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Challenges in HEP
• Data magnitude: ~10 PB 

• Growth rate: accelerated with new technology 

• BEPCII  BEPCII-U (May 17, 2025): Luminosity increase ~300% at 2.35 GeV 

• HEPS (2025): ~800 TB / day

→
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Challenges in HEP
Data process workflow at HEP experiment (take Hadron collider as an example)



5

Beijing Electron-Positron Collider (BEPC II)
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The BESIII experiment
SC magnet, 1T

Magnet yoke Muon Detector (RPC)

TOF

Be Beam pipe

MDC

EMC

CGEM-IT built in 2024 
Now already running!

Total weight 750 tonnes 
~40,000 readout channels 
Data rate: 5 kHz, 50 MB/s

Has been in full opera%on since 2008, all sub-detectors are in good status! 
A lot of data to be analyzed  Use the more intelligent automaNc workflow→
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What is Large Language Model (LLM)

• Large language models (LLMs), normally build on Transformer architecture (Deep 
Learning) and based on the next-token prediction 

• It has demonstrated impressive performance in text / code generation 
• GPT4o, Gemini, LLaMa3 ... 
• Could be used for HEP studies 
• Game changer

• A foundation model (large, 
computing intensive) + fine 
tuning for each task individually 
(smaller data set)

Scientific Reports volume13, Article number: 18562 (2023)

Emergence

Params: 10B

Emergence
Params: 10B

https://www.nature.com/srep
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Retrieval Augment Generation (RAG)

• RAG is the most cheap & promising 
solu%on to reduce hallucina%ons (幻觉) 

• Store private data so no need for 
retraining the model
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Some applications based on RAG * Focus on HEP

• An AI assistant of the 
ATLAS Collabora%on with 
decades of ins%tu%onal 
documenta%on (wiki, docs, 
indico, …) 

• Focus on the search 
system and ques%ons 
about ATLAS

https://indico.cern.ch/event/1543967/contributions/6513969/attachments/3079673/5450844/chATLAS%20-%20Bites%20of%20Foundation%20Models.pdf
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Agent(ic): LLM with tools

* Figures cited

A LLM agent framework consists of: 
• User request: a user question or 

request 
• Agent: a LLM-based agent core 
• Tools: manage tools except for text/

image reply; more professional tools 
to finish specific tasks 

• Sensor: text/video/image interface 
• Planning: choose method to reply 
• Memory: manage the old behavior 

and reply history

* VOYAGER: an agent of Minecrag

https://www.promptingguide.ai/research/llm-agents
https://voyager.minedojo.org/
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Multi-Agent System (MAS)

For different types of tasks, agents will have different 
prompts and tools, so a multi-agent system (MAS) is 
needed. 
Some architectures of MAS: 
• Round-table: fixed-order speaking 
• Network: free connection among agents 
• Supervisor: each agent is connected with a supervising 

agent, who decides to call others 
• Hierarchical: Supervising agent as intermediate layer 
• Custom: each agent talks with designated agents 
• Talk-reasoner: Supervising agent interact with human 
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Overview of Dr.Sai project

Tasks & Required capabiliNes Components ApplicaNons

BESIII

JUNO, HEPS, LHAASO

https://code.ihep.ac.cn/hepai/drsai
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Dr.Sai single agent
Brain

HEP Xiwu LLM

Memory

Vector store
Knowledge graph

Actuators

HepAI DDF v2.0

Sensors

Data Flywheel System

•Based on Llama3-8B, 
70B, and DeepSeek 

•Trained on A800 and 
DCU from Sugon 

•Enhanced domain 
capabili%es

•Vector store 
•BAAI BGE-M3 
•Llama-Index 

•Knowledge graph 
•LightRAG

•BESIII actuator 
•BOSS worker 

•Daisy framework 
•HEPSCT, ptycho 

•Unified access of 
models, tools

•Data flywheel 
•HaiNougat 
•HaiChat 
•Whisper, SAM 
•arXiv, indico 

•DOMAS framework 
•Scien%fic metadata

https://daisydoc.readthedocs.io/en/latest/tutorial/hepsct.html
https://journals.iucr.org/s/issues/2024/02/00/tv5052/tv5052.pdf
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Dr.Sai-BESIII

Dr.Sai-BESIII is an application of Dr.Sai 
framework, focus on the automated 
workflow of the BESIII experiment 

• Talker-Reasoner architecture based on 
AutoGen framework 

• Each agent is equipped with specific 
knowledge, tools, and LLM 

• A Host agent is introduced to manage 
group chats, making it easy to expand 
with more agents. 

