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Towards Agentic Al for HEP

«  What is the purpose?
Step N.1 ’) «  What are the input/output?
- N @ H « Setup tools or make a new one
*  Monitoring & test
[ Step N ] Step N.2 ) m \é¥2at is the next step?
Driven by Too many complex and
\_ Step N.n expert empirical knowledge
4 N\ ( N\
Detector DAQ Statistical
\ < . < Reconstruction Selection :
r \»r \»[ csuco]»[ COSJ»[analyms]
Generator Simulation
. J \. J

Traditional HEP analysis
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Towards Agentic Al for HEP

«  What is the purpose? \
Step N.1 ’) «  What are the input/output?
- N @ H « Setup tools or make a new one

Monitoring & test

[ Step N ] Sterz N.2 ) ( j] \é¥2at is the next step?
- Driven by Too many complex and
\_ Step N.n expert empirical knowledge Y
« Expertise is often unstructured, though some can be represented by natural language.

« Today, we can leverage LLMs to build an Al partner for scientists.
[ « The Al partner designs and conducts the entire workflow based on human JAlready

commands and feedback. completed

 In the future, with a well-defined representation of knowledge, we can further develop
an Al scientist.

« Humans would only need to propose a goal — and leave everything else to the Al.
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Towards Agentic Al for HEP
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Step N.1 @ What are the input/output?
Setup tools or make a new one
) || |] Monitoring & test
Step N.2 What is the next step?
g Etc.
Driven by
expert
Step N.n
What is the purpose?
Step N.1 What are the input/output?
A Setup tools or make a new one
Monitoring & test
Step N.2 g € nt What is the next step?
Etc.
Driven by The key is how to represent
Step N.n Al

knowledge and feed to LLM

J
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The DrSai project

Purpose: Pioneering autonomous physics discovery at BESIII (and beyond)
through Agentic Al

Expertise -> Skills;
Analyses representation-> DSL;
Internal notes -> RAG
Orchestration: Skills+DSL+RAG+
human correction

Traditional software,
ML models, etc.

AN /

[ DrSai =~ 'i'ools +[Knowledge,+ Stl‘atGQY] ]

—r—

LLMs
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DrSai Evolution Milestones

Physics results

Measure the hadronic cross
sections below 2GeV using DrSai

Working Group formed Dr.Sai V1: Feasibility verified

Core team of ~20 established to Core system setup and toolchains
explore multi-agents integrated to verify basic technical
architecture right after GPT-3 feasibility.

Nov 2022 Jun 2023 May-Jun 2024

ChatGPT (GPT-3.5)
DeeoSeek-V2
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Dr.Sai V2: Protetype

Capable of simple analysis through
fixed workflows. Validated via 10 re-

measurement tests.

DrSai V3: Ready for analysis
Refactored. Internal testing phase.

Knowledge and expertise interpreted
into skills and DSL.

Jan-Mar 2025 Jun 2025 Jun 2026 Dec 2026
Manus Claude Code 2.1 Extending to other experiments
DeepSeek-V4
9
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DrSai V1

Developed based on open-source multi-agents framework: AutoGen.
Deploy workers to wrap-up the tools
Tested LLMs on intent understanding, orchestration, tool invocation, etc.

Verified feasibility ® ...
dh
N
. ® P
| I
X -
: Planne\ / Xiv Navigator
: . / (W|II include docDB)
! *
: - I -Manager
, Coder /
I / --x ----- :
! I
! [ 4 ®
A dah
st '\ Tester Charm |
- T T

More detalls in the talk at ICHEP2024
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https://indico.cern.ch/event/1291157/contributions/5889603/

DrSai V2

« Make BESIII analysis agent-based
« Analysis represented via DSL (preliminary) %3
 Built a benchmark for BESIII analysis

Data Layer

mmm Tool call not found Tool arguments or output message structure mismatch Discussion count over
mmm Speaker mismatch Tool call mismatch Task planning failed
Tool call not expected

w

7.1% 578 Runtime Snapshot Storage

* [

- Particle Spelling Variant Database
206

DSL Repository

i l((‘

DeepSeek-v3.2

Model
=

O

DeepSeek-R1

GPT-40

16.2%
&0

Failure Reason Ratio (%)

Tested several LLMs
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https://arxiv.org/abs/2604.22541

DrSai V2

« The whole system was validated by re-measuring known branching fractions (BFs)

of the j/y decays !

« Built a sample using MC with all known
decays

« Use y¥(3686) » n*n~ ]/ process to
measure the BFs of /i

« DrSai V2 performed the whole analysis

« From simulation to preliminary
systematics study

« All the measured BFs showed good
consistency with injected values

« First full chain validation of DrSai on a
realistic physics analysis pipeline

w
[=]

N
<

=
<

-10

Relative BF Difference (%)
=1

-20

--- Difference=0

Decay Channel
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Identified Core Challenges

\

Often unstructured (experience, intuition). How to make it
computable, reasonable, and continuously growing?

Solution

Domain-Specific-Language (DSL) represent analysis
with an on-the-fly extraction and iterative refinement
from expert feedback

N\

-

J
\

Complex software system, and must align with physics
goals, as well as auto-checking

Solution

Error-Aware GraphRAG - stores long connections.
DSL/Skill align with code blocks or tools, enabling

multiple checkpoints (e.g., injection tests).
/

2026/10/06

High level goals need complex and hallucinations-free
decomposition + environment-aware reflections

Solution

Expert guides the system to orchestrate workflows
for multiple analyses — distills into Skills — next
workflow iteratively refined

N\

Scaling bottlenecks (GPU costs) vs. data privacy and
autonomous safety risks

Solution

Local deployment of open-source LLM (DeepSeek) at
IHEP + Cloud support.
Only allow predefined operations.

