S Ry AR R 7/ LA B R A
(2024)

Wednesday, 10 July 2024 - Saturday, 13 July 2024
Pao Yue-Kong Library

Book of Abstracts



ii



Contents

Dark SHINE Simulation software framework . . . . . .. ... ... .. ... .......

HERD Global Track Reconstruction . . . . . . . . . . . ... ... . . ..

Graph Neural Networks for High Energy Physicd . . . . . . . . . . . ... .. .. ....

JJet Classify with More Interaction Particle Transformed . . . . . . . . . . . . . . .. ...

GNN based tracking reconstruction in the Muon g-2 Experiment . . . . . . . . . . ...

[Towards Graph Transformers at Scald . . . . . . . . . . . . . i

Classifying cosmic-ray components for LHAASO-KM2A with ParticleNet . . . . . . . .

GNN Tracking at the DarkSHINE Experiment Searching for Dark Photons in the Visibld
.......................................

[The Geant4-based simulation program for the PandaX experiments . . . . . . . . . ...

Real Time Analysis Trigger of the LHCb Experiment . . . . . . . . . . . . .. ... ...

[The particle identification study based on neural networks for CEPC AHCAL prototype

[:est beam datd ........................................

Neutral Hadron Reconstruction at BESIIT: new developments and challenges . . . . . . .

[Accelerating resonance search at the LHC via signature-oriented pre-training . . . . . .

Fast Simulation and Evaluation of Pandax-II Data using GANS . . . . . .. ... ... ..

Machine learning applications in JUNQ| . . . . . . . . . . o i

> %"ﬁ'ﬁlﬁﬂ':‘h‘l Wgﬁﬁ!‘l;

N ZIN

Detector Design and Fast Simulation Tool (DDFS) . . . . . . . . . . v v v v i i

Dr.Sai: An Al Agent for Physical Analysis of BESIII Experiment| . . . . . . .. ... ...

Jet Origin ID and Its Impact on Higgs factory and High Energy frontier . . . . . . . . ..

[The HEP Computing Platform at IHEF . . . . . . . . . . . . . . . . . .. .. ...

1ii



Machine Learning in LHC Physics . . . . . . o o o v o o e e s

iv



SCISR P AT 2 (2024) Book of Abstracts

KEBR, / 2
Dark SHINE Simulation software framework

Author: Xuliang Zhu'

Co-authors: Yulei Zhang ; Zhen Wang *

! Tsung-Dao Lee Institute, Shanghai Jiao Tong Univ. (CN)
* TDLI

Corresponding Authors: wangz1996@sjtu.edu.cn, xuliangz@sjtu.edu.cn, zc_1994@163.com

This talk introduces the Dark SHINE Simulation software. Dark SHINE is a fixed-target dark photon
search experiment based at Shanghai SHINE facility. The Dark SHINE Simulation software integrates
generator, simulation, digitization, reconstruction, and analysis chain. There are three main parts,
DSimu, DAna, and DDis. DSimu is a simulation software based on Geant4 and ROOT, characterized
by Dark SHINE detector. DAna is a software framework for the analysis and reconstruction tools.
DDis is the event display tool for Dark SHINE project specifically.

KB ARAL B 550 / 3

HERD Global Track Reconstruction

Author: 5} Y I *

DL RBFRAALLL
Corresponding Author: zhaoyi.qu@iat.cn

The High Energy cosmic-Radiation Detection (HERD) facility is scheduled to operate on Chinese
Space Station (CSS) since 2027 for about 10 years. With the high accuracy silicon charge detector
(SCD) and silicon tungsten detector (STK) forming a compact 5 side sensitive detection, HERD is
capable to provide trajectory measurement of cosmic-rays. A cellular based track reconstruction
algorithm is developed and validated on HERD MC simulation data. The efficiency of this algorithm
reaches 96% from 50 GeV to 1 TeV for proton events while keeping low fake rate.

