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Machine Learning for Parton-Level Studies of
Quantum Entanglement Using pp—1t

Tuesday, 15 July 2025 14:50 (25 minutes)

Quantum entanglement is a hallmark feature of quantum mechanics, manifesting as correlations
between subsystems that cannot be fully described without one another, regardless of spatial sep-
aration. While entanglement has been observed in processes such as IX—MXX~ and thoroughly
analyzed in Higgs decay channels (8—XK) at the Large Hadron Collider (LHC), it remains compar-
atively underexplored in the K\—X system. In this study, we adapt OmniLearn, a foundational
model for solving all jet physics tasks, to reconstruct the neutrino information in the final state
of MX—MNX system, which is an essential step toward probing quantum entanglement in this chan-
nel. Good neutrino reconstruction has reached now, which is the key to the following steps in the
reconstruction level study.

Primary authors: ZHOU, Baihong (TDLI, SJTU); LIU, Qibin; LI, Shu (TDLI, SJTU); Dr ZHANG,
Yulei
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Vision Calorimeter: deep-learning-based
anti-neutron reconstruction in an electromagnetic
calorimeter

Long-lived neutral hadrons, including (anti-)neutron and KL meson, are important probes for
physics in the tau-charm energy region. However, most tau-charm facilities do not include dedi-
cated hadronic calorimeters, and their neutral hadron detection must rely on the electromagnetic
calorimeter (EMC). Because the EMC’s small volume and dense material only partially contain
hadronic showers, traditional reconstruction methods face significant limitations. In the talk,
we introduce Vision Calorimeter (ViC), a deep-learning framework inspired by modern visual-
object-detector architectures from computer vision. By leveraging an end-to-end, data-driven ap-
proach, ViC performs unified reconstruction of anti-neutrons, simultaneously identifying particle
type, estimating the incident position on the EMC, and inferring the momentum magnitude.

Primary author: LI, Yangu (Peking University)
Presenter: LI, Yangu (Peking University)
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Putting it all together: what we can learn from BSM
global fits?

Tuesday, 15 July 2025 16:25 (40 minutes)

Understanding the full implications of experimental searches

requires the interpretation of the experimental results in the context

of many more theoretical models than are currently explored at the

time of publication. Here I briefly introduce the GAMBIT framework and its ColliderBit module,

and show our upcoming fit results of the full LHC Run II data interpreted in EWMSSM parameter
space.

Primary author: ZHU, Pengxuan (University of Adelaide)
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Transformer Architectures in Jet Tagging from
Foundations to Frontiers

Tuesday, 15 July 2025 13:30 (40 minutes)

Jet tagging is essential for identifying hadronic decays of boosted particles at collider experiments.
Transformer-based deep learning models have become state-of-the-art due to their ability to cap-
ture complex particle interactions. This talk reviews the development of Transformer architectures
in jet tagging, from Particle Transformer to our More Interaction Particle Transformer (MIParT),
which improves interaction modeling with reduced complexity. We highlight recent advances such
as Lorentz-equivariant models (L-GATr), Interaction-Aware architectures (IAFormer), and new di-
rections including foundation models (HEP-JEPA), auxiliary-task-enhanced transformers (GN2).
We conclude with a discussion on the fundamental limits of jet tagging and future prospects for
Al in collider physics.

Primary author: WANG, Kun (University of Shanghai for Science and Technology)
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Quantum machine learning algorithms in High
Energy Physics

Tuesday, 15 July 2025 15:45 (40 minutes)

Quantum computing has arisen as a transformative approach capable of addressing complex com-
putational challenges beyond the reach of classical systems. In recent years, significant attention
has turned to leveraging quantum algorithms across diverse domains, particularly High Energy
Physics (HEP). This presentation offers a comprehensive survey of quantum machine learning tech-
niques and their relevance to HEP investigations. We will outline the core concepts of quantum
computation, such as superposition, entanglement, and quantum logic operations. Subsequently,
we will examine specialised quantum algorithms, including quantum-enhanced support vector ma-
chines and otghers, emphasizing their prospective role in tackling demanding computational tasks
in HEP research.

Primary author: 3k (ZHANG), Fi (Rui) (F§ 5L K2#% (Nanjing University))
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Global Track Reconstruction for HERD Experiment

Tuesday, 15 July 2025 17:05 (30 minutes)

The High Energy cosmic-Radiation Detection (HERD) facility is planned to be operational on China
Space Station (CSS) starting from 2028, with a projected duration of approximately 10 years. With
the high accuracy silicon charge detector (SCD) and silicon tracker (STK) forming a compact struc-
ture, HERD is capable to provide charge and direction measurement from the trajectory measure-
ment of charged cosmic rays. A cellular automata based track reconstruction algorithm is devel-
oped and validated on HERD Monte Carlo simulation data. The efficiency of this algorithm reaches
>93% for 100 GeV proton, helium and carbon events while keeping low fake rate <2%. Meanwhile,
a complete realization of silicon digitalization and calibration procedure is reported.
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A Transformer-based Jet Flavour Tagger at ATLAS

Monday, 14 Fuly 2025 10:50 (40 minutes)
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H CEPC 1L HIBAMEFE S —RadarV3.o

