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Motivation

* Physics analysis at HEP experiment become more and more complex
 Big data (normally PB-EB), lots of data processing and checks ...

» Lots of human-computer interactions
« Many tasks can be regarded as text/code generation
« LLM is good at text/code generation
 We need an Al system which "understand" HEP knowledge (how to do physics
analysis, how to deal with the tools/codes, etc. )
* The key is how to model the HEP knowledge, such as physics analysis

 Start from lepton collider experiment (BESIII) where the analysis is relatively
simpler



Introduction of BESIII - physics program

2.7 B w(2S) events: charmonium

10 B )/y events: light hadron, hyperon
\ / 20 fb-1 y(3770): D mesons
Z

« >700 scientists and engineers 7 :
. i - J/ ¥ (28) ]
« Tau-charm factory, rich physics programs ¢ |- Mark] o
. Mark-1 + LGW
« Light hadrons 2 Mark-I1 E
e PLUTO i
« Charm meson/baryons R DASP :
. 4 % Crystal Ball =}
« Charmonium ; |+ BES | —
« Precise test of SM 3 I | } g |
. B9 | M g
« Search for new physics 2 | | == N 3
= ] l 1 | | I | | | -
« Hundreds of physics results 3 s , ®
X ? T mass scan I

» Discovered >30 new hardrons |
. FirSt tetraquark state ZC(3§8‘6§=HE[QY scan: R-value, baryon pair High energy scan: exotic hadrons, charm meson/baryons

« Good for analysis modelling
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How LLM can help

LLM is good at text/code generation, but the
rules in natural languages is different from

@
N=_/ @
HEP data, LLM can not touch data directly \I I <:,

Human

N x (Build and config tools)

A new paradigm: Al assist scientists in
reasoning, planning, and executing HEP tasks
under human supervision

N x (Visualized results)

Key challenge: LLM is not magic, it is just TR
statistics, how we can let LLM "understand” using DSL
our "knowledge" ? : 2

Possible solution:

-

‘ t

o W

» Develop a Domain-Specific-Language | 1 p—
(DSL) to represent and store HEP-related| Human

kﬂOWledge, l.e. how to do analySiS \  Human-Al collaboration
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Automation of traditional /\/
procedures

| ¢—= >
e -

Data

representation
model

A possible new direction: build a large data representation
model and can be aligned or interacted with LLM
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Human-Al collaboration: Dr. Sai Project

Simulation: from parameters to data

* A multi-agents system based on LLM, Theory Generator Detector
aim to automate the HEP data g /_’ . == .
analysis
« Alagent =~ LLM + Tools + ‘
P
« Developed on autogen framework '\
« LLM is switchable == f """" Jnda
Now using DeepSeek V3/R1 jé,?w;w#* ; - L_] y .'3,5-‘;-,;_:';'-’5‘_
* Analysis tools are integrated Statistical ahna.l3;3|s Selections Recc;r;struction

\

Analysis: from data to parameters
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https://microsoft.github.io/autogen/stable/index.html

First attempts of analysis modelling

e 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 the

LLM can "understand" the procedure el

« BESIII has published >600 physics results

* We have to translate them to DSL manually now e . e

« DSL is served as a guide to Dr. Sai

» Dr.Sai will find the DSL for the analysis similar to

the user's target analysis and take it as reference



Preparation of DSLs

« The DSL can be converted from BESIII papers by VLM efficiently

* We plan to frozen the DSL version soon, then launch bulk production

1L EVENT SELECTION AND DATA ANALYSIS

Each w{3686) — oK' K~, @ — x" 2 2" candidate has @ o .
four good charged tracks with zero net change and at least (86 Bt Pew (ptess Toe —
wo good photon candidates. A good charged track s T
required to ::nfy track fitting and pf:\\ wnhxugl‘()cm of the { bengith_Lamtida_bar t htemp .
interaction point in the beam direction and within | cm in A0 — | Rt b
the plane perpendicular to the beam. Furthermore, it is Ll ban
required 1o lie within the angular coverage of the MDC, ic, 350 - iy (%]

: Lntirm
jcosd| < 0.93 in the laborawwy frame, where @ is the 300 L P
polar angle. g

For photon candidates, the shower energy should be 250 '
greater than 25 MeV in the barrel region and 50 MeV in the _
end-cap regions, where the barrel is defined as jcos 0 < 0.8 200;
and the end-cap regions os 0.86 < kos 8| < 0,92, Also the I
average time of the hit EMC crystals with respect to the i
event start ime should be between () and 700 ns 1o suppress 100:
electronic noise and background hits. The angle between i
the direction of & photon candidate and any charged track uCO n Ve rted 5ot
required 10 be greater than 20° 1o avoid showers caused by : )
charged tracks. [ . . AP o B

