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The 14th Five-Year Plan of the IHEP:

simulation possible, which are indispensable means for major breakthroughs in HEP.
M It is necessary to strengthen the application of ML in real-time processing, simulation,
reconstruction, analysis, etc., to enhance the ability of high energy physics exploration

and new discoveries.

u _I_IEI_:EL » H _I_E_:E.
Our Exploration experiences: = B FhEHEHABAKRFEREAR B KRZFEREXE

B Prioritizing the development of Al-Ready scientific datasets is of utmost importance.
B Insist on the concurrent development of software frameworks and specific Al applications.
B Start investigating the large models to propel new discoveries of HEP.
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The Al-Ready Data: A Must
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INGs: Al for Data & Data for Al 8 v

Ald4Data
LIS ESEE IR ESBE
ZARS Eaaefbscie
ﬁ*iﬁ*“ &Bﬂﬁﬂsﬂﬁ%i&% N#ﬁﬂﬁﬁﬁ#ﬁ% ALRENEESR
EIRIREHERER TR @ — -
<> RIS A T
Lok Hht=E
iE?i' TR ;;;::ﬁ:& M ~
R Al- Ready [ Saopm | | sEHems en || SRR |
g R e SR EDBER | s || ERES Xiwu DrSai ||
SR T T TR Al IEHEIRI S MRS

o

SR E 2% RH

[ RE=Eit ] . [ . ] [*ﬂﬁ?ﬁe‘ﬂ! '51%7‘] [%&?E%ﬂ'ﬁ a] [?ﬁ&&tﬂ'ﬁﬁ*ﬁ] [EE%%E'S 5]

)

11



Part 2
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Application
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Overview of HEP Task-dedicated Al G v S

. . . LHAASOQ online noise filterin
Closed loop of simulation, reconstruction, g

physical analysis and detector design in BESIII Real-time Detector anomaly detection in LHAASO
Automatic processing pipeline from diffraction processing Sample automatic recognition in HEPS
data to molecular structure in HEPS large .
molecule crystallography experiment Automation Sample automatic alignment and attitude
] ) adjustment in HEPS
Automatic screening of small-angle neutron
scattering structural models in CSNS Defects real-time feedback of additive

manufacturing in HEPS

Particle identification in JUNO

Nonlinear dynamics optimization of HEPS

Pile-up event exclusion in CMS HEP TaSk- Simulation storage ring

G /p discrimination in LHAASO 1
e Dedlcated AI Vertex and energy reconstruction in JUNO

Component identification of cosmic ray knee .
area in LHAASO-KM2A ReconStrUCtlon Track reconstruction in BESII

Fast reconstruction of ptycho imaging

Event identification of high-energy GRB in .
Analysis in HEPS

astrophysics

Automatic parameter extraction of wide-angle X-
ray diffraction in HEPS

Data denoising of highly textured samples in
HEPS

Tasks: Classification, Detection, Regression, Simulation,
Reconstruction, etc.
« More than 20 applications

Image data compression in HEPS

13



LLM for Particle Physics 9

m Xiwu(;Z1E) : A Basis Flexible and Learnable LLM for High Energy Physics '

The Brain of Dr.Sai Agent.

Currently, Xiwu is based on DeepSeek-R1-Distill-Llama-70B, Historically, LLaMA1~3.
Secondary pre-training and fine-tuning techniques.

Trained on GPU-A100 previously, now trained on DCU-K100 (Domestic GPU)
Significantly better than the base model in HEP Q&A and internal code generation.
New Model: xLAM-2-32b-fc-r, for funcition calling

OooOooooan

Test Results

_______________________ \
Learnable

Vector Store Pre-training

]
]
]
]
[ Fine-tuning | ! Xiwu-13b
i vs. Vicuna-13b _ 49
]
]

B Win Tie Lose

—_—— e e ==y

Just-in-time learning On-the-fly training _
U , e ChatGPT- 1755 m >
A2 | pata Collection and Cleaning Tools }—-E i Data“s : 0 20 40 60
, ST ST %6 Win Rate
1 arXiv:2404.08001 https://qithub.com/zhangzhengde0225/Xiwu

35
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https://github.com/zhangzhengde0225/Xiwu

LLM for Particle Physics &y {"}

Development of Domain-specific LLM . 80.82%

80
Xiwu 2.0 70 72.85%
60

O Based on DeepSeek-R1-Distill-Llama-70B. Z ’
O Fine-tuned on 39k Q&A pairs, including mixed samples 2
from both HEP and common corpus datasets. r

DeepSeek-R1-70B Xiwu 2.0

O Trained on DCU-K100-Al (Domestic GPU).

Comparison on HEP domain-specific dataset.

Domain-specific LLM for Dr.Sai Multi-Agent System

m Dr.Sai-Planner

O Built on DeepSeek-R1-Distill-Llama-8B and 0O Currently under development, fine-tuned

xLAM-2-32b-fc-r with runtime data of Dr.Sai
O Finetuned using runtime data of Dr.Sai O Specialized in planning particle physics
O Optimized for LLM tool calling, specifically in data analysis workflows.

expert agent selection.

15



Al Model for Ptycho Imaging Reconstruction & * <&

Lei Wang, Guangcai Chang

W1-Net, deep learning method for ptycho

h X w X dim
X

80% less data volume, 100X faster reconstruction speed

" Depthwise Conv2d | hxwxe
k7.s1p3 J =
(@ N .
Layei Nam ‘ DepthwiseConv_RRelLU |
f
h X w X dim Ayer oy -
8 Conv2d hXxwXc
klsl
o | proposed by IHEP, 2024
4—: ¥ hXxw X outchannel
x
o) —
E =
= hxw X 4dim ﬂ
O o
U Cl?f\s/id D:I hxwXc 100 scan lines n 20 scan lines
' v —
E o vh X w X inchannel i -
5 oumc e s s P
‘ 0} RReLU | e D PtychoNN "' F 4 G " :
v hxwxdim % . : h X w X inchannel -4 4 §
ALXWXcC 4;\ s ¢
N 2 ‘ > a 2 e
= k2,52 i
¥ (o). i { 10 . -
& h X w X outchannel MSE : 0.091 MSE : 0.080 MSE : 0.088
0.0
o e - — -
O Y 5 b '
Conv2d -1.0 ' }
% KLsl J 5] , Y o~ Y ~ - -
o — 0 v h X w X inchannel W1-Net ‘ ‘ :
(= ‘ Conv2d S Y !
ol — 8 .
s B s LB -

MSE 0.078 MSE : 0.072 MSE : 0.080

W1-Net: a highly scalable ptychography convolutional neural network. Wang, et al. DOI: 10.3389/a0t.2024.1474654 16



Al for 18f¥3%lhE 9
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i Superconducting wiggler X-ray
3W1 beamline

Filter = Shutter

Nat. Commun. 13,1079 ,2022 . X9, 021052 (2019) Nat. Commun.13,1170,2022 Science 370, 1080-1086 2020
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Al for LHAASO
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Self-Supervised SimSiam [1]:

After augmenting sample x; to x,, both pass
through a shared encoder.

A predictor then pulls close feature similarity
between original and augmented instances.

» similarity -«

predictor A stop-grad
A

encoder f encoder f

T A Az,

image

3.2 4

3.0 4

2.8 1

T 26

2.4 1

2.2 1

2.0 1

Pre-training encoders with 3X 106 unlabeled
samples, then fine-tuning with sparse labels
= outperforms supervised-only training.

