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Machine Learning for Parton-Level Studies of Quantum Entan-
glement Using pp—11

Authors: Baihong Zhou'; Qibin LIUN®"; Shu Li'; Yulei ZhangN°"*

* TDLL, SJTU
Corresponding Authors: shuli@sjtu.edu.cn, baihong.zhou@sjtu.edu.cn, zc_1994@163.com, qibin liu@sjtu.edu.cn

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 sepa-
ration. While entanglement has been observed in processes such as KX—XX~ and thoroughly ana-
lyzed in Higgs decay channels (X—XKX) at the Large Hadron Collider (LHC), it remains comparatively
underexplored in the XX—KX 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—XX
system, which is an essential step toward probing quantum entanglement in this channel. Good
neutrino reconstruction has reached now, which is the key to the following steps in the reconstruc-
tion level study.

N TRRERBLES ¥ 2B / 2

Vision Calorimeter: deep-learning-based anti-neutron reconstruc-
tion in an electromagnetic calorimeter

Author: Yangu Li'

! Peking University
Corresponding Author: yanguli@pku.edu.cn

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 dedicated 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, tradi-
tional reconstruction methods face significant limitations. In the talk, we introduce Vision Calorime-
ter (ViC), a deep-learning framework inspired by modern visual-object-detector architectures from

computer vision. By leveraging an end-to-end, data-driven approach, ViC performs unified recon-
struction of anti-neutrons, simultaneously identifying particle type, estimating the incident position

on the EMC, and inferring the momentum magnitude.

KEARARPE 5 / 3

Putting it all together: what we can learn from BSM global fits?

Author: Pengxuan Zhu!

! University of Adelaide
Corresponding Author: zhupx99@icloud.com
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
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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.

N TRRERDLER Y I / 4

Transformer Architectures in Jet Tagging from Foundations to
Frontiers

Author: Kun Wang®

! University of Shanghai for Science and Technology
Corresponding Author: kwang@usst.edu.cn

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.

AR S5/ 5

Quantum machine learning algorithms in High Energy Physics

Author: Fij (Rui) 5k (Zhang)*

' & % K % (Nanjing University)
Corresponding Author: rui.zhang@cern.ch

Quantum computing has arisen as a transformative approach capable of addressing complex compu-
tational 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 techniques
and their relevance to HEP investigations. We will outline the core concepts of quantum compu-
tation, such as superposition, entanglement, and quantum logic operations. Subsequently, we will
examine specialised quantum algorithms, including quantum-enhanced support vector machines
and otghers, emphasizing their prospective role in tackling demanding computational tasks in HEP
research.

KBRS 5507 / 6
Global Track Reconstruction for HERD Experiment
Author: ] X *

REEESIE T TN
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Corresponding Author: zhaoyi.qu@iat.cn

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 structure,
HERD is capable to provide charge and direction measurement from the trajectory measurement of
charged cosmic rays. A cellular automata based track reconstruction algorithm is developed 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.

N TR RERPLER S I / 7

A Transformer-based Jet Flavour Tagger at ATLAS

Author: Bingxuan Liu®

! Shenzhen Campus of Sun Yat-sen University

Corresponding Author: liubx28@mail.sysu.edu.cn
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KBRS A7 / 8

— S I R o 7 R ST sl
Author: Shuihan Zhang'

Co-author: f{H=Z 2

! [HEP
b B A I & AR RL BT AT

Corresponding Authors: jixl@ihep.ac.cn, zhangshuihan@ihep.ac.cn
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[ 8071 R e 7 3/ DI Sy D VA 9 VAR B/ [

Author: Yuexin Wang'!

' [HEP, CAS

Corresponding Author: wangyuexin@ihep.ac.cn

WL i H i e BEXT AL S g b2 R B By, LA [ e S B e i R T
8 ——oF I P R R0 I A . (B SEBR S o, A A IR ) 32 WS A 2 1) KL
HBAVARIA 58 E N R AL SATROX Fh—— X WP AR E-FPA CEPC S, MMEIRKIE
GO A T ERT XL IR EE PR RR A TS, i3 i truth link X HEER 1
PEATANE AT I L GRS R, SCBL TR T s RS 5B, P AU R
BAFEIBEO T TR PERIETE T 15%. MAMBRINSCE T 9 Floki FAO SR, X}
TR (B o1 7 KA 1) ARG TR RIRCE AT mik 97% DAL, Xt
=R (KGR AT B R T) BRI A 75%-80%, HORHh)R
TAEGORL T2 RIS o

KB R 547 / 10

il CEPC ) 5 fE e B Ab 2 5

Authors: $3k Nove; #5121

RadarV3.0

o B B AR T2 B PR
Corresponding Authors: zhangxu00@ihep.ac.cn, jixl@ihep.ac.cn, lifei@ihep.ac.cn
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HET-TRBESA IR PMT SIS G 4 VHEBCR SNt 508 Il &

Author: Yinhui Wu*!

