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O1-Background and Introduction



1.1 Background G i 9D

arge-scale scientific facilities

HEPS (5&55: 1.36km:

World" s largest Extensive high—engrgy Large-scale neutrino  Massive X-ray—-matter Extensiye heutron—
tau-charm energy gamma-ray detection detection data interaction data matter interaction
region dataset and survey data data

IHEP has accumulated massive volumes of scientific data across fundamental disciplines such as particle

physics, materials science, chemistry, and biology, holding tremendous potential for scientific discovery.

4 National HEP Data Center has accumulated over 60 PB of scientific data.

N

Data- and Al- efficiently and accurately
driven 4 How to further explore the potential within the data

¢ Challenges:

€4 How to process massive and highly specialized scientific data




1.2 Large Models and Al Agents

€ Advantages of Large Models:
v Reasoning and decision-making via human-
readable formats (e.g., language)
v Capable of orchestrating multiple role
v Dynamic task flow generation
v Ability to learn and adapt using external

knowledge and feedback
v

Q
Large models /ﬁi 00 \ A 5

@ JM_?’ & member
Kﬂ:hestray

Components
Tools

€ Al Agents in the Era of Large Models:

v Perception

Knowledge and Memory
Reasoning and Decision-making
Action

Autonomous Learning

AN NN

Multi-Agent Al Agent
_S){-‘}_tf!’_‘_q Building Application
(.)
&R - ﬁ
.. R “.;. )
"a)




1.3 Al Agents for BESIIlI Physics Analysis & S

4 Dr. Sai Project for BESIII Physics Analysis (On behalf of Dr.Sai Project)

Dr.Sai BESIII-Physical

HEP-Xiwu LLM ana |y S| S

Continuous interactional

dialogue  modification

{ Data interfaces
Intentional

understanding
Paper
Writing

o logical thinking Sensors

Device interfaces

7 38 39 40
M....(x*Jy) (GeVic?)

Literature

Review Domain Text
Processing |

BOSS

Scientific

_________ Actuators Scientical tools
image Python interpreter
processing v
=
vent Vector stores
’ Analysis Knowledge graph
Using Scientific
scientific di
tOOIS co Ing 2nd Pre-training

- scientific data processing Learning Sys. Fine-tuning Data Agent-Data
rLby umanzohy. _ANalysis for Light Source

Tasks & Required capabilities Components 6



1.4 OpenDrSai 5 iy
A \V
€ Overview of OpenDrSai:
Application
Multi-Agent System me=s) Deployment Framework
Agent Framework ) Framework
€ Modules:
€ Subsystem: » Concurrency Management
¢ Agent Components:
» Task Management » APl Backend Access
» Model Client
» Agent Management Management
» Sensor : :
» Multi-Agent State » Interactive Frontend-Backend
» Knowledge Base
Management Management
» Memory . : o :
» Learning and Reflection » Agent Application Loading
» State Management System : .
» Multi-Agent Coordination > ..
» File Management System
Orchestrator
» Agent Configuration 5
Management System
> Agent Learning System Development as Application
» Component Orchestrator
>

1. https://code.ihep.ac.cn/hepai/drsai, 2. https://github.com/hepai-lab/drsai 3. https://microsoft.github.io/autogen/0.5.7/index.html
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1.4 OpenDrSai

$ pip install drsai drsai_ui

€ Development as Application (Power by Qionwu) $ python xx_agent.py # Run Agent

create_agent() -> AssistantAgent:

model_client = HepAIChatCompletionClient(
model="deepseek-ai/deepseek-ri:671b",
api_key=os.environ.get("HEPAI_API_KEY"),
base_url="https://aiapi.ihep.ac.cn/apiv2",

return AssistantAgent(
name="weather_agent",
model_client=model_client,
system_message="You are a helpful assistant.",
reflect_on_tool_use= s
model_client_stream= ,

