr ABHISHEK, Aman (Physical Research Laboratory, Navrangpura, Ahmedabad); Dr DAS,
Arpan (Institute of Nuclear Physics Polish Academy of Sciences); Dr MISHRA, Hiranmaya (Physical
Research Laboratory, Navrangpura, Ahmedabad, India); Dr MOHAPATRA, Ranjita K. (Department of
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After the discovery of Higgs boson by the ATLAS and CMS Collaborations, a new era of the precise
determination of the properties of this new particle has begun. In recent years, experimental
searches for rare Higgs decays, like h→ V γ (V denotes vector mesons ρ, ϕ, J/ψ and Υ etc.) and
h→ V V (V = J/Ψ,Υ) have been performed at the LHC.

Motivated by the above experimental studies, we have presented the theoretical analysis of rare
processes, including Higgs decays into lepton pair plus one light hadron and decays into a pair of
heavy vector quarkonia, in the standard model (SM). Higgs couplings to gauge bosons and Yukawa
couplings play interesting roles in these decays. Our calculation shows that branching ratios of
h → V V are around 10−10, which are far below the current experimental upper bounds. For
lepton pair plus a light hadron final states, their branching ratios are predicted to be in the range
of 10−8 ∼ 10−5. We have also analyzed the differential dilepton invariant mass and angular
distributions of these three-body decays, which may provide interesting information on short-
distance dynamics. Due to the small SM branching ratios, it will be in general challenging to search
for these rare processes, however, experimental studies of them may be helpful both to increase
our understanding of the properties of SM Higgs boson and to potentially probe the novel Higgs
dynamics in new physics scenarios.

This poster is mostly based on references:
1. D.-N. Gao and X. Gong, PLB 817 (2021) 136348, arXiv:2103.03050[hep-ph].
2. D.-N. Gao and X. Gong, arXiv:2203.00514[hep-ph].
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The spin structure of the weak gauge bosons produced at non-zero transverse momentum at
proton-proton colliders leads to a parametrization of the cross section of the Drell-Yan process
by a set of eight angular coefficients. These coefficients have been measured for the Z-boson by
various experiments. The W-boson mass measurement at the LHC relies in part on precise knowl-
edge of the W-boson angular coefficients, which currently is based on extrapolation from and
theory comparison to the Z-boson coefficient measurements. We present predictions for the dom-
inant W-boson coefficients for the first time at fixed-order NNLO QCD+NLO EW, differentially
in the vector boson transverse momentum and rapidity. The mixed NNLO QCD and electroweak
predictions presented for the W-boson coefficients provide at present the most precise predictions
available for these observables for finite-pT W-boson production, and enables on the one hand a
more accurate measurement of the W-boson mass, as well as a guideline for future measurements
of these angular observables.
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Tuesday 17 May 2022 19:00 (1 hour)

We have explored the effect of weak magnetic field on the transport of charge and heat in hot
and dense QCD matter by calculating their response functions, such as electrical conductivity
(σel), Hall conductivity (σH), thermal conductivity (κ0) and Hall-type thermal conductivity (κ1)
in kinetic theory approach. The interactions among partons have been subsumed through their
thermal masses. It is found that, σel and κ0 decrease, and σH and κ1 increase in the presence of
weak magnetic field, whereas the emergence of finite chemical potential enhances these transport
coefficients. The effects of weak magnetic field and finite chemical potential on aforesaid transport
coefficients are more noticeable at low temperatures. On the other hand, at high temperatures,
they have only a mild dependence on magnetic field and chemical potential. We have observed
that the finite chemical potential further extends the lifetime of magnetic field. This study sheds
light on the understanding of the effects of weak magnetic field and finite chemical potential on
the local equilibrium through the Knudsen number, the elliptic flow, and the interplay between
charge and heat transport coefficients through the Wiedemann-Franz law. The components of
the Knudsen number in the weakly magnetized hot and dense QCD matter remain much below
unity. Thus, the separation between the macroscopic and microscopic length scales is sufficient for
the medium to remain in its local equilibrium state. Further, we have found that the elliptic flow
gets increased due to the weak magnetic field and becomes decreased due to the finite chemical
potential. Furthermore, the components of the Lorenz number are observed to be strongly affected
by the finite chemical potential than by the weak magnetic field. With the increase of temperature,
the components of the Lorenz number increase, thus confirming the violation of the Wiedemann-
Franz law for the hot and dense QCD matter in an ambience of weak magnetic field.
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A study is performed on the possible Bose-Einstein Condensation (BEC) of pions in proton-proton
(pp) collisions at √s = 7 TeV at the Large Hadron Collider. To have a better and clear understanding,
the results of pp systems have been contrasted with the systems produced in Pb-Pb collisions.
We studied the temperature and final state multiplicity dependence of the number of particles
in the pion condensates. A wide range of multiplicity is considered, covering the hadronic and
heavy-ion collisions, using experimental transverse momentum spectra inputs. We observe a clear
dominancy of non-extensive parameter q, which measures the degree of non-equilibrium, on the
critical temperature and number of particles in the pion condensates.
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Leveraging universality of jet taggers through
transfer learning
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A significant challenge in the tagging of boosted objects via machine-learning technology is the
prohibitive computational cost associated with training sophisticated models. Nevertheless, the
universality of QCD suggests that a large amount of the information learnt in the training is com-
mon to different physical signals and experimental setups. In this article, we explore the use of
transfer learning techniques to develop fast and data-efficient jet taggers that leverage such uni-
versality. We consider the graph neural networks LundNet and ParticleNet, and introduce two
prescriptions to transfer an existing tagger into a new signal based either on fine-tuning all the
weights of a model or alternatively on freezing a fraction of them. In the case of W-boson and
top-quark tagging, we find that one can obtain reliable taggers using an order of magnitude less
data with a corresponding speed-up of the training process. Moreover, while keeping the size of
the training data set fixed, we observe a speed-up of the training by up to a factor of three. This
offers a promising avenue to facilitate the use of such tools in collider physics experiments.
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Intrinsic quantum mechanics behind the Standard
Model? - predictions in the baryon and Higgs sectors

Tuesday 17 May 2022 19:00 (1 hour)

I introduce quantum mechanics on an intrinsic configuration space for baryons, the Lie group U(3),
which carries the three gauge groups of the standard model of particle physics as subgroups SU(3),
SU(2) and U(1). The strong and electroweak interactions become related via the Higgs mechanism.
I namely settle the electroweak energy scale by the neutron to proton decay where both sectors are
involved through quark flavour changes. Predictions of neutral pentaquark resonances reachable
at LHCb follow in the baryon sector as does an accurate expression in the electroweak sector
for the Higgs mass (yielding 125.095(14) GeV) and predictions on the couplings of the Higgs to
itself and to the gauge bosons with signal strengths deviating by the presence of the up-down
quark mixing matrix element. The intrinsic view means that quantum fields are generated by the
momentum form on intrinsic wavefunctions and local gauge transformations in laboratory space
equate translations in the intrinsic configuration space which may be likened to a generalised spin
space. Further insight is gained for the Cabibbo and Weinberg angles expressed in traces of u and
d flavour quark generators.

Key references:
EPL 102 (2013) 42002, Int. J. Mod. Phys. A 30 (2015) 1550078, EPL 124 (2018) 31001, EPL 125 (2019)
41001, EPL 133 (2021) 31001. See also arXiv:2007.02936.
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Contribution ID: 775 Type: Theory poster

Theoretical analysis of B0 → ϕℓ+ℓ− decay
Tuesday 17 May 2022 19:00 (1 hour)

In the Standard Model (SM), the b→ s and b→ d flavor-changing neutral currents (FCNC), being
loop-induced, are standard experimental channels for testing the SM precisely and searching for
possible physics beyond the SM. Purely annihilation decays ofB-mesons are of significant interest
as in the SM they are extremely suppressed and New Physics effects can increase substantially their
decay widths. Radiative and semileptonic decays with the ϕ-meson production, being a subject of
experimental searches at the LHC and KEKB, are typical examples of annihilation-type processes.
One of the well-known experimental results on these decays is the upper limit on the radiative
decay, calB(B0 → ϕγ) < 10−7, obtained by the Belle collaboration in 2016 [Z. King, et al., Belle
Collab., Phys. Rev. D. (2016) 93]. Early this year, the LHCb collaboration obtained the upper limit
on its semileptonic counterpart, calB(B0 → ϕµ+µ−) < 3.2× 10−9 [R. Aaij, et al., LHCb Collab.,
arxiv:2201.10167]. Here, we consider the annihilation-type semileptonic B0 → ϕℓ+ℓ− decay,
where ℓ is a charged lepton, and present SM theoretical predictions for the branching fraction
based on the effective electroweak Hamiltonian approach for the b→ dℓ+ℓ− transitions.

Authors: Dr PARKHOMENKO, Alexander (P. G. Demidov Yaroslavl State University); PARNOVA,
Irina
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Investigation of the right-handed vector current via
unbinned angular analysis of B → D∗(Dπ)ℓνℓ

Tuesday 17 May 2022 19:00 (1 hour)

We perform a sensitivity study of an unbinned angular analysis of the B → D∗(Dπ)ℓνℓ decay,
including the contributions from the right-handed vector current. We show that the angular ob-
servable can constrain very strongly the right-handed vector current without the intervention of
the yet unsolved Vcb puzzle.

Authors: LU, Cai-Dian (IHEP, Beijing); KOU, Emi (LAL-IN2P3); HUANG, Zhuoran (APCTP); TANG,
Ru-Ying (IHEP)
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”Particle physics for babies”: outreach for the
youngest audience

Tuesday 17 May 2022 19:00 (1 hour)

Particle physics is a field which is full of striking visuals: from Feynman diagrams to event displays,
there is no shortage of colourful high-contrast shapes and designs to capture the imagination.
Can these visuals be used to reach out to budding scientists from their very earliest days? This
talk will describe the development of the “Particle Physics for Babies” children’s book, a concept
imagined by a first-time dad/physicist who wanted to find a way to communicate his physics
passion to his newborn daughter. The book was co-developed with the ATLAS outreach team
and the International Particle Physics Outreach Group, and has grown to include downloadable
captions which allow parents to explain the images in the book to their children or grandchildren
with confidence, allowing science to be part of a new child’s universe from day 0.

Author: Dr CORPE, Louie Dartmoor (CERN)
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Contribution ID: 778 Type: Theory poster

A Deep Learning Based Estimator for Elliptic Flow in
Heavy Ion Collisions

Tuesday 17 May 2022 19:00 (1 hour)

Deep Learning (DL) is one of the most popular Machine Learning models in the High Energy
Physics (HEP) community and has been applied to solve numerous problems for decades. The
ability of the DL model to learn unique patterns and correlations from data to map highly complex
non-linear functions is a matter of interest. Such features of the DL model could be used to explore
the hidden physics laws that govern particle production, anisotropic flow, spectra, etc., in heavy-
ion collisions. This work sheds light on the possible use of the DL techniques such as the feed-
forward Deep Neural Network (DNN) based estimator to predict the elliptic flow (v2) in heavy-ion
collisions at RHIC and LHC energies. A novel method is used to process the track level information
as input to the DNN model. The model is trained with Pb-Pb collisions at √sNN = 5.02 TeV mini-
mum bias simulated events with AMPT event generator. The trained model is successfully applied
to estimate centrality dependence of v2 for both LHC and RHIC energies. The proposed model is
quite successful in predicting the transverse momentum (pT) dependence of v2 as well. A noise
sensitivity test is performed to estimate the systematic uncertainty of this method. Results of the
DNN estimator are compared to both simulation and experiment, which concludes the robustness
and prediction accuracy of the model.

Reference: N. Mallick, S. Prasad, A. N. Mishra, R. Sahoo and G. G. Barnaf\”oldi,
[arXiv:2203.01246 [hep-ph]].
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Contribution ID: 779 Type: Experimental poster

Searching for an eco-friendly gas mixture for the
ALICE Resistive Plate Chambers

Tuesday 17 May 2022 19:00 (1 hour)

Resistive Plate Chambers (RPCs) are gaseous detectors with parallel plate geometry and resistive
electrodes, widely employed at the LHC. In ALICE (A Large Hadron Collider Experiment) 72 RPCs
are installed in the forward muon spectrometer and provide muon identification.

The ALICE RPCs are operated with a mixture of 89.7% C2H2F4, 10% i-C4H10 and 0.3% SF6.
C2H2F4 and SF6 are fluorinated greenhouse gases (F-gases) with a high Global Warming Po-
tential (GWP). New European Union regulations have imposed a progressive phase-down of the
production and usage of F-gases, aiming to cut down their emission by two thirds in 2030 with
respect to 2014.

Even though research activities are excluded from these regulations, the F-gases phase-down will
inevitably increase their price and CERN is also aiming to cut down on its emissions. For these
reasons it is crucial to find a more eco-friendly gas mixture for RPCs by the LHC long shutdown 3,
foreseen in 2026. Since C2H2F4 is the main contributor to the mixture’s GWP an extensive R&D
process has started to replace it with tetrafluoropropene (C3H2F4), due to its chemical similarity
with C2H2F4 and its low GWP (around 7). Laboratory studies have shown promising results
in terms of detector performance and the next step is to study the long term behavior of RPCs
operated with these new gas mixtures (aging studies). Since this is a subject of interest for all the
LHC experiments, a collaboration, ECOgas@GIF++, was setup to carry out joint studies. Among
others,
small-size, ALICE-like RPCs were installed at the Gamma Irradiation Facility at CERN, where they
are exposed to a strong radiation field, coming from a 14 TBq 137Cs source, which allows one to
simulate many years of operation in a relatively short time. The facility also provides a muon beam
in specific times of the year, which can be used to study the detector performance (e.g. efficiency
and cluster size) during and after irradiation.

This poster will report the current status of the measurements, focusing on the preliminary results
of the irradiation campaign and of beam tests carried out in 2021.

Author: Mr QUAGLIA, Luca (CERN, University and INFN Torino)
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Measurement of the forward η meson production
cross section in p-p collisions at √s=13 TeV with the

LHCf Arm2 detector
Tuesday 17 May 2022 19:00 (1 hour)

The LHC forward (LHCf) is a unique experiment designed on purpose to measure neutral particle
production spectra in the forward region to provide high energy data for the tuning of the hadronic
interaction models used by ground-based cosmic rays experiments, thanks to the excellent perfor-
mance of this experimental apparatus, composed by two sampling calorimeters, called Arm1 and
Arm2, located at about ±140 m from the LHC interaction point 1 (IP1), at zero-degree angle.

In this talk we would like to present the data analysis strategy and preliminary results for the mea-
surement of η meson differential cross section as function of the Feynman xF variable , measured
in p-p collisions at

√
s = 13 TeV with the Arm2 detector, and compared with the predictions of

four widely used hadronic interaction models. The importance of this observation is relied to the
fact that the strange quark contribution is one of the parameters characterizing the different mod-
els, thus differences in this parameter induce a large discrepancy on the expected η production
cross section.

