Computing Center, IHEP, CAS
National HEP Data Center

Ca 5‘_‘ ~

Al Roadmap at IHEP

Fazhi QI
Computing Center, Institute of High Energy Physics

17t Workshop of the

FCPPN/L

France-China Particle Physics Network and Laboratory

Lyon, France «



Outline




Join in EP, SVOM...

Gravitational wave Electromagnetic
Counterpart All-sky Monitor (GECAM)

Huairou Campus
T Gadr = | " High Energy Photon Source (HEPS)

IHEP, Beijing Campus
Beijing Electron-Positron Collider (BEPC)

YBJ International Cosmic

Ray Observatory ' 1 < C v TN 5.2 Jinan Branch
(retirement) : < ‘ SR s ;

Ali CMB Polarization Telescope (AliCPT-1) |

Large High-Altitude Air Shower Observatory
(LHAASO)

Daya Bay Neutrino Experiment(Daya Bay) { ] Eok
(retirement) _ y : Dongguan Branch

» China Spallation Neutron Source (CSNS)

’ s TS




AI4HEP: A Closed-Loop Ecosystem

Five essential elements driving the future of Al-empowered High Energy Physics

"« JSHER Facilities

( N & Experiments

,a?

w: 9- Advanced Al
- Achievements

AI4HEP
Convergent
Innovation

With all essential elements in place, Al-empowered HEP research is poised for transformative breakthroughs.




IHEP's 15th Five-Year Plan (2026-2030)

Becoming one of the world's leading particle physics research centers, and
a large, world-class, comprehensive multidisciplinary research base

Priorities (9) Future Frontier/Tech (6)

Physics in the Charm Energy Region Higgs Physics
Particle Physics |Neutrino Physics CEPC Accelerator and Detector
BEPCII-UP
. Cosmic Ray & UHE Gamma-ray Astro. MeV Gamma and UHE neutrino
Astrophysics :
Compact Objects & Cosmology
Multi-Disciplinary |Photon Science, Tech & Apps Future Advanced light source
Research Neutron Science, Tech & Apps
Accelerator Accelerator Key Technologies
Applications Applications of Radiation Tech
Al and Quantum |AI on Large-Scale Facilities Quantum Tech.

Jun Cao, IHEP Vision, 17th FCPPN/L Workshop, Lyon, France 4 5



. 4
&

Al for Large Scientific Facilities — 15th Five-Year Plan

Task 1: Al-Accelerated Particle Physics Discovery

P \O Develop domain-specific Al models for particle physics
I » Improve physical consistency and reliability of Al models

Enable paradigm shift: Al-driven scientific discovery

.| Task 2: High-Quality Scientific Dataset Construction
AI Innovatlon Platform » Build Al-Ready scientific data resources for high-energy physics

Integrated Domain

15th Five-Year Plan
FUTURE SCIENCE PLATFORM
WY041v1d JONIIOS JuNLN4

Data - Computing - Models - Tools i » Create standardized, shareable, reusable data systems

» Petabyte-scale data infrastructure

Task 3: Intelligent Photon/Neutron Sources

o Al-driven automation for HEPS and CSNS
I » Smart beamlines with real-time optimization
» Autonomous experiment control and data acquisition

Expected Landmark Achievement: Al accelerates major scientific discoveries in particle

physics and large scientific facilities



Al Roadmap & Tasks at IHEP G S

Research & Innovation Applications for HEP

Agents & tool
chains

______________________________________ 4 DrSai moves from "prototype

! system" to "production”
Model system

€ Localized application and
optimization of open
source models

Technical support

€ Promote a batch of intelligent agent applications (DrSai-
JUNO, DrSai- HEPS, DrSai- CSNS, DrSai- LHAASO, etc.)

