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Challenges in HEP

July, 2025

• BESIII has collected large dataset, enabling the study of a broad and rich array of physical 

processes.

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

• >700 physics results from ~700 people in the past 14 years

• One result normally took ~3 years

• We need a more efficient and automated workflow in order to achieve the goals in BESIII 

white paper 

https://indico.ihep.ac.cn/event/25616/timetable/
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Data process workflow at BESIII

• Too complicated
• one small task need: several people + several years!

• Involves a significant amount of physics knowledge
• BESIII internal knowledge
• Beyond the capability of current large language models 

(LLMs)

Trigger, 
Simulation

Extract 
physics 
variables

Reconstruction
Statistical 
analysis

Collision,
MC generator

Challenges in HEP
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LLM, Agent, MAS

• LLM (Large Language Model): A deep learning model trained on massive text data. Its core is predicting the 

next word.

• Agent: An entity that perceives its environment, makes decisions, and takes actions to achieve specific goals.

• MAS (Multi-Agent System): A system made up of multiple agents.

MAS

LLM   

Agent    
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How LLM can help

• LLM is good at text/code generation

• But rules in natural languages is different 

from HEP data

• One possible approach

• Use LLM to automate the data analysis 

workflow

• Similar to self-driving 

• It is possible given the LLM is rapidly 

developing

• The missing part is the modelling of the 

workflow and embedding to LLM 

• MAS is needed!
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Overview of BESIII experiment
• Beijing Electron-Positron Collider (BEPC II)
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Overview of BESIII experiment

• The BESIII detector
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Dr.Sai: Multi-Agent System
• Talk-reasoner architecture based on AutoGen:  

• `Host` answers simple questions, `Expert` handles professional questions

• Advantage: quicker response + more precise task assignment

• Task System: 

• Simulate questioning behavior

HostUser

query

reply

requestreply Experts

Agent E

Planner Coder Tester

More …Agent D

RAG1
RAG2
RAG3

...

Base LLMs

Tools

call

result

https://arxiv.org/pdf/2410.08328
https://arxiv.org/pdf/2410.08328
https://arxiv.org/pdf/2410.08328
https://arxiv.org/pdf/2410.08328
https://github.com/microsoft/autogen
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Task proceed flowchartTask tree structure

• Hierarchical task management system

• Suitable for correlated tasks in high-enery physics

• Planner&Human can launch/modify task properties

Dr.Sai: Multi-Agent System
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Dr.Sai: Configuration
• Use LLM to generate configuration files: 

• Deepseek-v3 - good at filling a template without generating any unexpected content. 

• Deepseek-r1 - more complex tasks

• RAG: retrieve extra information to teach agent how to proceed domain tasks. 

• Tool_call: call functions to ensure a valid result

• Reorganized – arguments to full configurations (analysis algorithm, joboption scripts, drawing 

scripts)

name Base model RAG Tool call

Host Deepseek-r1 - Select  agent

Planner Deepseek-v3 - -

Coder Deepseek-r1 DSL
(Domain specific language)

analysis configuration
joboption configuration
drawing configuration

Tester Deepseek-r1 - List variable name
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Dr.Sai: RAG

• Retrieval-Augmented Generation (RAG), avoiding LLM hallucinations

• Embeddings (BGE-M3 & Physicsbert)

• RAG system (LlamaIndex)

• Unified metadata and support of fragment segmentation and full-text search
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Dr.Sai: DSL

Domain Specific Language (DSL) is a computer programming language of limited 

expressiveness focused on a particular domain[1]

1. Clean original documents

2. Use LLMs to construct Ruby-style “DSL”

[1] Martin Fowler. Domain-specific languages. China Machine Press, Beijing, 2013. 

LLM

Can be used as code generator in v2.0!

BESIII internal Documents
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Dr.Sai: Current Status

Fitting

Branching fraction calculation

Drawing

• Drawing, fitting and calculation

• Acquisition of number of signal events, efficiency, etc

• Obtain branching fraction with additional infomation using LLM
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Dr.Sai: Timeline
• AI assistant for BESIII: Dr. Sai V1

• chatbot, capable of doing very simple tasks

• Now upgrading to V2 

Dr.Sai v1

Test feasibility

Dr.Sai v2

Automated 
workflow up to the 
preliminary event 
selection

Dr.Sai v3

Add the selection 
optimization and 
simple signal 
extraction

Start at 
2023.06

2024.07 2029.062025.11 2026.12 2027.06

Now

Dr.Sai v4

Preliminary results 
from the first 
application at BESIII

Dr.Sai v5

Automate the whole 
workflow
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Summary

➢ LLM could be very helpful for HEP

➢ Not just generate draft code/text, but also can be used to automate the analysis

➢ A demo of AI assistant is built to test the feasibility

➢ Chatbot with BESIII internal textual data

➢ A new version of Dr. Sai is almost ready

➢ It can be used to automate the workflow of analysis at BESIII from user's query 

to observable calculation after preliminary selections (5 physics channels have 

been tested so far)

➢ Design a new DSL framework

➢ More validations are on-going

➢ We will start using Dr.Sai in new BESIII analysis soon

➢ Preparing publications Thanks
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Constraints - Mapping

Problems in HEP algorithm generation:

• C++ dependency on compilation environment: Both header files and scripts need to be generated 

simultaneously. The code must be compiled before execution and cannot be run directly.

• Code complexity: Average length exceeding 1,000 lines, the code incorporates numerous domain-

specific definitions. General models lack the relevant physical knowledge.

Mapping

Analysis algorithm

Joboption scripts

Drawing scripts

Necessary arguments

Tool call
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Part 3
Backup



1919

Overview of Dr.Sai Agent
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Backup

Mapping details

• Using BOSS8 framwork

• Take e/mu/pi/K/p + pi0/eta/K_S0/Lambda0 as stable particle

• Do not support D-tag package

• Available variables: charge/E_emc/MUC_depth/momentum/energy/cosTheta/phi 

• Only support second-order decay for now

• psi(4260) -> pi pi [Jpsi -> mu mu]   √

• psi(4260) -> pi pi [Jpsi -> [eta' -> pi+ pi- eta] K+ K-]   ×

• Total 19 steps involved LLM in the whole workflow, expect 0.95^19~38% 

probability to succeed.
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Constraints - Messages

To address the issue of model attention being distracted by long text, we have designed message 

offloading mechanism

➢ Host: sees all the QA pairs

➢ Experts: sees the latest QA pair 

and global info

➢ Global info: key info extracted 

from chat history

Question             Answer                                 Discussion

Q A Q A Q A Q D D D A

Timeline

A typical conversation
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Constraints - Anchor word

• Use keywords to enhance the model ability of task assignment. (Agent description <-> prompt)

<Role definitions>
<Instructions>
<Memories from RAG>
…
<Tools>

You can consult these experts 
with their descriptions:
• Planner: an agent to plan ...
• Coder: an agent to create 

code block ...
• Tester: an agent to execute

code block ...
<Context>

A text example to be processed by LLM

Anchor word

Plan
Create

Execute

User Prompt

Generate a code
Execute this code block

Give me a plan

Host

I know who is the 
best one to handle 

this task ...
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