U E AR IR & Ae A I T S BT
Corresponding Author: yhwu@ihep.ac.cn
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WEoR LY/ 12

AMS hoBipngi R

Author: Zuhao LI

P E AP I & AR 3L A ST T
Corresponding Author: lizh@ihep.ac.cn

AMS PSSR

N TRRERDLER S IR / 13

PandaX B3O HEM % R 5e

Author: Fjjift?

' SJTU
Corresponding Author: chenxun@sjtu.edu.cn

A T 0 PandaX Y RS ER W A AR BESCRY M B R 48 . 2 RS A TR RAG AIEQL
Pl RTE AL APT, #4785 arXiv Bfis I 30 4F” iR 4% (xenon detector) i 3C
RAY LML RIIR % . i I PDF SCASERI . A ) AU AR B B SO R B, IFIT & T RIS
S HA G PR A AREE R, R YL H S G KSR T B, A S A AR
TLAARWESR . ARG RE T T PandaX GRS ST AR RERRPE, A
WEgEiR Ot TR RE AL SR SCHF

N TRRERIPLER S T / 14

)y S /b S ) VARSI E A

Author: xingze wang'

! Shanghai Fiao Tong University Network & Information Center

Corresponding Author: wangxingze@sjtu.edu.cn
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N TARERIBLES Y 208 / 15

Dr. Sai YjHLsrBr @ i ik R 5¢

Author: bolun zhang®

! IHEP

Corresponding Author: zhangbolun@ihep.ac.cn
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w REHLRE AR A4

Author: i *

Lb B A IR & AR T 5T P
Corresponding Author: huhao@ihep.ac.cn
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Advancing fully hadronic final state searches at the LHC: The case
of HH(4b)

Authors: Conggiao Li*; Tianyi Yang'

! Peking University
Corresponding Authors: conggiao.li@cern.ch, tyyang99@pku.edu.cn

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 methods
to jet-free, event-level analysis powered by large-scale Al models. Existing approaches depend heav-
ily on jet tagging, whose performance has plateaued despite sophisticated ML developments. Our
strategy trains a universal classifier to distinguish X — Y1Y> — bbbb signals from QCD and t¢
backgrounds over a wide mass range, while estimating Y7 » masses via multiclass classification. The
method can be validated with ZZ(4b) events and is fully calibratable. We argue that this unified,
event-level, Al-driven framework sets a new paradigm for sensitivity enhancement, offering a pow-
erful path toward precision Higgs self-coupling measurements and other key physics goals at the
LHC.

KB R I 5 1¢4 /18

Data analysis and Software at LHAASO

Author: FFIy !

t i A B AR SE B O P
Corresponding Author: yinlg@ihep.ac.cn

This report focuses on the data analysis software and data processing progress of the Large High Al-
titude 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 lever-
aging 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.

KRB R I 5184 /19

Bl 7RI REEAY (AMS) [ty S e R B e SR 1T R

Author: JH™ !

P E AP & AR L AR ST T
Corresponding Author: qyan@ihep.ac.cn
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HERD Bl 5SS THER RS

Author: B4R

P B AR & AL IR AR AT (IHEP)

Corresponding Author: chyd@ihep.ac.cn
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JUNO DAQ ity it 5 9: 80
Author: {3z 1

' B AT & R SL A S T
Corresponding Author: jixl@ihep.ac.cn
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N TARERIBLES ¥ 28 / 22

Search for Long-lived Particles at Future Lepton Colliders Using
Leptons and Jets

Corresponding Author: brianchenfff@sjtu.edu.cn

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
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WA S/ 23

Final 0.12 ppm Measurement from the Muon g-2 Experiment at
Fermilab

Corresponding Author: liangliphy@sjtu.edu.cn

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 workflows 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.

N TRRERIPLER Y IR / 24

A holistic approach of event reconstruction and physics analy-
sis

Author: Manqi RUAN*

! Institute of High Energy Physics, Beijing, China
Corresponding Author: manqi.ruan@ihep.ac.cn

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 identification
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 identi-
fication 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
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