-

AN
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DrSai V3

« With DrSai V2, we have identified four core
challenges and developed corresponding el
. Target tasks: HEP physics analysis
solutions

Multi-agents system

-2
?

Inference & Planning layer

DSL examples LLM:
from RAG ® DS/S1 ® NewDSE

« Major updates

« AutoGen-based framework -> Claude Code
agent runtime

User prompt &
interface

« Also DeepSeek-TUI, Cline, etc.

A set of analysis Skills — built and refined
Hundreds of DSLs extracted from published

papers (|T
- J
 Error-aware GraphRAG for code generation il
» Agentic RAG for internal notes of previous Front. Phys., 2026, 21(9): 096401

analyses
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https://journal.hep.com.cn/fop/EN/10.15302/frontphys.2026.096401

Analysis representation: HepScript (a DSL)

« Represent BESIII analysis _
_ﬁ[imwmmﬂ }—‘ HepScript Processor {m”m‘_m,mmm“
* PseUdOCOde In Ru by/YAM L format i ’_‘ B Orchestrator BOSS Algorithm G
« Bridges high-level intent with code/tools “ o— )| || BB {
« Defines a constrained action space -
« The majority are mapped into code blocks 5 —
« Only a small part need conversion by LLM - e || A o
 Scalable: automatically extracted from e
published paper or generated on-the-fly for /é\ | e— _ Bl
new analysis \ LD T R e =] |=

(*) Python Scientific Lib

— { (*) Job Submission

Computing Server

ROOT Framework
HepScript LLM Ns Ng SR (%) One Retry SR (%) Three Retries SR (%) Auto Evolution System Failure Diagnose Agent Data Processing Stacks
Under Development
LLM—generated Deepseekle 34 38 473 + 58 878 ;{: 38 946 -+ 26 Automatically Extend HepScript's Syntax
(72 Packages) GLM-4.7 31 41 432457 90.5 + 34 959423

Good accuracy for generation arxXiv:-2605.01423
of analysis algorithms

2026/10/06 2026 BESIII +—#19= 15



https://arxiv.org/abs/2605.01423

HepScript-driven analysis reproduction

« Necessary for real-world complex analysis
« A showcase: re-produce the previous
analysis

Published
paper

Configs/
LM software

LLI\/I‘

Analysis pipeline: simulation, reconstruction,
selection, statistical analysis

» HepScript

LLM

Used in the DrSai V3 for intent
understanding, information completion,

and code generation
2026/10/06
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Now: reasoning for systematic uncertainty

- With RAG integrated, the system can accurately

deduce most sources of systematic error and —
recommend Suitable evaluation approaCheS- HepScript .rb (Mode A) or NL description (Mode B) = Component Summary
« Now doing more test '

Step 1 Formula-first reasoning
Write formula -> trace variables > enumerate operations (Pass 1) > RAG audit (Pass 2)
- syst_reasoning.md
|
Steps2-3 = Manifest + checkpoint

YAML records every uncertainty & its estimation method - Analyst reviews & approves
before sub-agents proceed

Skill vs. Paper (Table Il, arXiv:1210.2831) : I d look
Step 4 Directly cited lookup

Source I (paper) Z(paper)  Skill status Note Sub-agents look up values of directly cited uncertainties from the RAG database

Tracking+PID 8% 4.8% Correctly decomposed into 4 sub-sources

Step 5 Sub-agent evaluation

Photon PR .0% 1.0% Paper counts all 5y (Z); skill correctly uses 1 non-n°y

n° selection — Cat-1 formula gives ~2%; paper uses control sample

Generate ROOT macros for estimating the remaining (Cat-2—4) sources = uncertainty

Mass windows (Z,A,Z) .6% k Cat-2, needs ROOT files table

Vertex fits .5% 2 separate rows: A VF + = VF (= mode only)

Kinematic fits 4.3% Cat-2, needs ROOT files

Signal fitting 4% 4 sub-sources: signal shape, bkg, range, n_c params
Event generators .4% .8% mec_angular + mc_jpsi_decay_model (Cat-4)
Peaking background .3% 3% RAG-inferred; new trigger rule added

N_I/b 2% 2% Paper value used; RAG default is 0.56% (updated)

Intermediate BFs 6% Correctly flagged as 3rd PDG uncertainty

2026/10/06 2026 BESIII +—#fit< 17



Domain code/script generation

« Complex code dependencies at HEP

« LLMs struggle to reason over large-scale, intricate
dependency correctly and efficiently

. - Total nodes: 47851
’ We Sta rt Wlth O pe n _Sou rce SOftwa re B ROOT g‘EJFsCa)Ineo%gsesl TeégngAGE nodes: 2609 | - FILE nodes: 19347
- Massive interconnections -> a large graph T odes B | TS podem

Graph for whole

« Nodes : class, package, etc. ROOT source code | £09M 10

« Edges : contains, extends, depends :
« Obvious improvement on accuracy e
« Further improvement from Error-Aware RAG

* First find the related subGraph, then feed LLM

« This method can be easily applied to HEP software

development Github Repo:

https://github.com/yues36067-cmd/ROOTER

2026/10/06 2026 BESIII +—#19= 18



Agentic generation

i ial-Gui i; Repository-Structure Execution Feedback |
Natural- Tutorial-Guided ory->t . .
Lanzsuage Procedural Grounding Grounding Grounding
i Ratrieval-Orientad —,
—_—— . ' i c A hvaig
« Overall Workflow ROOT Task — fe s S
Fead a ROOT file, Tutorial Selection ] ROOT l