Authors: TRICOMI, Alessia (Universita e INFN, Catania (IT)); TIBERIO, Alessio (Universita e
INFN, Firenze (IT)); BERTI, Eugenio (Universita e INFN, Firenze (IT)); PIPARO, Giuseppe (Università e
INFN, Catania (IT)); MENJO, Hiroaki (Nagoya University (JP)); KASAHARA, Katsuaki; OHASHI, Ken
(Nagoya University (JP)); YOSHIDA, Kenji (Shibaura Institute of Technology (JP)); D’ALESSANDRO,
Lel (Universita e INFN, Firenze (IT)); BONECHI, Lorenzo (Universita e INFN, Firenze (IT)); BONGI,
Massimo (Universita e INFN, Firenze (IT)); HAGUENAUER, Maurice (EPFL - Ecole Polytechnique Fed-
erale Lausanne (CH)); KONDO, Moe (Nagoya University (JP)); SCARINGELLA, Monica (INFN Firenze
(IT)); SAKURAI, Nobuyuki (Nagoya University (JP)); ADRIANI, Oscar (Universita e INFN, Firenze
(IT)); PAPINI, Pauro (INFN, Firenze (IT)); BETTI, Pietro (Universita e INFN, Firenze (IT)); DETTI,
Sebastiano (Universita e INFN, Firenze (IT)); RICCIARINI, Sergio Bruno (Universita e INFN, Firenze
(IT)); TORII, Shoji (Waseda University (JP)); TAMURA, Tadashi (Kanagawa University (JP)); SAKO,
Takashi (University of Tokyo (JP)); TURNER, William C (Lawrence Berkeley Laboratory); MURAKI, Ya-
sushi (STE-laboratory, Nagoya University (JP)); ITOW, Yoshitaka (Nagoya University (JP)); SHIMIZU,
Yuki (JAXA); MATSUBARA, Yutaka (Nagoya University)
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Probing phenomenological models implemented in
PYTHIA8

Tuesday 17 May 2022 19:00 (1 hour)

PYTHIA is a highly successful and well-established Monte Carlo event generator, different options
of selected physics models offered by PYTHIA8 are investigated using best fit to the Minimum
Bias published data by ATLAS. These models include a new scenario for Multiparton Interactions
(MPI), impact parameter dependence, and color reconnection choices. MPI should be switched on
to get reasonable results for hadron-hadron collision data. It is observed that the double Gaussian
option in impact parameter dependence is favored by data as compared to other options provided
by PYTHIA8. Without the color reconnection model, the Pt spectrum is too soft. This study is
quite intriguing to observe the impact of different model options on the description of selected
observables.

Author: FIRDOUS, Nameeqa (GIFT University Gujranwala Pakistan)
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Contribution ID: 782 Type: Theory poster

New tunes of PYTHIA8 to the Minimum Bias data at
13TeV using different PDF sets

Tuesday 17 May 2022 19:00 (1 hour)

PYTHIA8 simulates a number of physics aspects by implementing several models along with the-
ory, these models have many free parameters that need to be tweaked for the best description of
data. In this study, we use PYTHIS8.2 for the simulation of Multiparton Interactions using different
PDF sets from LAHPDF6. Altogether five parameters were selected for the final tune depending
on their sensitivity to the selected observables at 13TeV published by ATLAS Collaboration. Sim-
ulated experimental analysis data is obtained using the Rivet analysis toolkit. These tunes are
substantial improvements on existing standard choices and describe the selected data reasonably
well. Tuning results are also compared with the default tunes in PYTHIA8.2.

Author: FIRDOUS, Nameeqa (GIFT University Gujranwala Pakistan)

Co-author: Mr JUNAID, Malik (University of Innsbruck)
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Precision Timing with the CMS MTD Barrel Timing
Layer for HL-LHC

Tuesday 17 May 2022 19:00 (1 hour)

The MIP Timing Detector (MTD) is a new sub-detector planned for the Compact Muon Solenoid
(CMS) experiment at CERN, aimed at maintaining the excellent particle identification and recon-
struction efficiency of the CMS detector during the High Luminosity LHC (HL-LHC) era. The MTD
will provide new and unique capabilities to CMS by measuring the time-of-arrival of minimum ion-
izing particles with a resolution of 30-40 ps for MIP signals at a rate of 2.5 Mhit/s per channel at
the beginning of HL-LHC operation. The precision time information provided by the MTD will
reduce the effects of the high levels of pileup expected at the HL-LHC by enabling the use of 4D
reconstruction algorithms. The central barrel timing layer (BTL) of the MTD uses a sensor technol-
ogy consisting of LYSO:Ce scintillating crystal bars coupled to SiPMs, one at each end of the bar,
read out with TOFHIR ASICs for the front-end. We present an overview of the MTD BTL design
and show test beam results demonstrating the achievement of the target time resolution of about
30 ps.

Author: CMS, Collaboration
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Reduction of high voltage discharge in GEM
detectors for the ME0 station of the CMS forward

muon system
Tuesday 17 May 2022 19:00 (1 hour)

The Phase 2 upgrade of the CMS muon spectrometer will include the installation of three new
muon stations based on Gas Electron Multiplier (GEM) technology. One of the three stations,
ME0, will increase the acceptance for muon detection in the region 2.03 < |η| < 2.82 where there
is a high radiation background. When triple-GEM detectors, including ME0, operate at high gain,
there are occasional discharges within the transfer gaps that are likely followed by less-common
secondary discharges, and may cause irreversible damage to the detector. ME0 has the advantage
of using double-segmented GEM foils that help lower the probability of high voltage discharges,
and in turn, protect the detector and maintain high detection efficiency. To optimize the ME0
design, we studied the performance of several configurations of GEM foil design and high voltage
filters regarding discharge propagation, rate capability, and crosstalk.

Authors: MOHAMED, Salwa (ENHEP Egyptian Network of High Energy Physics (EG)); ELKA-
FRAWY, Tamer (Florida Institute of Technology (US)); MERLIN, Jeremie Alexandre (INFN-Bari)
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Measurement of ψ(2S) production as a function of
charged-particle multiplicity in pp collisions at √s

=13 TeV and p–Pb collisions at √sNN = 8.16 TeV with
ALICE at the LHC

Tuesday 17 May 2022 19:00 (1 hour)

Quarkonia are bound states of heavy quark–antiquark pairs. Due to their large mass, heavy
quarks production mechanism takes place at hard scales of QCD, while the formation of the bound
states involves soft QCD scales. Quarkonia are therefore sensitive to both perturbative and non-
perturbative aspects of QCD.
In addition, their measurement in p–Pb collisions provides information on cold nuclear matter
effects, such as nuclear shadowing or interaction with comoving particles.
Recent measurements reveal that J/ψ yields increase with charged-particle multiplicity in pp and
p–Pb collisions at the LHC. Different mechanisms were proposed to explain this observation. One
of them is the influence of multiple parton interactions in the initial state of the collision. Measure-
ments of the excited charmonium states, e.g ψ(2S), as a function of charged-particle multiplicity
are essential to disentangle the impact of possible final-state effects.

This poster presents the measurement of charmonium yields in pp collisions at
√
s = 13 TeV and p–

Pb collisions at √sNN = 8.16 TeV as a function of charged-particle multiplicity, measured at central
rapidity (|η| < 1.0). J/ψ andψ(2S) are reconstructed in their dimuon decays within 2.5 < ycms <

4.0 for pp collisions, 2.03 < ycms < 3.53 and −4.46 < ycms < −2.96 for p–Pb collisions. Both
charmonia yields and charged-particle multiplicity are normalised to their corresponding average
values. The charmonium excited-to-ground state ratio is also shown. Results are compared with
model calculations.

Author: TORK, Theraa (Université Paris-Saclay (FR))
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Measurements of ψ(2S) production in Pb–Pb
collisions with ALICE at the LHC

Tuesday 17 May 2022 19:00 (1 hour)

Quantum Chromodynamics predicts the existence of dense and hot nuclear matter which is de-
scribed in terms of a deconfined medium of quarks and gluons, known as quark-gluon plasma
(QGP). High energy density and temperature can be reached by colliding heavy-ions at ultra-
relativistic energies, enabling the study of the QGP in the laboratory. The ALICE detector at the
LHC was designed to study the properties of such deconfined medium. Quarkonia are sensitive
probes of the QGP, in particular, the study of their production in Pb–Pb collisions normalized to
the corresponding one in pp collisions at the same energy and scaled by the number of nucleon-
nucleon collisions, known as nuclear modification factor, can shed light on the properties of the
QGP. In the presence of a QGP medium, the charmonium yield would be suppressed due to color
Debye screening and dissociation. Due to its larger size and weaker binding energy, the ψ(2S) is
expected to be more suppressed in the medium compared to the J/ψ. However, the magnitude of
the J/ψ suppression at LHC energies is smaller than that observed at lower energies at SPS and
RHIC, indicating thereby that charmonium (re)generation via the re)combination of charm and
anticharm-quarks, happening either in medium or at the phase boundary, plays an important role
at LHC energies. The ψ(2S) production relative to J/ψ represents one possible discriminator be-
tween the two different regeneration scenarios. Due to its smaller production cross-section and
branching ratio to the dilepton decay channel, the ψ(2S) measurement is more challenging as com-
pared to the J/ψ one. The combined Run 2 data sets of ALICE allows one to extract the ψ(2S) signal
over the full centrality range, in Pb–Pb collisions at √s_NN = 5.02 TeV at forward rapidity with the
muon spectrometer.

In this poster, we report the ψ(2S) nuclear modification factor and ψ(2S)-to-J/ψ double ratio in Pb–
Pb collisions at √s_NN = 5.02 TeV as a function of centrality and transverse momentum, using a
new pp reference measured at the same energy with improved precision. All the measurements
are compared with theoretical predictions.

Author: HUSHNUD, Hushnud (Saha Institute of Nuclear Physics)
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Searches for supersymmetry in hadronic final states
with the CMS detector

Tuesday 17 May 2022 19:00 (1 hour)

Results from the CMS experiment are presented for searches for supersymmetric particles with
decays to hadronic final states. The searches use proton-proton collision data with luminosity up
to 137 fb-1 recorded by the CMS detector at center of mass energy 13 TeV during the LHC Run 2.

Author: MISHRA, Tribeni (National Institute of Science Education and Research (NISER) (IN))
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Measurement and QCD analysis of
double-differential inclusive jet cross sections at 13

TeV
Tuesday 17 May 2022 19:00 (1 hour)

A measurement of the inclusive jet production in proton-proton collisions at the LHC at
√
s =

13 TeV is presented. The double-differential cross sections are measured as a function of the jet
transverse momentum pT and the absolute jet rapidity ∥y|. The anti-kT clustering algorithm is
used with distance parameter of 0.4 (0.7) in a phase space region with jet pT from 97 GeV up to 3.1
TeV and |y| < 2.0. Data collected with the CMS detector are used, corresponding to an integrated
luminosity of 36.3 fb−1 (33.5 fb−1). The measurement is used in a comprehensive QCD analysis
at next-to-next-to-leading order, which results in significant improvement in the accuracy of the
parton distributions in the proton. Simultaneously, the value of the strong coupling constant at
the Z boson mass is extracted as αS(mZ) = 0.1170 ± 0.0019. For the first time, these data are
used in a standard model effective field theory analysis at next-to-leading order, where parton
distributions and the QCD parameters are extracted simultaneously with imposed constraints on
the Wilson coefficient c1 of 4-quark contact interactions.

Authors: LIPKA, Katerina (Deutsches Elektronen-Synchrotron (DE)); MAKELA, Toni (Deutsches
Elektronen-Synchrotron (DE))
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Heavy flavor jet tagging algorithm developments at
CMS for HL-LHC

Tuesday 17 May 2022 19:00 (1 hour)

The rich physics program at the high luminosity LHC (HL-LHC) requires all final state particles
to be reconstructed with good accuracy. However, it also poses formidable challenge of dealing
with very high pile up. Different identification algorithms need to be upgraded along with the
detectors to improve the overall event reconstruction in such a hostile collision environment. The
new timing device in the proposed CMS detector at the HL-LHC allows for the construction of
timing observables at the track-level as well as at the jet-level. This information when given as
inputs to the deep neural networks, have a potential to improve the existing algorithms used for
heavy flavor (HF) jet tagging. In this poster, the latest developments on the studies for HF jet
tagging performance at the HL-LHC are presented.

Author: Mr PFEFFER, Emanuel (KIT - Karlsruhe Institute of Technology (DE))
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Measurement of the top quark pole mass using
ttbar+jet events in the dilepton final state at 13 TeV

Tuesday 17 May 2022 19:00 (1 hour)

A measurement of the top quark pole mass in events where the top quark-antiquark pair is pro-
duced in association with one additional jet is presented. This analysis is performed using proton-
proton collision data at 13 TeV collected by the CMS experiment at the CERN LHC in 2016, corre-
sponding to a total integrated luminosity of 36.3 fb−1. Events with two opposite charge leptons in
the final state (ee, µµ, eµ) are analyzed. Using multivariate analysis techniques based on Machine
Learning, the reconstruction of the main observable and the event selection are optimized. The
production cross section is measured as a function of the invariant of the tt+jet system invariant
mass at parton-level, using a maximum likelihood unfolding method. The top quark pole mass is
then obtained from a chi-squared fit of the theory predictions at next-to-leading order precision
to the data.

Author: WUCHTERL, Sebastian (Deutsches Elektronen-Synchrotron (DE))
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QuarkNet in LHC Education and Outreach
Tuesday 17 May 2022 19:00 (1 hour)

QuarkNet is a U.S. program for professional development of high school teachers. In QuarkNet,
teachers deepen their understanding of physics, pedagogy, and how to engage students through
the use of authentic data from a diverse set of contemporary particle physics experiments. The
LHC figures prominently in these efforts. QuarkNet promotes and manages International Particle
Physics Masterclasses with Fermilab-moderated videoconferences, has partnered with physicists
to develop and maintain the CMS masterclass used worldwide, and has created new masterclass
opportunities such as World Wide Data Day. QuarkNet makes these masterclasses available not
only in the U.S. but also throughout the world. These international collaborations enrich the teach-
ers and students involved. QuarkNet teachers also participate in LHC Data Workshops and similar
opportunities. QuarkNet staff and select teachers are currently building short masterclasses and
workshops for the 10th anniversary of the discovery of the Higgs.

Authors: CECIRE, Kenneth William (University of Notre Dame (US)); GLOVER, Marla (Purdue
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/ University of Notre Dame ); MCCAULEY, Thomas (University of Notre Dame (US))
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Contribution ID: 794 Type: Experimental poster

Sharing ATLAS Science: communicating to the
public

Tuesday 17 May 2022 19:00 (1 hour)

Communicating the science and achievements of the ATLAS Experiment is a core objective of the
ATLAS Collaboration. This talk will explore the range of communication strategies adopted in AT-
LAS communications, with particular focus on how these have been impacted by the COVID-19
pandemic. In particular, an overview of ATLAS’digital communication platforms will be given –
with focus on social media, YouTube and Virtual Visits –and the effect on target audiences evalu-
ated with best practices are shared.

Presenter: MORENO LLACER, Maria (Univ. of Valencia and CSIC (ES))
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Contribution ID: 795 Type: Experimental poster

ATLAS Open Data: developing education and
outreach resources from research data

Tuesday 17 May 2022 19:00 (1 hour)

The ATLAS Open Data project aims to deliver open-access resources for education and outreach
in High Energy Physics using real data recorded by the ATLAS detector. The Open Data release so
far has resulted in the release of a substantial amount of data from 8 TeV and 13 TeV collisions in
an easily-accessible format and supported by dedicated software and documentation to allow its
fruitful use by users at a range of experience levels. To maximise the value of the data, software,
and documentation resources provided ATLAS has developed initiatives and promotes stakeholder
engagement in the creation of these materials through on-site and remote training schemes such
as high-school work experience and summer schools programs, university projects and PhDs qual-
ification tasks. We present examples of how multiple training programs inside and outside CERN
have helped and continue to help development the ATLAS Open Data project, lessons learnt, im-
pacts, and future goals.