WCDA events with the number of hits 100 ~ 180

—s— PN (supervised)
«— SimSiam (unsupervised) 4
-== classical method

i,

10° 10° 10¢ 10% 10¢
Dataset volume for training (supervised) and fine-tuning (unsupervised)

Yongfeng ZHU

[1] X. Chen and K. He, "Exploring Simple Siamese Representation Learning," 2021 IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR)
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Toward Foundation Model: CLPP 9 S

Zhengde ZHANG
(B A foundation model trained by Contrast Language Particle Pre-training
Data Neural Network Result
( e.g.. HEP Particle Data (Jet) ) original CLIP CLPP for HEP Data Pre-training Particle Transformer

T ® Solvir\ig\‘ttl'le problem of positive and negative CLPP (Ours)
@ Intro particle encoder sample errd:rs when the text is not rich enough o

T A A 7

B SRR W A B (An)? + (Ap)?

Input: 7 features *n particles

Text Encoder

Particle Encoder 1
Output: Jet classification (10 clssses)

_JC N Top JEN QG |

B Generalization performance improvement: contrastive learning improves cross modal prediction accuracy by
10-15% (compared to traditional supervised learning)

Its in-distribution performance on the original test set slightly underperforms traditional supervised learning 19
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Yaodong CHENG
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Al for M&EZ=ZE 9 e
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IZNEE: Al Models

FIXIEAEIF )RR
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JUNOTRFIRE R R (B FHIS)
BESIMZIT g (HE)
HEPSEBRERLRIRESR (B 4)

JUNORIFYES] (BF15) AlAHEP

CMSHFRRGHER (E9)

LHAASO gamma/p4E5 (5K 5EHS)
LHAASO-KM2AF EER IR X Al 7 £ (3EEHS)
CSNS/MATh FRIFTESHHR B ah Tk (FIER)
REMESHREABHER (FR)

HEPSTFXSILEATa Sah S IR (GXARME. 3K
-
HEPSE R EXTEFHIE M SR MUEIRIR (EED o

LHAASOTELISFITIE (E18E)
LHAASORRIEE R ateill (K5HS)
HEPSHE R B RS (3—)

HEPSE BB, #E (5K—)
HEPSIEFTBIE R ERES T NSERT IR GRER)

BESIEH]. B, WESHFHRNERITHR
(R
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HEPSE (S EUEESS (FHHE)

FPGA+AI (F2IEZR)

HEPSTiTFlFT YIRS | SHIREATRTIS % (EXTTIE)
FSHEYIIE A T EHETF SHepAl (GRIETE)
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Part 3

Al Agents
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From LLMs to Al Agents g 1S

What is Al Agents?

An entity that can perceive its environment, make decisions, and take actions in order

to achieve certain goals or sets of goals.

* Perception: multimodal -> text

Tool_calls

* Decision: process text .
Brain(LLM) Output

* Action: reply or tool call e -_/
too/_ca//\\ /

Rag IR s
[Execution

» Agent = LLM + tools Executio

» DIY reply_function to design the LLM output procedure

24



Physical analysis: a key link in scientific discovery « : &

Data Processing Flow for High Energy Physics Experiments
(Collider as an Example)

Data Hits\ Physical results
Acquisition
particle collision trig

extraction
Monte Carlo generation analog

Collision data Physical results

% ' 7¢(3900)
* L
e -

X view 0537 38 39 40
My (/) (GeV/C?)

P+
285 ¢

For the first time, mankind
has discovered a particle

composed of four quarks.
Complex tasks!

Events / 0.01 GeV/c?

B Math + Physics domain expertise required
B Equivalent lines of code for windows/macOS

B A small mission requires: several people + several years e



Dr.Sai Agents for Particle Physics Analysis

Let the large model conduct particle physics research

HEP-Xiwu LLM

Continuous interactional
dialogue  modification
Data interfaces

logical thinking

Intentional Y
understandlng : Device interfaces
VCZ%? _ Literature -
9 @ > s Review  Domain Text BOSS
e i Processing |
S Ci entlfl C r‘ S Al ikl Actuators Scientical tools
Image '\\ (gig j:) Python interpreter
processing
% N “"\
‘ vent Vector stores
. Analysis / Knowledge graph
Using Scientific
scientific coding
to OIS 2nd Pre-training

. scientific data processing Leer s B Fine-tuning

RL by human&phy.

Tasks & Required capabilities Components

Essential: Modeling the research process.

Rediscover
Zc(3900)

+om ‘

=
fig = ®
iy

37 38 39 40
M....(x* ) (GeVi/c?)

Applications 26



Latest Progress (July, 2025)

eeoe O ebll C @ Drsai X : INK x &) INK x INK

%5 drsai.ihep.ac.cn Q W | & c %5 ink.ihep.ac.cn/xte... & ¥

(venv) [liaoyp@aiboss@00l1 17:36 ~/sharefs/DrSai/test]

= DrSai_BESIII_v2.00 v + = source start_worker.sh
gcc setup done
Use DrSai env: /hpcfs/bes/mlgpu/liaoyp/venv/bin/python3
1 ,799] [hepai/code-worker-v2-B0SS-8] [WARNING]:
worke; _cwd 1is not empty /afs/ihep.ac.cn/users/1/liaoyp/sharefs/DrS
ai/test/run_test

799] [hepai/code-worker-v2-B0SS-8] [INFO]: Sta

,907] [worker_app.py] [INFO]: Worker register s
‘wk-6e2a91e0-4c6’
WorkerInfo(id="'wk-6e2a91e0-4c6', type='common', network_info=Worker
NetworkInfo(host='0.0.0.0', port=42899, route_prefix='/apiv2', host
_name='aiboss@01.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
Ol Drsal BESI” V2'O_O odel_description='This is a demo worker of HEP AI framework (HepAI)
— _— ', model_author=None, model_onwer=["'liaoyp@ihep.ac.cn'], model_grou
ps=['default'], model_users=['liaoyp@ihep.ac.cn'], model_functions=
['_call ', 'get_dict', 'get_float', 'get_int', ‘'get_list', 'get_s

tream', 'hello_world', 'inspect_environment', 'inspect_system', 'in
terface', 'list_callable_functions', 'print_function_args', 'run_co
+ 9 0 mmand', ‘'search_replace', 'write_code'])], status_info=WorkerStatus

Info(speed=1, queue_length=0, status='ready'), check_heartbeat=True
" last _heartbeat=None, vserion='2.0', metadata={})
H Started server process [
J/psi-> mu+ mu- : Waiting for application startup.
5 Application startup complete.
psi(4260) -> K+ K- [J/psi -> e+ e-] - ) Uvicorn running on http://0.0.0.0:42899 (Press CTRL+C to
quit

J/psi-> [rho+ -> pi+ pi0] pi-
$(3770)—pp
psi(4260) -> pi+ pi- [J/psi-> mu+ mu-]

psi(2S) -> K_S0 K+ pi-

Online demo: https://ihepbox.ihep.ac.cn/ihepbox/index.php/s/DsathdLiu52R5W

27


https://ihepbox.ihep.ac.cn/ihepbox/index.php/s/DsaHtndLiu52R5w

Dr.Sai Agent - RAG 9

Vector Databases and Knowledge Graphs
(R What is HEPS?

O Retrieval Augmented Generation (RAG) &
O The most cost-effective and promising solution for ’
hallucination reduction

HEPS stands for High Energy
Photon Source. ltis ...

O Store private data without retraining source: /docs/ihep/facilities.pdf
O Current approach: vector storage
O Embedding (using BAAI's BGE-M3 model):
O Convert input data into high dimensional spatial
vectors

O RAG system (LLaMA Index). O Provide answers based on user

intent and information

"Recall”

Input Sequence O Providing sources of
= “Efficiency” . .
[0 » £ information

eg. Input Text

A
0 B
|A] cos 6

(Based on BGE-M3 Model from BAAI) (Based on LLaMA Index) g b=l | z;| cosO



Dr.Sai Agent - Actuators

m BOSS Code Worker

B O S S COd e WO I'ke I' Operation Extraction

Run Bash Command /
Code File

Message Interface

Executor View File

Search & Replace

Sub Process Manager
1/0 Tools

Show Difference Git Tools

Inspect Environment*

Undo Commit*

Inspect Working Directory*

Write File

Run on HPC Cluster

B |/O Tools (files and data)
B Message interface
B Executor

HaiDDF

-

- Dr.Sai

From Q&A chatbot to expert assistant

29



Dr.Sai Multi-Agent Collaborative System

Multi agent dynamic task processing system supporting human-machine collaboration

O Multi-Agent Collaboration (MAC) is implemented based on AutoGen framework.