Tuesday, 15 July 2025 11:30 (30 minutes)
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AMS RHTHIEEER

Monday, 14 July 2025 09:00 (40 minutes)

AMS TPy 4G
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PandaX B HEHEERERIE R %

Thursday, 17 July 2025 09:40 (40 minutes)
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AR A B A AE i RE WV BRI 75 . A DeepSeek S A, fE P RAL, i
HRE R AESTHR AN e, e BRI SRl BTG S E A
A SE B R T TR B SCHR L . AR T R L SRR S TR, S5 RAG BOR . TR
A5 E Tl 7 ISR T HAE R AR BTG k. KRR I SE BT, R E e REA B BIr XIWU
B, OMALIz4ER)F & CERN [ AccGPT S50, #P s T RIH 5 HAUAE i By B4 SC
BRMT  IB4E SRS SR S
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Advancing fully hadronic final state searches at the
LHC: The case of HH(4b)

Monday, 14 Fuly 2025 11:30 (30 minutes)

We show that fully hadronic final state searches at the LHC—exemplified by the H H (4b) flagship
analysis—can achieve a 5-10x improvement in sensitivity by transitioning from jet-based meth-
ods to jet-free, event-level analysis powered by large-scale Al models. Existing approaches depend
heavily on jet tagging, whose performance has plateaued despite sophisticated ML developments.
Our strategy trains a universal classifier to distinguish X — Y;Y2 — bbbb signals from QCD and
tt backgrounds over a wide mass range, while estimating Y; » masses via multiclass classification.
The method can be validated with ZZ(4b) events and is fully calibratable. We argue that this uni-
fied, event-level, Al-driven framework sets a new paradigm for sensitivity enhancement, offering
a powerful path toward precision Higgs self-coupling measurements and other key physics goals
at the LHC.

Primary authors: LI Conggiao (Peking University); YANG, Tianyi (Peking University)

Presenter: LI, Conggiao (Peking University)
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Data analysis and Software at LHAASO

Monday, 14 Fuly 2025 16:20 (40 minutes)

This report focuses on the data analysis software and data processing progress of the Large High
Altitude Air Shower Observatory (LHAASO). The annual data processing scale of LHAASO reaches
12 PB. By simulating air showers with CORSIKA, simulating detector responses with Geant4, and
leveraging the ANYSW cross-platform compilation environment (integrating toolchains such as
ROOT and Geant4), efficient data reconstruction and in-depth analysis are achieved. Based on
existing data, several breakthrough results have been obtained. In addition, LHAASO is advancing
an intelligent transformation project, aiming to build an intelligent data processing workflow to
further enhance the observation efficiency and scientific discovery capabilities.
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HERD B FHIEEES TIERARS
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Search for Long-lived Particles at Future Lepton
Colliders Using Leptons and Jets

Monday, 14 July 2025 14:40 (30 minutes)

Long-lived particles (LLPs) have a clear signature of physics beyond the Standard Model (BSM),
characterized by displaced vertex or decay lengths corresponding to lifetimes of nanoseconds or
longer. Lepton colliders provide a clean environment for LLP searches. This study employs full
simulation data to investigate LLPs produced in Higgs decays via the process e+e-—ZH, where
each LLP decays into visible final-state particles such as jets, charged leptons, or neutrinos.

This talk focuses on the 2-lepton channels, including both dielectron and dimuon final states, which
benefit from low background and precise tracking. Additionally, sensitivity in the hadronic decay
mode (LLP->jets) is further improved using machine learning techniques. By combining multiple
decay channels, we demonstrate the enhanced potential for LLPs at future lepton colliders

Presenter: CHEN, Xiang
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Final 0.12 ppm Measurement from the Muon g-2
Experiment at Fermilab

Monday, 14 July 2025 09:40 (40 minutes)

The Fermilab Muon g-2 experiment has now completed its analysis of the entire Run 1-6 data set,
reaching a final precision of 0.12 ppm on the muon anomalous magnetic moment . I will outline
the key experimental advances that enabled this result: refined magnetic-field mapping, upgraded
beam dynamics modeling, improved calorimeter calibration, optimized offline production work-
flows and comprehensive control of systematic uncertainties. A brief comparison with current
Standard-Model predictions will be given, but the focus will remain on experimental results and
the path forward for next-generation precision muon measurements.

Presenter: Prof. L], Liang (Shanghai Jiao Tong University)
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A holistic approach of event reconstruction and
physics analysis

Monday, 14 Fuly 2025 13:30 (40 minutes)

Identification plays a central role in experimental particle physics, either identifying different
physics objects or distinguishing signal events from backgrounds.

Benefit from the rapid development of Al tools, we propose a holistic approach for the identifica-
tion task.

This approach takes all the reconstructable information as input and infers the relevant categories
using sufficiently trained Al tools.

At CEPC, a proposed Higgs factory, this approach leads to unprecedented performance in jet iden-
tification and could boost the anticipated precisions of critical Higgs measurements by roughly
three times.

The relevant limitations and requirements of this methodology will also be discussed

Primary author: RUAN, Mangqi (Institute of High Energy Physics, Beijing, China)
Presenter: RUAN, Mangqi (Institute of High Energy Physics, Beijing, China)
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