Presenter: MORAIS SILVA GONCALO, Ricardo Jose (LIP - Laboratorio de Instrumentação e Física
Experimental de Partículas (PT))
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Contribution ID: 796 Type: Experimental poster

Educational Printables: from colouring books to
cheat & fact sheets

Tuesday 17 May 2022 19:00 (1 hour)

The ATLAS Collaboration has developed a variety of printables for education and outreach activi-
ties. We present two ATLAS Colouring Books, the ATLAS Fact Sheets, the ATLAS Physics Cheat
Sheets, and ATLAS Activity Sheets. These materials are intended to cover key topics of the work
done by the ATLAS Collaboration and the physics behind the experiment for a broad audience of
all ages and levels of experience. In addition, there is ongoing work in translating these documents
to different languages, with one of the colouring books already available in 18 languages. These
printables are prepared to complement the information found in all ATLAS digital channels, they
are particularly useful in outreach events and in the classroom. We present these resources, our
experiences in the creation of them, their use, feedback received, and plans for the future.

Presenter: BUXBAUM, Valerie (California State University (US))
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Contribution ID: 797 Type: Experimental poster

ATLAS Virtual Visits: Bringing the world to our
detector

Tuesday 17 May 2022 19:00 (1 hour)

The Virtual Visit service run by the ATLAS Collaboration has been active since 2010. The ATLAS
Collaboration has used this popular and effective method to bring the excitement of scientific ex-
ploration and discovery into classrooms and other public places around the world. The programme,
which uses a combination of video conferencing, webcasts, and video recording to communicate
with remote audiences, has already reached tens of thousands of viewers, in a large number of
languages, from tens of countries across all continents. We present a summary of the ATLAS Vir-
tual Visit service that is currently in use –including a new booking system and hand-held video
conference setup from the ATLAS cavern –and present a new system that is being installed in the
ATLAS Visitors Centre and in ATLAS cavern. In addition, we show the reach of the programme
over the last few years.

Presenter: LE BOULICAUT, Elise Maria (Duke University (US))
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Contribution ID: 798 Type: Experimental poster

A new ATLAS Visitor Centre
Tuesday 17 May 2022 19:00 (1 hour)

The ATLAS Visitor Centre at CERN is a guided exhibition space that has been welcoming visitors
from around the world since 2009. In a recent effort, ATLAS has reinvented the whole exhibi-
tion, replacing the original installation with a completely new exhibition. This contribution will
highlight the basic concept behind the new exhibition, introduce its main components along with
details on their implementation and hint at the process of getting from an idea to the final imple-
mentation. This contribution will also present some of the efforts to make the exhibition more
inclusive and accessible to a wider and more diverse audience.

Presenter: MEHLHASE, Sascha (LMU Munich)
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Contribution ID: 799 Type: Experimental poster

Increasing Multilingualism in ATLAS’Science
Communication

Tuesday 17 May 2022 19:00 (1 hour)

Despite modern particle physics being an international endeavour, the vast majority of its edu-
cational material is only published in English. By making material available in other languages,
physicists can make in-roads with new audiences –especially those very young or very old –in
their home countries. The ATLAS Collaboration has published colouring books, a teaching guide,
activity sheets, fact sheets and cheat sheets aimed at communicating science to a non-expert au-
dience. An effort is underway to translate this content into as many languages as possible, taking
advantage of the countless multilingual members of the collaboration. Currently all of this content
is available in at least two languages other than English, with the ATLAS Colouring Book being the
one available in the most languages (19 so far). The reach of this multilingual content is presented.

Presenter: RODRIGUEZ VERA, Ana Maria (York University (CA))
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Contribution ID: 800 Type: Experimental poster

Evolution of Regional, Age and Gender
Demographics in the ATLAS Collaboration

Tuesday 17 May 2022 19:00 (1 hour)

The ATLAS Collaboration consists of more than 5000 members, from over 100 different countries.
Regional, age and gender demographics of the collaboration are presented, including the time evo-
lution over the lifetime of the experiment. In particular, the relative fraction of women is discussed,
including their share of contributions, recognition and positions of responsibility, including show-
ing how these depend on other demographic measures.

Presenter: PACEY, Holly (University of Cambridge (GB))
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Contribution ID: 801 Type: Theory poster

Investigating New Physics Models with Signature of
Same-Sign DibosonE/T

Tuesday 17 May 2022 19:00 (1 hour)

We investigate the prospect of searching for new physics via the novel signature of same-sign
diboson + E/T at current and future LHC. We study three new physics models: (i) natural SUSY
models, (ii) type-III seesaw model and (iii) type-II seesaw/Georgi-Machacek model. In the first
two class of models, this signature arises due to the presence of a singly-charged particle which
has lifetime long enough to escape detection, while in the third model this signature originates
resonantly from a doubly-charged particle produced along with two forward jets that, most likely,
would escape detection. We analyze in great detail the discovery prospects of the signal in these
three classes of models in the current as well as the upcoming runs of the LHC (such as HL-LHC,
HE-LHC and FCC-hh) by showing a distinction among these scenarios.

Authors: Prof. CHIANG, Cheng-Wei (Department of Physics, National Taiwan University, Taipei,
Taiwan 10617, R.O.C., Physics Division, National Center for Theoretical Sciences, Taipei, Taiwan 10617,
R.O.C.); SENGUPTA, Dibyashree; Dr JANA, Sudip (Max-Planck-Institut f{\”u}r Kernphysik, Saupfercheck-
weg 1, 69117 Heidelberg, Germany)
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Contribution ID: 802 Type: Experimental poster

ATLAS Roman Pots at LHC Run 3 - Detector Status
Tuesday 17 May 2022 19:00 (1 hour)

ALFA and AFP detectors are being prepared to take data during Run 3. ALFA underwent refur-
bishment whereas AFP, among other upgrades, was equipped with new solution for Time-of-Flight
system, so-called Out-of-Vacuum solution. AFP Silicon Tracker is equipped with new modules and
ToF, after various testbeams, seems to achieved desired resolution with high efficiency.

Presenter: STASZEWSKI, Rafał (IFJ PAN Cracow (PL))
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Contribution ID: 803 Type: Experimental poster

Developing a production database for the High
Granularity Timing Detector for ATLAS Phase-II

upgrade
Tuesday 17 May 2022 19:00 (1 hour)

The increase of the particle flux (pile-up) with luminosities of L � 7.5 × 10ˆ34cmˆ−2sˆ−1 is one of the
main experimental challenges for the HL-LHC physics program. A powerful new way to mitigate
the effects of pileup is to use high-precision timing information to distinguish between collisions
occurring close in space but well-separated in time. A High-Granularity Timing Detector, based
on low gain avalanche detector technology, is therefore proposed in front of the LAr end-cap
calorimeters for pile-up mitigation and for luminosity measurement. It will cover the pseudo-
rapidity range from 2.4 to 4.0. Two silicon sensors double-sided layers will provide precision timing
information for MIPs with a resolution better than 30 ps per track in order to assign each particle
to the correct vertex. About an order of ten thousand silicon sensor modules will be produced. The
module production to be carried out at several sites, will involve the assembly of many components
that are produced by various vendors. The history of the production of these components, their
quality control checks and tests are to be tracked and recorded. This poster presents the work that
concerns the development of a production database that store these information. The development
of applications that are used for uploading and retrieving of data from the database, and a user
interface for interacting with the database are presented too.

Authors: ATLAS, Collaboration; ZHU, Junjie (University of Michigan (US)); LEONE, Sandra (Uni-
versita & INFN Pisa (IT))
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Contribution ID: 804 Type: Experimental poster

Physics and performance of the High Granularity
Timing Detector

Tuesday 17 May 2022 19:00 (1 hour)

The expected increase in particle flux in the high-luminosity phase of the LHC (HL-LHC), with an
instantaneous luminosity that can reach L ≈ 7.5 × 10ˆ34cmˆ−2sˆ−1, will have a significant impact
on the pile-upwith potentially 200 interactions per bunch crossing. The performances of electrons
and photons, as well as those of jets and missing transverse energy, will be strongly degraded in
the end-cap and at the forward region of the detector, where the granularity of the electromagnetic
calorimeter is coarser and the momentum resolution of the Inner Tracker(ITk) is poorer. In order to
mitigate the pile-up contamination coming from this high luminosity, a High Granularity Timing
Detector (HGTD) is proposed in front of the LAr end-cap calorimeters, covering the pseudorapidity
region between 2.4 and 4.0. The high granularity and the highprecision timing information will
allow to improve the pile-up reduction. It will also improve the forward objects reconstruction,
and complement the performance of the updated ITk in the forward region of ATLAS detector.
This leads to an amelioration in the jet and lepton reconstruction performances.The ability of the
HGTD detector to improve the pile-up jet rejection and the lepton isolation efficiency within the
forward region in addition to the physics and performance results is going to be presented.

Authors: ATLAS, Collaboration; ZHU, Junjie (University of Michigan (US)); LEONE, Sandra (Uni-
versita & INFN Pisa (IT))
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Contribution ID: 805 Type: Experimental poster

Development of the USTC LGAD sensors for the
ATLAS HGTD upgrade

Tuesday 17 May 2022 19:00 (1 hour)

The Low Gain Avalanche Detector (LGAD) technology is proposed for the ATLAS High Granular-
ity Timing Detector (HGTD) towards the High-Luminosity Large Hadron Collider (HL-LHC). The
USTC-IME v2.0 and v2.1 LGAD sensors are designed by the University of Science and Technology
of China (USTC) and fabricated by the Institute of Microelectronics of the Chinese Academy of Sci-
ence (IME, CAS). Various designs with different peripheral structures and gain layer implantation
are realized in the production. The IV/CV electrical characterization, charge collection and timing
resolution measurements are carried out with Sr-90 beta source and test-beam are performed on
the single-pad test structures and large arrays, both before and after the neutron irradiation at
JSI. The results show that the USTC-IME-v2.1 sensors, of which the carbon implantation is well
optimized, can provide collected charge of more than 4 fC and time resolution better than 70 ps at
appropriate bias voltage even with the radiation fluence up to 2.5 × 10ˆ15 cmˆ−2 1 MeV neutron
equivalent, which satisfies the requirements of the HGTD.

Authors: ATLAS, Collaboration; ZHU, Junjie (University of Michigan (US)); LEONE, Sandra (Uni-
versita & INFN Pisa (IT))
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Contribution ID: 806 Type: Experimental poster

ATLAS LAr Calorimeter Commissioning for LHC
Run-3

Tuesday 17 May 2022 19:00 (1 hour)

The Liquid Argon Calorimeters are employed by ATLAS for all electromagnetic calorimetry in the
pseudo-rapidity region |η| < 3.2, and for hadronic and forward calorimetry in the region from |η|
= 1.5 to |η| = 4.9. They also provide inputs to the first level of the ATLAS trigger. After successful
period of data taking during the LHC Run-2 between 2015 and 2018 the ATLAS detector entered
into the a long period of shutdown. In 2022 the LHC will restart and the Run-3 period should see
an increase of luminosity and pile-up up to 80 interaction per bunch crossing.

To cope with this harsher conditions, a new trigger readout path has been installed during the
long shutdown. This new path should improve significantly the triggering performances on elec-
tromagnetic objects. This will be achieved by increasing the granularity of the objects available at
trigger level by up to a factor of ten.

The installation of this new trigger readout chain required also the update of the legacy system.
More than 1500 boards of the precision readout have been extracted from the ATLAS pit, refur-
bished and re-installed. The legacy analog trigger readout that will remain during the LHC Run-3
as a backup of the new digital trigger system has also been updated.

For the new system 124 new on-detector boards have been added. Those boards that are operating
in a radiative environment are digitizing the calorimeter trigger signals at 40MHz. The digital
signal is sent to the off-detector system and processed online to provide the measured energy value
for each unit of readout. In total up to 31Tbps are analyzed by the processing system and more
than 62Tbps are generated for downstream reconstruction. To minimize the triggering latency the
processing system had to be installed underground. The limited available space imposed a very
compact hardware structure. To achieve a compact system, large FPGAs with high throughput
have been mounted on ATCA mezzanines cards. In total no more than 3 ATCA shelves are used
to process the signal from approximately 34000 channels. Given that modern technologies have
been used compared to the previous system, all the monitoring and control infrastructure is being
adapted and commissioned as well.

This contribution will present the challenges of the installation, the commissioning and the mile-
stones still to be completed towards the full operation of both the legacy and the new readout
paths for the LHC Run-3.

Authors: ATLAS, Collaboration; ZHU, Junjie (University of Michigan (US)); LEONE, Sandra (Uni-
versita & INFN Pisa (IT))

Presenter: PIAZZA, Federica (Università degli Studi e INFN Milano (IT))

Session Classification: Poster Session I

Track Classification: Upgrade & Future Projects

July 27, 2025 Page 284



10th Edition of t ⋯ / Report of Contributions Development of the ATLAS Liqu ⋯

Contribution ID: 807 Type: Experimental poster

Development of the ATLAS Liquid Argon
Calorimeter Readout Electronics for the HL-LHC

Tuesday 17 May 2022 19:00 (1 hour)

A new era of hadron collisions will start around 2028 with the High-Luminosity LHC, that will
allow to collect ten times more data that what has been collected so far at the LHC. This is possible
thanks to a higher instantaneous luminosity and higher number of collisions per bunch crossing.

To meet the new trigger and data acquisition requirements and withstand the high expected radia-
tion doses at the High-Luminosity LHC, the ATLAS Liquid Argon Calorimeter readout electronics
will be upgraded. The triangular calorimeter signals are amplified and shaped by analogue elec-
tronics over a dynamic range of 16 bits, with low noise and excellent linearity. Developments of
low-power preamplifiers and shapers to meet these requirements are ongoing in 130nm CMOS
technology. In order to digitize the analogue signals on two gains after shaping, a radiation-hard,
low-power 40 MHz 14-bit ADCs is being developed using a pipeline+SAR architecture in 65nm
CMOS. The characterization of the prototypes of these on-detector components is promising and
will likely fulfill all the requirements.

The signals will be sent at 40MHz to the off-detector electronics, where FPGAs connected through
high-speed links will perform energy and time reconstruction through the application of correc-
tions and digital filtering. Reduced data are then sent with low latency to the first-level trigger-
system, while the full data are buffered until the reception of the trigger decision signal. If an event
is triggered, the full data is sent to the ATLAS readout system. The data-processing, control, and
timing functions will be realized with dedicated boards using the ATCA technology.

The results of tests of prototypes of the on-detector components will be presented. The design of
the off-detector boards along with the performance of the first prototypes will be discussed. In
addition, the architecture of the firmware and processing algorithms will be shown.