O Each agent is equipped with specific knowledge, tools, and LLM.

O A Host agent is introduced to manage group chats, making it easy to expand with more agents.
O A human proxy agent is intrdroduced to allow humans intervene at any time.

Human
Proxy « Intent understanding % Technological breakthrough
¢ Hierarchical task model: The task tree

system automatically decomposes complex
of subtasks in real-time.
. Planning T m / # Domain customization process: Optimize

targets and tracks the status and dependencies
« Task Generation interaction logic for physical analysis scenarios.

am

Workerflow:
Tester Msg — host — LLM
Planner - RAG — LLM — host

Host — LLM
« Write codes » Using sci. tools & Testing o8 30


https://github.com/microsoft/autogen

Dr.SaiFRFUHE R BRI EE & S

BOSS Mapping — R RBESIIATHHCAB A A ERHY DR T .
PEEEEY% — 1EEBESIIYES TR 2B RiE)50 | "
SRS — RABESIIIES IS HE FTIREII® — a e e
HEAELE - SCEFXBXENERRE ==
HETBEE — RR SRR L R R RS S 5 Ry aaR
W - BE R TR A B IS 10 R
HEEENG - RS REIGE NS SR EN a5
ETAIRER — SeeSLEEE

eeeeeeeeeeeeeeee

» Host: sees all the QA pairs

> Experts: sees the latest QA pair Question Answer Discussion 7 El;f{ji' e BESHISHTHIEER:
and global info
» Global info: key info extracted e ale
from chat history E— y - |
ke

R Pt hric > 421/10~1/100
Pass@5: 43% — ~90%




r.Sai Agent - Interface

= -« | B Dr.Saiv2.x (Based on MagenticUl)

5

B Features:

8 EHSH: SEAMSEEWESIES PIA260ToPPUpsToMMUBSITE I, BUBERWEFGSENT. ERAHIARAR. EGHRASATHA, HEREHETAN,

, B Data perception and progress details sidebar
e B Rich human-computer interaction

8 Tasks created as sub-tasks of the current task.

kAR 5 R, KR () SRR, SRS, 55 B Expected to be launched on May 12, 2025

1 AR SHRNRSONTE R+ s, i > pis pi- U/psi -> mu+ mu- INILSEOSFNARE. o855 -
12.thf3 fm > piv pi- W/psi -> mus mu) FHEZESONS £ RATS E, ML 0) > pis
pi- psi -> mus mu 1 MIETRNSENEEE. O BUP
13.8 NZRE: 6 AMBESIIKIE S AISONS M+5E5, AT GMpsi(a260) -> pis pi- [/psi -> mus mu-MEIENER. BRRSHMIcEOptionls, RE
HA00MEH, HFPHETLLME, incusiveRH MR FERINE. U

14 MITARERH RIS f : PUBERIIPS(4260) -> pi pi- Wpsi > mur mu-NEETIREN, WRRSHFiobOptionB AR HAYISONS M- RIATTAMMIBRI

T xRl ARG A TAAce OO AT TR SSTOPATSASS, O Current version: https://drsai.ihep.ac.cn

16 IREEISONE N+ REAFNENSRE, HRWERXNEEISONSBFHIE, RAKSps (mumu) BIBXHR—SE. RERESHRILHA*data’, “exme Winme =

WEE. OHUR
17 RITA RIS WSTHE: SRR 1R BT MTEREMSHE O BUP -
18 fE%SE: QEEHMIELENDSIFE N Pois2 NHEHR, B & 55 7. BRESIFRER. BEORASABRA, HEMEHERNFN. F D S 2 0 2 02 5 0 7
r.oal va. . (Based on OpenwebUI)
Q) Processing
= o mHiiE &  DrSai_BESIIv2.0.0 ~ + o=
Q
TestersfE:
WM 3770) }pphiFEE1 773 BRI PSi2SToKsKPI AL
FElA B FikAL
D r S 1 1 O J I O 4 . . WHMBsi(25) > K S0 ke o EEBRLBRAT E 4 AL | BRCEREEEREERSMENE, DFE
oal vl. uly, 202 (Based on Chainlit) ' T
IS

WM Npsi > mus mu-iHEE3.
HE

ST

15

Zo0sradPe o

Settings panel

zdzhang i & 0

B New features:
B Automatic identity authentication
B Guardian Process Long Task
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https://drsai.ihep.ac.cn/

Dr.SailJ\&E G S

pIAETPICTL JEELLIGHRER N  Expected to be achievable.

Al Scientist
(Wish)

Particle Fundation Model In early exporation stage.

B RS SEIEALSSRERER, MIBrEafscil ¥ FEig1v2.0.0,

B ONERE: KN, BRE. TR, IB2E. S8eikinfE. ATIRERE

B EERCRN: g, U I{EE. DSL. #HBEZM. fEiR. MOM, HTM, FiF#HFE. Snashot
B SCHX10NMNREBENBNSH, RIRAFI=EZEERIRINEL/30%.
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Dr.Saifyiel: #iEEaE 9

O &%

ERES EEES: Al-ReadyZIiERIFMIES S
SESHIBIEMIEN. £l BR. inims

ZHEF

e o o o

IR

mﬁa{

ISVA=

A o AR

'''''''

4-0—@4

®_ Lim
i

1 e s i
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IRt E e MRS RERXER

03 More AGentS
EZERER 02 HEPS Data Agent
FEIREUEE BEMR
01 Dr.Sai BESIIL_, - EEEIER
KRS TS HEI g T
- iﬁéﬂgﬁfl’@fi - FAECER =2l =
- REANBESINEER "
- $E#BOSSTE SE
Open Dr Sai
EREARBOIELE
R AL . B
—  _ ZEgkhEEE
(EREERSTRIERT) PIREIER S

https /[code.ihep.ac.cn/hepai/drsai

https://note.ihep.ac.cn/s/ vSnuf5Uh



https://code.ihep.ac.cn/hepai/drsai
https://note.ihep.ac.cn/s/_vSnuf5Uh
https://code.ihep.ac.cn/hepai/drsai

Open Dr.Sai el H1Z S aeMESRFINF

¢ OpenDrSai ZIFHAEEPE—L (Power by DDF2)

create_agent() -> AssistantAgent:

Dr.Sai

Workspace

Manage your sessions and
plans

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

return AssistantAgent(
name="weather_agent",
model_cllent:mod.el_cllent, . I g el Hub
system_message="You are a helpful assistant.",
reflect_on_tool_use= s
model_client_stream=

asyncio.run(
run_worker|(

agent_name="DeepSeek_R1",

permission="groups: drsai; users: admin, xiongdb@ihep.ac.cn
description = "DeepSeek_R1

version = "©.1.8",

logo="https: iapi.ihep.ac.cn/apiv2/files/file-8572b27d@93

agent_factory=create_agent,

port = 42812,
no_register= 5
enable_openwebui_pipeline=

Hello! How can | assist you today? &

history_mode = "backend",

DeepSeek_R1

https://code.thep.ac.cn/hepai/drsai
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https://code.ihep.ac.cn/hepai/drsai

Open Dr.Sai: £, TH

’@ % %, {%

e

iz
IA

ES
TH

PRHE
TR

B R FRSMYMCPIE
Bl=Z= T Big a3 ge AR

7B
E BB RRIT LIEAMMRN L TXM
50

EEREARES SRR R E UATTIRMF.