€ Sustainability Domain Tools, skills and knowledge

running support

Promote dedicated Al models for
specific tasks, large and small
model collaboration methods

2

Data system o

€ Provide data system and technology for
all the experiments

Al
Infrastructure

4 Continuously improve computing capability

]
1
1
1
. oge 1
€ Explore scientific (large) models :
1
1
1
[ and ensure data security
1
1
1
1
1
1
1
1
1
1
1

that understand scientific data
and grasp physical laws

’
o o
o

€ Optimize model infrastructure, local/cloud

z 0 Generate PB level Al combination

ready domain scientific
database/datasets

4 Online Al-Ready data service

4 Interconnections with external

Promote the scientific data facilities

sharing and utilization
policies

e o o o o o

‘/

o

running support




Organization Structure G S

Unite the strengths of all the research units across IHEP to Jointly
launch Al/ML research and applications.

Steering Committee

Executive Committee

Collaboration
Groups




High-Quality Data System &

B The architecture desion of data system (from the perspective of data lifecycle)

Data Data Agents

Mangement

Process
Management
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Software Stack for Data System

B Not just processing data at isolated stages, but covering the Full Lifecycle of data

B A framework spanning the full lifecycle from data production to utilization/application

01 Data Acquisition

02 Data Storage &

03 Data Processing &

04 Data Cleaning &

& Parsing Management Analysis Labeling
Experiment Control Data Management & Scientific Data Data Orchestration
& DAQ Service Framework / Processing Software Multi-Agent System /
Framework Domas Framework / Daisy Dora
g Pt} “%‘gm::?’ . | saa " S ) I e -
_________ ; A RET BEGHER NEARFE  REHR I"?f:j!i NI s cu sox jupyter (i Vessaston 2ERE
--\ i Mamba m!;l! {insn t : O__:-‘] : = [ | (/cmmw\ i ;g;
t backend = i | =y | 1 | ) aertim & ) ]
3 : S e | ms | = e L - .-‘-Wm . A ¥
& (l_b _j o= ] 1 1y Teerom | » coe " aem -
et ”ﬂ _’?ﬁ;ﬂ t ' ‘Nr:)/(‘u " e Sa e O‘ [ - * shar o e -
""""""" = B == @ B i s T | e o
o~ = S ' = | e [N €G] | sl E 1
. . O High-Precision Auto-
O Complex Experiment O EB-Scale Big Data Storage O Multi-Method Integration Labeling
Process Control O Complex Metadata O High-Throughput Datal/O O Complementary Data
Acquisition . O Standardized Data Interfaces O Information Understanding
O Efficient Online Parsing Formats & Assistance
f 1 1 10




Data Agent based on LLMs

B Utilizing Al agent technology to process and supply ai-ready data

(6 Data for multi-

Data Management Hdie
objective research

System (Domas)  SyAeere
. @ Update
EXPeJ:‘;;ental Metadata R Knowledge
Proposal Base 4
- Experiment ke Task

Spectroscopy, Diffraction, Material \
Scattering, Imaging, etc. . eti_e"a ® < Data Agent @ Task identification

) m L A - Reconstruction, Peak finding

+ Denoising, Compression
(3® Data Recognition - Segmentation, etc.
* Format Conversion

 Execute commands )
Actuator (Daisy)

N
>

@ Automatic processing |
° Execute tools or code O XAFS tOOIS M|cr0 -Xray CT Segmentation Daer;saegclee.¢ 1‘
< +  XRD tools : Jrn s

@3,

g'.

True Label

(® Verification and Storage - PDF tools

11



HEP Al Model
Development Roadmap

(D Foundation: Leverage industrial/open-source
general-purpose large language models (DeepSeek
V4 Pro, GLM 5.2) — empowering code generation,
agent engineering, and general Al capabilities

@ Enhancement: Build on China's scientific
foundation models (Panshi, Pujiang Inter S1) —
continuously strengthen domain-specific HEP
capabilities for targeted scientific problems

@ Integration: Develop specialized compact models
for specific HEP problems, achieving seamless joint
operation between task-specific small models and
foundation large models — fusing specialized
precision with general intelligence

HEP-Specific
Models
\/

‘\u .//

Specialized + General Fusion
T

Scientific Foundation Models

% I/‘\I
ir 9 |
Panshi Pujiang Inter S1

Domain Enhancement

DeepSeek General LLMs

3 S | </> I 'E'
General Al {§} Agents
Code

% %

A&
A4
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Towards a HEP Model Factory