The TOF and dE/dx information are combined for u:.\'hby L L M I L . LARLAE un:; L-a“i“ :5,
charged track 10 calculate the particle identification prob- N N
ability (P, with i = 2, K) of cach particle-type hypothesis =
For a pion candidate, P, > 0001 and P, > Py arc B B s Qi ook
required, while for a kaon candidate Py > 0,001 and | mSlgmap | htemp
Py > P, are required. DS L i ) | Enaries

A vertex fit is performed assuming all charged tracks are S o u rce co d e 350 N o 1
from the IP. A fourconstraint (4C) energy-momentum- Peery -
conserving Kinematic (it is performed. If there are more w0 ] -
than two photon candidates, we loop over all possible _
u)lnh‘mulmn\. and the combination with the minimuum S50 N—
4C y is kept for funther analysis. The invariant mass of - -
the photon pair s required to be in the range 200F

011 <M, <0.15GeV/c?. Then a 5C kincmatic fit is

performed with the invariant mass of the two photons B ES I II 150
constrained to the mass of #%, and 7* < 90 is required, pa pe r P I ots

which is based on the optimization of the figure of merit 100-
(FOM), FOM = N/ \ /N + Ny, where N, and Ny, E
are the numbers of signal and background events estimated &
by the inclusive MC, respectively : . E
Bos %7 0a8 12 25 13 135 14 145 15
msigraEp
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Memory of Dr. Sai - RAG

» Retrieval-Augmented Generation (RAG)

* Most-promising solution to suppress hallucinations

» Usage: store BESIII internal data from twiki, webpage, internal docs and reviews of
analyses, and DSL

« Current approach: vector store (will move to knowledge graph)
« Embedding models: BGE-M3 and PhysBert

« Convert input data into vectors in a multidimensional space

* Dr.Sai will search in this vector store before asking LLM  4igh pimensional space

3 “Recall”
. “Efficiency”

A

Input Sequence SJ
7O

OO0 » Gl » 7] » RGN
B | ding 0.6 Store
eg. Input Text

(1024,
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Multi-Agents system

« The HEP data analysis is too complex for LLM now

We can devided the complex task to small and simple task, and develop a dedicated agent for each
kind of task

Multi-Agents (foundation model is switchable):

« Host: select correct agent

- Planner: task decomposition .

« Coder: code generation others

» Tester: testing/execution .

* Internal assistant - ——— gy Host

Coder
Human can chat with Host, then Host chat with other agents / \
Each agent could have different LLM and RAG collection -
Tester Internal assistant

Support distributed deployment o
Preliminary



What can it do now

« Simple analyses, e.g. BR measurement for some channels

« A preliminary DSL is developed to represent the analysis
« Some examples are provided
» So Dr.Sai “know” some info of analysis procedures
 Analysis workflow is re-organized
» Predefined multiple modules, configured using json (easily converted from DSL)
« More than x10 reduction on the amount of code to be generated
« So Dr.Sai can easily generate the necessary code/configs
» The analysis tools are integrated

« So Dr.Sai can do tasks automatically, e.g. job submitting, plotting, simple fitting

2026/01/19 2nd AI+HEP in East Asia
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Current pipeline

User's prompt Task decomposition

Code generation

Please measure the cross-
section of the psip -> pi+ pi-
[Jpsi -> mu+ mu-] process at
the 3.686 GeV energy point and
plot the invariant mass of
Jpsi(mu+mu-). If Monte Carlo
generation is required, simulate
10,000 events. Plan first, then
execute.

x10°

cccccccc

-
o
|
iy
=
3

High performance

Events / (0.00 GeV/c ?)
3

7 ¢0e computing system
T Finish tasks
) in sequence Execution using
mumu_5_Mass

,oJarget distribution Error monitoring & Reflection htcondor




One example

« Now Dr.Sai can config/call BESIII analysis tools to do simple analysis automatically

« One test, use the ¥ (3686) —» w*m~J /i to measure multiple branching fractions of J /i

decays

* Prompt: “please measure xxx using xxx dataset, fit xxx and estimate the BFs

Paper under
preparation

2026/01/19

Entries/(2.0 MeV/ ¢2)

600—

400

-

200—

Events / (0.00 GeV/c?)