%0

SEERE S LN EMERFENIAR—
SN BReFmA a7 P EEERIV

from drsai import AssistantAgent, HepAIChatCompletionClient, StdioServerParams, mcp_server_

tools = []

# Web fetch MCP tools

tools.extend(

await mcp_server_tools(
StdioServerParams(

command=config["uvx"],

args=config["run", "mcp-server-fetch"],

env=None)))

# Self-def tools

pppppp AnL ~adt amatklhAanl as s

REXPDFX A, SHTTHITER,
EiIERFHCRMA S,

HRARFIAE, BrER,

B & HERAIEIEISN
EHICRWKIZER,
RIEBFHHFFERE,

BEPERS TREZ O ATAE,

ElE. BIFEREMF.
E

~a )

~ str:

tyl mon
73 degrees and Sunny."

1 agent who can talk to users about the weather and web
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The Role of Data Agent G 1S

m Utilizing Al intelligent agent technology to process and supply data from HEPS&CSNS.
Data Management L. ® Data for multi-
System (Domas) - objective research
Experimental S ® Update : Knowledge
data «  Proposal Base

_ _ + Experiment
Spectroscopy, Diffraction, . Materials

Scattering, Imaging, etc. . etc.

(@ Task identification

« Reconstruction, Peak finding
« Denoising, Compression

« Segmentation, etc.

(3® Data Recognition
* Format Conversion

+ Execute commands .
> Actuator (Daisy)

@ Automatic processing o
° Execute tools or code C XAFS tOOIS rl:/ficro-Xray cT Segmentation Daerlns:g;:¢=1

« XRD tools " f’(i's.s;
.4,

{ | b@-’c'

O SRR T %‘.{@J

True Label ~ .
® Verification and Storage - PDF tools
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Al Agent for SAXS data 9 S

Experiments and simulations Al dataset construction for Small-Angle X-ray Scattering (SAXS)
data

[ Simulation }{ Experimental } [ Protein structural

—spectrum from PDB spectrum from BSRF information
| ) Integration 4) Prediction I
[ g-intensity data } [ Al model

A

. O Al Task: Predicting protein
2 Construction & Training structural profile

parameters from SAXS

{ Al-Ready dataset }7 data.

O Al-ready Dataset: Protein structural information, PDB: Protein Data Bank

simulated and experimental SAXS intensity data. BSRF: Beijing Synchrotron
Radiation Facility

. A small-scale, end-to-end pipeline has been established.
> Currently, simulations are being expanded to generate a larger dataset for training higher-accuracy
models. 39



Al Agent for Diffraction Data (Simulation) &9

A \V

Building a Cross-Instrument X-ray Diffraction and Neutron Powder Diffraction Simulation Al Dataset.

BT 251 B R TRIPLSOAMICIF S AT TXRDEHL

Visualization: | b
ol zg:g:::x:n:ﬁ Input structure ‘ ‘q

FFEERPbSOARICIFIZIE#ITXRDIE, Zi8Fgsasii_xrd_process_agentfixrd_simulate_gsasii_postIig, THHACIFIZHIE
124 [aifs/user/home/xiongdb/VSpraject/mutil_mcp_toals/files/thread_22578926-f5e3-48ef-873b-
13a8fe7ca3ed/XRD_Neutron_power_diffraction/PbS04-Wyckoff.cif. FHEHLLEESEFIHITRE.

E planner_agent HITHETIRANRIE, IIEH planner_agent EF.

planner_agent&=:

st (2) Thinking and Simulation Pracess

= oe ||
| E5ER | EE5AS | AHER |
| gsasii_xrd_process_agent | {EFIGSAS-IIFIXRDIELITHEERTPDSO4-Wyckoff.cifif{TXRDEREHEHL | |

Neutron ” X-ray
Diffraction

gsasii_xrd_process_agent&s:

Diffraction

ooooo
X-Ray Diffraction Simulation Results

| ltem | Value | 5000

e el 3) Qutput: Simulated.diffraction pattern

13a8fe7ca3ed/XRD_Neutron_power_diffraction/PbSO4_XRD_inst_d1a/PbS04_XRD.gpx |

|data,f\\e \ /aifs/user/home/xiongdb/VSproject/mutil_mcp_tools/files/thread_22578926-f5e3-48ef-873b-
13a8fe7ca3ed/XRD_Neutron_power_diffraction/PbSO4_XRD_inst_d1a/PbS04_XRD_data.csv |

| reflections_file | /aifs/user/home/xiongdb/VSproject/mutil_mcp_tools/files/thread_22578926-f5e3-48ef-873b-

Visualization: Output diffraction spectrum

13a8fe7ca3e4/XRD_Neutron_power_diffraction/PbSO4_XRD_inst_d1a/PbSO4_XRD_refl.csv | D Al-ready Dataset: Crystal Stru Ctu res, S|mU|ated X-

| plot_file | faifs/user/home/xiongdb/VSproject/mutil_mcp_tools/files/thread_22578926-f5e3-48ef-873b-

13a8fe7ca3ed/XRD_Neutron_power_diffraction/PbSO4_XRD_inst_d1a/PbS04_XRD_.png | ray a n d n e utr’o n pOWd e r d iffra Ctio n d ata .

| rrrrr |Nune|

L Simulations for selected crystal structures have been completed.
» Currently collecting lithium-ion battery material-relevant structures to construct the Al-ready dataset for
battery-focused Al tasks.
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Agent for (21 (RAER) PG )

KADBERWIRT, BFERAE. INM+RRZE. FUTE. iClZE. ARSI

IENNEENIRS S

BEAREIKIRIESE R, SEFIRAEES ( DeepSeek-R1 . Qwen2.5) ZERKIAK]

RIS, R R R+ BN R S Rl SRR E, BENLP, AR B

RS EEAINF

BFESES
RBIR 2 SRS

BE BE RS SHEXNGRE RIBFRIZSHT kB SE RpsE || wsoie || HERE || Ses4g | T
HIETMRER BRI SRR DT

2R

W A

R EE MIREE  R=EEIEE

. NE=EYE (DeepSeek-
R1. Qwen2.5. E{& LLM)

715 T2 Ao RAY ERIUTITG

il e

RS EE

AEER YRR HEHE BHIRR | coesmp ammE

HER WERE =18 =8 ] &
RPN BEERfE LIRS HFHHE mEEFSE  ERTE
BE  pEEE HEEE g8 sy i HittsSB =0
EREHR SRS EREEENSS
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IMeg: ChatGPTRATFHEIFIARAEE (2023.03) & « + S

HiZMNH

1. 5488, C8dss, EAMRREE,
2. BiFik, SigE. Bi¥. WaEe., {&EMIE.-- (X BE5[EFNTiR)

E{ER

1. i EWGEIEER, NMATARRIZRES, HEESEERE, EASEMKYE, Hlul: EsCiSaiEs
IRITSELG. LI iENE TS, L EHEEEUE DT,

2. FIAKIERERETGR ZLAIBIERBEIERIN2EBME 4l: ARNXEES, AT
SGAEBENAIUEHTERERS, UPENREERAPromptXiREBIH TR, (FIRELSEXI[RIGEURE
HITEEHR, SRS EHIEESGREIE).

3. 5|SChatGPTERHRIZEIE: it888. Ao ITH. R=duEostrTES.