CodeGraph Fetrieval l-—

fit a histoeram, and

 Intent understanding & | === :_L:J | |

Scru.r.\:e -+ ‘ Emor-Related Fatrieval
Flepuository .
— I

\E(Dﬁ’ ! Error-Felated Information

Warkflow-Level ROOT Summary-Level

. Tutorial Swucrural Context

semantic conversion @ e R e

- : [
 Similar-example retrieval from LLM Based ROOT Coding System

LLM-Based ROOT Coding Agent| On-Demand Detail Cache
Derail reguest (second level)

fagent decision)
I Context Integration | o ===
l Tterative repair,

up to five

tutorials (ol

* Intent-driven dependency e A

i
i
|
(enerztion Fepair detail loading on-demand losding i rounds
. i
extraction —T— !
‘ ROOT Execution Environment ‘ :
d . ‘ Compile  Execute, Collect stdout, stderr, and stats | |
« Code execution with error a
1
i
. Validated Yes No !
handling e T :
e I
whorial-Cui trounding Repozitory-Strucmure Grounding A . in= - ) LM A H
i l—l I,;:::éinmffjn S‘I::jj:]l: E?ngrérﬁ;ur;fnw{fer:g?m_ |Exﬂ:a;?;ﬁ?$;:dm: Execution & Control Flow -:Gent_:;tmngR&:;s.i:} i
i
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Domain code/script generation

« Two benchmarks and evaluation methods have

been developed
« Good improvement on accuracy
« LLM: deepseek V4 pro
« Testing claude code with opus4.8/fa
* Integrated to DrSai, works well
« This work can be expand to software
development at HEP

Cumulative success (%)

100

90

80

70

60

50

40

Claude Code orchestration Standalone orchestration

96.0 100

)

90

80

70

60

Cumulative success (%

50

40

Repair round Repair round

More details in arXiv:2609.01095
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https://arxiv.org/pdf/2609.01095

Knowledge Query System

Knowledge for Physics Analysis o < _ o
. 4 o e, < BN —>
- After a few years »BESIII experiment has a lot of documentation, spread over myriad forms (Hypernews,
investig ation, BESIII official/internal website, Indico, Gitlab...)

»Analyses are documented in thousands of Memos: Questions are heterogeneous (a cut

» We found the most useful value, a specific background, a systematic uncertainty) all need different retrieval.

case for RAG is to help
decision making

Lexical Literal values — energy points, numbers, symbols
Procedural Methodological templates of an analysis type

Semantic Conceptual reasoning within one analysis context
Synthetic Aggregative relations across multiple analyses

»Agent + Knowledge-base: LLM agents with RAG can, in principle, answer "how was
this done before?" — if they retrieve the right chunk for the right question.

2026/10/06 2026 BESIII +—#19= 21



Query system with Agentic RAG/Wiki

« Multiple sources: internal notes, websites, talks, etc.
« Multi-modal parsing via Miner-U; Embedding model using Bge-M3

Previous analyses at BESIII are chunked by analysis steps and sub-steps
« Object selection, optimization, signal extraction, systematic uncertainty, etc.

Metadata are defined for each analysis
- Goal, dataset, observables, etc.

@ Without RAG-skills (i} With RAG-skills

100 98

Agentic retrieval with Skills

87
« Hybrid: Grep + RAG (dense and sparse channels)
« Routed by LLM .
User can ask the previous analysis details :
« How to deal with xxx systematics ? N
« How to suppress xxx background ?
+ Etc. 20
The system will be used to provide suggestions

o

for new analysis

2026/10/06 2026 BESII +—#fit< 22



Recent study on RAG

o ————————————

: i : : Retrieve Precedents } { Uncertainty Estimation } |’ Confidence-aware : : New DSL Generation ‘l : Validation, Write-back & :
HEP Analysis Task !
: e (BESIII DSL) I (on BESIII DSL) B Reranking | | (BESIIDSL) ! | Evolving Knowledge Base |
i Analysis on i e BESIl analyses | || systematic uncertainty 2 | | Retreved candidates | : : { VKRS g :
I higher energy ' | B=—3 (DSLscripts,notes,...) | | I ° o v Static parser check |
- o R _ ¥ E] _, BESIDSL { Hye |1 R e 0 PRS ¥ Dot Womatei: i
o . o] e"eT —wmir 11 ¥(3686) 1 = analysis paths : i Y(4230) | ol o o 1 1 |
° i I i i I ¥ [
Inspired by uncertainty 5 o | b ] — e ,
b : | = i : : Statistical uncertainty 2 : : Y(3770) | | } ﬁ - /\) i
| = 3 ( E |
from HEP i ? ¥ B i | rs i ! T, : ! BESII DSL i 2 s o |
3 . : ‘\/— I :{ Early stopping controller I: i D YR s : : ¢(3686) i : _.»_-,, s 4 : =\ 5 -"i = = i
= E | b =
- Define an uncertainty | ... 11 1 oo Bl ; | i e
. : % P(3686) : : g .:r.: \\\‘ i E : Uncertainty-aware confidence : ’ i : applySelection(...) I : gostrsfd:ﬁe :
= il te o i Ll O | version |
(or confidence) for | & wm | e i st Gt NS | e 1
: : R i —— R — e I Lo |
each message In RAQG bmmsssfmmmmeeend ettt e YR A
: (b) Uncertainty decomposition \| : (c) Knowledge base admission gate }
: L semantically equivalent Answer-class distributions Hsta( Hsys( : : Too low Desired Too high :
: rturt(:la’tions (ﬁurz\l)repeaggdsamplin . z i z 1 g (copying) (reasoning) (confused) = |
. i |2 | 1 o5 - =@ |
: - = p® i & Answer class i > Answer class : : ?, Admit as new :
| ! Within-path dispersion ! Across-path disagerement [ precedent |
: o) A . i (Semantic entropy) (Jensen-Shannon divergence) ,I { Entropy :
15 .
2 0=10.96 Strict (%) Struct (%) Phys-Acc (%)
<
& 10 .
= oZhis Perturbation NR Rel Conf NR Rel Conf NR Rel Conf
g’ B U =147 022,03
RN T ® I k=3 71.8 76.2 7677 893 91.0 91.0 576 624 634
5 Lo L
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r ORACLE 100 100 100
< -15
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Skills for BESIII analysis

