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Xiwu: A LLM for HEP research

High energy physics?

The AI era is approaching. AI for science has the potential to dramatically accelerate 
research progresses and transform the research paradigm in many fields. 
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• Large language models, on the base of the transformer architecture, demonstrate impressive 
performance in text/code generation.

• GPT4o, Gemini, LLaMa3 (LLaMa3.1), etc

• Could be trained for HEP research

Xiwu: A LLM for HEP research

• For us, open source foundation model + higher 
level model for HEP + fine tuning for BESIII.

• XiWu 1.0, released in April, 2024 (refer to
arXiv: 2404.08001 for more details).

• XiWu 2.0, based on LLaMa3-8B-Instruct, 
still in training.
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https://arxiv.org/abs/2404.08001


Dr. Sai

• AI agent: AI tools capable of autonomously performing complex tasks

• Based on Xiwu model, trained with BESIII internal data, e.g. memo, source code, Q-A pairs
from internal review.

• Current: AI assistant, helps scientist on data analysis.

• Ultimate Goal: AI virtual scientist, analyzes the data automatically like a human expert.

• BESIII internal data is collected in Vector Store (Database for RAG)

• Knowledge Graph is under developing.
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Retrieval-Augmented Generation (RAG) model

Goal: Ask questions to a LLM about 

private information without retraining 

Approach: VectorStore: Convert input 

data into vectors in a multi-dimensional 

space. (BEG-M3)

Usage:

1. Query vector space

2. Send Query + relevant data to LLM

3. LLM generates response

Embeddings

Embeddings

VectorStore

[0.23095,
0.34529,
0.67483,
0.01983, …]

Relevant
Data

Your data

LLMs
Dr. Sai

Response

Most effective method to avoid hallucinations!

User Query
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BESIII data cleaning

BESIII Official Website:

- Physics working groups

- …

Code examples: Decay channels:

- 𝐽/𝜓 → 𝜌𝜋

- 𝜓(3686) → 𝜋+𝜋−𝐽/𝜓

- 𝑒+𝑒− → 𝑍𝑐(3900)𝜋
±, 𝑍𝑐(3900) → 𝐽/𝜓𝜋±

DocDB: Latest memos (only published works)

Hyper-news: Question and answer pairs between 

referees and the author during memo review stage

To achieve better performance of RAG and Dr. Sai, more accurate and high-quality datasets are 
needed. BESIII internal data (BESIII website, code examples, memo, draft, etc.).
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Document collection: Websites

Using Selenium (simulate login) and
BeautifulSoup (parse websites).

Start from the main page of the website 
and recursively visit included links.

Check redirect. A list to record visited 
links, new links and depth of current 
page.

Find all pages without repetition (or 
reaches maximum depth) and save text
contents on each page into documents.

Append metadata to each document for 
RAG.
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Information on BESIII websites

Write python scripts to fetch text contents on websites

Why selenium? Slow but stable, suit for small website.
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Document collection: Websites

An example of the document stored in RAG

Link of the page

content in the page

For conditional search



Document collection: Code example

BESIII Code for signal MC

- 𝐽/𝜓 → 𝜌𝜋

- 𝜓(3686) → 𝜋+𝜋−𝐽/𝜓

- 𝑒+𝑒− → 𝑍𝑐(3900)𝜋
±, 𝑍𝑐(3900) → 𝐽/𝜓𝜋±

Simulation
Code

Reconstruction
Code

Analysis
Code

Root 
Examples

BESIII Official code

Stored for RAG:
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Document Collection: File in PDF format

How to extract correct information from PDF files?
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• During the data cleaning, we found it hard to extract 

correct information from PDF files, especially for 

equations and charts.

• HEP-related papers contain 20% more formulas per 

page and 27% longer formulas than articles in other 

scientific fields. 

Example of charts and formulas in a 
HEP domain paper
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• Develop a model for HEP (HaiNougat), the advanced iteration of the Meta 

Nougat model, facilitating the extraction of complex information from HEP 

documents.

• A demo of HaiNougat accessible via: https://ai.ihep.ac.cn/m/hai-nougat

• More details in https://github.com/ai4hep/hai-nougat

Document Collection: File in PDF format

Special technology for document parse: HaiNougat

https://ai.ihep.ac.cn/m/hai-nougat
https://github.com/ai4hep/hai-nougat
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Document Collection: File in PDF format
How to extract correct information from PDF files?

