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HIC:

cal inverse problem

(1) Nuclear Structure (2) Initial Parton Distribution (3) QGP properties and EoS

long-gang pang



Initial condition EoS Bulk Viscosity Shear Viscosity

CLVisc:

1. CCNU-LBNL Viscous Hydro, CCNU = Central China Normal University
2. A 3+1D viscous hydro parallized on GPU using OpenCL

Purpose: Describe the non-equilibrium space-time evolution of hot QCD matter
Feature: 100 times faster than using a single core CPU.

L.G. Pang, Q. Wang and X. N. Wang, PRC 86 (2012) 024911
L.G. Pang, B.W. Xiao, Y. Hatta, X.N.Wang, PRD 2015
L.G. Pang, H.Petersen, XN Wang, PRC97(2018)n0.6,064918
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Dissipation

First order: acausal

shear viscosity bulk viscosity 5 4
— II=—-(0— [u VAH+§H9]
v __ |72 AHAY )\v apf 4 nv g
= O T % Bu AT —~+ 37T
resistance to flow gradients resistance to expansion _Alﬂ_iﬂﬂ_v))\ B AQ,}T;NQV)/\ o Aggé\ﬂﬂy))\j

Expansion rate: ¢ = Vit

v — ox7{p, V) — 9 Apraps
Shear viscous tensor: ot SIVVe T =24 Vaug,

1
s = —A““A”ﬁ(vaug — Vgua),

Vorticity tensor:

AHYeB (AMO:AVﬁ 4 AuﬁAm) AHVACIB

1
Double projection operator: 5
gt

Projection operator: AHY — — ulu?
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Numerical vs Analytical solutions

Riemann Solution Bjorken Solution Viscous Gubser Sol.
1.5 T T T 10 T T T T T
—— Riemann —— CLVisc , L=2, ny/s=0.2, k= —10.0
----- CLVisc 09l 7o =0.6 fm —— Bjorken ] 10 ' ' I R A
10 T, 036GV 14t/ N
0.8¢
nv/s=0.08
o 0.7+
s % S
= 0.6
0.0+ 0.5F
0.4}
05 . . . 0 & 6 -4 -2 0o 2 4 6 8
-10 -5 0 5 10 0.3 L L L 1 L x [fm]
z [fm] 0 2 4 6 8 10 12
T—T0 [fm]
L=2, n/s=0.2, A;=—10.0
Constructing Analytical Solutions: 10 b sl

« Select a specific spacetime metric.

« Make symmetry assumptions: Assume a homogeneous energy
density distribution.

« Obtain the flow velocity: This yields = (1,0, 0, 0) in the chosen
coordinates.

« Transform back to flat spacetime: This results in a non-zero flow

velocity profile. L.G. Pang, H.Petersen, XN Wang, PRC97(2018)n0.6,064918
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Relativistic fluid from different groups

Mean transverse velocity
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7=0.4 fm
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CLVisc for different EoS and /

7=1.9fm

=3.7fm

7=6.7 fm

/ =0 (shear viscosity over entropy density)
Lattice QCD EoS (smooth cross over)

/ =0 (ideal hydro)
First order phase transition

/ =0.08 (viscous hydro)
Lattice QCD EoS (smooth cross over)

/ =0.08
First order phase transition

Nature Comm. 2018, LG. Pang, K.Zhou, N.Su, H.Petersen, H. Stoecker, XN. Wang.
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CLVisc: X X X

LG Pang, Q Wang, XN Wang, PRC 86 (2012) 024911

LG Pang, H Petersen, XN Wang, PRC 97 (2018) 6, CoLBT:
064918

XY Wu, GY Qin, LG Pang, XN Wang,PRC 105 (2022) W Chen, T Luo, SS Cao, LG Pang, XN Wang,
3, 034909 PLB 777 (2018) 86-90
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naturereviews physics https://doi.org/10.1038/542254-024-00798-x

Nature Review Physics (2025)

Perspective ™ Check for updates

Physics-drivenlearning for
inverse problemsin quantum
chromodynamics

Gert Aarts©', Kenji Fukushima ®?, Tetsuo Hatsuda®?, Andreas Ipp®*, Shuzhe Shi®°®, Lingxiao Wang ©°
& Kai Zhou®*®’