N TRRERIPLER S TR / 4

Graph Neural Networks for High Energy Physics

Author: Huilin Qu*

' CERN
Corresponding Author: huilin.qu@cern.ch

Machine learning has revolutionized the analysis of large-scale data samples in high energy physics
(HEP) and greatly increased the discovery potential for new fundamental laws of nature. Specifically,
graph neural networks (GNNs), thanks to their high flexibility and expressiveness, have demon-
strated superior performance over classical deep learning approaches in tackling data analysis chal-
lenges in HEP. In this talk, I will go through the fundamentals of GNNs, the design of physics-driven
GNN architectures, and their applications in solving data analysis challenges in ongoing and planned
HEP experiments. Prospects and possible future directions will also be discussed.
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Jet Classify with More Interaction Particle Transformer

Authors: Yifan WuN°"¢; Kun Wang*

Co-author: Jingya Zhu

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

We propose a new jet tagging method based on Transformer architecture called More Interaction
Particle Transformer (miParT). This method improves upon the ParT algorithm by modifying the
attention mechanism and increasing the embedding dimension of the pairwise particle interaction
input, all while reducing the total number of parameters and computational complexity. We tested
miParT on two ubiquitous jet tagging benchmarks and found that it achieved significant improve-
ments over existing methods.

N TRRERPLES 7210 / 6

GNN based tracking reconstruction in the Muon g-2 Experiment

Author: Bingzhi Li*

! Zhejiang Lab ZiT £I5E
Corresponding Author: bingzhili@zhejianglab.com

In the Muon g-2 experiment, the tracking reconstruction is a key component of the data reconstruc-
tion and analysis, it provides essential beam dynamics parameters and muon weighting parameters
and determines the precision of muon EDM measurements. This presentation introduces the GNN-
based tracking reconstruction method. Leveraging message-passing mechanisms and the Louvain
algorithm, the GNN method efficiently identifies tracks. The GNN-based vertex fitting also shows
promising results.

N TR RERIPLES ¥ I /7

Towards Graph Transformers at Scale

Author: Qitian Wu*

! Shanghai Jiao Tong University
Corresponding Author: echo740@sjtu.edu.cn

Graphs are a popular mathematical abstraction for systems of relations and interactions that can be
applied in various domains such as physics, biology, social sciences, etc. Towards unleashing the
power of machine learning models for graphs, one fundamental challenge is how to obtain high-
quality representations for graph-structured data with diverse scales and properties. We will talk
about recent advances in building scalable Transformers as general-purpose encoders for graphs,
including NodeFormer, SGFormer and DIFFormer. The first part will introduce NodeFormer which
can flexibly model all-pair interactions within linear complexity. The second part will present SG-
Former that further simplifies the model and scales to billion-sized graphs. The third part will intro-
duce DIFFormer, a Transformer derived from principled diffusion process, and the latter lends us an
interpretable way to understand the mechanism of scalable Transformers.
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Classifying cosmic-ray components for LHAASO-KM2A with Par-
ticleNet

Authors: Weiyan Zhang'; Xiaopeng Zhang?

! Hebei Normal University
* [HEP

Corresponding Author: zhangxp@ihep.ac.cn

The classification of cosmic-ray components in ground-based air shower experiments such as LHAASO
is a challenging task. ParticleNet is a DGCNN-based model designed for particle physics applications.
In this presentation, we use ParticleNet to identify the proton and light components from background
cosmic-ray events in the simulation data of LHAASO-KM2A. The results show enhanced classifica-
tion performance compared to the baseline method, demonstrating the promise of advanced deep
learning techniques in cosmic-ray data analysis.

N TARERIBLER ¥ 2080 /9

GNN Tracking at the DarkSHINE Experiment Searching for Dark
Photons in the Visible Decay Channel

Authors: Yulei ZhangN°"®; Zejia Lu*

1 $JTU
Corresponding Authors: 12j777@sjtu.edu.cn, zc_1994@163.com

DarkSHINE is an electron-on-target experiment proposed to search for light dark matter. In this
talk, we present the application of Graph Neural Networks (GNN) for the tracking and vertex re-
construction in the proposed DarkSHINE experiment with full simulation samples. Compared to
the traditional Kalman Filter method, GNN method doubles the signal efficiency while significantly
reducing the computation time. Signal sensitivities have been studied based on the GNN Tracking
performance.