4. Bl S Eife s, FEELLMPIrhRAI A R Z2 RS MMRZERTEAIMEEE.

5. 3%9M(Out-of-Distribution, OOD)iZz{t, (EHRBIGEAR BEESITINE)IZREH B BEREN D HINZ
wEEH; MMEARI_ LTSS (in-context learning) BEfREEIFIIDIINT M,

6. KIREYRIPromp RIEIIBAIRERA .

BZ LEKIEHE. ARERE. IREIEAIRR L, FREFEREEFHIIERHRATER

QAL
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A hub hosts data, algorithms, computing power, and applications
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SEeA LE B S HepAl C N
Z SR RIAIRE IS hRE| S hitps.//al.thep.ac.cn

s | | [ nzem | [ ezne | BT
© BULEN - i —
El_g f'tigﬁﬂi—l—iﬁbﬁ 7J Eﬁ*ﬁii@i%\ iﬁiﬁ%’i@fi\ ﬁg ‘Ezﬁﬁ [ A | lAIEE Jrl Angﬁll |A1;tsﬁmu] ’
B9, PARF. INERSZW, RENSGEGE. B RS | o e ) (e | || 2
TR — S FL AT SR, ‘ ——
2 REENFES : ARELR D, T8 "3iE-8 N e R
E-EN-HME DR, FMERSSRIAIRFI K. s

6, mEE 5. BTG 4, 1R
« FHINE _
m REANSEY/TH: Bl s0+E8/ TH, | e ] T e e
B FEERAIES] (2024) : 5PFlops (16 kGPU+ 48k
DCU), 200TBL|N7ZRE HepAIRE&ZE44
B TEEEEEE: A, 15r. RIEF10+AIEEES

m THEEESRERIAR . 6+AINZF, O AREE: 8000 A f\
___ & SHUFR: 430004
¢ RER. BERER. el

LIRS, dEX, Cern i

0O HigE: 800A

dE15K, EEEKARI0A+ 14


https://ai.ihep.ac.cn/

Ag

Rl R IEeYIE RIF R IE BBz hFRl=E JIIESS =
1>
Al A pEzCAl Rl Copilot AlFEL AlEE Al Alz4)
aiip
AlfRSS FBR5m APIE MCP Server IR L
1, HiERE 2, HuEabE 3, BHR
MLOps — i AT BB A TE Al Hub
6. TUE 5, P 4, 1 /’l &d\
HAIZS —
1RBYE HiEsE 2tk =R
—%Ey [E2:% HERt A0 L LERS Va5 i
—EEE FuEHes RIFEE pay I
it% HepAl, HF Data Agent Slurm, K8s, Ink, Torch HepAl-DDF, DOMAS
iy
B2 =] =hi& a2 CPU GPU DCU NPU
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ANRRERSS

S UiE2 N HepAl =EREAID T UIEZRHai-DDF

IO I8E
U —ipia): BREEIERE (CPU/GPU/DCU) Fo8EEERLAIEEY,
MFTH, RESUREMATRES.
L HeelEE: BoOBkim+ s ok,
L ZE—HIAPIRZK . BEEAPI-KEYSDIREAIFREIRS =,
AR TE .
¢ IZAEEENER
L XctEiRSS sRRB BB RIS S 1T, IR TCAERI AP AL{R
5,

¢ EEMCP: =8 ERIMY, 1hRZ4+ MCPARSS 2.

O HaiDDF2.0 was lanched in Feb. 2025.

m 50+f=8

B 2P TE
m ZFHMCPTH
B |[n one server
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AI*EEQHE% https://aiapi.ihep.ac.cn P % {%

_ ﬁhssd‘éﬂ;ﬂllﬁ B ETAPIARMZIERIE A

B deepseek-v3, r1

| GPT%EU (40, 5, 01: 03) % from hepai import HepAl

u :Fll:—l-l/%ﬁu client = HepAT(

| CIaUde,zé_\ﬁU base url="https://aiapi. ihep. ac. cn/apiv2”,

B EGEE api_key=os. getenv ("HEPAI_API_KEY”)

B Ritbdeepseek )

u ZIKi'mbOSS COde Worker% response = client. chat. completions. create (
model="hepai/deepseek-r1:671b”,
messages=|

{"role”: "user”, ”content”: "ARIF"}

@ Hepai @ waiooF portal zdzhang@ihep.ac.en (Z) v
1,
2 PN

RS ; p—— stream=True
= ad . aD )
(O LT - gpt- d eel qwen3-235b-a22b
| Rk : 1
for chunk in response:
© o - ao D e if chunk. choices[0]. delta. content:
© BNEE ¥ doubao-embedding-large qwen3-30b-a3b 7 qwg-plus-latest

print (chunk. choices[0]. delta. content, end="", flush=True)


https://aiapi.ihep.ac.cn/

Al FBBRSS

AT EREIRS HaiChatvd (BKZTF)

RIS BIFEHaiAcademic (EEF)

C % gptaihep.ac.cnfui/

< C 2% haichatv3.ihep.ac.cn

88 @D mEmsz @Hhai W wiki o drsai 25 HepAl B YouTube [B] HepAl legacy @ cChatGPT ) Github
= o I &  openai/gpt-4.1 v +

Q|
216

o]

o deepseek-ai/deepseek-v3:671b ¢ BEHE WM
EREEERFRED O ERT

Ol
RES5DPHEP (FSHEEEEURE

deepseek-ai/deepseek-r1:671b ¢ EHE BIE FESE

EBEYEARS ol deepseek-ai/deepseek-r1:32b ¢ ®BHE BiEE REBF
~EiREE: ERERSIESET Ol deepseek-ai/deepseek-rl:7b ¢ WHE HiER RESE
FEEFEEREATER FER ol hepai/deepseek-r:671b ¢ Fibiiif #Hmis FEEE
FHE ol hepai/deepseek-r:32b ¢ iSR! HiElE FEEE
hello

Grammar check
ppHEAART, RAREIUAIEIAZ ,

5 =y . ‘ .

AL S SO, B Give me ideas
KRR R R — for what to do with m

A 008 bomal @ Youube Q #8 [B] Asenformiord. @ AlPlatom [F] EARRTA

Ham

BiHIER

» D mE+EE H o EEN

) B W HAI-Academic

S YEEE: openailgptdo-mini

=

() YMERHAI-Academic

o) MEBptdolER

https://haichatv3.ihep.ac.cn

{#openailgpt-doERAHEPAIT AT EPLUS, T35 Mhtips:/note.ihep.ac.cn/sZHy3cRSDK,
FRRERERE R openailgpt-do’, AREERFHEINEBR

8%

8AE

B v

i fel

Tip: SEntertE3, ShiteEntertRT, ZIFRXGERMIE
8AB,

EigR \
FREEE RALHEE
BliERER PR
FRRAER BERE

FHERE v

EfTRIEAR AR ASN (LEXAEHBERR)

MEx FRx v

i

https://gpta.ihep.ac.cn (KIER)



https://haichatv3.ihep.ac.cn/
https://gpta.ihep.ac.cn/

Al FEBR

\

SIS

[wnn g

NEAETE AR

\
/

Z x4 ®mE HE AE IR M

3 Al&Physics = XIWU: A BASIS FLEXIBI
R ® 1 /15 A A TI3E Ju
g =
FERERERIEETT

X1wu: A BASIS FLEXIBLE AND LEARNABLE LLM FOR HIGH
ENERGY PHYSICS

Zhengde Zhang', Yiyu Zhang', Haodong Yao', Jianwen Luo?, Rui Zhao', Bo Huang', Jiameng Zhao',
Yipu Liao', Ke Li', Lina Zhao!, Jun Cao', Fazhi Qi and Changzheng Yuan'"'

# AskPDF Full Text

Translate Improve writing

ABSTRACT

Large Language Models (LLMs) are undergoing a period of rapid updates and changes, with state-
of-the-art (SOTA) model frequently being replaced. When applying LLMs to a specific scientific
field, it's challenging to acquire unique domain knowledge while keeping the model itself advanced.
To address this challenge, a sophisticated large language model system named as Xiwu has been
developed. allowing you switch between the most advanced foundation models and quickly

model domain knowledge. In this work, we will report on the best practices for applying LLM
field of high-energy physics (HEP), including: a seed fission technology is proposed and some
collection and cleaning tools are developed to quickly obtain domain Al-Ready dataset; a just-in-
leaming system is implemented based on the vector store technology: an on-the-fly finc-tuning system
has been developed to facilitate rapid training under a specified foundation model

The results show that Xiwu can smoothly switch between foundation models such as LLaMA, Vicuna,
ChatGLM and Grok-1. The trained Xiwu model is significantly outperformed the benchmark model
on the HEP knowledge Q&A and code generation. This strategy significantly enhances the potential
for growth of our model's performance, with the hope of surpassing GPT-4 as it evolves with the
development of open-source models. This work provides a customized LLM for the ficld of HEP,
while also offering references for applying LLM to other fields, the corresponding codes are available
on Github hutps://github.com/zhangzhengde0225/Xiwu

@umqu«y)—| — o Answer

XIWU: A BASIS FLEXIBLE AND LEARNABLE LLM FOR
HIGH ENERGY PHYSICS

£ Xiwu: —ERREETFIREEEE S
£

i FFRTIEATREENRETFILLMRS.