Abstract

Sections

Theintegration of deep learning techniques and physics-driven designs | Intreduction
isreforming the way we address inverse problems, in which accurate
physical properties are extracted from complex observations. This is
particularly relevant for quantum chromodynamics (QCD) — the theory
of strong interactions — with itsinherent challenges in interpreting

Physics-driven learning

QCD physics

Conclusions and outlook

Review articles on DL

for nuclear physics

Review Of Modern Physics (2022)

Colloquium: Machine learning in nuclear physics

Morten Hjorth-Jensen, Tanja Horn, Michelle P. Kuchera, Dean Lee, Witold Nazarewicz, Peter Ostroumo
Orginos, Alan Poon, Xin-Nian Wang, Alexander Scheinker, Michael S. Smith, and Long-Gang Pang

Rev. Mod. Phys. 94, 031003 - Published 8 September 2022

Progress in Particle and Nuclear Physics.135 §2024

Contents lists available at ScienceDirect
Progress in Particle and Nuclear Physics

FI.SEVIER journal homepage: www.elsevier.com/locate/ppnp

Review

»

Exploring QCD matter in extreme conditions with Machine Learning &
Kai Zhou*"", Lingxiao Wang "', Long-Gang Pang ‘-, Shuzhe Shi **

A Frankfurt Institute for Advanced Studies (FIAS), D-60438 Frankfurt am Main, Germany

*School of Science and Engineering, The Chinese University of Hong Kong, Shenzhen 518172, China

€ Institute of Particle Physics and Key Laboratory of Quark and Lepton Physics (MOE), Central China Normal
University, Wuhan, 430079, China

9 Department of Physics, Tsinghua University, Beijing 100084, China

Nuclear Science and Techniques (2023) 34:88
https://doi.org/10.1007/541365-023-01233-z

REVIEW ARTICLE

Nucl. Sci. Tech. 34 (2023) 6, 88’

High-energy nuclear physics meets machine learning
Wan-Bing He'?® . Yu-Gang Ma'(® . Long-Gang Pang®® - Hui-Chao Song*® . Kai Zhou*®
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Amber Boehnlein, Markus Diefenthaler, Nobuo Sato, Malachi Schram, Veronique Ziegler, Cristiano Fan

Wanbing

Abstract

Science China Physics, Mechanics & Astronomy
Machine learning in nuclear physics at low and intermediate energies

He," 2* Qingfeng Li,3’4’ Yugang Ma, 2’ Zhongming Niu,5’ﬁ Junchen Pei* 7‘ and Yingxun Zhang™ 9’

long-gang pang

10




Al4Sciencef

5
gl.k
it
j!8
>t
IH
]l
i
e
ifa)
anp>

@& DeeplLearning.Al

THE BATCH

Dear friends,

| think Al agent workflows will drive massive Al progress this year — perhaps even
more than the next generation of foundation models. This is an important trend, and |

urge everyone who works in Al to pay attention to it.

Today, we mostly use LLMs in zero-shot mode, prompting a model to generate final
output token by token without revising its work. This is akin to asking someone to
compose an essay from start to finish, typing straight through with no backspacing
allowed, and expecting a high-quality result. Despite the difficulty, LLMs do amazingly

well at this task!
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NIEE A Agent

#2HAICIZ IKHAICIZ (¥ RAG)

Short-term memory Long-term memory

§ &
=] Calendar() [*— Memory _i@’f_Z_ S i i e b :
|
fEse Calculator() (+—| TH T i —> Reﬂe:tion RE
o CodeInterpreter() [« Tools [«— Agent [ Planning » Self-critics | EIFEHEIT
L Search () [*— E l Mkl —»| Chain of thoughts Bluts
u

BAMOIE SR _more  |le— e e = > Action —»| Subgoal decomposition
2 RME (5536

Lilian Weng, {LLM Powered Autonomous Agents) , 2023568
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GPT-3.5 and GPT-4 performance using zero-shot and agent workflows