KRB / 10

The Geant4-based simulation program for the PandaX experiments

Author: Tao Li*

! Sun Yat-sen University
Corresponding Author: litao73@mail.sysu.edu.cn

PandaX is an experiment that aims to search for dark matter, neutrinoless double beta decay, and
other rare processes using a liquid xenon time projection chamber. A good understanding of the
energy deposition processes in the detector holds great importance to the experiment. To address
this, BambooMC, a Geant4-based Monte Carlo simulation program, has been developed. In this pre-
sentation, the design and functionalities of BambooMC will be introduced, along with an innovative
simulation acceleration scheme where a biasing technique is employed. The sensitive region of the
detector is simulated in a layered fashion, with an amplified number of events in each layer. With this
technique, the simulation speed is enhanced by approximately three orders of magnitude.
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Real Time Analysis Trigger of the LHCb Experiment

Author: Da Yu Tou®

! Tsinghua University
Corresponding Author: da.yu.tou@cern.ch

The current Upgrade I data-taking of the LHCb experiment uses a fully software trigger to perform
a real-time analysis of LHCD detector data at an input rate of 5TB/s which corresponds to an event
rate of 30MHz. This trigger is implemented in two stages. The High Level Trigger 1 (HLT1) per-
forms a partial but high throughput reconstruction on GPUs to inclusively select events. The HLT2
then performs a full offline quality reconstruction on CPUs and exclusively select events via a few
thousand different triggers. The high quality reconstruction in both stages is possible thanks to
the offline quality detector alignment and calibration of the LHCb experiment that is performed in
real-time.

N TARERIBLES ¥ 1B / 12

The particle identification study based on neural networks for
CEPC AHCAL prototype test beam data

Author: Siyuan SongN°"®

Corresponding Author: siyuansong@sjtu.edu.cn

Particle Identification (PID) plays a central role in associating the energy depositions in calorimeter
cells with the type of primary particle in a particle flow oriented detector system. In this talk, we
hope to demonstrate novel PID methods based on the Residual Network (ResNet) architecture to
classify experiment data collected at CERN in 2022 and 2023 for the CEPC AHCAL prototype Beam
Test. Based on the Geant4 simulation samples with energy ranging from 5 GeV to 120 GeV, the
performance of our model is compared with Boosted Decision Trees (BDT) and other pioneering
machine learning approaches. In the end, the preliminary application results of our machine learning
approach with the CEPC AHCAL Test Beam data will be presented.

AN T RAREFHLES 2 I B / 13

Neutral Hadron Reconstruction at BESIII: new developments and
challenges

Authors: Yangu Li'; Yunxuan Song?
! Peking University
? EPFL - Ecole Polytechnique Federale Lausanne (CH)
Corresponding Authors: yanguli@pku.edu.cn, yunxuan.song@cern.ch
The reconstruction of neutral hadrons, particularly (anti-)neutrons, presents a significant challenge
in high-energy physics experiments, notably at BESIII, which lacks a dedicated hadronic calorimeter.
This talk will cover the innovative techniques applied in the identification of neutrons, in the first

observation of the AT — meTv process. Furthermore, it will discuss the ongoing exploration of
(anti-)neutrons position and energy reconstruction, highlighting the latest advancements.
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Accelerating resonance search at the LHC via signature-oriented
pre-training