Authors: ATLAS, Collaboration; ZHU, Junjie (University of Michigan (US)); LEONE, Sandra (Uni-
versita & INFN Pisa (IT))
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Contribution ID: 809 Type: Experimental poster

Upgrade of ATLAS Hadronic Tile Calorimeter for the
High Luminosity LHC

Tuesday 17 May 2022 19:00 (1 hour)

The Tile Calorimeter (TileCal) is a sampling hadronic calorimeter covering the central region of
the ATLAS experiment, with steel as absorber and plastic scintillators as active medium. The
High-Luminosity phase of LHC, delivering five times the LHC nominal instantaneous luminosity,
is expected to begin in 2029. TileCal will require new electronics to meet the requirements of a 1
MHz trigger, higher ambient radiation, and to ensure better performance under high pile-up con-
ditions. Both the on- and off-detector TileCal electronics will be replaced during the shutdown of
2026-2028. PMT signals from every TileCal cell will be digitized and sent directly to the back-end
electronics, where the signals are reconstructed, stored, and sent to the first level of trigger at a
rate of 40 MHz. This will provide better precision of the calorimeter signals used by the trigger sys-
tem and will allow the development of more complex trigger algorithms. The modular front-end
electronics feature radiation-tolerant commercial off-the-shelf components and redundant design
to minimise single points of failure. The timing, control and communication interface with the
off-detector electronics is implemented with modern Field Programmable Gate Arrays (FPGAs)
and high speed fibre optic links running up to 9.6 Gb/s. The TileCal upgrade program has included
extensive R&D and test beam studies. A Demonstrator module with reverse compatibility with the
existing system was inserted in ATLAS in August 2019 for testing in actual detector conditions. The
ongoing developments for on- and off-detector systems, together with expected performance char-
acteristics and results of test-beam campaigns with the electronics prototypes will be discussed.

Authors: ATLAS, Collaboration; ZHU, Junjie (University of Michigan (US)); LEONE, Sandra (Uni-
versita & INFN Pisa (IT))
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Contribution ID: 810 Type: Experimental poster

Upgrade of the ATLAS Luminosity Monitor for
HL-LHC

Tuesday 17 May 2022 19:00 (1 hour)

The ATLAS physics program for HL-LHC assumes that luminosity will be measured with a preci-
sion of at least 1%, the proton-proton collision rate being as large as 200 interactions per bunch
crossing. In order to reach this goal, ATLAS will have several luminosity monitors. Among them,
LUCID-3 will be one of the few with enough acceptance to measure absolute luminosity during van
der Meer scans, when the proton-proton collision rate goes down to 10-4 interactions per bunch
crossing.
The baseline LUCID-3 detector consists of photomultipliers (PMTs) placed close to the proton beam
pipe in a highly radioactive environment. The sensitive area of the detector is the PMT window
acting as Cherenkov radiator. The position of the detector is such that the acceptance is sufficiently
high in vdM runs and sufficiently low in physics runs in order to avoid hit saturation, even at the
highest collision rates. The same detector principle was used during Run-2 to provide the official
ATLAS luminosity measurement at LHC.
An alternative option is based on the usage of radiation hard optical fibers acting both as Cherenkov
radiators and light-guides, routing light towards PMTs located in a less radioactive area.
The PMT gain will be continuously monitored with a 207Bi radioactive source deposited on the
PMT window. In the case of the fiber detector, LED light will be injected directly on the PMT, and
simultaneously through the fibers, in order to monitor the deterioration of the fiber light transmis-
sion.
Prototypes of both detectors are installed at LHC and will be operational during Run-3. They will
be presented together with the first results, if available.

Authors: ATLAS, Collaboration; ZHU, Junjie (University of Michigan (US)); LEONE, Sandra (Uni-
versita & INFN Pisa (IT))
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Contribution ID: 811 Type: Experimental poster

Study of the correlation between the construction
parameters of the MM readout boards and
performance of the Micromegas detectors

Tuesday 17 May 2022 19:00 (1 hour)

The ATLAS experiment is being upgraded to take advantage of the improved running conditions
foreseen for the Run 3 and High Luminosity LHC operation phase. Part of this upgrade consists in
removing the original Small Wheels located in the Muon Spectrometer, and replacing them with
two New Small Wheels (NSWs). The exploited technologies for the upgrade are Small-Strips Thin
Gap Chambers (sTGC) and MicroMegas (MM). The readout boards of the MicroMegas detectors,
before being installed in the final detector, underwent a detailed QA/QC at CERN, during which
many construction parameters were measured and stored in databases. Then, the boards have
been mounted in Double Wedges and moved to BB5 integration site at CERN, where their final
performance and operation have been validated with cosmic rays. Studies of the correlation be-
tween several construction parameters of the MM readout boards, as minimum resistance, surface
resistivity, pillar height, and operational parameters, as maximum reachable HV per sector, are
presented.

Authors: ATLAS, Collaboration; ZHU, Junjie (University of Michigan (US)); LEONE, Sandra (Uni-
versita & INFN Pisa (IT))
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Contribution ID: 812 Type: Experimental poster

The Control System of the New Small Wheel
Electronics for the ATLAS experiment

Tuesday 17 May 2022 19:00 (1 hour)

The present ATLAS Small Wheel Muon detector will be replaced with a New Small Wheel(NSW)
detector in order to cope up with the future LHC runs of high luminosity.One crucial part of the
integration procedure concerns the validation of the electronics for a system with more than 2.1 M
electronic channels.The readout chain is based on optical link technology connecting the backend
to the front-end electronics via the FELIX, which is a newly developed system that will serve as the
next generation readout driver for ATLAS.For the configuration, calibration and monitoring path
the various electronics boards are supplied with the GBT-SCA ASIC and its purpose is to distribute
control and monitoring signals to the electronics.Due to its complexity,NSW electronics requires
the development of a sophisticated Control System.The use of such a system is necessary to allow
the electronics to function consistently, safely and as a seamless interface to all sub-detectors and
the technical infrastructure of the experiment.The central system handles the transition between
the probe’s possible operating states while ensuring continuous monitoring and archiving of the
system’s operating parameters.

Authors: ATLAS, Collaboration; ZHU, Junjie (University of Michigan (US)); LEONE, Sandra (Uni-
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Contribution ID: 813 Type: Experimental poster

The ATLAS New Small Wheel Simulation and
Reconstruction Software and Detector Performance

Studies
Tuesday 17 May 2022 19:00 (1 hour)

After successfully completing the phase-I upgrades during the long-shutdown 2 of LHC, the ATLAS
detector is now ready to take Run3 collision data, with several upgrades implemented. The most
important and challenging being in the Muon Spectrometer, where the two forward inner muon
stations have been replaced with the New Small Wheels (NSW) equipped with two completely new
detector technologies: the small strips Thin Gap Chambers (sTGC) and the Micromegas (MM).

Following the enormous effort for the construction, commissioning and installation of the NSW,
the muon software required extensive revisions and new implementations, as well as migration
to new multi thread approach. The new detectors have been fully integrated into the software.
The detectors response is simulated and compared with real data from cosmic ray’s test benches
and test-beams. Nominal geometries, misalignments, and deformations, as well as other possible
deviations from nominal operating conditions resulted from the detectors validation studies, have
been implemented for a realistic study of final performances.

The simulation of both sTGC and MM trigger was implemented, and performance evaluated in dif-
ferent configurations, with and without background, serving as a crucial input for the optimization
and hardware implementation of the trigger logic. Full muon reconstruction performance studies
are performed and all the software tools, including dedicated data format, are now ready for early
data-taking detector commissioning, and for physics analyses.

After an overview of the software implementation and the adopted strategies for simulations and
reconstruction, a summary of the studies carried out will be presented.

Authors: ATLAS, Collaboration; ZHU, Junjie (University of Michigan (US)); LEONE, Sandra (Uni-
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Contribution ID: 814 Type: Experimental poster

Status of the CSM FPGA Irradiation Test for the
HL-LHC ATLAS Muon Spectrometer Upgrade

Tuesday 17 May 2022 19:00 (1 hour)

The increased radiation environment and data rate for the High Luminosity Large Hadron Collider
(HL-LHC) require upgrades to the readout electronics for the Muon Spectrometer ( MS ) electronics.
In this talk, I will present the status of the irradiation studies for the chamber service module
(CSM). The CSM is a custom-built front-end electronics board and is responsible for multiplexing
data read out from on-detector electronics as well as passing configuration information to them.
An important component of the CSM is a Field-programmable gate array (FPGA), specifically using
the FPGA Artix7 xc7a35T, is responsible for fanout of configuration and control information for 18
mezzanine cards. The Artix-7 is a commercial component with a history of meeting our radiation
specifications. The specific model used in the CSM was first tested for the Single Event Effects (SEE)
at LANSCE. The model was tested in a radiation hard environment with an average flux 10ˆ3 higher
than ATLAS (6.02E+3 n/cm2/s vs 1.3E+6 n/cm2/s). Results show that the SEE test approximately
had 3 years of ATLAS in comparison with 1.9E+11n/cm2/y fluence (MDT CSM Requirement). One
CSM board on average has approximately 9 errors in 3 years of ATLAS Run. The CSM was next
tested for the Total Ionization Dose (TID) at BNL. The model was tested at a dose rate 7.675 kRad/hr.
Results show that the total dose of all four irradiated test boards exceeded more than 3x the ATLAS
RTC requirement of 10kRad dose.
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Contribution ID: 815 Type: Experimental poster

Event Filter Tracking for the Upgrade of the ATLAS
Trigger and Data Acquisition System

Tuesday 17 May 2022 19:00 (1 hour)

This submission describes revised plans for Event Filter Tracking in the upgrade of the ATLAS Trig-
ger and Data Acquisition system for the high pileup environment of the High-Luminosity Large
Hadron Collider (HL-LHC). The new Event Filter Tracking system is a flexible, heterogeneous com-
mercial system consisting of CPU cores and possibly accelerators (e.g., FPGAs or GPUs) to perform
the compute-intensive Inner Tracker charged particle reconstruction. Demonstrators based on
commodity components have been developed to support the proposed architecture: a software-
based fast tracking demonstrator, an FPGA-based demonstrator, and a GPU-based demonstrator.
Areas of study are highlighted in view of a final system for HL-LHC running.
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Contribution ID: 816 Type: Experimental poster

Performance of ATLAS Forward Proton Detector
during LHC Run 2

Tuesday 17 May 2022 19:00 (1 hour)

Since its installation in 2016, AFP took data during standard (low-beta, high-µ) and special (low-
beta, low-µ) LHC fills. Performance of tracking and time-of-flight systems as well as studies of
trigger performance and detector alignment will be discussed.
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Contribution ID: 817 Type: Experimental poster

Performance and calibration of the ATLAS Tile
Calorimeter

Tuesday 17 May 2022 19:00 (1 hour)

The Tile Calorimeter (TileCal) is a sampling hadronic calorimeter covering the central region of
the ATLAS experiment, with steel as absorber and plastic scintillators as active medium. The
scintillators are read-out by the wavelength shifting fibres coupled to the photomultiplier tubes
(PMTs). The analogue signals from the PMTs are amplified, shaped, digitized by sampling the
signal every 25 ns and stored on detector until a trigger decision is received. The TileCal front-end
electronics reads out the signals produced by about 10000 channels measuring energies ranging
from about 30 MeV to about 2 TeV. Each stage of the signal production from scintillation light
to the signal reconstruction is monitored and calibrated. During LHC Run-2, high-momentum
isolated muons have been used to study and validate the electromagnetic scale, while hadronic
response has been probed with isolated hadrons. The calorimeter time resolution has been studied
with multi-jet events. A summary of the performance results, including the calibration, stability,
absolute energy scale, uniformity and time resolution, will be presented.
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Contribution ID: 818 Type: Experimental poster

Studies of the long term stability of track selection
criteria for the ATLAS track counting luminosity

measurement
Tuesday 17 May 2022 19:00 (1 hour)

A precise measurement of the luminosity is an essential part of the ATLAS physics program and is
of particular importance to cross-section measurements, where it can be one of the largest system-
atic uncertainties. The track-counting method is one of several approaches used within ATLAS
to compute the luminosity and involves counting the number of charged-particle tracks recon-
structed in the Inner Detector. The average number of tracks scales linearly with the number
of simultaneous proton-proton interactions, µ, per bunch-crossing, and can therefore be used to
measure the luminosity.

This poster presents studies of the long term stability of the track-counting luminosity measure-
ment in the LHC Run 2. Different track selection criteria are studied and are compared on a
run-by-run basis, providing insights on changing detector conditions and beam configurations
throughout each data-taking year. In addition, events from Z—>µµ decays are used to test the
efficiency of the track selections and to study the stability over time.

Authors: ATLAS, Collaboration; ZHU, Junjie (University of Michigan (US)); LEONE, Sandra (Uni-
versita & INFN Pisa (IT))

Presenter: MCLACHLAN, Thomas Christopher (Deutsches Elektronen-Synchrotron (DE))

Session Classification: Poster Session I

Track Classification: Performance and Tools

July 27, 2025 Page 295



10th Edition of t ⋯ / Report of Contributions A Tool for Calculation of the Rad ⋯

Contribution ID: 819 Type: Experimental poster

A Tool for Calculation of the Radiation Parameters
on the Early Stage of Simulation Geometry

Development in CATIA
Tuesday 17 May 2022 19:00 (1 hour)

The simulation is being used to produce artificial events for physics analyses. In the ATLAS ex-
periment at LHC CERN, Geneva, Switzerland, simulation is carried out on the GEANT4 platform.
The GEANT4 uses geometry descriptions as an input for the modelling of the propagation of the
particles in the material. Adding CATIA (Computer-Aided Three-dimensional Interactive Appli-
cation) CAD application into simulation infrastructure brings an opportunity for the early study
of the detector geometry for precise simulation. Paper describes a method of calculation of X_0/λ
radiation parameters for the CATIA native geometry descriptions. The core part is the so-called
scanner function, enabling the generation of the control points on the geometry, where the cal-
culations will carry out. The algorithm contains as well, the initial transformations of geometries
before scanning and output interfaces with the standard applications Root and Excel
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Contribution ID: 821 Type: Theory poster

First inverse moments of heavy-hadron distribution
amplitudes

Tuesday 17 May 2022 19:00 (1 hour)

Heavy-quark symmetry (HQS), despite being approximate, allows to relate dynamically many
hadron systems. In the HQS-limit heavy mesons and doubly-heavy baryons are very similar as
their dynamics is determined by a light quark moving in a color field of a static source. As in
the meson case, matrix elements of non-local interpolation currents between the baryon state and
vacuum are determined by light-cone distribution amplitudes (LCDAs). The first inverse moment
of the leading twist B-meson distribution amplitude is a hadronic parameter needed for an accu-
rate theoretical description ofB-meson exclusive decays. It is quite natural that a similar moment
of doubly-heavy baryon is of importance in exclusive doubly-heavy baryons’ decays. We obtain
HQET sum rules for the first inverse moment based on the correlation functions containing nonlo-
cal heavy-light operator of the doubly-heavy baryon and its local interpolating current. Numerical
estimates of this moment are presented.
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Contribution ID: 822 Type: Experimental poster

The performance of the ATLAS Inner Detector
tracking trigger in high pileup collisions at 13 TeV at

the Large Hadron Collider (Run-2) and plans for
Run-3

Tuesday 17 May 2022 19:00 (1 hour)

The performance of the Inner Detector tracking trigger of the ATLAS experiment at the LHC is
evaluated for the data taking period of Run-2 (2015-2018). The Inner Detector tracking was used
for the muon, electron, tau and b-jet triggers, and its high performance is essential for a wide
variety of ATLAS physics programs such as many precision measurements of the Standard Model
and searches for new physics. The detailed efficiencies and resolutions of the trigger in a wide
range of physics signatures are presented for the Run 2 data. From the upcoming Run-3, starting
in 2022, the application of Inner Detector tracking in the trigger is planned to be significantly
expanded, in particular full-detector tracking will be utilized for hadronic signatures (such as jets
and missing transverse energy triggers) for the first time. To meet computing resource limitation,
various improvements, including machine-learning based track seeding, have been developed.
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Contribution ID: 823 Type: Experimental poster

The new ATLAS triggers for long-lived particles that
leave unconventional signature in the tracking

detectors
Tuesday 17 May 2022 19:00 (1 hour)

The Large Hadron Collider (LHC) is the world’s highest energy particle accelerator, providing ul-
timately unique opportunities of directly searching for new physics Beyond the Standard Model
(BSM). Massive long-lived particles (LLPs), which are absent in the Standard Model, can occur in
many well-motivated theories of physics BSM. These new massive LLPs can decay into other par-
ticles away from the LHC collision point, resulting in unusual experimental signatures and hence
requiring customized and complex experimental techniques to identify them. Previously, the AT-
LAS experiment did not have dedicated triggers to explicitly identify massive LLPs decaying in the
inner tracking detectors using tracking information. To enhance the sensitivity of searches, a se-
ries of new triggers customized for various unconventional tracking signatures, such as “displaced”
tracks and short tracks which “disappear” within the tracking detector, have been developed and
will be utilized in the upcoming Run-3 data taking starting from 2022. The development of these
triggers and their expected performance will be presented.
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Contribution ID: 825 Type: Experimental poster

The Muon Trigger of the ATLAS experiment:
performance and improvements for Run 3

Tuesday 17 May 2022 19:00 (1 hour)

Events with muons in the final state are fundamental for detecting a large variety of physics pro-
cesses in the ATLAS Experiment, including both high precision Standard Model measurements
and new physics searches. For this purpose, the ATLAS Muon Trigger has been designed and de-
veloped into two levels: a hardware based system (Level-1) and a software based reconstruction
(High Level Trigger). They have been optimized to keep the trigger rate as low as possible while
maintaining a high efficiency, despite the increased particle rates and pile-up conditions at the
LHC. An overview of the muon triggering strategies will be provided, showing the performance
in Run 2 data of both Level 1 and High Level Trigger. The most recent improvements implemented
for Run 3 will also be presented.
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Contribution ID: 826 Type: Experimental poster

ATLAS Trigger system for Run 3
Tuesday 17 May 2022 19:00 (1 hour)

The ATLAS Trigger in Run 3 is expected to record on average around 1.7 kHz of primary 13.6 TeV
physics data, along with a substantial additional rate of delayed data (to be reconstructed at a later
date) and trigger-level-analysis data, surpassing the instantaneous data volumes collected during
Run 2.