asyncio.run(
run_worker|(

. agent_name="DeepSeek_R1",
BU|Id permission="groups: drsai; users: admin, xiongdb@ihep.ac.cn
description = "DeepSeek_R1 Wil RHIF.",
Components version = "©.1.8",

logo="https://alapi.ihep.ac.cn/apiv2/files/file-8572b27d093

agent_factory=create_agent,

ort = 42812,
One-button o e

enable_openwebui_pipeline=

deployment history_mode = "backend",

$ drsai ui # Run Interactive Ul

@ assistant_ragflow.py X
assistant_ragflow

rom dotenv import load_dotenv
load_dotenv()

RAGFLOW_URL = os.getenv('RAGFLO
RAGFLOW_TOKEN os.getenv(

create_agent() -

model_client = HepAIChatCompletionClient(
model="deepseek-ai/deepseek-v3-1",

)

ragflow_memory = RAGFlowMemory (
RAGFlowMemoryConfig
RAGFLOW_URL=RAGFLOW_URL,
RAGFLOW_TOKEN= _TOKEN,
dataset_ids=[ "28e3ad8499b311f0a65d0242ac120006" |,
keyword=

assistant_agent
name="assistant
system_message=""
1 R

1

[ “ [ https: je.ihep.ac.cn/mr

relea

L ] L ()
> SSH:3000 | §° main* & ®@0A0 W21 & Python EHdIRE: LA (drsai) O xdb@mailustceducn 3 X @& 1729, 46 K4 UTF-8 LF

1
|

® For more cases, please refer to:

https://github.com/hepai-lab/drsai/tree/main/examples

1. https://code.ithep.ac.cn/hepai/drsai, 2. https://github.com/hepai-lab/drsai, 3. https://aiapi.thep.ac.cn

{} Python

& 31211 (drsai)
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02-Al Agents on Scientific Data
Processing



2.1 Dr.Sai BESIIl (On behalf of Dr.Sai Project) & 8
-\
€ Features of BESIII Data 4 BESIII Data Processing Workflow
€ Data generated by Monte Carlo simulation € Literature Review
> raw € Monte Carlo Simulation for Sample Generation
> rec € Event Selection

> root € Data Analysis

» Variable Distribution Plotting

€ Raw data generated by detectors

> raw » Optimization of Variable Selection
€ BESIII reconstructed data » Optimization of Selection Criteria

> rec » Signal Extraction

> dst energy  Mass position Others > Statistical Tests

€ Analysis Summary

ELECTRON __________POSITRON

10



2.1 Architecture of Dr.Sai BESIII & S

Daemon|

(7.

sage sequen

i

query
B
reply
O Worker(BOSS8) G ‘Jep/y "equ“—’St Experts
call

Worker(Python)

Services

Controllor Coder Tester result
4. Tools

&
P

Agent E

= =

l Base LLMs
Long-running task

= =

1. https://drsai.ithep.ac.cn/ 11
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2.1 Architecture of Dr.Sai BESIII Ty 4N

. . v' Suitable for multi-level main and sub-tasks
€ Hierarchical task system and Long task Daemon

v Supports long-running background tasks
v" Basic physical law limitation

|__________ eee O N © Drsai X oo HBmnk x EiNk x [Nk

|‘ drsai.ihep.ac.cn Q | & c ink.ihep.ac.cn,

(venv) [liaoyp@aiboss001 17:36 ~/sharefs/DrS
Z source start_worker.sh
gcc setup done
Use DrSai env: /hpcfs/bes/mlgpu/liaoyp/venv/bin/python3
02 -10 17:36 7 [hepai/code-worker-v2-B0SS-8] [WARNING]:
worker_cwd is not empty: /afs/ihep.ac.cn/users/l/liaoyp/sharefs/DrS

completed |‘ ni/tesE/run_test

selected agent ‘l parent task - |‘ = DrSai_BESIIv2.00 v +

2025~ 10 17:36:28,799] [hepai/code-worker-v2-B0SS-8] [INFO]: Sta

rting loop...