Author: Conggiao Li*

! Peking University
Corresponding Author: congqiaoli@cern.ch

The search for heavy resonances beyond the Standard Model (BSM) is a key objective at the LHC.
While the recent use of advanced deep neural networks for boosted-jet tagging significantly en-
hances the sensitivity of dedicated searches, it is limited to specific final states, leaving vast potential
BSM phase space underexplored. In this talk, we introduce a novel experimental method, Signature-
Oriented Pre-training for Heavy-resonance ObservatioN (Sophon), which leverages deep learning
to cover an extensive number of boosted final states. Pre-trained on the comprehensive JetClass-
IT dataset, the Sophon model learns intricate jet signatures, ensuring the optimal constructions of
various jet tagging discriminates and enabling high-performance transfer learning capabilities. We
show that the method can not only push widespread model-specific searches to their sensitivity fron-
tier, but also greatly improve model-agnostic approaches, accelerating LHC resonance searches in a
broad sense.

This talk is based on arXiv:2405.12972.

N TRRERBLES ¥ 1B / 15

Fast Simulation and Evaluation of Pandax-II Data using GANs

Author: Jianqin XuN°"

Generative Adversarial Networks (GANs), as a powerful framework in deep learning, have been
widely applied in various fields. This study aims to develop a rapid data generator by training GAN
networks on the data collected from the Pandax-II Run11 AmBe experiment. The data generated by
the GAN network not only preserves the individual physical characteristics but also maintains the
correlations between different physical quantities. During the network training process, we deter-
mine the optimal model through threshold searching and quantify the uncertainty in the training
process to demonstrate that the generated data effectively represents the original dataset

AN T RAREFMLES 2 I B / 16

Machine learning applications in JUNO

Author: Hongyue Duyang®

! Shandong University
Corresponding Author: duyang@sdu.edu.cn

The Jiangmen Underground Neutrino Observatory (JUNO) is a next-generation neutrino experiment
currently under construction in southern China. It is designed with a 20 kton liquid scintillator de-
tector and 78% photomultiplier tube (PMT) coverage. The primary physics goal of JUNO is to deter-
mine the neutrino mass ordering and measure oscillation parameters with unprecedented precision.
JUNO’ slarge mass and high PMT coverage provide a perfect scenario for the application of various
machine learning techniques. In this talk, I present an overview of the recent progress of machine
learning studies in JUNO, including waveform-level and event-level reconstruction, background re-
jection, and signal classification. Preliminary results with Monte Carlo simulations are presented,
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showing great potential in enhancing the detector’ s performance as well as expanding JUNO’ s
physics capabilities beyond the traditional scope of large liquid scintillator detectors.
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Author: FfEM !

P EERGR R
Corresponding Author: james@sjtu.edu.cn
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Detector Design and Fast Simulation Tool (DDFS)

Authors: Gang LI%; j[E)#

' [HEP
Corresponding Authors: ysfu@ihep.ac.cn, ligang@ihep.ac.cn

A Python-based software tool is developed for the performance evaluation of cylindrical tracking
system. Incorporating fast simulation techniques, the tool facilitates the assessment of spatial reso-
lution and the effects of multiple scattering, offering both analytical calculations and Kalman filter
reconstruction. Additionally, a user-friendly graphical user interface (GUI) has been provided to
enhance accessibility for a wide range of users. The software is installable via the Python Package
Index (Pip) and supports further customization to meet specific user needs.

N TARERIBLER ¥ 2180 / 19

Dr.Sai: An Al Agent for Physical Analysis of BESIII Experiment

Author: Zhengde ZHANG"

! [HEP, CAS
Corresponding Author: zdzhang@ihep.ac.cn

The BESIII experiment has collected the world’s largest sample of charm hadron data, yielding a
wealth of physical results. Large Al models, with their comprehensive data and god’s-eye view, have
the potential to significantly enhance the efficiency of human scientific discovery. The Computing
Center and Experimental Physics Center at IHEP have collaborated to develop Dr. Sai, an Al agent for
physical analysis. Dr. Sai aims to highly automate tasks such as literature review, code writing, case
generation, case analysis, result interpretation, and paper writing, thereby freeing scientists from
routine work with lower innovation requirements and promoting a shift in the research paradigm
towards an intelligent model. This report will discuss the latest progress of Dr. Sai, including its
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overall design, domain-customized HEP - Xiwu LLM, its perception layer, execution layer, memory
layer, multi-agent collaborative system, and Ul interface.