Events will be selected based on physics signatures such as the presence of energetic leptons,
photons, jets or large missing energy. New in the Level 1 (L1) trigger are the New Small Wheel and
BIS78 chambers, in combination with new L1Muon endcap sector logic and MUCTPI. In addition, a
new L1Calo system based around eFEX, jFEX and gFEX systems for egamma, tau, jets and missing
energy will be under commissioning in 2022. In the High Level Trigger, the ATLAS physics menu
was re-implemented from scratch using a new multi-threaded framework.

We will present first results from the early phases of commissioning the Run 3 trigger in 2022. We
will describe the ATLAS Run 3 trigger menu, and how it differs from Run 2. Exploring how rate,
bandwidth, and CPU constraints are integrated into the menu. Improvements made during the
run to react to changing LHC conditions and data taking scenarios will be discussed and we will
conclude with an outlook on how the trigger menu will evolve with the continued commissioning
on the new L1 systems.
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Contribution ID: 827 Type: Experimental poster

Multiplicity dependence of intra-jet properties in
small collision systems with ALICE

Tuesday 17 May 2022 19:00 (1 hour)

Measurements of jet fragmentation and jet properties in pp collisions provide a test of perturba-
tive quantum chromodynamics (pQCD) and form a baseline for similar measurements in heavy
ion (A-A) collisions. In addition, jet measurements in p-A collisions are sensitive to cold nuclear
matter effects. Recent studies of high-multiplicity final states of small collision systems exhibit
signatures of collective effects that could be associated with hot and dense, color-deconfined QCD
matter, which is known to be formed in collisions of heavier nuclei. The modification of the jet
fragmentation pattern and jet properties is expected in the presence of such QCD matter. Mea-
surements of jet fragmentation patterns and other jet properties in p-A collisions are needed in
order to establish whether deconfined QCD matter is indeed generated in such small systems.
In this contribution we report recent ALICE measurements of charged-particle jet properties, in-
cluding mean charged-constituent multiplicity and fragmentation distribution for leading jets, in
minimum bias p-Pb collisions at

√
s = 5.02 TeV and minimum bias pp collisions at

√
s = 13 TeV. In

addition, the multiplicity dependence of these jet properties in pp collisions at
√
s = 13 TeV will

also be presented. Results will be compared with theoretical model predictions.
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Contribution ID: 828 Type: Experimental poster

Multiplicity-dependent study of Λ(1520) resonance
production in pp collisions at

√
s = 5.02 and 13 TeV

with ALICE
Tuesday 17 May 2022 19:00 (1 hour)

Hadronic resonances are effective tools for studying the hadronic phase in ultra-relativistic heavy-
ion collisions. In fact, their lifetime is comparable to the hadronic phase and resonances are sen-
sitive to the hadronic phase effects such as rescattering and regeneration processes which might
affect the resonance yields and shape of the transverse momentum spectra. Λ(1520) has a lifetime
of around 13 fm/c, which lies in between the lifetimes of K∗ and ϕ resonances. The resonance
to stable particle yield ratios can be used to study the properties of the hadronic phase. Recently,
ALICE observed the suppression of the Λ(1520)/Λ ratio in Pb–Pb collisions at √sNN = 2.76 TeV as
a function of centrality. It is therefore interesting to investigate the multiplicity-dependent study
of Λ(1520)/Λ ratio for pp collisions, since this can serve as a baseline for heavy-ion collisions.

In this contribution, we present new results on the measurement of the baryonic resonanceΛ(1520)
as a function of the charged-particle multiplicity in pp collisions at

√
s = 5.02 and 13 TeV. The trans-

verse momentum spectrum, the integrated yield (dN/dy), the mean transverse momentum (⟨pT⟩)
and the Λ(1520)/Λ yield ratio will be presented as a function of the charged-particle multiplicity.
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Contribution ID: 829 Type: Theory poster

Prediction for global properties in O+O collisions at√
sNN = 7 TeV using AMPT model

Tuesday 17 May 2022 19:00 (1 hour)

Extensive studies at the Large Hadron Collider (LHC), CERN and Relativistic Heavy Ion Collider
(RHIC), Brookhaven National Laboratory (BNL) on heavy-ion collisions such as Pb+Pb and Au+Au
collisions have helped us understand the existence of Quark-Gluon Plasma (QGP) and study its
properties in detail. Recent QGP-like signatures were observed in high-multiplicity proton+proton
(pp) collisions. There has been intense research to understand the possible formation of QGP-
droplets in small collision systems. However, to fill the gap between pp high-multiplicity and
p+Pb collisions, small-ion collisions such as O+O collisions are anticipated in the upcoming run
at the LHC. In such nuclear collisions, the nuclear charge density distribution inside the nucleus
is a crucial parameter and affects almost every aspect of the outcomes. A three-parameter Fermi
distribution (3pF) also known as the Woods-Saxon (WS) distribution is commonly used for heavier
nuclei. However, for a doubly magic Oxygen nucleus, several studies replace the charge density
profile from 3pF to be Harmonic-Oscillator (HO) type. In this work, we have implemented both
of these density profiles in the 16O nucleus using a multiphase phase transport (AMPT) model.
We report the results of global properties such as Bjorken energy density, squared speed of sound,
particle ratios, kinetic freeze-out parameters and elliptic flow in O+O collisions at √sNN = 7 TeV
from AMPT model for both WS and HO density profiles. This study would be a testimony for
the studied global observables in O+O collisions with respect to a difference in the charge density
profile when confronted with experimental observations from the LHC.

References: D Behera, N Mallick, S Tripathy, S Prasad, A N Mishra, R Sahoo, arXiv:2110.04016v1
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Contribution ID: 830 Type: Experimental poster

Measurement prospects for di-Higgs production in
the HH to bbyy channel with the ATLAS experiment

at the HL-LHC
Tuesday 17 May 2022 19:00 (1 hour)

We present a prospect study on di-Higgs production in the HH to bbyy decay channel with the
ATLAS experiment at the High Luminosity LHC (HL-LHC). The results are obtained by extrapo-
lating the results from the Run 2 measurement, with 139/fb of data at a center-of-mass energy of
13 TeV, to the conditions expected at the HL-LHC. While there is no sign of di-Higgs production
with the current LHC dataset, the much higher luminosity (3000/fb) and energy (14 TeV) at the
HL-LHC will enable a much better measurement of this important process. We describe in detail
the extrapolation process and assumptions, and multiple scenarios for the treatment of systematic
uncertainties at the HL-LHC are considered. Under the baseline systematic uncertainty scenario,
the extrapolated precision on the Standard Model di-Higgs signal strength measurement is 50%,
corresponding to a significance of 2.2 sigma. The extrapolated 1 sigma confidence interval from a
measurement of kLambda, the trilinear Higgs boson self-coupling modifier, is [0.3, 1.9].
Other comments
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Contribution ID: 831 Type: Experimental poster

Projected sensitivity of Higgs boson pair production
combining the bbyy and bbtautau decay channels at

the HL-LHC with the ATLAS detector
Tuesday 17 May 2022 19:00 (1 hour)

A combination of projection studies of non-resonant Higgs boson pair production is performed in
the bbγγ and bbττ decay channels with the ATLAS detector, assuming 3000/fb of proton-proton
collision data at a center-of-mass energy of

√
s = 14 TeV at the HL-LHC. The projected results

are based on extrapolations of the Run 2 analyses conducted with 139/fb data at
√
s = 13TeV. In

addition to the increased luminosity and center-of-mass energy at the HL-LHC, both experimental
and theoretical systematic uncertainties are expected to be reduced relative to their Run 2 values.
The projected results are expressed in terms of the significance for the observation of the Standard
Model Higgs boson pair production, and the constraint on Higgs boson trilinear self-coupling
modifier kLambda.
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Contribution ID: 832 Type: Experimental poster

Novel broad-mass search for new scalar particles in
FCNC top quark decays using the full Run 2 data of

the ATLAS detector
Tuesday 17 May 2022 19:00 (1 hour)

No analysis in ATLAS or CMS has so far searched for FCNC decays of top quarks into a new scalar
(X) in a broad mass range probing branching ratios below 10−3. In the case of the Higgs boson,
branching ratios t → Hu/c are predicted within the SM to be of about O(10−17)/O(10−15).
Several beyond-SM theoretical models predict new particles and enhanced branching ratios. In
particular, simple SM extensions involve the Froggatt-Nielsen mechanism, which introduces a
scalar field with flavour charge, the so-called flavon, featuring flavour violating interactions. Us-
ing the full Run 2 data, ATLAS has performed a search for a scalar of a mass in the range between
20 and 160 GeV and decaying into a pair of bottom quarks. In order to distinguish signal from
background, a feed-forward neural network that uses kinematic variables together with various
invariant masses of pairs of b-jets is used in the fits for the various mass hypotheses. The method,
strategy and preliminary results for both FCNC decays t→ cX and t→ uX will be presented.
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Contribution ID: 833 Type: Experimental poster

Search for resonant pair production of Higgs bosons
in the 4b final state using 139/fb of sqrt(s) = 13 TeV pp

collision data with the ATLAS detector
Tuesday 17 May 2022 19:00 (1 hour)

A search for resonant Higgs boson pair production in the 4b final state is presented. The analysis
uses up to 139/fb of pp collision data at

√
(s) = 13 TeV collected with the ATLAS detector. The

analysis is divided into two categories, targeting Higgs boson decays which are reconstructed as
pairs of jets or as single large-radius jets. Two benchmark signal models are considered: a scalar
resonance and a spin-2 graviton, both of which are produced via gluon-gluon fusion. The observed
data are consistent with Standard Model predictions. Upper limits are set on the production cross
section times branching ratio of a new resonance in the mass range from 251 GeV to 5 TeV.
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Contribution ID: 835 Type: Experimental poster

Search for the Higgs boson decaying to a pair of
muons in pp collisions at 13 TeV with the ATLAS

detector
Tuesday 17 May 2022 19:00 (1 hour)

The dimuon decay of the Higgs boson is the most promising process for probing the Yukawa cou-
plings to the second generation fermions at the Large Hadron Collider (LHC). In this poster, we
present a search for this important process using the data corresponding to an integrated luminos-
ity of 139fb−1 collected with the ATLAS detector in pp collisions at

√
s = 13 TeV at the LHC.

Events are divided into several regions using boosted decision trees to target different production
modes of the Higgs boson. The measured signal strength (defined as the ratio of the observed
signal yield to the one expected in the Standard Model) is μ=1.2±0.6. The observed (expected) sig-
nificance over the background-only hypothesis for a Higgs boson with a mass of 125.09 GeV is
2.0σ (1.7σ).
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Contribution ID: 836 Type: Experimental poster

Probing the CP nature of the top-Higgs Yukawa
coupling in ttH and tH events with H→bb using the

ATLAS detector
Tuesday 17 May 2022 19:00 (1 hour)

Within the Standard Model (SM) the Higgs boson is predicted to be a scalar particle (JCP = 0++).
However, simple extensions to the SM, such as the Higgs characterisation model, allow for CP-odd
couplings of the Higgs to other particles. Such modifications to the coupling can be probed by
studying the Yukawa interaction of the Higgs with fermions. The modification the Lagrangian
for the interaction is expressed as LttH = −�tyt̄t(+i5)t, where yt is the SM Yukawa coupling
strength, �t is the coupling strength modifier, α is the CP mixing angle, ϕ the Higgs field and t & t̄

are the top-quark spinor fields. This work measures the coupling strength modifier and CP mixing
angle of the interaction. The analysis targets events where a Higgs boson is produced in association
with a pair of top-quarks (ttH) or with a single top-quark (tH) in the H→bb decay channel. This
is the first time that the CP properties have been measured in this channel. To do this 139 fb−1

of data, collected by the ATLAS detector during Run 2 with a centre of mass energy of √s=13 TeV,
is utilised. Within the analysis events are split into two different channels based on the decays of
the top-quarks, utilising events with either 1 or 2 leptons. To determine the values of the coupling
strength and mixing angle the analysis makes use of the CP-sensitive angular variables b4(t, t̄)
and btt̄H2 (t, t̄). Additionally, techniques such as Boosted Decision Trees (BDTs) are used to separate
signal from background, allowing for the definition of signal enriched regions. Results are obtained
from a profile likelihood fit to data giving best fit values of = 11�+55�

−77� and �t = 0.83+0.30
−0.46. These

results disfavor a purely CP-odd coupling at 1.2σ significance and complement results obtained in
the H→γγ decay channel.

Authors: KORN, Andreas (University College London (GB)); LAWRENCE, Zak (University of Manch-
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Contribution ID: 837 Type: Experimental poster

Proton parton distribution functions using ATLAS
data

Tuesday 17 May 2022 19:00 (1 hour)

Precise knowledge of proton parton distribution functions is a crucial element of accurate pre-
dictions of both Standard Model and Beyond Standard Model physics at hadron colliders such as
the LHC. We present a PDF fit at next-to-next-to-leading order in QCD demonstrating the con-
straining power of a diverse range of ATLAS measurements, in combination with deep-inelastic
scattering data from HERA, on the parton distributions within the proton. Careful consideration is
made of the correlation of systematic uncertainties within and between the ATLAS datasets. The
resulting set of parton distribution functions, named ATLASpdf21, is evaluated for two choices of
chi2 tolerance and compared to a range of global PDF fits.