Workflow Based on Skills

*  General-purpose Agent + DSL (as a skill) + Skills + RAG (as a skill)

. Three tires of skills

/full-pipeline

. Modular: each skill is replaceable
/full-pipeline-config | read/generate
config file
- /genDSL-pipeline generate DSL-yaml

v ) /genDSL-pipeline generate/compile

BOSS packages,
Cov ) ((am ) submit jobs

) ()

v ) different BOSS package
generating method

2026/10/06 2026 BESII +—#Hd&

/root-pipeline study survived

(“Select w*x—J/y with J/ — pt =)

genDSL-pipeline

DSL-pipeline

(Ntuple making package]

1 | package changer
H

if needed } .
 |updated package | !
'

..................

(submit jobs: data, sigMC, incMC )

Ntuple file

[optimization— pipeline J

v

[optimizations. plotting }

fit-pipeline

signal yield

sysErr-pipeline

[systematlcal uncertainties ]—

Skills

Input/Output




Another part of DSL

« DSL-yaml as work "note": represent the analysis
pipeline

« Use existing work to extract knowledge for
preliminary DSL-yaml| generation

« YAML format, parsed by LLM, high readability

 Interactive work, revisable at any time (manually
or via LLM).

« Finally obtain "note" that contain all the

information of this analysis
«  Write MEMO automatically

2026/10/06 2026 BESIII +—#19= 25



e

iRiA: BARLERGEEH4.26GeVRIEUE D
e+e>pi+pi- J/psiidig, FHSFpi+J/psi LHAIHRIF

o

BirfET. JmiE, IS ERIIFR

— i1l ’
AT
ESTES 1. EXB#R
S e
EESH. ik LER
=25y

— l Z=fE1DrSai

T

EERTIEENE, BHRAJHTLAE > 30 MR

2026/10/06 2026 BESIIl +—WFig&

BIRIIER], REERER

=
0
§ N —+—data
‘g 0.8 — —_SigMC
S - —incMC
Lﬁ L

0.6 —

0.4

02

_I L1 | Ll | L1 L Lol | | - | 11 | L1
8.46 047 048 049 05 051 052 053

M, [GeV/c]

S oAl

= 16
o) C
3 14 -+ data
a E — sigMC
S 12 I —incMC
D 10
8
6 -
£ .
2 + T D}
- L E.DJ_.D.‘_}M*M T il”‘ﬂjﬂﬂﬁr’] DIE—JJ_
8.46 047 048 049 05 051 052 053
M,_[GeV/c?]

26



Self-validation

« A new module inspired by Recurrent Self-

Improvement (RSI) from Al and
Input/Output test at BESIII

« A preliminary version is integrated

« Automatic I/O check
« Fix most of the bugs

« Improve the stability obviously

« Especially helpful for analysis with multiple

sub-agents

« Will add more physics reasonability check

2026/10/06

Workflow proposed by DrSai

________ B o ___
4 ] )
Determine the goal
. (observables/PQls)

Build mix-MC samples

i

Perform the analysis workflow

2

Compare the output w.r.t.
expectation

Fix all the scripts/workflows and
analyze data
2026 BESIII +—H#t< 27



Introduction of DeepSeek-Harness

Deepseek has long been known as an effective LLM, whereas its corresponding
harness is released recently.

Deepseek harness (DSH) is an agent framework built around the DeepSeek LLM
family.

Its domain knowledge lives in a skill / plugin layer — plain specification documents
executed step by step by a single agent, plus a plugin runtime such as an SSH plugin
for remote cluster access.

DSH is open-source and the community is now very active and well maintained— a
knowledge package like DrSai can be transplanted by simply copying the skill
definitions.

2026/10/06 2026 BESIII +—#19= 28



Introduction of DeepSeek-Harness

* Both agent frameworks share a "knowledge package” — same name, different nature:

Knowledge package "DrSai HEP analysis package" Same name, fully ported (formerly command, now renamed skill)
Object type skill / command layer (sub-agents + slash-command system) skill / plugin layer (skill directory + plugin runtime)
- Centered on "command / sub-agent orchestration", multi-agent Centered on "skill spec documents", a single agent executes skills one by
Essential difference .~ .
division of labor one
Pipeline : . o I . o o . .
Relies on manual multi-round direction of sub-agents Built-in full-pipeline / dsl-pipeline / root-pipeline orchestration skills

organization

* Claude: "command + sub-agent"” orchestration; DSH: "skill directory + plugin”
specs — a paradigm difference, not mere configuration.

2026/10/06 2026 BESIII +—#19= 29



Claude code -> DeepSeek Harness

« Previously we developed DrSai il 5
on Claude code agent runtime DrSai on & | g
« LLM s ported to DeepSeek-V4 DSH g 8 .?‘C; :
- Now open-source framework Y B " Ul
« DeepSeek Harness (DSH) g , ] i: SRVt IHI'. ﬁlm
. Evel"ything is plugln %B 3823543;6388 39 3‘9235‘)43663;38 4 g% 382384386388 39 3523943‘:-)63{1)8 ‘4
Moo (GEV) Mo (GeV)
« More suitable to us X(3872) o0 X(3872) mumu
« We have tested DrSai on DSH Fom Fom

— total — total

Events / ( 0.002)
Events / ( 0.002 )

« DSH is deployed locally _ :
. Validated by performing re-measurements D@l ON o
. Consist results w.rt. DrSai on Claude Code  Claude COd@w

««== signal (sigMC) «««« signal (sigMC)

background background

« LLMs are the same "L | l{-. G-L |||m | u| ‘m |
. Skills/DSL/RAG are the same S 1] I il L He IlI’|| 1
AT ] -
95582 334 386 38% 39 392 éﬁﬁéﬁv ?(’(!’38572; 9% 382 384 3.86 3‘.9 39 3'94th9£\, i’(%%?z?