FELT WFIR

XIWU: A BASIS FLEXIBLE AND
LEARNABLE LLM FOR HIGH ENERGY
PHYSICS

Zhang, Zhengde

Zhang, Yiyu

{F# Yao, Haodong
Luo, Jianwen

fF# Zhao, Rui
EH8 4

SMI YRS S SR HBO R

BT R EFIBC B HepAl API-KEYSLIY
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B, afHEE200TB

mPABR

BRiZ /aifs/user/home/<username>

iR F Adatasets/modelsEE X 14

PR RPN AT /5

fR&A(quota) BIAES00GB. 30813, H#zHiEN

CVAPRI=EN

BRZ /aifs/public/data

iz 1F1/A FFdatasets/models S X {4

PR LTRBAATE. A5, AHEEEERTE/S
BR#M(quota) BB EH
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s TEARSSER: hai-ecs

B (HHECSHMIRSSEE
SRS S (Elastic Cloud Server, ECS) NREFRMHATEE. oI BN RS
RFRPSSREBITERRNEGE, @ECPU\\ NF. GPURSE, WERIEHIAIENEK

FTERTENER, PSS FRARIIEL,
RHFRPBERTARSSH—HERSENR

%5, BISIFXIAIRRE JiFEIEMfFﬁﬁ%E’J""HjﬂEt

@ AN hai-ecs’ RiGITRRIR

(base) $ hai-ecs
[DEBUG] Response text: {"status":200,"msg":"i5 K he "data":[]1}
Applying Elastic Cloud Server (ECS) job with the Follow1ng configuration:
num_nodes: 1
cpu cores: 8
memory: 6UG
accerlerator_cards: gpu * 1

[DEBUG] Response text: {"status":200,6 "msg":"{EWIE3ZMIH", "data”:{"jobId":2U37,k "jobType": "enode", " jobP|
h":"/aifs/user/home/zhangyiyu/.ink/Jobs/enode-20250717-222152"}}

Job submitted, job_id: ‘2uU37*

[DEBUG] Response text: {"status":200,"msg":"i FRITh","data": [1}

Waiting for the job to be running ... 0.06s.[DEBUG] Response text: {"status":200,"msg":"

: [{"clusterId":"slurm", "jobId":2U37, "jobStartTime" : "2025-07-17722:21:53" “]chtatus"'“RUNNING j
ist":"aigpuﬂﬂl“,"jchubmltTlme":”2925 87-17722:21:53", " jobType": "enode", "ccnnect _sign":"True"}]1}
Job (id='2437') current status: RUNNING

The ECS is ready!
HostName: ai.ihep.ac.cn
User: zhangyiyu
Port: 53307

For more information, please visit: ‘https://ai.ihep.ac.cn/docs®
You can connect to it via: ‘ssh -o UserKnownHostsFile=/dev/null zhangyiyu@ai.ihep.ac.cn -p 53307'

R IEIES
ﬁﬁcEL

@ #ihvSCodeEHE

HBVSCodeEEECS

TEAIHEVSCodeZedE Remote - SSHIEFS, TILASCIIEIEECS,

th IR EE IR - SSH- « ITHSSHEEE 4 , 848 ~/.ssh/config 34F, FRINECSHIEEHEE.
EENT:

Host hepai_ecs
HostName <ECS_IP>
User <username>
Port <ECS_PORT>

= config [
v iGFR(RER/SSH) C: » Users > HUAWEI > ssh > £ config
> Tunnels

v SSH Host hepai_ecs

> [J 3090 HostName ai

[ hepai_ecs

v [J zdzhang_ai_ailogin

FECEiRAE: - hepai_ecs NEEWILAZARSS RS, OJEH - HostName HECSHIIPHEAE, 79
ai.ihep.ac.cn - User AAIEEREFFS - Port RECSHIROS, IWAAAREEIA 22 , FTEM hai-
ecs HSHREL, ARBFHOSAR, SBFHNSER,

FEREECS: -EESANE, EaRnEERs I ssh Tmdlsh, ¥ hepai_ecs , mbiERE, #
NEW, EERT,

E: -ECSHMBRIRSSEE, HIEAMINE T ER, E/NNIRE THRIRRITHVPN:

vpn.ihep.ac.cn,
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FHepAIgIIEil.

H=
r?

RESZ1TRE

RS RESIR

RE3FEE
Gitlab

HEE, RS
ML &
QFRE

"L Zheng-De Zhang

\|/

Multi-Head Attention Module

This computes scaled multi-headed attention for given query ,

key and value vectors.
QK"
Attention(Q, K, V) = softmaz (%) |
seq Vag

In simple terms, it finds keys that matches the query, and
gets the values of those keys.

It uses dot-product of query and key as the indicator of how
matching they are. Before taking the softmax the dot-
products are scaled by % This is done to avoid large dot-
product values causing softmax to give very small gradients
when d}. is large.

Softmax is calculated along the axis of of the sequence (or
time).

e heads is the number of heads.
s d_model is the number of features in the query , key and

value vectors.

Number of features per head
Number of heads

These transform the query| , key and value vectors for multi-
headed attention.

7668 views &

SNz

class MultiHeadAttention(nn.Module

def __init_(self, heads: int, d_model

self.d k = d_model // heads

se1f.heads - heads

s 2 i

dnfenEd

.query = PrepareforMultiHeadAttention(d model, heads, <=1¢.d k, bias-bias
_key = PrepareForMultiHeadAttention d_model. heads
.value - PrepareForMultiHeadAttention(d_model, heads, self.d k., bias-True

XX

v Run the training pipeline

Next, you run the DAG to start the training job by invoking the metl
parameters:

= dataset: The dataset resource to train the model.

» model_display_name: The human readable name for the traine

e training_fraction_split: The percentage of the datasettou

e test_fraction_split: The percentage of the dataset to use fi

s validation fraction_split:The percentage of the dataset to

* budget_milli_node_hours: (optional) Maximum training time :
millihours (1000 = hour).

e disable_early_stopping: If True, the entire budget is used. El
completed before using the entire budget if the service belie
improve on the model objective measurements.

int, dropout_prob: float = 8.1, bias: bool = True

The run method when completed returns the model resource.