600 N.‘gﬂ'I =6797.2 +62.0 + _+_ Inme
[ ng,oum =26 +18.8 — Total
| sis«B=824 08 [} Sig

£=800 +038%  f Y}y Bkg
| 1=3098.2 0.1 MeVic?

4001 . o5 +0.1Mevic?

Fitting

200 —

g N i
0/ n i y :
3 3.05 3.1 3.15

KKpi_G_Maés [GeV/ ¢?)

32 ond AI+HEP in BastAsia 805

KKpi_6_Mass

PR A o -
341

3.2

Relatively
simple
workflow for BF
measurements
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Experience and plan

The key is HEP knowledge representation and embedding !

« Knowledge means how to do physics analysis
Current solution: interpret analysis procedure into DSL and store in RAG

Next (target: June 2026):
« Use DSL to re-organize the whole workflow of Dr.Sai
« Human-Al collaborate to work on real analysis

* Assist expert to work on real physics analysis at BESIII

Lots of works on-going, stay tuned



The Next Dr.Sal

* We need to make it useful
» Current prototype looks promising

+ Next will be a human-Al collaboration
 User raise ideas

« Dr.Sai generate draft-DSL _
« User review and correct the DSL User prompt &

interface

i DR. SAl SYSTEM i

Target tasks: HEP physics analysis

Generator & Selections & Signal
. Simulation Optimizations Extractions

Multi-agents system

» Dr.Sai execute following the DSL
e User monitor & control the workflow

Finalized DSL
Knowledge base for workflow

Inference & Planning layer

» Can be easily migrated to other HEP

experiments, e.g. ATLAS, CMS, LHCb ) oSt examples LLm; Y
(_L = 2y - XS
e J
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Prospects

s BESIII publications
® .
BESIII, 23/fb (May 9, 2023)
. * h / h bmitted
mPRL Other Nature, Nature Physics Submitte
< 108 ® ° ' 72
- ° ] 70
'8_ N ] Total publications: 500 61 62 <9
_‘_; o anPogeetes ® .~. P i % PRL: 91 : :
.'% e ® 5, Nature: 1
8 ° | Nature Physics: 2 38 28 o #
— [ ] 40 36
E [ ] [ ] 34 47 o
2
3 10 [ I ® 30 26 73
[ ) [ ] ] 20 18 13 5 32 - 2
o © ® ° ° Y i . u B B 0 17
3 7
SERRRRRRRERRE
I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 0
3 8 4 4 2 4 4 4 6 4 8 5 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Ecm (GeV)

« >700 physics results from ~700 people in the past 14 years
« More than 30 new hadrons are discovered from hundreds of decay channels
« More data will be collected after BEPCll-upgrade
« We can use Dr. Sai to go through all the channels quickly once new data were collected
« Or we can use natural language to guide Dr. Sai to do new analysis
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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 prototype of Dr.Sai is built

* It can be used to automate the workflow of simple analysis at BESIII from user's
query to preliminary BFs correctly, more validations are on-going

« More advanced usage of LLM need new ideas, e.g. knowledge representation and
embedding

« We plan to build Dr.Sai

« Next will be a more intelligent Dr.Sai
« We are migrating to other experiments now

 \Welcome to discuss/collaborate !



backup

2026/01/19
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Dr. Sal (%J[ﬁj:) oroject Short for Dr. Science and

Dr. Cyber in Chinese
 LLM is switchable: GPT/LLaMA/DeepSeek
» Default: DeepSeek V3/R1

 |Investigating the approaches to build better domain LLM

Just-in-Time Learning ~

DeepSeek

Fune-tuning Learning

GPT-4
RL by Human&Physcics F. ~/

Data Inferfaces

Sensors

O e aal e Environmental Preception

Al Algorithms Vector Store

Actuators

Scientific Tool Knowledge Graph

Python Interpreter

Developed based on autogen framework.
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https://microsoft.github.io/autogen/stable/index.html

One example of Dr. Sai V1

« Task decomposition

« Compose complex task into multiple small,
simple, and well-defined sub-tasks

» Sub-tasks will be executed in sequence

user query

How to search for Zc(3900)

"Observation": "The user requests to decompose the task of searching for Z¢(3900) from
electron-positron collision data at a center-of-mass energy of 4.26 GeV.",

“Thoughts": "To decompose the task, we need to break down the process into manageable
steps, including data collection, event selection, background suppression, signal
extraction, and analysis.”,

"Status™: "CONTINUE",

"Plan": [

"(1) Data Collection: Gather the electron-positron collision data at a center-of-mass energy
of 4.26 GeV from the BESIII experiment.”,