Please refer to Mingze’s talk for more details
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https://indico.ihep.ac.cn/event/30187/timetable/#233-remeasure-the-cross-sectio

Claude code -> DeepSeek Harness

“ Claude (deepseek-v4) DSH (deepseek-v4)

Input token 251,334 1,271,856
Output token 316,616 603,053
47,180,416 10,028,160
(DSH compaction count) - 791,586
Total raw tokens (incl. shadow) = 47.7M = 12.7M
Cost conversion
Cache hit rate 99.47% 88.74% Unified price model input : output : cache-read : shadow =1:5:0.1:
1.25
« We have compared the computing performance  Cclaude = 6.55M input = ¥0.97
prellmlnarlly PSH | = 6.28M 1nput = ¥0.92
input-equivalents
o Slig htly less tokens for DSH DSH is in fact ~4% cheaper (Claude costs =1.04 X)
° We plan tO use DSH as defaU|t ha Ness A physics analysis (incl. debug) usually consumes 100M + tokens
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Comparisons

Engineering
efficiency sustains context via 32 compactions (+40 prunes) in one session, with information-loss risk

Claude: single session, zero compaction, but cache-token overhead grows explosively; DSH

~ ~
~ ~

Yields agree within errors (ee 21.948.5 vs 20.6 +=8.3; pu 21.8 8.3 vs 20.7 = 8.1); both joint
fits needed identical manual fixes (skill-layer knowledge gap, not framework)

0
o

Physics results

- DSH skills are spec documents, portable with the prompt alone; Claude commands are
Portability X \ " W . .
commands + sub-agents", migration needs multi-agent orchestration
Extensibility X \/ DS_»H has built-in end-to-end fuII-plpelln_e orchestration skills, naturally extensible; Claude
relies on manual round-by-round direction
Cost X \/ DSH slightly better (6.55M vs 6.28M input-equivalents, ~4% cheaper)
Human-agent X \/ DSH supports plugin-style DSL, with different levels of physics info managed as different file
interaction forms; Claude relies only on the context session
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Instructions

« Say “analysis with DrSai, see outdir: _/logy

runB0OSS_outdir: ./logR/proj # ¢ . » job pre L
workarea: fworkfs2/bes/liutong2016/boss713/workarea/Analysis/R 1

. "
config.yaml ) _
confirm_mode: minimal

parallel: yes

« A yaml-like style configuration

« Or generate config.yaml via human-Al  EistEEs
genB0SSCode: direct

interaction

« config.yaml contains:

mode: single

« Directories

« Confirmation e el
- subAgents-parallel e Foraat.
« sysErr estimation ' __ |
« BOSS package generation .
« Physical processes R R S |
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A recording f

“Select ntmw~J/¢ with J/¢ — ptp

genDSL-pipeline
YAML

DSL-pipeline

Ntuple making package

package changer
updated package

submit jobs: data, sigMC, incMC

Ntuple file

optimization-pipeline

if needed

[

optimizations, plotting

fit-pipeline

signal yield

or Zc(3900) re-discovery

(drSai)
(drSazi)
(drSai
(drSai)
/hpc¥

[1iutong28168beslogingds
[1iutong2016@besloging@s
[liutong2016@beslogingds
[liutong2016@besloginges
tong2016/conda/minic

/7.3

fhpcfs/bes/gpupwa/liutong2@l6/conda/miniconda
/Gaud
7.1.3

drsai/bin

ihep.ac.cn/bes3sw/Bos InstallArea/share/bin /bes3. ihey

§4187-python2,7/InstallArea/x86_64-centos7-gecaS-opt/sc :/cverfs/bes3
rea/x86_64-centos?-gccdS-opt/b

_64-centos7-geed9-opt/bin: /cvmfs
entos7-gccds [
t/cumfs/bes3.ih
Externallib/licg

python2.

S_python2
4/5qlite/3110100/x86_64-centos7-

pt/bin: /c
{hep.uc

/bes3sw/Externaliib/lcg/L
CG_84/mysql/5 tos7-geeds vinfs

x86_64-cento

p.ac.cn/t JExte i cg

p.ac.cn/bes3s oin:/cver en/b

ernallib/lcg/LCG_Bd/castor >3+centos’-g Jihep.a

€G_B4/ROOT/6.2 n/bes3s
ib/lcg
LCG_84/Python/2.7
bin:
allib/

python2 Externallib/1

gee 3
7-gccAs-opt/bin bes3.ihep.ac.cn/besisw/Externa LCG_84/gperftool

¢ ) : . w/Externaliib/lc
.9.3/x86_b4-centos? en/bes3s

cvmfs

bes3.

ontrib/gdb/7.6.1/bin: /hpc

ihep.ac

x86 s/ 3.ihep.ac.cn/b
s/gpupwa/liutong2016/conda/minicondad/envs/drSai/share/rubyge
iutong2816/topoans-~-92-85
/usr fbin; sr,