The execution of the training pipeline will take upto 60 minutes.

model = dag run(
dataset=dataset,
model_display_name="salads”,
training_fraction_split=0. 8,
validation_fraction_split=0.1,
test_fraction_split=0. 1,
budget_milli_node_hours=20000,
disable_earlv_stopping=False,

f.d_k, bias-bias

6082 views #
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02 AlHiETIE: ARREY, QT EHIRES

B HepAliEH{EER ARYTIRA TEHEERS

KiBSIEEY: DeepSeek, ChatGPT, Xiwu, LLaMA3, Qwen etc
FlS8k44: BOSS, Daisy

AISZEERL: SAM(EI—Y]), PtychoNN(BEREERE).
ParticleNet&ParT(}¥iF55l), PointNet (S55|EE3E)

FAITER: PDFiFHT, PDFERIE, 1830HEE, RIHALRE, etc
Al A3 :
TV A L EERS HaiChat
HARIESCBIFEHaiAcademic (EEF)
1IEXS{EBIFOverleaf Copilot (&)
—uhT VRN EHRCEFE (F32n)
ZoteroB)F. VSCodefXidth2

RKITH: PRAER, Y. iRk, TR, NAFEZRIIRSS, FIIEmAl+
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Local deployment of General-purpose Models &y

&
4

Local deployment of General-purpose Models on GPU, NPU, DCU

Generative Language Models

O DeepSeek-R1-671B.
O DeepSeek-R1-Distill-Qwen-32B
O Qwen3-Coder

Agentic Language Models

O xLAM-2-70b-fc-r
O xLAM-2-32b-fc-r

Embedding & Reranking Models

OO0 BGE-M3
0 BGE-Reranker-V2-M3

—>

!

Specialization

Text generation
Code generation
Dialogue systems
Reasoning tasks

O
O
O
O

O
O

Multi-turn dialogue
Function calling

Text representation,
Information retrieval
Relevance ranking
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Al Activities in IHEP (Since 2022)

2022  2022.09 FE—jE@HmFIx=aEPIEITR
=SBEFrH28=F2HInnovation GroupFProduction Groupfiiz
Q 2022.12 FrtlFr: SOSN8 FIxSeeIE. ¥IIEs 1SHEsFS

-

20234 —

.. 2023.06 SaeFTEESIHIYS (AI4HEP, SKIE(E)
2023.07 At "MOZEI1" : STHFXIRBEIXRNFHIE (Dr.Sai)
2023.08 EeeIB A TE8EFEEHepAl L4,

2023.11 AR FYIHESCIO =, 2024FCPPL

20244 Q

2024.02 SEEFTEATAIASHIKIZN, AIEFEIFES. T
2024.05 SEEFTiIBIAITS (ML&HEP, Z=R})
2024.10 SEEFMR I G{FHEMIL

RREFRHERF I SIEHRLIZ (10.16)
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Enhance Domain Capabilities

BN xiwu(Z1E) : A Basis Flexible and Learnable LLM for High Energy Physics °

O The Brain of Dr.Sai Agent.
O Currently, Xiwu is based on DeepSeek-R1-Distill-Llama-70B, Historically, LLaMA1~3.
O Secondary pre-training and fine-tuning techniques.
O Trained on GPU-A100 previously, now trained on DCU-K100 (Domestic GPU) . 5082
O Significantly better than the base model in HEP Q&A and internal code generation. 5 7285
O New Model: xLAM-2-32b-fc-r, for funcition calling Zu I "
® vser auery Test Results | peepsesk-one e

fT=== ===~ ==(f~~"""~"~-"---~ A S it )
i L bl . .

+ Flexible ) Learnable : B Win [ Tie Lose

1 % Ml Pre-training :
1

: I Switch Foundation Model : 1 ! XiWU'1 3b

: ' RN : vs. Vicuna-13b 49 3

. 1 v

: m : : Just-in-time learning On-the-fly training :

R T R R EE DAL P ' Xiwu-13b
____________ ® vs. ChatGPT-175b m > -
: HEP Text Datasets 1

ﬂ | Data Collection and Cleaning Tools }—-: : 0 20 40 60 80 100

e e e % Win Rate

1 arXiv:2404.08001 https://qgithub.com/zhangzhengde0225/Xiwu 61



https://arxiv.org/abs/2404.08001
https://arxiv.org/abs/2404.08001
https://arxiv.org/abs/2404.08001
https://arxiv.org/abs/2404.08001
https://arxiv.org/abs/2404.08001
https://github.com/zhangzhengde0225/Xiwu

Dr.Sai Single Agent

Based on LLaMA3-8B,
70B, and DeepSeek
Trained on A800 and
domestic DCU

B Vector Store
B BAAI BGE-M3
B |LLaMA Index
B Knowledge Graph

y ™ 4
‘2
4§

Vector Store

Enhanced domain e -
HEP-Xiwu LLM capabiliies R B LightRAG
arXiv:2404.08001 Knowledge Graph
B BOSS Worker B HaiNougat

N ‘ B Daisy Framework B HaiChat
— S| m HEPSCT B Whisper, SAM
e m HEPSPtycho etc B ArXiv, Indico
o [ o B Unified access of e M PO B Domas Framework
HepAl DDF v2.0 models, tools etc Data Flywheel System B Scientifc metadata
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B DrSai@ 5o AmEIEReIIER b
AccGPTEFEIIH, BAMNeERHEuEXIHR

IRITHISEI B A5 .

chATLAS

|
|
|
|
|
|
An Al Assistant for the I
ATLAS Collaboration :

:

|

DANIEL MURNANE, GABRIEL FACINI,
RUNZE LI, DANIELE DEL SANTO & CARY RANDAZZO

b [ FI
m m Yale . LOUISIANA TECH I
i BERKELEY LAB b8 T UNIVERSITY I
|
|
|
Data |
|
ATLAS Group cos |
Twiki  software  E8°Wp Indico  PDFPlots . lira . Papers& I
Docs  Archive  Meetings  VCSMMOSE T codenases T poges
SSSSSSSSS S .
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Model: GPT-3.5 & GPT-4

AccGPT

The Current Vision for Al Assistat
Accelerator Control and Beyond

1o

1H |‘|:T_] =

R U EF MR RIESERE, R

EIEEMR, EELSCerniZHIIChATLAS,

7 FoHAILLME

VR ol

mpensation

1. Hysteresis co

2. Automatic and dynamic beam scheduling
3. Automatic LHC filling

4. Auto-pilots

5. Automatic fault analysis, recovery and prevention
6. Automatic testing and sequencing

7. Automatic parameter optimization

Model: LLaMA-13B

“HiEL” MIESREREE R
£ CREEADSRIEER A Ay, HIEERIEFIRCIIIRILAIR .

SR ob B SR AL4Y I AT
5T E BEIBA : RIEE, KRBT, SAOR, K@

ERRNFIFITIRE, £
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0 b
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3% %

without expert knowledge
analyse CERN collision

EETﬂ\’l Open Data

GPT-3.5 & GPT-4, Plugins 63



Dr.Sai Agent - Knowledge Graph G 1S

BESIII Knowledge Graph Self-reflection based on mapping
O Knowledge Graph (KG-RAG) @ Tell me the infomation about Y (4360)

O Knowledge Extraction (BESIII Schema) -\ :
O Knowledge Mapping (Entity Alignment, & [Incorrect Output] Y(4360) is ..