Authors: KORN, Andreas (University College London (GB)); CONROY, Eimear Isobel (University of
Oxford (GB))
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Contribution ID: 839 Type: Experimental poster

Exclusive dilepton production in ultraperipheral
Pb+Pb collisions in ATLAS

Tuesday 17 May 2022 19:00 (1 hour)

Relativistic heavy-ion beams at the LHC are accompanied by a large flux of equivalent photons,
leading to multiple photon-induced processes. One of the most basic processes, originating from
the photon-photon interactions, is the exclusive production of lepton pairs. This poster presents
new measurements of exclusive dielectron and dimuon production performed by the ATLAS Col-
laboration, using the data from ultraperipheral lead-lead collisions at √sNN = 5.02 TeV. The dif-
ferential cross-sections as a function of several dilepton variables were measured in the inclusive
sample, and for dielectron pairs also under the requirement of no activity in the forward direction.
The results are compared with predictions from STARlight and SuperChic MC generators.

Authors: OGRODNIK, Agnieszka Ewa (AGH University of Science and Technology (PL)); KORN,
Andreas (University College London (GB))
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Contribution ID: 840 Type: Experimental poster

Measurement of high-pt electron performance in
proton-lead collisions in the ATLAS experiment

Tuesday 17 May 2022 19:00 (1 hour)

lectrons constitute an essential component of final states from the leptonic decay channels of W
and Z bosons. Their reconstruction and identification are especially challenging in heavy-ion colli-
sions due to high detector occupancy. Therefore, the evaluation of electron performance is crucial
for precision measurements of properties of quark-gluon plasma produced in heavy-ion collisions
at the LHC energies. The poster will present the measurement of electron reconstruction, identi-
fication, isolation, and trigger efficiencies in proton-lead collisions collected at 8.16 TeV in 2016.
The tag and probe method will be used to derive electron efficiencies in data and MC simulation
independently, and the results will be compared.
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Contribution ID: 841 Type: Experimental poster

Search for electroweak production of
supersymmetric sleptons and charginos with the

ATLAS detector
Tuesday 17 May 2022 19:00 (1 hour)

A new search for the electroweak production of supersymmetric particles decaying into two lep-
tons with missing transverse momentum is presented. Assuming R-parity conservation, two sim-
plified models are considered: direct pair production of sleptons decaying into the lightest neu-
tralinos through leptons of the Standard Model (SM) and direct pair production of the lightest
charginos decaying into the lightest neutralinos through W bosons of the SM. The analysis targets
phase space regions where the difference in mass between the slepton or the lightest chargino
and the lightest neutralino is close to or below the mass of the W boson. Such regions with com-
pressed mass spectra have not been covered by any searches conducted so far due to the low cross
section of the supersymmetric signal. Therefore, improved analysis strategies are crucial to sepa-
rate the supersymmetric signal from the SM backgrounds. A search for an excess of same-flavour
lepton pairs in opposite-sign lepton events is made in the direct slepton pair production analysis
while a multivariate approach using gradient boosted decision trees is exploited in the chargino
pair production analysis and considering both the same-flavour and different-flavour channels.
No significant excesses over the expected background are observed using proton-proton collisions
data collected by the ATLAS experiment at 13 TeV and exclusion limits at 95% confidence level are
set for each considered model. Exclusion limits are also set for selectrons and smuons separately
and portions of the region excluded by the search of smuons pair production are expected to be
compatible with the muon g-2 anomaly for small tan(beta) values.
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Contribution ID: 842 Type: Experimental poster

Improved track reconstruction for prompt and
long-lived particles in ATLAS for the LHC Run 3

Tuesday 17 May 2022 19:00 (1 hour)

In preparation for LHC Run 3, ATLAS completed a major effort to improve the track reconstruc-
tion performance for prompt and long-lived particles. Resource consumption was halved while
expanding the charged-particle reconstruction capacity. Large-radius track (LRT) reconstruction,
targeting long-lived particles (LLP), was optimized to run in all events expanding the potential
phase-space of LLP searches. The detector alignment precision was improved to avoid limiting
factors for precision measurements of Standard Model processes. Mixture density networks and
simulating radiation damage effects improved the position estimate of charged particles overlap-
ping in the ATLAS pixel detector, bolstering downstream algorithms’ performance. The ACTS
package was integrated into the ATLAS software suite and is responsible for primary vertex re-
construction. The talk will highlight the above achievements and report on the readiness of the
ATLAS detector for Run 3 collisions.
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Contribution ID: 843 Type: Experimental poster

Search for Dark Matter produced in association with
a Standard Model Higgs boson decaying to b-quarks
using the full Run 2 collision data with the ATLAS

detector
Tuesday 17 May 2022 19:00 (1 hour)

This poster presents a search for Dark Matter produced in association with a Higgs boson decaying
to b-quarks using the data corresponding to an integrated luminosity of 139/fb collected with the
ATLAS detector in pp collisions at

√
s = 13TeV at the Large Hadron Collider. The targeted Events

typically contain large missing transverse momentum and either two b-tagged small-radius jets
or a single large-radius jet associated with two b-tagged subjects. No significant deviation from
Standard Model expectations is observed. The results are interpreted in two benchmark models
with two Higgs doublets extended by either a heavy vector boson Z ′ or a pseudoscalar singlet a
and which provide a dark matter candidate χ. Significant improvements in sensitivity have been
achieved with respect to previous results owing to optimized event selections as well as advances
in the object identification, such as the use of the likelihood-based significance of the missing
transverse energy and variable-radius track jets. In the case of the Two-Higgs-Doublet model
with an additional vector boson
Z�, the observed limits extend up to a Z� mass of 3.1 TeV at 95 % confidence level for a mass of
100 GeV for the Dark Matter candidate. For the Two-Higgs-Doublet model with an additional
pseudoscalar a, masses of a are excluded up to 520 GeV and 240 GeV for tanβ = 1 and tanβ = 10
and a Dark Matter mass of 10 GeV, respectively. In addition, limits on the visible cross sections
are set and range from to 0.05 fb to 3.26 fb, depending on the missing transverse momentum and
b-quark jet multiplicity requirements.
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Contribution ID: 844 Type: Experimental poster

Search for neutral long-lived particles decaying into
displaced jets in the ATLAS calorimeter

Tuesday 17 May 2022 19:00 (1 hour)

New long-lived particles are a feature of many extensions to the Standard Model, and their unique
detector signatures may elude searches for promptly decaying particles. An analysis of data col-
lected in pp collisions at √s = 13 TeV with the ATLAS detector at the Large Hadron Collider is
described, focusing on identifying jets produced by neutral long-lived particles decaying to Stan-
dard Model fermions within the ATLAS calorimeter. This analysis considers benchmark hidden
sector models of neutral long-lived scalars with masses between 5 GeV and 475 GeV pair-produced
by decays of mediators with masses between 60 GeV and 1000 GeV. A deep neural network is used
to predict whether candidate jets were produced by a long-lived particle decay, QCD multijets, or
beam-induced background, and an adversarial training is applied to minimize the impact of Monte
Carlo mismodeling. A boosted decision tree is then used to discriminate between signal and back-
ground events based on the per-jet neural network outputs and event-level variables. The results
of this analysis are presented using the full Run 2 (2015-2018) data set, corresponding to an inte-
grated luminosity of 139/fb. No significant excess is observed, and upper limits are set for these
signal models.
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Contribution ID: 845 Type: Experimental poster

Search for Heavy (pseudo)Higgs boson A/H
produced in association with a top-antitop quark

pair leading to the final state with four top quarks in
pp collisions at √ s = 13 TeV with the ATLAS detector

Tuesday 17 May 2022 19:00 (1 hour)

Four top-quark production, a rare process in the Standard Model (SM) with a cross-section around
12 fb, is one of the heaviest final states produced at the LHC, and it is naturally sensitive to physics
beyond the Standard Model (BSM). A data excess is observed with twice of the expectation. A
follow-up analysis is the search for Heavy (pseudo)Higgs boson A/H produced in association with
a top-antitop quark pair leading to the final state with four top quarks. The data analyzed corre-
spond to an integrated luminosity of 139 fb−1. In this poster, the four top-quark decay final states
containing either a pair of same-sign leptons or multi-lepton (SSML) are considered. To enhance
the search sensitivity, a mass-parameterized BDT is introduced to discriminate the BSM signal
against the irreducible SM four-top and other dominant SM backgrounds. Observed and expected
upper bounds on the production cross-section of A/H are derived in the mass range from 400 GeV
to 1000 GeV.
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Contribution ID: 846 Type: Experimental poster

Long-lived dark photons at ATLAS: a search for
unconventional signatures at the LHC

Tuesday 17 May 2022 19:00 (1 hour)

Long-lived particles represent a well motivated approach for beyond-Standard Model (SM) physics
searches. An interesting scenario is the one in which light vector mediators (dark photons), weakly
coupled to the SM photon, can be produced by an exotic decay of the SM Higgs boson and decay
back to SM particles after travelling a macroscopic distance. This study presents a search for light,
neutral long-lived particles decaying in collimated jet-like structures containing pairs of leptons
or quarks (Dark-Photon-Jets, DPJs). The search is performed on 139 fb−1 of pp collision data at √s
= 13 TeV collected during the Run-2. Both the gluon-gluon fusion (ggF) and associated production
with a W boson are considered for the Higgs production and dark photon decays are identified,
among the overwhelming QCD and non-collision background, thanks to a selection involving
dedicated triggers and deep-learning classifiers. The results obtained are interpreted in the context
of simplified long-lived particle models such as the Hidden Abelian Higgs Model (HAHM) and the
Falkowsk-Ruderma-Volansky-Zupan (FRVZ) model.
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Contribution ID: 847 Type: Experimental poster

Search for single production of a vector-like T quark
decaying into a Higgs boson and top quark with fully

hadronic final states using the ATLAS detector
Tuesday 17 May 2022 19:00 (1 hour)

A search is made for a vector-like T quark decaying into a Higgs boson and a top quark in 13 TeV
proton-proton collisions using the ATLAS detector at the Large Hadron Collider with a data sample
corresponding to an integrated luminosity of 139 −1. The all-hadronic decay modes H → bb̄ and
t→ bW → bqq̄′ are reconstructed as large-radius jets and identified using tagging algorithms. Im-
provements in background estimation, signal discrimination, and a larger data sample, contribute
to an improvement in sensitivity over previous all-hadronic searches. No significant excess is ob-
served above the background, so limits are set on the production cross-section of a singlet T quark
at 95\% confidence level, depending on the mass,mT , and coupling, T , of the vector-like T quark to
Standard Model particles. This search targets a mass range between 1.0 to 2.3 TeV, and a coupling
value between 0.1 to 1.6, expanding the phase space of previous searches. In the considered mass
range, the upper limit on the allowed coupling values increases with mT from a minimum value
of 0.35 for 1.07mT 1.4 TeV up to 1.6 for mT = 2.3 TeV.
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Contribution ID: 848 Type: Experimental poster

Two New Developments on the Statistical Treatment
of Flavour Tagging Uncertainties in ATLAS

Tuesday 17 May 2022 19:00 (1 hour)

The identification of jets containing b-hadrons, b-tagging, is critical for many ATLAS physics anal-
yses. Its performance is measured in data and the simulation is corrected through simulation-to-
data scale factors. However, such measurement only covers a certain jet pT range, so the b-tagging
performance at higher pT must be evaluated via a simulation-based extrapolation method. This
work considers a widely used scheme, the “pseudo-continuous” working points, which constitutes
a flexible way to apply a set of different b-tagging requirements within the same ATLAS physics
analysis. A brief introduction is given to this scheme and the corresponding simulation-based ex-
trapolation to high pT jets is presented for the first time. In addition, a new statistical tool, denoted
as “eigenvector recomposition”, is developed to allow for the correct combination of analyses re-
lying on different b-tagging setups. It correlates common systematic uncertainties related with
b-tagging in a mathematically solid way. Its application in the combination of the “boosted” and
“resolved” V H(H → bb) analyses is shown as an example.
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Contribution ID: 849 Type: Experimental poster

Measurement of the b -tagging efficiency using
multijet events in ATLAS

Tuesday 17 May 2022 19:00 (1 hour)

The identification of jets containing b-hadrons, b-tagging, plays an important role in many physics
analyses in ATLAS. Several different machine learning algorithms have been deployed for the
purpose of b-tagging. These tagging algorithms are trained using Monte-Carlo simulation samples,
as such their performance in data must be measured. The b-tagging efficiencies (epsilon_b) have
been measured in data using tt̄ events in the past and this work presents the measurements in
multijet events using data collected by the ATLAS detector at

√
s = 13 TeV for the first time.

This offers several key advantages over the ttbar based calibrations, including a higher precision
at low jet pT and an ability to perform measurements of epsilon_b at significantly higher jet pT .
Two approaches are applied and for both a profile likelihood fit is performed to extract the number
of b-jets in samples passing and failing a given b-tagging requirement. The b-jets yields are then
used to determine epsilon_b in data and from that scale factors to the efficiency measured in MC.
The two approaches differ primarily in the discriminating variable used in the fit. At low jet pT
the variable pT rel is used, while for high jet pT the signed impact parameter significance is used.
Both calibrations give measurements of the scale factors as a function of the jet pT .
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Contribution ID: 850 Type: Experimental poster

New ATLAS b-tagging Algorithm for Run3
Tuesday 17 May 2022 19:00 (1 hour)

The identification of jets containing b-hadrons (b-jets) is essential to many aspects of the ATLAS
physics programme. Multivariate algorithms responsible for establishing the jet’s flavour are de-
veloped by the ATLAS Collaboration, exploiting the distinct properties and correlations of charged
particle tracks within the jet and reconstructed secondary vertices. The higher pileup conditions
and the growing interest for searches in the high transverse momentum regime necessitate the
development of improved algorithms using state-of-the-art machine learning techniques. Recent
developments in track-based tagging introduced the Deep Impact Parameter Sets (DIPS) tagger,
a neural network based on the Deep Sets architecture. It exploits the permutation invariance of
track features in the network training and makes use of correlations among the tracks. Consequen-
tially, an improved performance in the identification of b-jets compared to established approaches
is observed. The performance of the novel DIPS tagger is evaluated using simulated data. This
poster reviews the current state-of-the-art of jet flavour tagging algorithms used by the ATLAS
Collaboration.
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Contribution ID: 851 Type: Experimental poster

Measurement of differential cross sections for the
production of top quark pairs and of additional jets

in pp collisions at
√
s = 13 TeV
Tuesday 17 May 2022 19:00 (1 hour)

Differential cross sections for top quark pair (tt̄) production are measured in proton-proton col-
lisions at a centre-of-mass energy of 13 TeV using a sample of events containing two oppositely
charged leptons. The data were recorded with the CMS detector at the LHC and correspond to
an integrated luminosity of 138 fbˆ{−1}. Differential cross sections are measured as functions of
kinematic observables of the tt̄ system, the top quark and antiquark and their decay products, and
the number of additional jets in the event not originating from the tt̄ decay. These cross sections
are measured as function of one, two, or three variables and are presented at the parton and par-
ticle levels. The measurements are compared to standard model predictions of Monte Carlo event
generators with next-to-leading-order accuracy in quantum chromodynamics (QCD) at matrix-
element level interfaced to parton showers. Some of the measurements are also confronted with
predictions beyond next-to-leading-order precision in QCD. The nominal predictions from all cal-
culations, neglecting theoretical uncertainties, do not describe well several of the measured cross
sections, and the deviations are found to be largest for the multi-differential cross sections.
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Contribution ID: 852 Type: Experimental poster