~83/bin: /cvmfs/container .en/bin:/afs/ihep.ac.cn/
mon/ sysgroup/hep_job/bin: /usr/local/bin local
:/opt/puppetlabs/bin:/cvmfs/bes3.ihep.ac.cn/bes3sw/Externallib/1cg/LEG_B4/cernlib
liutong2016@beslogingds DSL]SCI

Claude @ Claude2

(drsai iutong2016@bs

m Claude Code
'

> Mpipidpsifrdi. KW & config pipidpsi.yaml

in:/afs/ihep.ac.cnfusers/
sbin: /usr/sbin: /¢ common , ihep.ac.cn/software

(drSai)

oginBes DS )$Claude2

Fand con

(3 tool us

Explore(
Done

full-pipeline

Skill(/full-pipeline)

Successfully loaded s

+ Creati almost done thinking

»» auto mode on

W ss rdogin
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condaby

1/Gau

Insta

_64-centos7-gccAd-opt/bin

w/EXt

geupwa/liutong2016/conda/miniconda3/b
soft/com

2006a/x86_b64-centos7-gccdS-opt/bin

config pipidpsi.yaml

(drsSai)

W ssae dogin
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Analysis using DrSai at BESII|

« DrSai V3: ready for BESIII physics analysis !
« Vibe research - no coding needed now
« Now analyzing real data at BESIII:
« Measure all the hadronic cross section exclusively below 2
GeV, a painful analysis for human thus long delayed

A key input for HVP in muon g-2 calculation

« Dispersive evaluation differ from LQCD
Experimental measurements of e*e~ —»hadrons are
particularly important.

« Starting from 1.9 GeV:

2026/10/06

Experts steer the setup and input essential parameters,
e.g. generators

DrSai design, execute and verify the entire analysis
under expert supervision

Experts will cross-check all the measurements

2026 BESIII +—HWi4&

SNDO6 1
CMD-2 ]
BaBar 1
KLOE 1
BESIII 1

SND20 1
CMD-3 1
TH—t+—0C—+—+H

Lattice HVP Avg. | b————8—+—
WP2H b—uea—+~—

Physics Reports

=1 'NAL-25
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https://doi.org/10.1016/j.physrep.2025.08.002
https://doi.org/10.1016/j.physrep.2025.08.002
https://doi.org/10.1016/j.physrep.2025.08.002
https://doi.org/10.1016/j.physrep.2025.08.002
https://doi.org/10.1140/epjc/s10052-020-7792-2

Analysis using DrSai at BESII! phys. Rev.D 87, 114025 (2018

Channel | This work (KNT18) | HLMNTI1 [9] [ Difference
. Chiral perturbation theory (ChPT) threshold contributions
« Exclusive R value measurements at 1.9 GeV 0y 012 £0.01 012+ 0.01 0.00
L 0.87 £0.02 (.87 £0.02 0.00
. . . . ata— a0 0.01 £0.00 0.01 £ 0.00 0.00
« Difference between inclusive and exclusive results m 0.00 £0.00 0.00£000 | 000
Data based channels (/s < 2 GeV)
oy 4.46 £0.10 4.54 £0.14 0.08
atn™ 502.99 £ 1.97 505.77 £ 3.09 2.78
mtr—x0 47.82 £0.89 47.51 £0.99 0.31
rtrrtee 15.17 £0.21 14.65 £ 0.47 0.52
ata=nn0 19.80 £0.79 20,37 £ 1.26 0.57
(2727~ 1) 0 1.08 £0.10 1.20 £ 0.10 0.12
RY S T 0.28 £0.02 0.28 £ 0.02 0.00
(27% 27727 s 1.60 +0.20 180 +0.24 0.20
K*K~ 23.05 £0.22 22.15 £ 0.46 0.90
K2KY 13.05 £0.19 13.33 £ 0.16 0.28
5 th Prefimi KKn 2.80 £0.12 2.77£0.15 0.03
2. ] l <——ppthr reliminary Signature Final states (preliminary, published) KK2n 2.42+0.09 3.31+0.58 0.89
- Y 0.70 £0.02 0.69 + 0.02 0.01
° I to— ptpr—
- . . ¥ . || 2 ' 2 charged ntn K"K~ KsKL, pp nates 1.32£0.06 0.98 £ 0.24 0.34
[ i — — — — — -0 " A .
e o _ || . — 2 charged +y's wtny, e nl, wtan, KK KK —n, KK, 1, (',?;T:;:r ™ )ao w 0.63 £0.15 - 0.63
- . e o —— Kelom mtmmOn w200 30 - 4 2t 0.11 £0.02 0.11 £ 0.02 0.00
2l R E s2L, UL R OT o 0.31+0.03 0.42 + 0.07 0.11
= 4 charged ntr ntn T, KYK ntn™ , KgK*n ™, KoK mtn™, w(— w0y)n® 0.88 £0.02 0.77 + 0.03 0.11
L r | —&— sND (2025) Preliminary KsKsmtm™ nfs lj].«i-ﬁ +0.04 [).i.lﬁ + []'.lj]3 0.01
|- A o — unaccounted 0.04 +0.04 0.04 £+ 0.04 0.00
i ‘ A | sNDscolvneu 4 charged +y's ntn rtnal, ntr oy, ntnw,ntn %00, ' 0.42 +0.10 - 0.42
1.5 i FRar—— K*K™n,K*K~w n(= npp)K Koy 4ok 0.01+0.01 - 0.01
i A ‘ 6 charged Tttt KoKt KyKem ' - PP 0.07 £0.00 0.06 £ 0.00 0.01
| Data from 2019-2022, Dapm—— ' ! ni 0.06 £ 0.01 0.07 £ 0.02 0.01
- ’ 6 charged +y's 3(ntm)m® Estimated contributions (/s < 2 GeV)
| 42 points, luminosity 300 pb? | ecusw 0 o o oo —o0—0 @1 31 )no 5 0.53 £0.05 0.60 = 0.05 0.07
1'1 ST T e e Neutral Ty oy, rny, Ty, oy (T 1= 47%) no 0.25+0.25 0.28 + 0.28 0.03
Other nﬁl 7TD€+€_, ne"'e_ KK3r 0.08 £0.03 0.08 £ 0.04 0.00
1.8 1.85 1.9 1.95 2 5. GeV — " D" (2007)° £ (1285) w(— npp)2n 0.10 £0.02 0.11 £ 0.02 0.01
‘/_: are decays n, U T(1205 w(— npp)3m 0.20 £0.04 0.22 +0.04 0.02
. w(— npp) KK 0.01 £0.00 0.01 £ 0.00 0.00
CMD-3 ana|y5|s nata~2x0 0.114+0.05 0.11 £ 0.06 0.00
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Analysis using DrSai at BESII|