• A human proxy agent is introduced to 
allow humans intervene at any time.

https://arxiv.org/pdf/2410.08328
https://github.com/microsoft/autogen
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Workflow of Dr.Sai-BESIII
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One example of Dr.Sai-BESIII

Ques%on/Query

Sub-tasks

Code genera%on

Code execu%on

Task report
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Interface of Dr.Sai-BESIII

Dr.Sai v1.0 UI based on Chainlit (2024.07)

Dr.Sai v2.0 UI based on OpenWebUI (2025.07)

Dr.Sai v2.x (Planned) UI based on Magen%c-UI (2025.xx)

https://github.com/Chainlit/chainlit
https://github.com/open-webui/open-webui
https://github.com/microsoft/magentic-ui
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Prospect of Dr.Sai-BESIII

Start at 
2023.06

2024.07 2025.07 2026.12 2027.06 2029.06

Dr.Sai v1

Test feasibility

Dr.Sai v2

Automated 
workflow up to 
the preliminary 
event selecNon

Dr.Sai v3

Add the selecNon 
opNmizaNon and 
simple signal 
extracNon

Dr.Sai v4

Preliminary 
results from the 
first applicaNon 
at BESIII

Dr.Sai v5
Automate the 
whole workflow

Now
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In the end

LLM could be very helpful for HEP, and also for other domains! 
Not just generate draft code/text, but also can be used to automate the 
analysis 

Dr.Sai - a multi-agent collaborative system has been developed, and one of the 
application Dr.Sai-BESIII preliminarily demonstrates its ability to automate physics 
analysis processes

Dr.Sai is a new system, which still needs further improvement 
DSL development; Benchmark design; Better HEP-LLM … 
In the future, use Dr.Sai to quickly explore hundreds of physical processes, 
which is expected to be used to search for new hadron states or new decays 
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Thank you for listening!

Yipu Liao (廖⼀朴) 
IHEP, CAS, Beijing 
liaoyp@ihep.ac.cn

mailto:liaoyp@ihep.ac.cn
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LLM nowadays: Multi-Agent System MulN-Agent 
System (MAS)

However, a lot of questions appear in 
the MAS (Still developing): 
1. Specification issues (System design) 

Wrong system design decisions, and 
poor or ambiguous prompt 
specifications. 

2. Inter-agent misalignment (Agent 
coordination) 
Incorrect or redundant reasoning of 
agents 

3. Task verification (Quality control) 
Difficult to determine whether the 
task result is correct* Why Do Mul%-Agent LLM Systems Fail?

https://arxiv.org/pdf/2503.13657
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Some applications based on MAS
* Virtual Community An Open World 
for Humans, Robots, and Society

• Real geospa%al data and physics engine 
• Agents with different iden%%es and Robots to form virtual communi%es with World Model (3D LLM) 
• Focus on community interac%on and task execu%on (such as campaigning and vo%ng)

https://virtual-community-ai.github.io/
https://virtual-community-ai.github.io/
https://virtual-community-ai.github.io/
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Some applications based on MAS

• A Mul%-Agent AI 
(USTC) + automated 
Lab for Chemistry 

• Chemical focus 
• Reader + Planner + 

Robot Operator + 
Executor + DSL

https://pubs.acs.org/doi/epdf/10.1021/jacs.4c17738?ref=article_openPDF
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Xiwu (溪悟): a HEP-specific fine-tuned LLM
• The brain of Dr.Sai to enhance the domain capabilities 
• Currently, Xiwu is based on LLaMA3, will be upgrade to DeepSeek, Historically, LLaMA, LLaMA2 
• Secondary pre-training and fine-tuning techniques 
• Trained on GPU-A100 previously, now trained on DCU-K100 (GPU from Sugon) 
• Significantly better than the base model in HEP Q&A and internal code generation (at that time)

* arXiv:2404.08001 hrps://github.com/zhangzhengde0225/Xiwu

Test results

Brain

* Preliminary trial work

https://arxiv.org/abs/2404.08001
https://github.com/zhangzhengde0225/Xiwu
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Xiwu (溪悟): a HEP-specific fine-tuned LLM

* arXiv:2404.08001 hrps://github.com/zhangzhengde0225/Xiwu

Brain

BOSS: BESIII Offline So-ware System

* Preliminary trial work

https://arxiv.org/abs/2404.08001
https://github.com/zhangzhengde0225/Xiwu
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Current training data for Xiwu (溪悟)