The High-Level Trigger for the CMS Phase-2 Upgrade
Tuesday 17 May 2022 19:00 (1 hour)

The High-Luminosity LHC (HL-LHC) will usher a new era in high-energy physics. The HL-LHC
experimental conditions entail an instantaneous luminosity of up to 75 Hz/nb and up to 200 simul-
taneous collisions per bunch crossing (pileup). To cope with those conditions, the CMS detector
will undergo a series of improvements, in what is known as the Phase-2 upgrade. In particular, the
upgrade of the Data Acquisition and of the High-Level Trigger (DAQ-HLT) will have to address
a much higher event rate and more complex events. In this talk, we will discuss the aspects of
the HLT upgrade, detailing the development of the online reconstruction, the construction, char-
acterisation and timing/rate measurement of a simplified HLT menu, the role of heterogeneous
architectures in the HLT and the plan of work and milestones until the beginning of Phase-2.
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Contribution ID: 854 Type: Theory poster

Insight into the magnetic response of hadron gas
using non-extensive statistics

Tuesday 17 May 2022 19:00 (1 hour)

Non-central heavy-ion collisions at ultra-relativistic energies are unique in generating magnetic
fields of the most significant strength in the laboratory. The fields produced at the early stages of
the collision could affect the properties of Quantum Chromodynamics (QCD) matter formed in the
heavy-ion collisions. Moreover, this transient magnetic field can also affect the thermodynamic
and transport properties of the final state dynamics of the system. In this work, we investigated
the thermodynamic properties such as energy density, entropy density, pressure, and speed of
sound of a hadron gas in the presence of an external static magnetic field using thermodynamically
consistent non-extensive Tsallis statistics. Further, the magnetization of such a system is also
studied. This analysis reveals an interplay of the diamagnetic and paramagnetic nature of the
system in the presence of the external magnetic field of varying strength for non-central heavy-
ion collisions as one goes from RHIC to the LHC energies.
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Contribution ID: 856 Type: Experimental poster

Event shape and multiplicity dependence of K*(892)±
production at mid-rapidity in pp collisions at

√
s = 13

TeV with ALICE at the LHC
Tuesday 17 May 2022 19:00 (1 hour)

Short-lived resonances can probe strongly interacting matter produced in high-energy heavy-ion
collisions. In particular, K(892)± is important because of its very short lifetime (around 4 fm/c),
comparable to the partonic plasma phase. Also, its short lifetime can be used to study the rescattering
and regeneration effects in the hadronic phase. An event shape observable like transverse spherocity
is sensitive to hard and soft processes. Such an observable can be used as a tool to categorize pp
collisions into isotropic (dominated by soft QCD) and jetty (dominated by hard QCD) events. This
work presents the latest developments in K(892)± analysis as a function of event multiplicity and
transverse spherocity using pp collisions at

√
s = 13 TeV collected by ALICE. The results obtained in

this analysis will be compared to those obtained for other light-flavor hadrons. The pT -differential
ratio of K*(892)± yields to those of long-lived stable hadrons in the same multiplicity and transverse
spherocity intervals will also be presented.
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Contribution ID: 857 Type: Experimental poster

Measurement of R2(∆η,∆φ) and P2(∆η,∆φ)
correlation functions in pp collisions at

√
s = 13˜TeV

using ALICE data
Tuesday 17 May 2022 19:00 (1 hour)

Two-particle normalized cumulants of particle number correlations (R2) and transverse momen-
tum correlations (P2) measured as a function of relative pseudorapidity and azimuthal angle differ-
ence (∆η,∆φ) provide key information about particle production mechanism, diffusivity, charge
and momentum conservation in high-energy collisions. To complement the recent ALICE measure-
ments in Pb–Pb collisions, as well as for better understanding of the jet contribution and nature
of collectivity in small systems, we measure these observables in pp collisions at

√
s = 13 TeV with

similar kinematic range, 0.2 < pT ≤ 2.0 GeV/c. The near-side and away-side correlation struc-
tures of R2 and P2 are qualitatively similar, but differ quantitatively. Additionally, a significantly
narrower near-side peak is observed for P2 as compared to R2 for both charge-independent and
charge-dependent combinations like in the recently published ALICE results in p–Pb and Pb–Pb
collisions. Being sensitive to the interplay between underlying event and mini-jets in pp collisions,
these results not only establish a baseline for heavy-ion collisions but also allow one to understand
better signals which resemble collective effects in small systems.
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Contribution ID: 858 Type: Experimental poster

Transverse Spherocity and Multiplicity Dependence
of R2 and P2 Correlation Functions in pp Collisions at√

s = 7 TeV Using PYTHIA8
Tuesday 17 May 2022 19:00 (1 hour)

Event shape observables such as transverse spherocity(S0) have evolved as a
powerful tool to separate soft and hard contributions in an event in small collision
systems. To understand this phenomenon, we used two-particle differential-number
correlation functions, R2, and transverse momentum correlation functions, P2, of
charged particles produced in pp collisions at the LHC center-of-mass energy√
s = 7 TeV with the PYTHIA8 model. The ∆φ-dependance of these correlation

functions in different multiplicity and S0 classes are discussed . We find that these
correlation functions exhibit different shapes and sizes in both near-side(NS)
and away-side(AS) with multiplicity and S0 classes. We see a strong correlation
in the NS and AS of these correlation functions for low-S0(jetty-like),
which become weaker for high-S0(isotropic). In addition, mean-pT of charged
particles for low-S0, high-S0 and S0-integrated are discussed. Finally, it was
observed that S0 should be a good observable as compared to multiplicity to
disentangle jetty and isotropic events in a small collision system.

Author: SAHOO, Baidyanath (IIT- Indian Institute of Technology (IN))

Co-authors: NANDI, Basanta Kumar (IIT- Indian Institute of Technology (IN)); DASH, Sadhana (IIT-
Indian Institute of Technology (IN)); PRUNEAU, Claude Andre (Wayne State University (US))

Presenter: SAHOO, Baidyanath (IIT- Indian Institute of Technology (IN))

Session Classification: Poster Session I

Track Classification: QCD Physics

July 27, 2025 Page 329



10th Edition of t ⋯ / Report of Contributions Transverse spherocity dependenc ⋯

Contribution ID: 859 Type: Theory poster

Transverse spherocity dependence of global
observables in heavy-ion collisions at the LHC using

AMPT model
Tuesday 17 May 2022 19:00 (1 hour)

Transverse spherocity is a tool that separates events based on geometrical shapes, i.e., jetty and
isotropic events. Transverse spherocity based studies are widely understood in small systems
like proton-proton (pp) collisions in simulations and experiments, but it is yet to be explored in
heavy-ion collisions. In this work, we attempt to study different global observables in heavy-ion
collisions such as squared speed of sound, Bjorken energy density and kinetic freeze-out properties
for different centrality classes as a function of transverse spherocity. This study has been carried
out using a multi-phase transport model (AMPT) in Pb-Pb collisions at √sNN = 5.02 TeV. Contrary
to pp collisions where jetty events are dominated, heavy-ion collisions are found to be dominated
by isotropic events. Squared speed of sound and Bjorken energy density are found to be insensitive
to transverse spherocity. In contrast, kinetic freeze-out properties such as transverse radial flow
velocity and kinetic-freezeout temperature are found to be susceptive to transverse spherocity.

Reference: S. Prasad, N. Mallick, D. Behera, R. Sahoo and S. Tripathy, Sci. Rep. 12, 3917 (2022).
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Contribution ID: 860 Type: Theory poster

Fluid properties of hadron gas produced in
relativistic collisions of pp and AA

Tuesday 17 May 2022 19:00 (1 hour)

The applicability of hydrodynamics to study the space-time evolution of hadronic matter produced
in relativistic heavy-ion collisions is one of the outstanding issues. The hadronic matter may be
produced initially in the hadronic phase or may appear after a quark-gluon plasma phase produced
initially revert to hadronic matter through a phase transition. The Knudsen number (Kn) can be
used as an indicator of the degree of thermalization in the system. In this study, we obtain the
variation of Kn to study the degree of thermalization in an excluded volume hadron resonance
gas model. Kn along with other parameters like Reynolds number (Re) and Mach number (Ma)
give insights into the nature of the flow in the system. The dependence of these dimensionless
parameters on system size and baryonic chemical potential (µB) are studied. The obtained values
of the parameters (Kn << 1, Ma�1 and Re >> 1) indicate the occurrence of compressible
inviscid flows at high temperatures close to the QCD phase transition region (T �150−170 MeV).
The degree of thermalization of hadron gas estimated is comparable over different system sizes,
indicating the applicability of hydrodynamics in interpreting the results from high multiplicity pp
to heavy-ion collisions.

Reference: R. Scaria, D. Sahu, C. R. Singh, R. Sahoo and J. Alam, [arXiv:2201.08096 [hep-ph]].
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Contribution ID: 861 Type: Theory poster

Identical-particle (pion and kaon) femtoscopy in
Pb−−Pb collisions at

√
sNN = 5.02 TeV with

Therminator2 modeled with (3+1)D viscous
hydrodynamics

Tuesday 17 May 2022 19:00 (1 hour)

Femtoscopy is a technique that can be used to measure the space-time characteristics of the particle-
emitting source created in heavy-ion collisions using momentum correlations between two parti-
cles. In this report, the two-pion and two-kaon femtoscopic correlations for Pb−−Pb collisions at
√
sNN = 5.02 TeV within the framework of (3+1)D viscous hydrodynamics combined with THER-

MINATOR 2 code for statistical hadronization. The femtoscopic radii or the source size for pions
and kaons are estimated as a function of pair transverse momentum and centrality in all three pair
directions. The radii seems to be decreasing with pair transverse momentum and transverse mass
for all centralities which signals to the presence of strong collectivity in the system. Moreover, an
effective scaling of radii with pair transverse mass was observed for both pion and kaons.
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Energy and momentum-dependent studies of
R2(∆η,∆φ) and P2(∆η,∆φ) correlation functions in
p−p collisions using color reconnection and rope

hadronization models
Tuesday 17 May 2022 19:00 (1 hour)

Color-reconnection (CR) mechanism used in PYTHIA8 has been reported to describe collective-like
effects in small systems, such as mass-dependent growth in ⟨pT⟩ as a function of multiplicity, en-
hanced baryon production over meson at intermediate pT, etc., similar to those observed in heavy-
ion collisions. Color-reconnection (CR) and rope-hadronization (RH) development in PYTHIA8
have aided in a better understanding of the small system. We measure charge-independent (CI)
and charge-dependent (CD) two-particle differential number correlation functions, R2(�η, �φ), and
transverse momentum correlation functions, P2(�η, �φ), of charged particles produced in pp colli-
sions at the LHC centre-of-mass energies

√
s = 2.76 TeV, 7 TeV and 13 TeV with the PYTHIA8 model.

For inclusive charged hadrons (h±) in three distinct transverse momentum (pT) ranges, PYTHIA8
predictions for R2 and P2 correlation functions with full azimuthal coverage in the pseudorapid-
ity range |η| < 1.0 are shown. The strengths and shapes of R2 and P2 correlation functions
are reported for various combinations of CR and RH to study particle production mechanisms
in small systems. Additionally, for a better understanding of angular ordering and jet properties
implemented in the PYTHIA8 model, ∆η and ∆φ dependence of R2 and P2 are compared. The
evolution of near-side width of these correlation functions for different transverse momentum and
energies is shown.
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Contribution ID: 863 Type: Theory poster

Scaling properties of charged particles generated in
Xe-Xe collisions at √s_N N = 5.44 TeV using AMPT

Model
Tuesday 17 May 2022 19:00 (1 hour)

At critical point a system undergoing phase transition is characterized by large fluctuations in
the observables. Fluctuation study is thus one of the important techniques to explore phases of
the QCD matter and to search for the critical end point of hadron-quark or quark-hadron phase
boundary. Scaling properties of the multiplicity fluctuations of hadrons produced in the high
energy heavy ion collisions may reveal the features of quark-hadron phase transition and also the
particle production mechanism. Using scaling exponent obtained from the normalized factorial
moments of the number of charged hadrons in the two dimensional (η, ϕ) phase space, the system
created in these collisions can be characterized quantitatively. Within the framework of Ginzburg-
Landau (GL) formalism
for second order phase transition and for the two-dimensional Ising model simulated for quark-
hadron phase transition a universal value of scaling exponent (ν) is obtained as 1.316 ± 0.012.
Here we will present observations and results from the analysis performed for charged particle
multiplicity distributions obtained from Xe-Xe collisions at √sNN = 5.44 TeV with the string
melting mode of the AMPT model. Observations, results on the behaviour of the normalized
factorial moments and the dependence of the scaling exponent on the transverse momentum bin
width will be presented.
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Contribution ID: 864 Type: Experimental poster

Study of resonance’s properties in heavy-ion
collisions using angular hadron-resonance

correletions in ALICE experiment.
Tuesday 17 May 2022 19:00 (1 hour)

Hadronic resonances can act as useful probes to examine the hadronic phase in ultra-relativistic
heavy-ion collisions. In addition, high pT resonances could probe not only the hadronic phase
but also the partonic phase if they are created very early in jet fragmentation. Hadron-resonance
angular correlations could help to preferentially select high transverse momentum resonances
coming from the jet or out of the jet region.
In this analysis, the K∗0(892) and ϕ(1020) production in and out of jets are studied by exploiting
their angular correlation with respect to the highest transverse momentum particle, used as a
proxy for the jet axis. A first look at the method using data from lead-lead collisions at √sNN=
5.02 TeV will be presented.
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Contribution ID: 865 Type: Theory poster

CP-violating anomalous interactions at Large
Hadron Collider

Tuesday 17 May 2022 19:00 (1 hour)

In this study, we explore the effects of CP-violating anomalous interactions of the top-quark
through the semileptonic decay modes of the top-quark arising due to pair-production of tt̄ at
the Large Hadron Collider. Predictions on the LHC sensitivities of the coupling strength to such
CP-violating interactions would be discussed for the 13 TeV LHC data and for the future hadron
collider with 14 TeV energy.
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Contribution ID: 866 Type: Theory poster

Transverse spherocity and multiplicity dependent
study of various higher order moments of ⟨pT⟩
distribution in pp collisions using PYTHIA8

Tuesday 17 May 2022 19:00 (1 hour)

The event-by-event fluctuations of the average transverse momentum, ⟨pT⟩, are studied as a func-
tion of transverse spherocity and average multiplicity in p−p collisions using PYTHIA8 event
generator at

√
s = 7 TeV and 13 TeV. We compared the results for different spherocity classes

to understand the contribution from the underlying events. Also, the energy dependence and the
effect of different color reconnection and rope hadronisation models on the observables are inves-
tigated. The fluctuations studies are sensitive to the properties of phase transition from hadron
gas to QGP in heavy-ion collisions. The investigation of such fluctuations in pp collision would
serve as a baseline to understand the heavy-ion collisions.
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Contribution ID: 867 Type: Experimental poster

Nuclear modification factors of prompt and
non-prompt J/ψ in Pb–Pb collisions at √ sNN= 5.02

TeV at midrapidity with ALICE
Tuesday 17 May 2022 19:00 (1 hour)