Agent-Driven Autonomous Model Evolution for Scientific Discovery

Scientific Questions Architecture Training
Search Agent Orchestrator
JUNO : oNN o558 '
Neutrino"g e - Transformer &8

Oscillation g Q

Loss

*
CNN o
Diffusion %

LHAASO
Gamma-Ray
Anomaly

HEPS
Diffraction
Patterns

CEPC Higgs hpeee

X Y Ks

S

e y < Ke
=, s,

0 05 06 05 10

CEPC
Higgs Precision

Validation
Agent

Deployment
Agent

Jet Tagging
GNN

Track Reconstruction
Transformer

IIhIL/_ Calorimeter Energy

|~ | Regression

Anomaly
Detection

Crystal Structure
Prediction

Neutrino Event
Classifier




y DrSai: Al Agent for Big Science Data Analysis

DrSai: pioneering autonomous physics discovery at BESIII (and beyond) through Agentic Al

Dr.Sai = LLM + Tools + Knowledge + Strategy —— Autonomous for simple cases; Collaborative for complex ones

l ‘ L Previous analyses, “Skills” + Domain-Specific-Language (DSL) + RAG
DeepSeek (Qwen/GPT/Gemini) HPC, BESIII Offline Software System, HTCondor, CERN ROQT, etc.

¢ 2023.07: Working Gl'Ollp formed at IHEP @ DR. SAI SYSTEM )

¢ 2024.07: Version 1, proof-of-concept
 https://drsai.ihep.ac.cn
» talk at ICHEP2024
¢ 2025.07: Version 2, prototype
* Simple analysis with prior knowledge ==
* Validated by 10 analyses of J/psi decays User promp &
¢ 2026.07: Release the first practical DrSai e
* Scalable: automatic DSL extraction from papers by Al
* Continuously Learning: expert feedback standardized and
stored as knowledge

* Several real analyses ongoing at BESIII . )L
* Extend to: JUNO data production, ATLAS DQM,
CMS ntuple analysis, neutron/light source analyses

Multi-agents system

Finalized DSL
for workflow

Inference & Planning layer

al es LLM:
- (-

Front. Phys., 2026, 21(9): 096401
Jun Cao, IHEP Vision, 17th FCPPN/L Workshop, Lyon, France 14



https://drsai.ihep.ac.cn/
https://drsai.ihep.ac.cn/
https://indico.cern.ch/event/1291157/contributions/5889603/
https://indico.cern.ch/event/1291157/contributions/5889603/
https://journal.hep.com.cn/fop/EN/10.15302/frontphys.2026.096401

From DrSai to Open DrSai

A Foundation framework / software package for all agents Opensourced:
https://github.com/hepai-lab/drsai
03 More Agents

02 HEPS Data Agent

Light source data agent
B Enhance data capability
m Perceived light source data

01 DrSai BESIII

Physics analysis agent : : :
m Equipped with subject

B Enhance physical thodol tool
abilities ) ‘ B
: .' \ S Support
m Perc'elve BES.,III data " Feedback
B Equipped with BOSS |
v
tools :
‘mg ‘ Open DrSai

A framework of Al Agent for science.
- LLMs, perceptors, executors, and memory
- Multi agent collaborative logic
{Practical Guide to Building Al Agents) : - Permission verification and human-computer interaction

https://note.ihep.ac.cn/s/ vSnuf5Uh 15



https://code.ihep.ac.cn/hepai/drsai
https://note.ihep.ac.cn/s/_vSnuf5Uh
https://github.com/hepai-lab/drsai
https://github.com/hepai-lab/drsai
https://github.com/hepai-lab/drsai
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HepAl: An Integrated Al Innovation Platform for HEP https://ai.ihep.ac.cn