N TARERIBLES ¥ >R / 20

Jet Origin ID and Its Impact on Higgs factory and High Energy
frontier

Author: Mangi RUAN?

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

To enhance the scientific discovery power of high-energy collider experiments, we propose and re-
alize the concept of jet-origin identification that categorizes jets into five quark species (b; c; s; u; d),
five corresponding antiquarks, and the gluon.

Using state-of-the-art algorithms and simulated v-vH, H — jj

events at 240 GeV center-of-mass energy at the electron-positron Higgs factory, the jet-origin iden-
tification simultaneously reaches jet flavor tagging efficiencies ranging from 67% to 92% for bottom,
charm, and

strange quarks and jet charge flip rates of 7%—24% for all quark species.

We apply the jet-origin identification to Higgs rare and exotic decay measurements at the nomi-
nal luminosity of the Circular Electron Positron Collider and conclude that the upper limits on the
branching ratios of H — s7s; u™ u; d"d and H — sb; db; uc; ds can be determined to 2 x 10-4 to 1 x
10-3 at 95% confidence level.

The derived upper

limit for H — s7s decay is approximately 3 times the prediction of the standard model.

We also discuss its impact on other physics measurements at High energy frontier.

KBRS/ 21

The HEP Computing Platform at IHEP

Author: Jingyan Shi*

! [HEP
Corresponding Author: shijy@ihep.ac.cn
The HEP computing platform at IHEP is designed to support data processing for the HEP experi-
ments in which IHEP is involved. The platform operates large-scale HTC and HPC clusters, along
with WLCG grid sites, providing petabyte-level storage. Studies on optimizing job scheduling and en-
hancing I/O performance aim to improve resource utilization. Operational maintenance is managed

through rigorous protocols and automated systems, ensuring stability and security. Additionally,
the platform supports new IT technologies, such as Al and quantum computing.

KBRS A7 / 22
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Co-author: haiyun teng *
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P E A & AL I A ST T
? Institute of High Energy Physics, CAS

Corresponding Authors: zhuangj@ihep.ac.cn, tenghy@ihep.ac.cn
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Al for complex physical simulation and inverse design

In science and engineering, fundamental problems include the forward problem of simulating the
evolution of complex physical systems, and the inverse design/inverse problem of optimizing/inferring
the system’s high-dimensional parameters. Traditional numerical simulation and optimization meth-
ods often require extensive computation due to complex physical dynamics. In this talk, I will intro-
duce our method for addressing these challenges with graph neural networks (GNN) and generative
models. For accelerating simulation, I introduce a GNN-based architecture that can perform large-
scale fluid simulation with more than 10 million nodes, and another method that can simultaneously
optimize computation by adding/removing nodes while predicting the system evolution. For inverse
design, I introduce the CinDM method based on diffusion generative models. CinDM combines sim-
ulation and inverse design/problem into a single task, and learns the joint probability distribution
(represented as energy function) of state trajectory and system parameters. In inference, by compos-
ing the learned energy function, it can generalize to simulation and inverse tasks more complex than
in training. We demonstrate CinDM’ s capability in 1D PDE and 2D airfoil design tasks.

KBB4 B / 24

Machine Learning in LHC Physics

Author: Rui Zhang'

! University of Wisconsin-Madison
Corresponding Author: rui.zhang@cern.ch

Machine learning (ML) has become a transformative tool in high energy physics. In this talk, I will
demonstrate how high energy physics problems can be reframed as ML tasks, and highlight the ap-
plication of ML techniques to enhance particle reconstruction and identification, particularly at the
Large Hadron Collider (LHC). Additionally, I will discuss unsupervised ML methods for calorimeter
shower simulations and anomaly detection, aimed at uncovering potential signals of new physics.
This overview will provide insights into the current state and future directions of ML in advancing
particle physics research.
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