• Cleaned and evaluated papers arXiv 
• PDF files parser: HaiNougat, advanced itera%on of the Nougat model 

• Good quality chat history from HepAI plasorm 
• The data is cleaned by human or AI (GPT4) 
• 180k Ques%on-Answer pairs in 3 months 

• BESIII internal data 
• Internal memo/notes, parsed by HaiNougat 
• Ques%on-Answer pairs from internal paper review 
• BESIII Offline Sogware System (BOSS) source code 
• BESIII public webpages and internal webpages

hrps://github.com/ai4hep/hai-nougat

Brain

https://github.com/ai4hep/hai-nougat
https://github.com/ai4hep/hai-nougat
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Memory component of Dr.Sai

Memory component is based on vector store and knowledge graph

Memory

• Embeddings (BGE-M3 model from BAAI) 
• RAG system (LlamaIndex) 
• Unified metadata and support of fragment segmenta%on and full-text search

https://arxiv.org/pdf/2402.03216
https://docs.llamaindex.ai/en/stable/
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Memory component of Dr.Sai

Memory component is based on vector store and knowledge graph

Memory

Y(4360): an exoAc parAcle with 4.36 GeV/c2 mass

• Knowledge extrac%on to build BESIII schema 
• Knowledge mapping (En%ty alignment, 

rela%onship chain) 
• Graph storage based on Neo4j 
• KG-RAG system (LightRAG)

https://neo4j.com
https://github.com/HKUDS/LightRAG
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From answer to action: HepAI-DDF Actuators

* Generated by AI

Unified Access: Seamless integra%on of AI models, scien%fic 
tools, vector databases, and knowledge graphs across 
heterogeneous resources (CPU/GPU/DCU) 
Smart Schedule: Automated heartbeat monitoring + 
dynamic load balancing 
Unified API Gateway: Standardized service interfaces with 
API-KEY authen%ca%on for enhanced security 
Remote Model InvocaNon: Support for remote server 
model deployment with seamless local calling experience 
Adapted MCP: Model Context Protocol, Access to 2600+ 
MCP Server

High-performance AI Distributed Deployment Framework

✦ 10+ models 
✦ 2 local tools 
✦ 2600+ MCP tools 
✦ In one server

https://aiapi001.ihep.ac.cn/mkdocs/
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From answer to action: BESIII code worker Actuators

Code Worker V2

I/O Tools

View File*

Write File

Search & Replace

Git ToolsShow Difference

Undo Commit*

Inspect Environment*

Inspect Working Directory*

Executor

Run Bash Command /
Code File

Sub Process Manager

Message Interface

Operation Extraction

BESIII code worker HaiDDF Dr.Sai

• I/O Tools (files and data) 
• Message interface 
• Executor and Job management

From Q&A chatbot to expert assistant
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Data flywheel system Sensors

The "data flywheel" enables 
conNnuous model iteraNon and 
evoluNon 
• Improves models by construc%ng 

circular data pathways 
• With more collected data for 

cleaning and labeling, further 
enhance the models
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MAS optimization: Collaboration mode

• Based Talker-Reasoner agent mode 
• Multiple rounds of inquiry to achieve task execution results reflection 
• Upgrade to Host led multi-agent collaboration architecture, with direct response to routine 

problems and intelligent allocation of complex tasks
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MAS optimization: Task Tree

• Planner divide a user-query (parent task) to sub tasks, and use Hierarchical task model 
• Adopt the task tree to manage complex physics analysis tasks 
• Fractal design ensures a closed-loop logic for task backtracking 
• Implement task tree addition, deletion, modification, and query

Task Tree structure Task retrieval logic
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MAS optimization: Task Tree
• Also support long-task execuNon

Long-task: tasks with long execuAon Ame
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MAS optimization: Domain-specific language

• Current LLM do not know the HEP data 
analysis procedures and do not 
understand the logics 

• We can interpret the analysis to a 
Domain-specific language (DSL) 

• Define each step of analysis in 
sequence, so LLM can “understand” 
the procedure 

• 600+ BESIII published paper  
transfer to DSL manually 

• DSL is served as a guide to Dr.Sai-BESIII 
• Stored into RAG; find the DSL for the 

analysis similar to user's target 
analysis and take it as reference

→
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Performance of Dr.Sai-BESIII
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Update: Magentic-UI
Human can access and interrupt at any %me based on Magen%c-UI

Tasks progress

Human interrup%on

Single task’s status 
and output/error

https://github.com/microsoft/magentic-ui