Building an Al Innovation Hub — Integrating Compute, Data, Models, and Agents into One Facility

oSy
S

Integrated Al Infrastructure AI4HEP Services Innovation Community
4 - - , Share » CoIIaborate
ﬂE@E 2 sl;) < > A'}s Models ) Across

o i~ Model Training Inference API & Codeh /> Groups
Computing Scientific : :
PaWer Dt & Fine-tuning & Deployment ‘
o 6/
/o B
@ Q g.} Tain Nett .- Eﬂ Aclgumullate
Data Discovery Workflow Generation (« omain
Al Models Agents & Tools & Access Automation KnOWIedge
One unified facility, tightly coupled Efficient, accessible, for all IHEP research Continuous accumulation, shared innovation
Infrastructure powers services Services enable community

Community feeds back into infrastructure

Our Goal — Make AI4HEP simpler and more advanced at IHEP
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Model service on HEPAI

(L[] Hepal CHY OmER OHn SEA OEEr DxEEm o o ©

04; HepAl Model Plaza

2 BIHEFT A Startup Ll D2

1000 FEABEERHEE L HETF QKPR AEEE EEE
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Future Al Vision for HEP G S

* *

Research Agent

DrSai(&=fa1) Large Science Model
Large Language/Image Model 2 | HEP-LSM(RlZA15EY)

HEP-Xiwu(GZ[E)
General Large Model HEP Text/lmg Data Computing Power HEP Scientific Big Data
ens of PB
LLaMA GPT-4 21K Q&A pairs 8*A800 GPU wfr_ )
BESTI &2
SAM 750M tokens 8*910 NPU Gons ...




Future Al Vision for Photon/Neutron Facilities

B Data driven experiment

1/ B Research direction recommendations
Y,
27 B Experimental feasibility assessment

- m B Automated proposal generation

requirements

optimization
B New ideas guided by 01. Experimental scheme simulation
knowledge graphs E o t Optimization of experimental
B Scheme upgrading guided | ’ Xperimen 02 | schemes
by cutting-edge 09 proposal e Decision support for experimental
technologies . f, Experl mental design
Experiment 3 . design
B Theory-guided e - ol =X o°
experimental results optlm ization & 0 “3 §:§ 1&080 X ‘ & e
L 21 158 o S Prediction of
B Result credibility and 8V I& 8 0\9 | computational resource
X
. 09

7 )
oo 006‘ ’;ﬁ 06
% ‘0,
% ”
G,
%,

interactive interpretation

dback 0 3.

3 i 9% Q
B Automatic generation of | R pata fee B Optimization of resource
experimental reports Discovery - Proposal matching
- ource . °
08. Insights 4 Rt location application B Estimation of experimental
B Intelligent feature pata feedbac 0, conditions

2 g T ¢,
extraction and model from Results J“é ‘ "%
selection e Co,, 2ok
. W o 3, ros
B Multi-source sl ¢ o2 o Ox
! < i b £ © -, % ®
3 " y ) o

B Process digital simulation and risk

~ -
heterogeneous data | o & & 3 5§ %) . :lstse;.sme:nt S
i i i s XX © ntelligent scheduling o
. fusion an.alyss . . 2 § & 9:: 6@ equipment, environment, and
Automatic generation o 07. Data £ [= > e
data analysis reports analysis g W Intelligent management of
experimental data and documents
B Intelligent adaptive data 06. Data 05. Data
. ::r:;:lr-ocests:jni . ; . h ‘achiSitiOn = W Automated Data Acquisition
ntelligent data compression an processing | 4= d W Real-time Visualization, Monitoring,

storage optimization
B Multi-modal data visualization and
user interaction

@ % and Adjustment
M Data stream processing and filtering

|
\




Summary and Outlook

Strategic Commitment

IHEP has made AI4HEP a priority and set out a clear development plan —
covering computing, data, models, and tools.

New Opportunities

Recent progress in large models and Al agents opens up new
possibilities for particle physics research.

IHEP's facilities, datasets, and people provide a strong foundation to
push Al for Science forward.

Q HEP Driving Al for Science

FCPPL Collaboration

';‘,:’“ We look forward to working together under the FCPPL framework on
shared Al challenges.
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