"(2) Event Selection: Identify and select events that are like!y to contain the Zc(3900)
signal. This typically involves selecting events with the fihei state particles of interest, such
aswtJ /1,

"(3) Background Suppression: Apply criteria to reduse packground events that can mimic
the signal. This may involve using kinematic cuts, perticle identification, and other
techniques.”,

“(4) Signal Extraction: Use invariant mass calctiations and other methods to extract the
Zc(3900) signal from the selected events, This involves plotting the invariant mass
spectrum of the 7 J /1 system and idlentitying peaks corresponding to Z¢(3900).,

*(5) Statistical Analysis: Perform & stitistical analysis to determine the significance of the
observed signal. This includesfitting the invariant mass spectrum and estimating the signal
yield and background.”,

"(6) Systematic Uncertaipties»Evaluate and account for systematic uncertainties in the
measurement. This may iiiwolva varying selection criteria, fitting methods, and other
parameters.”,

"(7) Results and Int2rp#atation: Interpret the results in the context of theoretical models
and previous measuremients. Compare the observed properties of Z¢c(3900) with
theoretical predictions and other experimental resuits.”,

*(8) Documentation and Reporting: Document the analysis process, results, and
conclusions. Prepare a report or publication to share the findings with the scientific
community.”

1

“"Comment": "The task involves a detailed and systematic approach to search for the
Zc(3900) particle in electron-positron collision data. Each step is crucial to ensure the
accuracy and reliability of the results."

} @

2026/01/19 2nd AI+HEP in East Asia
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One example of Dr. Sai V1

 BESIII internal assistant

* Prompt: where is the xxx MC sample

 Then it search in RAG collections

 LLM read the RAG outputs and conclude correctly

what is the path of inclusive MC sample prod@ead &t center-of-
mass energy = 3.773 GeV

e Attention: auto-selected speaker ‘Charm' is ready to handle th¢ current task:
‘what is the path of inclusive MC sample produced at cer ter~af-mass energy = 3.773 GeV'.

Please give feedback if you have any comments (in 10" 2acorids).
1.'r' - Revise.

2!c' or None - Continue.

3's' - Stop. @

[ST]Ask human input for 10S[END]
No user input @

To determine the path of the inciusive MC sample produced at a center-of-mass energy of
3.773 GeV, we need to identify the relevant information from the provided cases.

From the given caseZCasui2 provides specific information about the inclusive MC
samples at 3.773/GeV:

Sampld Ty °

Sample iine,Fcm (GeV),RUNS,Luminosity(pb*-1) of DATA (not MC)

2nd Al+HEP in East Asia

Sample Type

Sample Type,Ecm (GeV),RUNS,Luminosity(pb~-1) of DATA (not MC)
on-(377@) (2010),3.773,11414-13988,2931.8+-0.2+-13.8 *
on-§(3770) (2010),3.773,14395-14604,2931.8+-0.2+-13.8 *
on-(377@) (2011),3.773,20448-23454,2931.8+-0.2+-13.8 *

Additionally, Case 4 provides the location of the dst files for MC sapigias

Location of dst Files

Directories for the MC samples can be found at:

BESIII DOC-228 http://docbes3.ihep.ac.cn/cgi-Lil/DocDB/ShowDocument?
docid=228

* Scripts were copied from
/panfs/panfs.ihep.ac.cn/home/data/bes3gun/warkareacXX/TestRelease/TestRelease-
ee-ee-XX/psipp/

/ihepbatch/bes/ambrose/workarea-
662/workarea/Reconstruction/QCMCFITterAlg/QCMCFilterAlg-00-00-
@1/share/jobOptions_QCMCFilte: m:kedst.txt
/besfs/offline/data/661-1/psipp,uc/4@48/Job0Options/

Combining this informatihn. %2 path for the inclusive MC sample produced at a center-of-
mass energy of 3.772'GeV can pe inferred as follows:

/besfs/offline/data/661-1/psipp/mc/3778/Job0Options/

This path is derived from the general structure provided in Case 4, adapted for the specific
energy level of 3.773 GeV mentioned in Case 3.
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Multi-Agents communication logics

1.Human pass task to Dr.Sai

2.1t will think if this task is simple or complex and if all
tasks in task tree are finished
3.The Host need to think to select the next agent
1.Planner, coder, tester, or others
2.Planner will make/update task tree
3.Coder will write corresponding code
4. Tester will launch a worker in a specific computing
environment and do execution

4.\We are testing a better definition of agents and logic

Human input

h




Evaluation system

Constructed our own benchmark in AgentBench framework

RAG evaluation

 Signal: correct 100 Q-A pairs
» Background: incorrect 1200 Q-A pairs (random combinations)