[2025-07-10 17 28,907] [worker_app.py] [INFO]: Worker register s
|‘ uccessfully: k-6e2a91e0-4c6

status=completed ‘I

WorkerInfo(id='wk-6e2a91e@0-4c6', type='common', network_info=Worker

NetworkInfo(host='0.0.0.0', po 2899, route_prefi. /apiv2', host

| name='aiboss001.ihep.ac.cn', worker_address='http://202.122.33.201

:42899/apiv2'), resource_info=[ModelResourceInfo(model_name="'hepai/

. code-worker—v2-B0SS-8', model_type='common', model_version='1.0', m

o DrSai BESIII v2.0.0 odel_description='This is a demo worker of HEP AI framework (HepAI)
— - ', model_autho one, model_onwe 'liaoyp@ihep.ac.cn'], model_grou
Candidate=r00t task p?:['dcfau‘Lt']‘, modelflllserl's:['haoyP 1|‘\c-p.ac.cr.1‘]: modelffllmcfxons:
. 2= ['_call__', 'get_dict', 'get_float', 'get_int', 'get_list', 'get_s

ello_world', 'inspect_environment', 'inspect_system', 'in

|‘ e e 'list_callable_functions', 'print_function_args', 'run_co

A

current task candidate

‘l in progress in progress

', 'search_replace', 'write_code'])], status_info=WorkerStatus
Info(spee queue_length=0, status='ready'), check_heartbeat=True
, last_heart t=None, vseriol 2.0', metadata={})
B Started server process [ ]
Jlpsi-> mu+ mu- H Waiting for application startup.

‘l candidate=candidate
sub tasks status=completed

z Application startup complete.
psi(4260) -> K+ K- [J/psi-> e+ e-] 3 Uvicorn running on http://0.0.0.0:42899 (Press CTRL+C to

$(3770)—pp

‘l I all completed——

empty

|‘ psi(4260) -> pi+ pi- [J/psi -> mu+ mu-]

'
'
'
'
'
'
'
'
'
'
'
' X
: J/psi -> [rho+ -> pi+ pi0] pi-
'
'
'
'
'
'
' psi(2S) -> K_S0 K+ pi-
'
'
'
'

Task proceed flowchart ‘

1. https://drsai.ihep.ac.cn/ 12
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2.2 DataAgent

€ Features of BSRF/HEPS/CSNS Data

¢

Research facilities, methodologies, and data

formats are highly diverse.

Beijing Synchrotron Radiation Facility, BSRF

» 14 beamlines for experiments such as

transmission small-angle X-ray scattering

(SAXS) and X-ray diffraction (XRD)
High Energy Photon source, HEPS
» 15 beamlines for hard X-ray coherent
scattering and hard X-ray imaging

China Spallation Neutron Source, CSNS

» 20 spectrometers, including small-angle

neutron scattering spectrometers and multi-

physics spectrometers.

¢ BSRF/HEPS/CSNS Data Processing Workflow
€ The data formats and processing methods vary

across different beamlines and spectrometers

Instruments

g -

BL18: General-Purpose BL02: Multi-Purpose BLO1: Small-Angle Neutron
Powder Diffractometer Reflectometer Scattering

P

BL16: Multi-Physics BL11: Atmospheric Neutron BLO5: High-Energy Direct-
Instrument Irradiation Spectrometer Geometry Inelastic
(under construction) Spectrometer (under
construction)

CSNS

Beamlines Layout in HEPS phase |

seamlines + 1 optics test beamline

HIGH ENERGY
H EPS PHOTON SOURCE

13



2.2 DataAgent

€ Core Components:
€ Features:

) . E—) > Handoff-based task transfer mechanism
> Diverse tasks and analytical methods .
> Scalable multi-agent system