e Exclusive R value measurements at 1.9 GeV
« Difference between inclusive and exclusive results ncharge=0

yn®

« Neglect small processes, still >30 channels, an excellent scenario for DrSai r
T U TR

nt 2(mt ) 3(nt ) ~0.28

« Codes are generated with

ot nn° BAM-546 2(n* n)m° BAM-416, BAM-596 3t n)n®

subAgents simultaneously —— B

« Strategies are suggested by RAG e 2t n )3 _—I

° o 4 e Coaetem | em mwEwr | cawt)om
Rz

M M = KtK—ntn— - -
« Only human-Al interaction, no e o 229, AN 340
wnm® BAM-00672
manual coding! KK
K*K~n® BAM-376, BAM-655
K+*K~n'n° BAM-229, BAM-346

K*K™n ¢n dom. KOK*r¥r0

o e moro

050,00
K¢Kpmm K_{-’Kin%
Dk ITRE s T e
KK
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Al Infrastructure at IHEP

« New dedicated Al platform:
« 2240 CPU cores, 40 GPU, 48 DCU, 16 NPU
« More (2X) are coming

« LLMs access and deployment
« Unified API via Distributed Deployment Framework _ .

 Hybrid solution: local deployment + commercial

cloud

« Open-source LLMs (e.g. DeepSeek)
« High concurrency
« Ensure data security
« Closed-source LLMs accessible via API
« Cache-hit techniques reduce the cost to 2-10%

2026/10/06
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DrSai Collaboration

 DrSai is already yielding physics results
 Physicists interact with DrSai using natural language, only a few times with
zero coding!
« Now extending to other experiments:
« Jiangmen Underground Neutrino observatory (JUNO)
« Large High Altitude Air Shower Observatory (LHAASO)

« Neutron/Light source, etc.

« We are forming a DrSai collaboration
« Solving Agentic Al challenges together

Welcome to join !

2026/10/06 2026 BESIIl +—WFig&
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Summary and outlook

 DrSai: an agent-based system advancing HEP experiment
« Project launched at June 2023
« Major challenges identified — multiple solutions proposed & developed
« Current approach:
« Industrial coding agent + LLM
« Skills + DSL + RAG : encode expertise, analysis representation, and technical memory

« Al partner is being realized today
« First physics results expected by the end of 2026

« Many challenges remain towards Al scientist — but we are actively solving them
« How to add physics knowledge/rule/check in a reasonable approach?
« As Al evolves rapidly, we are adapting our strategy accordingly

Thanks for your attention !

2026/10/06 2026 BESIII +—#19= 40



Extra info

Agentic Al 1Zi)ll: https://indico.ihep.ac.cn/event/29693/

Al workshop at next week: https://indico.ihep.ac.cn/event/29575/
« There will be another tutorial for Agentic Al

DrSai V2 paper: https://arxiv.org/abs/2604.22541

DSL paper: https://arxiv.org/abs/2605.01423
Another 2 papers will be released soon

2026/10/06 2026 BESIII +—#19= 41
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Many challenges remain

« Agentic Al for HEP is a critical and challenging
endeavor

« Novel ideas are essential to drive progress

« Ongoing studies are plentiful — collaboration is
warmly welcomed

« Agentic Al for new ML models

« Detector design (layout and chip)

« Continuous evaluation with expert feedback
« Reasonableness testing

« Knowledge representation via reinforcement
learning

« Migration to other HEP experiments
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Back-up

2026/10/06
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DrSai — development roadmap

2023.06: Working group launched (~20 people)
2024.06: V1, Feasibility tested and verified

« Setup the system, all tools integrated
2025.06: V2, The prototype was conducted

« Capable of very simple analysis with fixed workflow

« Validated by performing re-measurements
2026.06: V3, under internal testing

« Knowledge extracted into DSLs

« Expertise distilled into Skills

« Analyzing real data now, expect to have the first “Al-driven” experimental

results by end of 2026 !

2026/10/06 2026 BESII +—HFifL arXiv:2604.22541
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Error-Aware Retrieval and Skills

sources Of errors Step 1: Extract Classes and Header Filenames ° Step 2: Locate Codegraph Nodes °
« Improve the accuracy obviously O\<0
. . . error: “MyClass” not found in header “myclass.h”
Further improvement by introducing a set [ myciss S O
of Skills

Step 3: Retrieve Node Contents

Two benchmarks and evaluation methods

are provided
Average Score

w/o ROOT Skills 86.24

B Codegraph RAG

9 Class Definition: class MyClass { ... }

Header File: #ifndef MYCLASS H ... #endif

]
27.3% tb 35%
w/ ROOT Skills 91.23 ’ °

- After¥jve rounds of error feedback
58.33% to 69.33%

Files evaluated: 50 base, 47 skill-version outputs.