Heavy quarks are considered excellent probes to study the properties of the state of matter where
quarks and gluons are deconfined, known as quark-gluon plasma (QGP). The QGP is expected to
be formed in ultrarelativistic nuclear collisions. Non-prompt J/ψ measurements are important to
investigate the parton energy loss in the hot medium and its quark mass dependence, as they pro-
vide additional constraints to extract heavy-quark diffusion coefficients from experimental data.
In addition, the prompt J/ψ production provides a direct comparison with models that include
(re-)generation, which is found to be the dominant production mechanism at low transverse mo-
mentum (pT) and in central collisions at the LHC. ALICE has unique tracking and particle identifi-
cation capabilities down to very low momentum at midrapidity (|y| < 0.9), enabling the separation
of prompt and non-prompt J/ψ down to pT ∼ 1.5 GeV/c in Pb−Pb collisions. In this contribution,
recent ALICE results on nuclear modification factors (RAA) of prompt and non-prompt J/ψ, recon-
structed at midrapidity in the dielectron decay channel, as a function of pT and centrality will be
presented and compared with theoretical predictions. Presented results are obtained by analyzing
data from Pb−Pb collisions collected at √sNN = 5.02 TeV during the LHC Run 2. Moreover, results
will be compared with similar LHC measurements, available at higher pT.
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CP-Violating Invariants in the SMEFT
Tuesday 17 May 2022 19:00 (1 hour)

In the Standard Model, CP violation in the Electroweak sector is parametrized by the Jarlskog In-
variant. This is the order parameter of CP-violation, in the sense that it vanishes iff CP is conserved.
When higher dimensional operators are allowed, and the Standard Model Effective Field Theory is
constructed, numerous new sources for CP violation can appear. However, the description of CP
violation as a collective effect, present in the SM, is inherited by its Effective extension.
Here, I argue that such a behaviour has to be captured, at dimension 6, by flavor invariant, CP
violating objects, linear in the Wilson coefficients. Such a description ensures that CP violation in
the SMEFT is treated in a basis independent manner. In particular, I claim these are the objects that
have to vanish, together with the SM Jarlskog Invariant, for CP to be conserved, and viceversa.
Different assuptions on the flavor structure of the SMEFT operators lead to invariants with dif-
ferent relative importance. A consistent way to address this issue in our framework is presented.
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Contribution ID: 869 Type: Experimental poster

Determination of the strong-coupling constant from
the Z-boson transverse-momentum distribution

Tuesday 17 May 2022 19:00 (1 hour)

The strong force is the least known fundamental force of nature, and the effort of precisely mea-
suring its coupling constant has a long history of at least 30 years. This contribution presents a
new experimental method for determining the strong-coupling constant from the Sudakov region
of the transverse-momentum distribution of Z bosons produced in hadron collisions through the
Drell-Yan process. The analysis is based on predictions at third order in perturbative QCD,and
employs a measurement performed in proton-proton collisions with the CDF experiment. The de-
termined value of the strong coupling at the reference scale corresponding to the Z-boson mass
is αS(mZ) = 0.1185+0.0014

−0.0015. This is the most precise determination achieved so far at a hadron
collider. The application of this methodology at the LHC has the potential to reach sub-percent
precision.
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ME0 second generation prototype chamber
characterization for CMS phase II upgrade in the

Muon forward region
Tuesday 17 May 2022 19:00 (1 hour)

The CMS experiment is a general-purpose detector installed in Large Hadron collider. During the
High Luminosity LHC (HL-LHC) phase, it expects 10 times higher luminosity than actual LHC
operation regime. Forward region of Muon system of CMS will be equipped with 3 additional
triple GEM based muon stations. ME0 is the innermost layer of this tree stations which will be in-
stalled right behind the new endcap calorimeter; it will be exposed to a background particle fluxes
up to 150 kHz/cm2. Recent R&D for rate capability and gain drop study brought the changing of
the original GEM foils High Voltage segmentation direction. Second-generation prototype is seg-
mented in radial direction different from the previous horizontal segmentation of GE11 and GE2/1.
This study will present mainly the results of characterization of new ME0 prototype module which
include the mechanical design of second-generation prototype, segmentation simulation study re-
sults, assembling process, gas tightness, HV stability test, energy spectrum, effective gain result
and Its response uniformity results. This module fully characterized, as above, will be installed in
GIF++ facility for high background irradiation tests and beam test studies; its initial experimental
setup is also presented.
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Virtual QCD Corrections to gg->ZH via a Transverse
Momentum Expansion

Tuesday 17 May 2022 19:00 (1 hour)

The associated production of a Higgs and a Z boson at the LHC receives an important contribution
from the gluon-initiated channel gg → ZH . Currently, exact analytic results for the NLO QCD
corrections to this partonic process are not known, due to the presence of top-quark-mediated two-
loop box diagrams in the virtual contribution. The inclusion of the gluon-initiated component at
NLO would reduce the theoretical uncertainties of the hadronic process pp → ZH , which also
affect the determination of the H → bb̄ decay.

In this poster I will present the calculation of the virtual QCD corrections to gg → ZH using an
analytic approximation, based on the expansion of the amplitude in terms of a small transverse
momentum of the final-state particles. This method provides an approximation of the virtual cor-
rections with an accuracy below the percent level for center-of-mass energies up to ∼750 GeV,
which contribute to ∼98% of the hadronic cross section at the LHC. I will also report on the recent
combination of these results with the ones obtained from a complementary approach, which is
based on the expansion of the amplitude in the high-energy limit. When the results of both expan-
sions are improved using Padé approximants, their combination provides accurate results over the
whole phase space.
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p –> e+ gamma in LCSR framework
Tuesday 17 May 2022 19:00 (1 hour)

Proton decay is a baryon number violating process and hence is forbidden in the Standard Model
(SM). Baryon number violation is expected to be an important criteria to explain the matter anti-
matter asymmetry of the universe. Any detection of the proton decay will serve as a direct evidence
of physics beyond the SM. In SMEFT, proton decay is possible via baryon number violating dimen-
sion six operators.
In this work, we have considered the proton decay to a positron and a photon, which is expected
to be an experomentally cleaner channel because of less nuclear absorption. The gauge invariant
amplitude of this process involves two form factors (FFs). We present these FFs in the framework
of light cone sum rules (LCSR).
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Measurement of heavy-flavor production in the
high-mass dimuon spectrum in pp collisions at

√
s =

13 TeV with ALICE
Tuesday 17 May 2022 19:00 (1 hour)

Heavy-quark production in nuclear collisions is an important tool to access the properties and
evolution of a deconfined state of nuclear matter known as quark-gluon plasma. Studies of these
probes in pp collisions, besides serving as a reference process, represent a powerful tool for testing
various aspects of QCD. An analysis technique that was little explored until now at LHC energies
is the analysis of the high-mass region of the dilepton invariant mass spectrum (mµµ > mJ/Ψ),
which is significantly populated by the semileptonic decays of hadrons pairs containing charm and
beauty quarks.

In the context of this analysis, studies based on Monte Carlo event generators, such as PYTHIA8,
are crucial to reproduce the invariant mass and transverse momentum spectra of muon pairs from
heavy-flavour decays, separately for charm and beauty hadrons.

In addition, dedicated Monte Carlo simulations are important to study the contribution from the
semileptonic decays of light-flavour hadrons, in particular π and K , which represent the main
background source of this analysis.

The goal of the analysis presented in this poster is a first comparison between the mass spectrum
measured by ALICE in pp collisions at

√
s = 13 TeV, based on an integrated luminosity Lint of

∼ 25 pb−1, and the prediction of the PYTHIA8 calculations. The study will be carried out in the
rapidity region 2.5 < y < 4.0, which corresponds to the coverage of the ALICE muon spectrometer.

In further detail, in this poster, I will present the status of the analysis for what concerns the
simulation chain and the prospects for the extraction of the heavy-quark pair cross-sections. In
particular, I will discuss the fitting technique necessary to disentangle the contributions coming
from charm, beauty, and light-flavours hadrons, respectively.
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Pair charged Higgs productions at NLO in e+ e-
collider within the Inert Doublet model .

Tuesday 17 May 2022 19:00 (1 hour)

We investigate the full electro-weak one-loop radiative correction to the e+e− → H+H− within
the Inert Higgs Doublet Model (IHDM), at the future Higgs factory such as the ILC, CLIC, CEPC.
After taken account of the theoretical and experimental constraints such as LEP, LHC and Dark
matter constraints. The calculations are performed using FeynArts/FormCalc to compute the one-
loop weak corrections and using Feynman Diagram Calculation (FDC) to calculate the QED con-
tribution to the next leading order cross section, in three energies of collisions 250, 500 and 1000
GeV, by observing the e+e− → H+H− process, the detection of the new physics of IHDM can be
directly done because of the large production rate and the corrections are significant
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Probing the hadronic phase of large hadronizing
system through the study of the Λ(1520) resonance

with ALICE at the LHC
Tuesday 17 May 2022 19:00 (1 hour)

The measurement of hadronic resonance production in heavy-ion collisions at the LHC has led to
the observation of a prolonged hadronic phase after hadronisation. Due to their short lifetimes,
resonances experience the competing effects of regeneration and rescattering of the decay products
in the hadronic medium. Studying how the experimentally measured yields are affected by these
processes can extend the current understanding of the properties of the hadronic phase and the
mechanisms that determine the shape of particle transverse momentum spectra.

New preliminary results on the production of the Λ(1520) resonance measured in Pb-Pb collisions
at √sNN = 5.02 TeV with the ALICE detector at the LHC are presented in this contribution. These
results are compared with those from a set of hadronic resonances with a lifetime span of 1 to 46
fm/c such as ρ(770)0, Κ*(892)0, Σ(1385)±, Ξ(1530)0 and Φ(1020) measured by the ALICE experiment.
The spectral shapes, mean pT and particle ratios are compared with the Blast-Wave, MUSIC with
a SMASH afterburner and statistical hadronisation model predictions.
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A novel experimental search channel for very light
Higgses in the Type-I 2HDM

Tuesday 17 May 2022 19:00 (1 hour)

We present a reinterpretation study of existing results from the CMS Collaboration, specifically,
searches for light BSM Higgs pairs produced in the chain decay pp → HSM → hh(AA) into a
variety of final states, in the context of the CP-conserving 2-Higgs Doublet Model (2HDM) Type-I.
Through this, we test the LHC sensitivity to a possible new signature, pp→ HSM → ZA→ ZZh,
with ZZ → jjµ+µ− and hSM → bb̄. We perform a systematic scan over the 2HDM Type-I
parameter space, by taking into account all available theoretical and experimental constraints,
in order to find a region with a potentially visible signal. We investigate the significance of it
through a full Monte Carlo simulation down to the detector level. We show that such a signal is an
alternative promising channel to standard four-body searches for light BSM Higgses at the LHC
with an integrated luminosity of L = 300/fb.
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Long lived NMSSM : Analysing some long-lived
NSLP signatures in the NMSSM

Tuesday 17 May 2022 19:00 (1 hour)

We analyze NMSSM scenarios containing a singlino LSP dark matter. By systematically consider-
ing several NLSP compositions, we identify and classify regions of parameter space where NLSP
exhibits a long lifetime due to suppressed couplings and leads to a displaced vertex signature at
the colliders. We furthermore construct viable production and decay processes at the HL-LHC to
search for such displaced vertices. We illustrate a strategy to neglect the SM background with
some benchmark scenarios for this type of signal.
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Crowdfunding your outreach project
Tuesday 17 May 2022 19:00 (1 hour)

In recent years, crowdfunding platforms have gained popularity as a way to raise funds for various
endeavors. This poster discusses the use of crowdfunding as a non-traditional way to finance
physics outreach projects. Such tools can provide much needed flexibility to projects and serve
as a platform to spread the word about your project. The poster is based on first-hand experience
using such tools and includes a discussion of important advise and common pitfalls.
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Point Cloud Deep Learning Methods for Pion
Reconstruction in the ATLAS Detector

Tuesday 17 May 2022 19:00 (1 hour)

Reconstructing the type and energy of isolated pions from the ATLAS calorimeters is a key step in
the hadronic reconstruction. The baseline methods for local hadronic calibration were optimized
early in the lifetime of the ATLAS experiment. Recently, image-based deep learning techniques
demonstrated significant improvements over the performance over these traditional techniques.
We present an extension of that work using point cloud methods that do not require calorimeter
clusters or particle tracks to be projected onto a fixed and regular grid. Instead, transformer, deep
sets, and graph neural network architectures are used to process calorimeter clusters and particle
tracks as point clouds. We demonstrate the performance of these new approaches as an important
step towards a full deep learning-based low-level hadronic reconstruction.
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Particle physics educational activities in times of
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The African School of Fundamental Physics and
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Diversity activities in theory
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Outreach Modules for a New Particle Search Using
the ATLAS Forward Proton Detector and Higgs

Boson Physics
Tuesday 17 May 2022 19:00 (1 hour)

We present two modules as part of the Czech Particle Physics Project (CPPP). These are intended
as learning tools in masterclasses aimed at high-school students (aged 15 to 18). The first module
is dedicated to the detection of an Axion-Like-Particle (ALP) using the ATLAS Forward Proton
(AFP) detector. The second module focuses on the reconstruction of the Higgs boson mass using
the Higgs boson golden channel with four leptons in the final state. The modules can be accessed
at the following link: http://cern.ch/cppp.
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Implementation of a Portal Dedicated to Higgs
Bosons for Experts and the General Public

Tuesday 17 May 2022 19:00 (1 hour)

The implementation of a web portal dedicated to Higgs boson research is presented. A database is
created with more than 1000 relevant articles using CERN Document Server API and web scrap-
ing methods. The database is automatically updated when new results on the Higgs boson become
available. Using natural language processing, the articles are categorised according to properties
of the Higgs boson and other criteria. The process of designing and implementing the Higgs Bo-
son Portal (HBP) is described in detail. The components of the HBP are deployed to CERN Web
Services using the OpenShift cloud platform. The web portal is operational and freely accessible
on http://cern.ch/higgs.
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Prospects of the LHCf operation in 2022
Tuesday 17 May 2022 19:00 (1 hour)

LHC forward (LHCf) experiment measures forward neutral particles to improve hadronic interac-
tion models adopted in cosmic-ray air shower simulations. This summer, we plan to have a data
taking in proton-proton collisions. We expect ten times larger statistics than the previous opera-
tion in 2015 which allows us to measure pi0 and eta mesons more precisely. Moreover, we plan to
have a joint operation with the ATLAS Zero degree calorimeter in this operation.
Improvements in energy resolution for hadrons are expected by the joint operation and allow us
to select the one-pion exchange process. In this talk, we present the prospects of the next LHCf
operation.
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AtlFast3: the next generation of fast simulation in
ATLAS

AtlFast3 is the next generation of high precision fast simulation in ATLAS that is being deployed
by the collaboration and will replace AtlFastII, the fast simulation tool that was successfully used
until now. AtlFast3 combines a parametrization-based Fast Calorimeter Simulation and a new
machine-learning based Fast Calorimeter Simulation based on Generative Adversarial Networks
(GANs). The new fast simulation improves the accuracy of simulating objects used in analyses
when compared to Geant4, with a focus on those that were poorly modelled in AtlFastII. In partic-
ular, the simulation of jets of particles reconstructed with large radii and the detailed description
of their substructure, are significantly improved in Atlfast3. Additionally the agreement between
AtlFast3 and Geant4 is improved for high momentum �-leptons. The modelling and performance
are evaluated on events produced at 13 TeV centre-of-mass energy in the Run-2 data-taking con-
ditions.
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