» Tested different embedding models

Agent-level evaluation

» Task decompositions: check the similarity between agent output and reference

» Next agent selection: compare the name of next agent from host to reference

Dr. Sai evaluation

« Comparisons on Dr. Sai output, e.g. histograms


https://github.com/THUDM/AgentBench

Evaluation system

1. RAG recall (recall: 100%, precision: 89%(Bge-M3) & 93%(Physicsbert))

Bge-M3 Physicsbert RAG Evaluation
F
ID top_k Question paragraph Answer context_recall context_pricision context_recall context_pricision
1 1 How you calculate Considering that (Sigma™{0}) We performed a secondary 1 0.9 1 1 - .
the _decav lenath of and (Lamhda) __has _ lona vertex fit for (n™{+3ni® o 1)
1 5 How you calculate Considering that (Sigma”{0}) We performed a secondary 1 1 1 1 ﬁ @
the decav lenath ofland  (Lamhda)  has  lona vertex fit for (0™ {+}ni® E g
1 10 How you calculate Considering that (Sigma”{0}) We performed a secondary 1 0.9 1 1 5 <
the decay length ofland (Lambda) has long vertex fit for (p™{+}pi* ) (O] =
23 1 . ry L] Relevance
1 30 How you calculate Considering that (Sigma”{0}) We performed a secondary 1 1 1 1
the decav lenath of and  (Lambda)  has  lona vertex fit for (0™ {+}ni®

2. Task decomposition 3. Agent selection
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New interface of Dr.Sai

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

bl g sl = LI, RGNS () BFERE, RRUSRIT,

] o' 2 pln You can e & ey o trough e hat

swp1 - | > o g g > e

supz i s e s
g NREN.

[[—

Stops  EMBETREES S RYRMSONEE-FICH, T ORPMIEN 5 o i g st Mo TN, MRRSSICLOMCORE, BEAI00TRH, 7
BTN, inchhe B AR el O S AL,

stps o i i

i 7l (s
» e s IR, MRS ot Opton B4 I AT,
SUPS AU TEMRROCTER, IANFARAERER.

PSS AWTRTHEESONEE LR, SBETe (umd) HTEREES,

SUPT RSO EE S RIRAATES, NSRRI,

3 wating for your ngut

O S 3 ke ke, Pisase R s ot e ey e ssary, [PSeres by MAGE PR U

Plan to move to Magentic-Ul
20Moredriendly for interactive

< &, aidev.ihep.ac.cn
L = O #RIE
[ »

B test
o Q
-

FixdiE

R
+ v

R

Cryptocurrency Investment St

i

On-going

admin@localhost
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BESIlIAgent

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

3 S "
stderr
w17 |
[hpcfs/bes/migpu/liacyp/BigModel/drsai-code-worker-
v2/runs/besiii/output/PipiJpsiAnalysis_DrSai/PipiJpsiAnalysis_DrSai-00-00-01/cmt/compile.log
[hpcfs/bes/migpu/liaoyp/BigModel/drsai-code-worker-
v2/runs/besiii/output/PipiJpsiAnalysis_DrSai/PipiJpsiAnalysis_DrSai-00-00-01/cmt/cleanup.sh
[hpcfs/bes/migpu/liaoyp/BigModel/drsai-code-worker-
v2/runs/besiii/output/PipiJpsiAnalysis_DrSai/PipiJpsiAnalysis_DrSai-00-00-01/cmt/setup.csh
[hpcfs/bes/migpu/liaoyp/BigModel/drsai-code-worker-
v2/runs/besiii/output/PipiJpsiAnalysis_DrSai/PipiJpsiAnalysis_DrSai-00-00-01/cmt/cleanup.csh
[hpcfs/bes/migpu/liaoyp/BigModel/drsai-code-worker-
v2/runs/besiii/output/PipiJpsiAnalysis_DrSai/PipiJpsiAnalysis_DrSai-00-00-01/cmt/setup.sh
[hpcts/bes/migpu/liacyp/BigModel/drsai-code-worker-v2/runs/logs/jiob_2025-01-10_193906_709794.out
[hpcfs/bes/migpu/liacyp/BigModel/drsai-code-worker-v2/runs/logs/job_2025-01-10_193906_709794 err
JOB KEY STATUS CREATE TIME START TIME FINISH TIME ARTIFACTS 4
ob_2025 3390 94 9:06 2025-01-10 18:38:0 2025-01-10 19:39:22 Link

/23686 GeV, B
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