Language uplift B Error RAG
C +6.57 Python +3.20 69.33% to[73.67%

Design tutorials as skills (To be
+4.99 avg score M tested)
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Al scientists: Goal-driven autonomy

« An Al system with structured knowledge A (Bulldandicontsiook:)

&t 2

representation and autonomous research
capabilities

« Can perform the full research loop and Human
continue revolution: N x (Visualized results)
« Goal — Design — Execute — Analyze
— Generate new knowledge Already  Modelled and represented
Key distinction from Al Partner: completed  usinePSt
« Al Partner: relies on human commands , N A%
and operate through “vibe research” S < = > ‘
« Al Scientist: human only need to sets \I‘KI : | —> ‘jﬁ% “— .
high-level goals . : orsnion
| Human-Al collaboration b e il
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Millestone developments

Setup the system, standardize and integrate all the tools, including Done at
BESIII Offline Software System(BOSS) and HTCondor 2024.06

Represent the knowledges on how to used tools and analysis Done at
procedures into a DSL, automatically extracted from published papers 2025.06

Distill human expertise into Skills on how to perform analysis, including Done at
workflow definition and tests (i.e. input/output test) 2026.05
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Model

Demonstration of DrSai V2

« Performance study and error analysis were conducted using LLMs at 2025
« Tool call was the bottlenecks

« We are finalizing the DrSai V3 now, and will make a more comprehensive study

10

mmm Tool call not found Tool arguments or output message structure mismatch Discussion count over
s Speaker mismatch Tool call mismatch Task planning failed
we - Tool call not expected

Qwen3-max

DeepSeek-v3.2

Qwen3-max 38.9% 411
- 60
DeepSeek-v3.2 23.0% 7.1% 578

GLM-4.7

GLM-4.7

40 385

674

Model

DeepSeek-R1

DeepSeek-R1
20

GPT-40
GPT-40

16.2%
60

0 20 40

80 100
Failure Reason Ratio (%)
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Al infrastructures at IHEP
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     K +  K − 𝜋 0  𝜋 0  𝜋 0


  K K 3 𝜋 ~ 0 . 08


   K +  K − 𝜂


  𝜙 𝜂


   K S 0  K L 0


   K S 0  K L 0  𝜋 0


   K S 0  K L 0  𝜋 0  𝜋 0


   K S 0  K L 0  𝜋 0  𝜋 0  𝜋 0


  K K 3 𝜋 ~ 0 . 08


   K S 0  K L 0 𝜂


  2 (  𝜋 +    𝜋 − )


  2 (  𝜋 +    𝜋 −   ) 𝜋 0


  2 (  𝜋 +    𝜋 −   ) 2 𝜋 0


  2 (  𝜋 +    𝜋 −   ) 3 𝜋 0


  2  (  𝜋 +    𝜋 − ) 𝜂


   K +  K −  𝜋 +  𝜋 −


   K +  K −  𝜋 +  𝜋 −  𝜋 0


  K K 3 𝜋 ~ 0 . 08


   K +  K −  𝜋 +  𝜋 −  𝜋 0  𝜋 0


  3 (  𝜋 +    𝜋 − )


   K +  K −  𝜋 +  𝜋 −  𝜋 0  𝜋 0  𝜋 0


  3 (  𝜋 +    𝜋 − )


   K +  K −  𝜋 +  𝜋 − 𝜂


   K S 0  K ±  𝜋 ∓


   K S 0  K ±  𝜋 ∓  𝜋 0


   K S 0  K ±  𝜋 ∓  𝜋 0  𝜋 0


  K K 3 𝜋 ~ 0 . 08


   K S 0  K ±  𝜋 ∓  𝜋 0  𝜋 0  𝜋 0


  3 (  𝜋 +    𝜋 − )


   K S 0  K ±  𝜋 ∓ 𝜂


   K S 0  K L 0  𝜋 +  𝜋 −


   K S 0  K L 0  𝜋 +  𝜋 −  𝜋 0


  K K 3 𝜋 ~ 0 . 08


   K S 0  K L 0  𝜋 +  𝜋 −  𝜋 0  𝜋 0


   K S 0  K L 0  𝜋 +  𝜋 −  𝜋 0  𝜋 0  𝜋 0


   K S 0  K L 0  𝜋 +  𝜋 − 𝜂


  3 (  𝜋 +    𝜋 − )


  3 (  𝜋 +    𝜋 −   ) 𝜋 0


  3  (  𝜋 +    𝜋 − ) 𝜂


  2  (  𝜋 +    𝜋 − ) 𝜂


   K +  K − 2 (  𝜋 +  𝜋 − )


  3 (  𝜋 +    𝜋 − )


   K +  K − 2 (  𝜋 +  𝜋 − )  𝜋 0


  3 (  𝜋 +    𝜋 − )


   K +  K − 2  (  𝜋 +  𝜋 − ) 𝜼


  2  (  𝜋 +    𝜋 − ) 𝜂


   K S 0  K ±  𝜋 ∓  𝜋 +  𝜋 −


  K K 3 𝜋 ~ 0 . 08


   K S 0  K ±  𝜋 ∓    𝜋 +  𝜋 − 𝜋 0


   K S 0  K ±  𝜋 ∓  𝜋 +  𝜋 − 𝜂


   K S 0  K L 0  𝜋 +  𝜋 −  𝜋 +  𝜋 −


  3 (  𝜋 +    𝜋 − )


   K S 0  K L 0  𝜋 +  𝜋 −  𝜋 +  𝜋 −  𝜋 0


  3 (  𝜋 +    𝜋 − )


   K S 0  K L 0  𝜋 +  𝜋 −  𝜋 +  𝜋 − 𝜂


  2  (  𝜋 +    𝜋 − ) 𝜂