® Zero-shot

@ Reflection
Tool Use

&) Planning

@ Multi-Agent

48 93 95 53

O Intervenor

GPT-3.5 O zero-shot () ANPL #?Qfé’:fﬁﬁgem | LDB + Reflexion
Human Eval 40 45 50 55 60 65 70 75 80 85 90 55 100
GPT-4 O zero-shot CodeT () Reflexion
6 7 () MetaGPT () Agent Coder
5 i " ~ Language Agent
Pl TreegSe;Jrch g

Performance of GPT-3.5 and GPT-4 (zero-shot) on HumanEval, along with algorithms that use agent workflows
on top of GPT-3.5 or GPT-4. Thanks to Joaquin Dominguez and John Santerre for help with this analysis.

5 Y RY BE

N F—IRE RN,
AR EFT R,
® GPT-3.5: 4843
® GPT-4: 67 %

Agent RIS|N, FIF
RENESREHTT
BERESEFRER,
{£1§ GPT-3.5 IR5HY
RBREXERTT,
AZEFD—IERE 95 73!
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RAG : Retrieval Augmented Generation ({&ZE1&iR4ERK)

kimi.moonshot.cn
D @

YEHEEXH (2501, 81 100 MB) &% pdf.

dOC\ X]SX\ ppt\ xt. ):|L%-__FF

RAG: query documents

Question

2% RAGSEBRIEE

20245E7H, FE#MAFEE “Al&Physics” 241
FIR WRERENE: KiESREEREE

4Ra0MalSEF Deepseek API, #4% LLM
Agent, EI‘RE. RAG. ERIEZINRE.
TER{E gL

https://www.wolai.com/awgzU3pWM7MfZY 8k
qdZ55b

Large Language Model Agent

LongGang Pang
Central China Normal University

Igpang@ccnu.edu.cn

What is large language model agent?

THE BATCH
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CLVisc Agent: Motivations

FEENEISLEHEMEEER, RFBNSHEEEL.

1. Smarter Configuration

2. Effortless Usability TEREZ TN, iFeERELTF (3. 1B517) .
3. Plug-and-Play Connectivity — &3l "BIKEE" , 5L TEFERTCEITE,
4. Al-Augmented Coding a8 CLVisc ¥IIEESE{EERNR, rIEEdRAE,

5. Autonomous Discovery B AN, iLAgent=iX BERIR AT,

CLVisc Agent for autonomous relativistic hydrodynamics. Q Wang, L-G Pang, S Pu, X-N Wang, in prepare
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How do we develop the CLVisc Agent

Welcome to Kimi Code CLI!

Send /help for help information.

Model: K2.7 Code
e

moonshot@imiCode &~ introduce yourself

(introduce yourself

5

The user is asking me to introduce myself. This is a simple greeting/question that

operations or tool usage. [ should simply respond directl/y in a friendly, concise

Hello! I'm Kimi Code CLI, an Al-powered coding assistant developed by Moonshot AL

Kimi Code CLI [EFf= Al, EfttE =&t Opencode + Deepseek g% Claude + GLM

long-gang pang 18



How do we develop the CLVisc Agent

Project Explorer and Skill Creator Workflow

Step 1 - Scan Step 2 - Compose SKkill Step 3 - Validate
Code ] _— yes
checkout * Scan project EXIShg »/  Run examples
! —
v
Input / Config no @
e
I
I
Output B Generate Skill PRSEN &
yes
SKILL.md
Examples scripts/* - references/* e "o @
=l e
yes
Meta Done
skill !
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LV.1

LV.2

LV.3

CLVisc Skill

LGPang Agent

CLVisc Agent

From Skill to Agent

“BPRED BRI ERIME"

—MRELRIRIERIZ (SOP) + TESE + RlANA, (EEERAAgentiEE I

Skillfg, PIHAEEEIREACLViscER, (FFELTXRELR)

“FRENHFEE”

BEREITTAEEEITRSEINFBRIFIE Y (RigkEkH. WEKW. &

#$otX) , EEASRHIEEER.