An example of using HaiNougat to parse HEP domain paper.
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Document Collection: File in PDF format

• BESIII Memo

500+ memos (only published) from DocDB (using HaiNougat converts PDFs to markdown 

preserving math symbols and formulas)

Another data cleaning using LLM (GPT3.5-turbo/GPT-4.0)

Used for training for XiWu-2.0

• Question-Answer pairs (QAs)

Using Selenium and BeautifulSoup, cracked Hyper-news.

Cleaning Q-As (~2K) from posts using HaiNougat and LLM (GPT3.5-turbo/GPT-4.0)

Append into RAG
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Simple evaluation

• Internal information search

• RAG based query

• Code generation
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User query + 

retrieved cases

Dr. Sai

Response



Evaluation: Internal information search

• Q1: What’s link to BESIII offline software group’s main page?

• Q2: Considering BESIII detector, what intensity of magnetic field can the 
superconducting solenoidal magnet provide?

Wu
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Evaluation: Internal information search
• Q3: Who’s on duty of the spokesperson of BESIII collaboration?
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Evaluation: RAG based query

• Q: How to consider the uncertainty of gamma conversion rate?

Without using

RAG

The uncertainty in the gamma conversion rate can be considered by combining the statistical

and systematic uncertainties. The formula for the total uncertainty (ΔR) in the gamma

conversion rate (R) can be expressed as: ΔR = sqrt((ΔR_stat)^2 + (ΔR_sys)^2)where ΔR_stat

is the statistical uncertainty and ΔR_sys is the systematic uncertainty. Statistical uncertainty

typically arises from the finite number of observed events, while systematic uncertainty can

come from various sources such as detector efficiency, background estimation, and calibration

errors. To minimize the total uncertainty, both statistical and systematic uncertainties should be

carefully evaluated and reduced as much as possible.

The uncertainty of gamma conversion rate can be calculated using the formula: (sigma_{R}/R)

= n * (sigma_{r}/(1-r)), where r is the conversion rate of 1 photon, n is the multiplicity of

photons, and R is the probability of an event not having any gamma conversion. The

conversion rate r is typically around -1% for BES, determined by the photon mass attenuation

length of the front-end material.

With RAG
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Evaluation: RAG based query

• Q: What is the predicted decay rate of eta' to 4pi according to the broken-SU(6)xO(3) 
quark model?

Without using

RAG

Using RAG

The decay rate of eta' to 4pi has been studied in various theoretical and experimental

contexts. According to the broken-SU(6)xO(3) quark model, the decay rate of eta' to 4pi is

predicted to be Gamma(eta' to 4pi) = 2.4 x 10^-4 MeV, corresponding to a branching fraction

of approximately 1.2 x 10^-3. Experimental data provide 90% confidence level upper limits on

the branching fractions: B(eta' to pi^+pi^-pi^+pi^-) < 2.4 x 10^-4 and B(eta' to pi^+pi^-pi^0pi^0)
< 2.6 x 10^-3. The measured branching fractions are B(eta' to pi^+pi^-pi^+pi^-) = (8.40 ±

0.68(stat) ± 0.63(syst)) x 10^-5 and B(eta' to pi^+pi^-pi^0pi^0) = (1.90 ± 0.36(stat) ± 0.17(syst))

x 10^-4.

The broken-SU(6)xO(3) quark model is a theoretical framework used to predict various

particle decay rates. The specific prediction for eta' to 4pi might be detailed in specialized

research papers or reviews.

21

Without RAG, the response is general, whereas the answer with RAG is more 
specific and tailored for BESIII.



Evaluation: Code generation
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Separate user requirement into a workflow consisting of subtasks.

One step of task (1):



Summary

• Collected and cleaned BESIII internal data

Internal website information, example codes, BESIII (500+) memos and QAs (~2K). After 
incorporating the RAG model, Dr. Sai performers better in BESIII Q-A and Code generation.

• Near plans:

• Optimize the data cleaning process, regular maintenance and updates of BESIII 
website

• Collect more datasets, such as indico, BOSS codes, and Information in PDG, for 
training and RAG

• Develop graphRAG, based on knowledge graph

• Data fly-wheel
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Thanks for your listening!


