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Challenges in HEP

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

Processcs.

 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
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https://indico.ihep.ac.cn/event/25616/timetable/

Challenges in HEP

Data process workflow at BESII!

Collision, Trigger, Statistical S

Reconstruction physics

MC generator Simulation analysis ,
variables

« 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)



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.

Network Supervisor

Output

=/

0.5 probability




How LLM can help

 LLM 1s good at text/code generation Simulation: from parameters to data
* But rules in natural languages 1s different  theory Generator Detector Data
from HEP data L S A4 ==: |

* One possible approach

* Use LLM to automate the data analysis \, / /

workflow Driven by Dr.Sai

e Similar to self-driving / \ \

It is possible given the LLM is rapidly e |
developing - ‘ — """
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* The missing part is the modelling of the
workflow and embedding to LLM )
 MAS i1s needed!

Statlstlcal anaIyS|s Selectlons Reconstruction

Analysis: from data to parameters



Overview of BESII] experiment
« Beijing Electron-Positron Collider (BEPC )

Ground breaking: 1984 1989-2005 (BEPC): L,c,=1.0x10%" /cm?s
CMenergy : 2-5 GeV 2008-now (BEPCII): L,c,=1.0x10%/cm?s (Apr 5 2016)

Major upgrade: 2004 s =
Energy upgrade: 2024 o

World unique e*e
accelerator in T-charm
energy region
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Overview of BESII] experiment
« The BESIII detector

SC magnet, 1T

Magnet yoke Muon Detector (RPC)

CGEM-IT built in 2024
Now already running!

Be Beam pipe

MDC

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

Has been in full operation since 2008, all sub-detectors are in good status!
>700 members, >600 publications — The workflow of these analysis will be our data!



Dr.Sai: Multi-Agent System

e 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

query
ﬁ
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m reply
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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

Dr.Sai: Multi-Agent System

* Hierarchical task management system
* Suitable for correlated tasks in high-enery physics

* Planner&Human can launch/modify task properties

None
selected agent parent task
A

completed

content = empty status=completed ‘l

[ current task ]7 candidate

First layer

!

leaf task

o Second layer [ sub tasks ]—

leaf task empt
leaf task i

(current task)

in progress in progress

candidate=
status=co

all completed ——!

mpleted |

[return candidate]‘ ------------------------- :

Task tree structure

Task proceed flowchart
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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-rl - 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)
“__ Tool call
Host Deepseek-rl Select agent

Planner Deepseek-v3 - -

analysis configuration
DSL : . ; .
Coder Deepseek-rl . ” joboption configuration
(Domain specific language) . . .

drawing configuration

Tester Deepseek-rl - List variable name

11



Dr.Sai: RAG

Retrieval-Augmented Generation (RAG), avoiding LLM hallucinations

“Recall”

0.1

Input Sequence

U«.:JJ " 2 n
nﬁﬁ ol b . Vactor ; Efficiency
ding 0.6 Store A
eg. Input Text 5
(1024,) igh Dimensidﬁ Space S B
(Based on BGE-M3 Model from BAAI) (Based on LLaMA Index) i-b=3 B‘ cosf

Embeddings (BGE-M3 & Physicsbert)
RAG system (Llamalndex)
Unified metadata and support of fragment segmentation and full-text search

12



Dr.Sai: DSL

Domain Specific Language (DSL) 1s a computer programming language of limited
expressiveness focused on a particular domain!!!
1. Clean original documents

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

charged_tracks [:pi_plus, :pi_minus, :lep_pl fit(combine

fit_config

method [:t

HHtH WA AR AR R R R range 3.0.

# 2. Event Selection . variable
constraints

B i energy_conservation

event_selection formula

photons []

signal
# ---- Initial Event Selection ---- E + By + E AT & E {17} function
initial =

charged_tracks
# Select exactly 4 tracks with net momentum_conservati
count 4 components [:x
charge_sum [} dim == :z

BESIII internal Documents it

- . , bounds: ©.5..1.8 # Cor
# Vertex position constraints >t

.sgri(vx**2 + vy**2) 1.0 #| dim

Iﬂ BAM_086_mem0'md vz.abs < 1e.e # formula

b ) ) A AR KA - 7 ;ackgrc;md dal ‘ : )

) @ BAM_OBG_memopdf . # PID via Momentum: Leptons vs pid| function
charged_tracks. | track| B(m
track.type :lepton track. u y
. ¥ - .
u MinerU l—-| BAM 086—paper md I_LM track.type :pion track. 3 mass_constraint # no mass constraif parametens

. track.type ‘e track. 13 a@  initial: e.e, free:

@ BAM‘OBG_Daperpdf track.type = :muon track.

# require one pi+, one pi-, one le|
(count_pi_plus 1 count_pi_mil

# Polar angle acceptance
cos_theta.abs < ©.93 # [cosd/ < 0.93

[1] Martin Fowler. Domain-specific languages. China Machine Press, Beijing, 2013. 13



Dr.Sai: Current Status

* Drawing, fitting and calculation

Events / (0.00 GeV/c ?)

Entries/(2.0 MeV/ ¢?)

* Acquisition of number of signal events, efficiency, etc

A physical analysis task

* Obtain branching fraction with additional infomation using LLM

—+— Inclusive MC
i +++ —— Exclusive MC
400— .
i Drawing
200
L. |
3 3.05 3.1 3.15 3.2
KKpi_6_Mass
Nygou = 6797.2 +62.0
600 — o + —+ Inmc
| Mosckgrona =26 %188 ——Total
s/s:B=824 x08 [ } Sig
e=800 +038%  f Yy Bkg
1 =3098.2 + 0.1 MeV/c*
4001 _o5 +0.1Mevict
L] L]
Fitting
% 3.05 3.1 315 3.2

KKpi_6_Mass [GeV/ ¢?]