User' task

atl

80160

Any intelligent agent can communicate
directly with users through Handoff

v

‘ Initialize and enter the main agent

>3l
A

Y
[
A

Host

Handoff Handoff

. VASPHESHIMDI{HITF
tic_DFT_tclimax/data/raw_data/VA

A 4
Expert Group Y

\ Manage Group
Handoff
Handoff Handoff andol i Handoff i
Expert-1 Expert-2 Expert-3 / Planner PlanChecker

4

I
Interact with the database

HQuE=C® K0

14



2.2 DataAgent e A
— EE\ 4

B Utilizing Al agent technology to process and supply data from large facilities.

Data Management
System (Domas)

& Data for multi-
objective research

."(?
‘ Knowledge
«  Proposal Base

. Update
Experimental @
data Metadata
« Experiment Task
Spectro_scopy, Dh_‘fraction, . Ma‘t)erials
Scattering, Imaging, etc. . etc. (@ Task identification

« Reconstruction, Peak finding
« Denoising, Compression
« Segmentation, etc.

Actuator (Daisy)

@ Automatic processing e

- Execute tools or code « XAFS tools b ma'g et
e XRD tools

L ACT b4
® Verification and Storage - PDF tools

(3® Data Recognition
* Format Conversion
e Execute commands

N
>

A

&>

g ‘

True Label

15



DOMAS Database

Beamline/Spectrometer
Methodological Information

-
g

Information

Experimental Background
Information

e S

» BW: IEEEGETFIAENL aw1B- T
« BREES (T © BFEEEAE

BRI TRAERF ST
B Awws, E2. SEESSARRST

[HESFOE -

- FIRERR: GRISME LA SR 2RO T AR
- ARG e (DRREETERRRENENS)

- \REN:

- ARER:

- EREREHRAE, TUHE):

- ERAER:

LIRS HER

BRI RSN

PG Kb 212.64 6B
[Fbsrédats/4u18/202406 Data/GBRE-20248613 81/
L

| .5n-Cuzs-ap1-_0.hs (3.93 6B}
1 5 (14253 k8)
«

® Use multi-disciplinary
BRI

1. X{E BRI
- BEBEISE: ooe

® Use remote tools > Complete experimental data e 8

- BBIRE: e MRUSIER, _Mene STEEMIEENIIF

knowledge

BT £

metadata information 2 B

» Recommend data processing
methods

Generate data cards based on
the provided information:

R (IRESAIEE)

© M N WA VO N ®

2 4 6
1Q1 (A1)

ol drsal_pipsiine

%E%ﬁ@mocuMAX#?ﬁﬁMﬁﬁEmﬂiiﬁﬁﬁ

© HUNO2CEN00 RS R F IR,
BVASPEISIIMOE

fdst e datariasemATeRS  HHEHOCLIMAXET RIS,
= s o P, . FHIBMI00K, BHESER T, ocimaxparams

(ESIEE>>>>>1<<<c<<

AMEESATANES: w0 oclimax_introduce . 7 binkzoifoes i K R 1 P IR T

‘ Use remote tools to process data

EREWRIDA673180d261230000a30) Tin , EFiDalsy ) tomopy
reconstructioni&

©l DataAgent

EFERIEEIEMXRER. -

XERIEA: WiRID/H673180d2c12a0000a3000f Ti . ARC
Wit
BuRALTEGRENFA: (1D, '673180d2¢12a0000a30000a8, ‘BREBEE, ‘nano-XCT imaging', ‘Daisy', ‘tomopy recanstruction’]

IEFERI8E: 673180d2c12a0000a30000a8 FUACEIEAEHETL...

IETEXI#9H8: 673180d2c12a0000a30000a9{#if <tomography Reconstruction
by Daisy>B#iH#{TE. ..