Relationship Chaining)
O Graph Storage (Neo4j)

O KG-RAG system (lightweight RAG) / Verify
BESIII e
Schema o LT
600 | '

\» Correct

EaEpsel:-ls ‘ Elgt ent:ties [Corrected Output] Y(4360) is ...
triplets & ‘




From Answers to Action G &

High-performance Al Distributed Deployment Framework

Core Features
L Unified Access: Seamless integration of Al models, scientific
tools, vector databases, and knowledge graphs across
heterogeneous resources (CPU/GPU/DCU).
L Smart Scheduling: Automated heartbeat monitoring +
dynamic load balancing.
L] Unified API Gateway : Standardized service interfaces with API-KEY

rnuv\HTjECH

authentication for enhanced security. £ COBPUTION

) Remote Model Invocation : L] Groundbreaking support for remote

server model deployment with seamless local calling experience. O 50+ Models

¢ Adapted MCP: Model Context Protocol, Access to 2600+ MCP O 2 local tools

Server. O N MCP tools

O In one server
OO0 HaiDDF2.0 was lanched in Feb. 2025. 65



Al Agent for Diffraction Data (Simu. & Exper.) & + <3

Constructing a Cross-Instrument X-ray and Neutron Powder Diffraction Experimental and Simulated Al Dataset

- - PWDR PBSO4.XRA Bank 1 (X-ray) - Rwp: 10.84%
€ Example of Rietveld Refinement : ===
X-ray
Diffraction
gsasii_xrd_process_agent&5: ' -
ExM2RBIANEE, BROT: . | U‘ ‘
mumwses ‘ R 11—
! xgqgﬁéi}g (PWDR PBSOA4.XRA Bank 1) : 20 40 60 80 100 120 140 160
Rwp{E: 14.009 (BAR{EREL12%) PWDR PBSO4.CWN Bank 1 (Neutron) - Rwp: 4.21%
2. thF¥(E (PWDR PBSO4.CWN Bank 1) : 2500 — omenes
Rwpfl: 4.715 (AZIEHEEEL)
AIEERIBSH (Phase 1) - *s Neutron
2 R (AR ) BEEN Powder
afl 8.4718 RSB RERTE 1500, Diﬁ-‘raction
bid 5.3932 RighyhaErER
o 6.9538 RiERIEELEE ’
i 31772 As SRR S ‘ “ ‘ ' ' H |
&% EXRER a=p=y=90° H' ” h ” M | Mﬂm &h“ MJ
. |
BERNE: . : f\ U \JU i JW AU W/
s (o) Output: Refined crystal

2. fRHIXRDSER- T EIUETILEE
3. PHEIEECIFE

4, BEHITEMSEHERE RFAUEREET)

TERMINATE

structure, Simulated diffraction

. patterns matching O Al-ready Dataset: Crystal structures (initial & refined),

experimental data Simulated X-ray/neutron powder diffraction patterns,
Experimental X-ray/neutron powder diffraction data.

L Completed refinement for selected crystal structures using combined experimental/simulated data.
» Currently expanding dataset by collecting cross-instrument experimental data (X-ray & neutron) from
battery material samples for Al applications.
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Al Agent for PDF Data (Simu. & Exper.) G S

Construction of a Pair Distribution Function (PDF) Experimental-Simulation Fusion Dataset

€ PDF Refinement Example:

FEFEHIBID 878d02¢0-e521-44dd-aaf3-512d4b61dfa6 PRINIER X-ray PDFEIEHH
KiE (VA) 5300, QBERETHO0, HBiERNE (A) s, BERLrE (A) Hh20
{Eldc801e64bcaba2cf80ee0569db0fadf ik,

@ SCl-DataAgent

THESER 8d02e0-e521-44dd-aaf3-512d4b61dfab...

I£EPDFEULHITISE, 15
A, REEF (Rw) k7.0
{ (delta2) #2.253. £

L PDF refinement for sample datasets;

(3 Output: Saved result paths/links

hitps://aiapi.ihep.ac.cn/apiv2/files/file- iongdbldatasets/dataagent/test_datesets/Ni_pd_test/refined_liam@ihep.ac.cn
18c811695d/preview

IR, AN, ERMRRTAI0A XK, PDF Refinement Results
15 = Experimental
— Fit
RATE — Difference
\apiv2/files/file- ome/xiongdb/datasets/dataagent/test_datesets/Ni_pdf_test/refined_liqm@ihep.ac.cn_
10
Japiv2fiesfile- iongdbdatasets/data sets/Ni_pdf_test/refined_liqm@ihep.ac.cn. 5
=
o
0

hitps://aiapi.ihep.ac.cnlapiv2/files/file- iongdb/datasets/dataagent/test datesets/Ni_pdf test/refined ligm@ihep.ac.cn_
87a4119c20/preview

10 A AN N N e W e Y

25 5.0 75 100 125 15.0 175
r(&)

WAKE

+ [ fReRss

O Al-ready Dataset: Crystal structures, simulated PDF
data, experimental PDF data.

» currently validating refinement accuracy on additional experimental data.

Fig. PDF refinement results
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Al Agent for Experimental Report G 1S

End-to-End Neutron Powder Diffraction Data Processing and Report Generation

e R D
Rongzai D GSAS
|ffract|on Pattern
) User S Software @ _ software [ (7) Pattern
P | * Experimental /Al Model : g Refinement
roposa Events
N y N J Diffpy software
y
4 N
(5) Extract Instrument Parameters PDF Refinement
4 N
> u LLM Summary
Experimental Report
@ Natural N ~/ User Name:
Language § N Experiment Date:
. . . i Sample 1: Chemical Formula: Run

Processing & © Auto-Search Crystal Structure Files (via mp-id) ID:
TaSk [RF nctio gCSIIL‘drnar::)bf; TUWESHI‘JSHWUIJUSWUS',argumenrj:'{"materlal_lds":["mp—l49","mp-lS”]}',name:‘get_matenal_data‘)] Experimental Data:
Decomposmon GSAS Refinement Results:

m PDF Refinement Results:

“ e Space Group:

Qig'saﬂ b 13”“?2?2%“?;‘39i°2§é§§§§§é“332ifm”“éf‘zg““””} Lattice Parameters:

N\ J . J 3D Crystal Structure:

. Developed and validated all functional modules with test case data. Sample2:[.]

» Currently executing full workflow integration using identical samples. 68



AIEBENHER

E*’Q%ﬁi}ﬁ 7218461 Total Memory

m GPU: 1*8EL40 + 1*8-EA800 . “
used (D Used
B DCU: 6*8kK100-Al No Used B No Used @

m NPU: 2*8-<910B

448 Total CPU cores

40 Total DCU cards 16 Total GPU cards

SRAIER
B EHr” DCU hE-REXESaeIBEa Iz
m Al XiEE! (8B 70B) 7£ DCU _FAYZRE(iik: Ba-EDCU

K100-Al #8EM A100 B9 25% 1RFHE 45% S S S A
B Al EEFsCI T AN DeepSeek HHRIAIERE
B deepseek-r1:32b ,0\
m deepseek-r1:671B (FMIAR) .
m 5Ehk DCU i&FESHEERY Particle Transformer, Xiwu, REES AT LS
ParticleNet, ResNet-CMAB, LLaMA SR 002 TR 7
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Al Model for Event-to-spectrum Prediction G S

Hong WANG

“ Event-to-spectrum prediction for neutron powder diffraction event data. Rong DU

O Background: While Rongzai software can process neutron powder diffraction event data into diffraction
spectrum, users face significant latency during data processing. This project develops an event-to-
spectrum prediction Al model for instantaneous online diffraction visualization,

O Al Task:Build a combined simulated/experimental dataset to train a high-speed, high-accuracy event-to-
pattern prediction model.

Input: Event matrix Output: Diffraction spectrum (1600x3)
(8OOX5003) ©.200000 ©.7408277205 ©.0160736282 |

©.200120 ©.7417752586 ©.0160792312
s N 0.200240 ©.7446346461 ©0.0161057941
0.200360 0.7446346461 ©.0161009646
©.200480 ©.7459876517 ©.0161082432

ReSNet: CN N—based reSidual ©.200601 ©.7460396180 ©.0161038773

ﬁ ©.200721 0.7462118914 ©.0160934887

network ©.200842 0.7462927695 ©.0160860534

. . ©.200962 0.7447986617 ©.0160626097

ViT: Vision Transformer

©.201203 0.7417663394 ©.0160180493
J ©.201324 0.7361381946 0.0159632619 |

0.201445 ©.7361381946 ©.0159584750
0.201566 ©.7398845496 ©.0159669841

TR

- J

L Simulated data generation completed; [© Data preprocessing pipeline developed

L Model architectures modified for diffraction physics; [2 Initial training and code validation performed 20
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