‘s ENMIEER”

MUBREEMUEESMENR, BRI ESREESERTAE, HE
YR, NN NFE ZATUHANR, BB EHEEARRKEX,
i & CLVisc FERER, REBEEREAILTXY

= BB

%
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CLVisc Agent Bx{LRITF (1)
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Agent BC & XA N E
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#]: Agent ECEXWIEEMRBEV2ERKIRE

tT/E Bohr-Mottelson )%

b A &
Pa = 9 AH;%(, Qij = Z (3rrire; — redij)

k=1

SERB:
Obs. NLEFT PGCM-c PGCM-u VMC
* Qij: BFUIFITTIRIE ) 0% 038 03 03l
p(e3,darea)  +0.079  +0.117  —0.006 +0.115
, e2{4}/e2{2}  0.76 0.74 0.74 0.69
* Amax! Qij BURAFIEE B) 0.60  0.57 0.61 | 044
o(B2)/(B2) 0.50 0.46 0.45 0.39

e Ro = 1.24Y3 H A =16 corr(B2,62)  0.62 0.61 0.60  0.60
0
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Shift from solving to learning

GPU isn't the silver bullet.
Relativistic hydro + transport model remain the bottleneck
for event-by-event simulations & Bayesian analysis.

Solution:
Generative models — learn the distribution, skip the solver.

long-gang pang
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%0 50 00

' Diffusion |
| Time step t |

Shear viscosity
conditioning
nls

An end-to-end generative diffusion model for heavy-ion collisions

Generative model for HICs

arXiv:2410.13069

Jing-An Sun,’? Li Yan,3 Charles Gale,? and Sangyong Jeon?

Initial density profile € charged particle spectra

X (fm)

5.0 10.0

The predicted noise

"

St =- 1/0{t3():|— i—(,‘ttE

tor. We carried out (2+1)D minimum bias simulations
of Pb-Pb collisions at 5.02 TeV, choosing the shear vis
cosity 717/s to be one of three distinct values: 0.0, 0.1, and
0.2. For each value of n/s, we generate 12,000 pairs ol
initial entropy density profiles and final particle spectra

-

o - N W

L

——

L o

—_——

—_——

V2

pr) 4

V3

Vs d

(6prbpr) 1

v2{2}1

v3{2}1

va {2}

(6préprdpr) |

P2 4

P34

Pa 4

Vz{a}-

vi{4}1

V4{4} 4

nMHC(v2, v2) |

nMHC(v3, v3) |

NMHC(v2, v3) 4

NMHC(v}, v3) |

nMHC(VZ, v$) |

MHC(v2, vZ,v2) |

nMHC(vS, v2) 1

NMHC(v3, v§) | ——e4—

AMHC(v3, v4) |

corresponding to 12,000 simulated events, as the training
dataset. 70% of the total events are used for training and
the rest are used for validation.

Considering that the spectra Sy depend on the initial
entropy density profiles I and the shear viscosity 7/s, we
train a conditional reverse diffusion process p(So|I,n/s
without modifying the forward process.

one single central collision event in just Js on

a GeForce GTX 4090 GPU.
ble precision, as the traditional numerical simulation of

hydrodynamics for one cea Bvet typically takes ap-
proximately 120 minuteq (10 seconds) on a single CPU.
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v" Flow matching generative model for jet-

induced medium response simulations

v' Model: CoLBT(CLVisc + LBT)

> Speed Up: x times

KY Wu, Z Yang, LG Pang, XN Wang, arxiv: 2605.17511
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Outlook:

Generative Agent for Nuclear Physics Studies

( T
Layer 4 Orchestration Layer
< Task decomposition / Multi-Agent scheduling / Human interface / Intent parsing )
7.}
' 3
Layer 3 Agent Layer
Physics Designer
Physics design agent
Scheme design
Parameter scan planning
Pipeline orchestration
Uncertainty budget
.
L)
( R
Layer 2 Pipeline Layer
[ Cross-program ] [ Pipeline DAG ] [ Intermediate result ] [ Data lineage &
data interface mapping engine content-addressed cache fault-tolerant rerun
. )
[
4 =)
Layer 1 SKILL Layer
Initial State
TRENTO
MC-Glauber
IP-Glasma
AMPT
_ _J

Xin-Nian Wang Suggested, developing in IOPP, CCNU
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