Branching Ratio Calculation Task: 4(25) — ' [J/w — K S°Kr]

1. Topic Judgment

The wser needs to calculate the branching ratio of @{25) — T Iy — K_S%CT]. This is a multi-stage decay
process, involving the following steps

o yes -y
. Uy —KSCT

. K-
The firal branching ratio is:
Buw = B(u(2S) = w7 a T /¢)- B(J /¥ = KK n7)- B(K} —n7n)

2, Formula Extraction

Thie formuia for the experimentally measured branching ratio i

B e

vihere:

eerve NUMBET O observed signal events (extracted from fitting results)

- Detector efficiency (extracted from fitting results).

@ Nyguuy: Total number of events (sxtracted from reference information),
« T[] B:: Product of branching ratios of each secondary decay.

3, Parameter Query

(3) Branching Ratio Calculation

The totl branching ratio is:

B — 2

s

Substituting the values

Buow

= o107

Step-by-step calculation:
1. Denominator part
Nigtar = 107.7 5 10% - 0,080 — 8,616 » 109

o fau

o TIB: — 0.3469 - 0.0288 - 0.6920 — 0.006991

2. Numerator part

(b) Error Propagation

The totsl error includes statistical emor and systematic error,

1. Statistical Error:

L = 0.00912

o Relstive error of Nij..q 28 —
£
i

e Br@NChing fraction-calculation

According to the fitting results:
* Noberved — 6707.2 = 62.0
* cgu — 8.00% — 0.080 = 0.0038

(b) Total Number of (25) Events
Extracted from reference information:

* Ny — (107.7 £ 0.6) = 10°

(€) Branching Ratios of Secondary Decays
Extracted from PDG data:

o B(U(25) = m'w J/0) — (3469 = 0.34% — 0.3469 = 0.0034

* B(I/Y— KK w ) = (280 = 0.06)% — 0.0289 = 0.0005

o B(KS s x )= (6920 = 0.05)% — 0.6920 = 0.0005

4, Calculation and Summary

(a) Branching Ratio Calculation
The total branching ratio is

Buow = hid

Substituting the values:

B =

Step-by-step calculation:

1. Denominator part:

o Relative error of Ny S8

o Total statistical emar:

2. Systematic Emer:

o Reistve arrerof (25) — @' m T fyr 3

© Relative errorof J/u — KIK «':

o Relativeerrorof K — nn

© Total systematic error:
L%; = (0.0098)? + (D.0173)7 + (0.00072)° = 0.00040 — 2222 = 0,0200
3. Total Emor:

o AB... —0.1128 - 0.0488 = 0.00550
° AB, — 0.1128 - 0.0200 = 0.00226
Final Result:

B — 0L1128 = 0.0055(stat ) =+ 0.002:

syst)

5. Result Summary

By analyzing the data of 1h(25 77[J /4 — KK 7], we calculated the branching ratio of this

physical process as:

Biowa — 0.1128 = 0.0035(stat) = 0.0023(syst)

2. Process datasets

experimental data

inclusive data

exclusive data

simulation

construction

analysis

4. Optimization

draw distributions

background suppression

optimize feature

6. Observable calculation

cross section

branch fraction

— 1. Event selection

Generate algorithm scripts

compile

3. Job submission

data/inmc submission
exmc submission

interact with
computer cluster

7. Uncertainty estimation

Luminosity

tracking

fitting

14



Dr.Sai: Timeline

* Al assistant for BESIII: Dr. Sai1 V1
 chatbot, capable of doing very simple tasks
* Now upgrading to V2

Add the selection
optimization and

Automate the whole

Test feasibility Now simple signal workflow
l extraction
Start at 2024.07 2025.11 2026.12 2027.06 2029.06
2023.06
Automated Preliminary results

workflow up to the
preliminary event

selection

from the first
application at BESIII

15



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 Al 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 =g | |
» Preparing publications T h aJ n K_S)

16



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.

- Analysis algorithm

Mapping Joboption scripts

EJ Tool call

) Drawing scripts

Necessary arguments 17



Part 3
Backup



~~N L] A -

Overview

Dr.Sai system

Target tasks: HEP physics analysis

Generatork it Selections& Signal ot

Multi-agents system
Code Tool Execution lzgues &
generathan Configurabian resflexsan

* Flnm - -
User

prompt Inference & Planning layer

o - - =




Backup

Mapping details

Using BOSS8 framwork
Take e/mu/pi/K/p + pi0/eta/K_SO/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
e psi(4260) -> pi pi [Jpsi -> mu mu] V
* psi(4260) -> pi pi [Jpsi -> [eta’ -> pi+ pi- eta] K+ K-] %
Total 19 steps involved LLM in the whole workflow, expect 0.95219~38%

probability to succeed.

20



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 Question Answer Discussion

and global info

O A QO A QO A OfD DID A

» Global info: key info extracted

from chat history
Timeline

A typical conversation

v

21



Constraints - Anchor word

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

(@

<Role definitions>
<|nstructions>
<Memories from RAG>

<Tools>
You can consult these experts
with their descriptions:
* Planner: an agent to plan ...
e Coder: an agent to create
code block ...
* Tester: an agent to execute
code block ...
<Context>

J/

A text example to be processed by LLM

Anchor word User Prompt

Generate a code

Plan
Create & Execute this code block
Execute Give me a plan

| know who is the
best one to handle

this task ...

L)

Host

22
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