0BT 0

500

1000
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2.3 RongZai Agent, BOSS8 Assistant & S

¢ Data Analysis Agent for MPI in CSNS: ¢ BESIII BOSS8 Upgrade Documentation Assistant:

Features: Professional tool invocation and long-task Features: Deep retrieval across multiple documents

collaboration Core Components:

Core Components: > In-depth retrieval within internal documentation

> Long-task collaboration between the MCP > User query decomposition based on knowledge graphs

and the multi-agent system ﬂ
» Parameter verification mechanism p ~
User Query — Deciﬁl;?:‘ition
ha <::> l
GSAS-Il Agent GSAS-Il MCP Server -
epwise
Qu:’rying '
Parameter Checking
} [ RAGFI
PDF A ¢ Summarized
gen PDF MCP S Response
Task Manager ' erver \ [ /
Long Task Daemon ﬁ <}::> .
Response
Collaborate with Du Rong, CSNS Other Agent . i )
Other MCP Server
\ % e HEPAI RAGFlow Collaborate with Liao Yipu, BESIII

1. https://drsai.ihep.ac.cn/ https://aiweb01.ihep.ac.cn:886/knowledge 17
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2.4 Applications of OpenDrSai

03 More AW

- BOSS8 Assistant
- RongZai Agent

01 Dr.Sai BESIIL_
Al Agent for Particle physics

- Perception of BESIII Data
- Integration of BOSS Tools

Supporting
"4 Fesdback | Open Dr.Sai

(1t | [ o] [Cmmm ] [rsonm] [mwan ] [orww ] [mames | |

[ | (oo o) (o) (ome) (oma] (oon) (o) ) )

wms  [(menm | [(aewn | [(Mcpsever |  [Coummes |

and Memory

- -

_ §Ei

-

]n-nllum]

mm: A
ﬂ‘ R

-
Ll

—Htis

—nnE

S HE, Github, MM Data Agent Slurm, K8s, Ink, Torch HepAl, DOMAS

[(veen (35 [0 (30 Com o) o) ] |

02 HEPS Data Agent

Al Agent for Synchrotron

Radiation Source

- Perception of HEPS Data
Integration of Domain-Specific
Methodological Tools

General framework for Scientific Al Agents
Core Components for Models, Perception, Execution,

- Multi-Agent Coordination Logic
- Authorization and Human-Agent Interaction

1.https://note.ihep.ac.cn/s/_ vSnuf5Uh, 2. https://code.ihep.ac.cn/hepai/drsai, 3. https://github.com/hepai-lab/drsai

18
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03-Future Development Plans



3.1 TODO List

¢ TODO for Agent Components: ¢ TODO for MAS:

v Memory Component for Long-Term Memory v" MAS Learning System and Retrieval Mechanism

Compression v' More Task Management System

v Agent Learning System and Retrieval v" More Multi-Agent Cooperation Framework
Mechanism v
v File Caching and Injection System

Development
v

¢ TODO for Backend and Ul:

v Task Management System and Human-Agent

Interaction for Long-Running Tasks Slmpllfy the development process of

v Frontend Display and Interaction for scientific agents and applications
Background Task Status

1.https://note.ihep.ac.cn/s/_ vSnuf5Uh, 2. https://code.ihep.ac.cn/hepai/drsai, 3. https://github.com/hepai-lab/drsai

20



3.2 Application

m LHAASO

€ Challenges:

v

v
v
v

Highly Specialized Scientific Data
Domain-Specific Tools

Specialized Data Processing Workflows
Professional Multi-Task Management and

Multi-Agent Systems

> PRI REALA

m JUNO

21






2.5 Advantages for OpenDrSai

¢ Agent Components: ¢ MAS:

v" Scientific Data perception
v" Long Time Task Deamon

v File Management and Injection
v

€ Applications:

‘ Simplify the development process of

scientific agents and applications

1.https://note.ihep.ac.cn/s/ vSnuf5SUh, 2. https://code.thep.ac.cn/hepai/drsai, 3. https://github.com/hepai-lab/drsai 23
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