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Nuclear Matter at extreme conditions
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相对论流体力学：CLVisc

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)no.6,064918
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Astrophysics with different nuclear EoS

Soft nuclear EoS Stiff nuclear EoSNeutron Star M-R

T Kojo, PD Powell,YF Song,and G Baym, 2015 S. Rosswog et al., Astronomy and Astrophysics 341, 499 (1999).
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Different Nuclear EoS used in CLVisc

Nuclear EoS employed in HIC physics

LG Pang, H Petersen, XN Wang, PRC 2018 
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Large scale simulations of our universe
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Determine nuclear phase transitions

Nature Communications 2018, LG. Pang, K.Zhou, N.Su, H.Petersen, H. Stoecker, XN. Wang. 

����� = �

CLVisc 3+1D relativistic hydrodynamics

DL： 93% Classification Accuracy！
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 CLVisc2.0 For Beam Energy Scan

XY Wu, 秦广友，庞龙刚，王新年,  PRC 105 (2022) 3, 034909

Ø 加入了净重子数守恒方程

Ø 添加了净重子扩散流满足的驰豫方程

Ø 新代码可以描述中低能核碰撞 （BES 能区）
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 CLVisc3.0 开发

Ø 更好的文档和易用性 + LLM Agent 集成

Ø 加入净电荷数守恒方程

Ø 加入净奇异数守恒方程

Ø 更好的描述中低能核碰撞区不同强子产额比

新版本：

Ø 四维状态方程和自洽的输运系数

Ø 加入涨落和关联随时间的演化方程

Ø 研究重子-超子关联

Ø 研究重子数和电荷数输运
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DL Quasi Parton Model for nuclear EoS

 FuPeng Li, HL Lu, LG Pang, GY Qin, PLB 2023
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The learned quasi parton mass

EoS vs Lattice QCD Learned Mass

 FuPeng Li, HL Lu, LG Pang, GY Qin, PLB 2023
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Location of minimum eta/s

Thesis of Valeriya Mykhaylova, 2023
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Extend Quasi Parton Model to finite muB

Training data: Lattice QCD + HRG
PRD 95, 054504 (2017) 
PRL118, 182301 (2017) 
PRD 90, 094503 (2014)

Model: 
Deep learning Quasi Parton Model
Effective theory of strongly coupled QGP and 
nuclear matter at finite baryon density

FuPeng Li, Long-Gang Pang, Guang-You Qin, arxiv: 2501.10012
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Predictions of DL quasi parton model

Entropy density Speed of sound

Next step：4D EoS, �(�, ��) → �(�, ��, ��, ��)
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Jet eloss and medium response 

Jet quenching in hot QGP

Can Being Underwater Protect You From Bullets?



17 long-gang pang Bridging Physical Simulations Of HICs with AI for Scientific Discovery

The nuclear EoS and Mach Cone

Nuclear EoS：c�
2 = ��

��
= sin2 � Shear Viscosity：width of the shock wave
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Difficulties in looking for Mach Cones in HIC

L.M. Satarov, H. Stoecker, I.N. Mishustin,
 PLB 627 (2005) 64-70

• Random production locations and 
propagating directions relative to 
collective flow

• Tilted by different path length and 
collective flow
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Training data: CoLBT(LBT + CLVisc)

LBT: YY He, T Luo, XN Wang, Y Zhu, 
         PRC 91 (2015) 054908, PRC 97 (2018) 1, 
019902
 
CLVisc: 
     LG Pang, Q Wang, XN Wang, PRC 86 (2012) 
024911
     LG Pang, H Petersen, XN Wang, PRC 97 (2018) 
6, 064918
     XY Wu, GY Qin, LG Pang, XN Wang,PRC 105 
(2022) 3, 034909
 

CoLBT: 

W Chen, T Luo, SS Cao, LG Pang, XN Wang, 
PLB 777 (2018) 86-90
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LBT: Linear Boltzmann Transport

YY He, T Luo, XN Wang, Y Zhu,  PRC 91 (2015) 054908, PRC 97 (2018) 1, 019902
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DL assisted jet tomography (gamma-jet)

Z Yang, YY He, W Chen, WY Ke, LG Pang, XN Wang,  EPJC 83 (2023) 7, 652
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DL assisted jet tomography
Th
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Z Yang, YY He, W Chen, WY Ke, LG Pang, XN Wang,  EPJC 83 (2023) 7, 652

Ø Network Prediction

Ø True Locations

Ø Jet hadron correlation for 
seleted events by deep 
learning
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Jet induced sound wave in QGP

我们使用相对论流体力学 CLVisc 和线性玻尔兹曼输运模型 LBT 以
及 CoLBT 预测的扩散尾迹首次在LHC的Pb+Pb碰撞中被CMS实验
观测到！

g-triggered-jet-hadron correlation

扩散尾迹

杨忠, 罗覃, 陈巍, 庞龙刚，王新年, PRL, 130 (2023) , 052301

Ø 扩散尾迹（Diffusion Wake, 
DF）：流体动力学中的普遍现
象，伴随高速物体诱导的马赫尾
迹。

Ø 影响：扩散尾迹导致软强子产额
在喷流方向的后方出现减少
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Determining nuclear deformation

L.-G. Pang, K. Zhou and X.-N. Wang,  arXiv:1906.06429 

��

��

Data: Trento + Matching
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Nucleon nucleon short range correlation

Correlation hole at short range

For all the nuclei using AV18+UIX potential

Nucleon-Nucleon Correlations, Short-Lived 
Excitations, and the Quarks Within
 
Hen, Or, Gerald A. Miller, Eli Piasetzky, and 
Lawrence B. Weinstein. 2017. Reviews of 
Modern Physics 89 (4). 
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Monte Carlo Sampling

We developped a Monte carlo method to sample nucleons in Au nucleus obeying not only the 
single nucleon distribution �(�) but also the two-nucleon distribution �(∆�) 

(a)

Y.J. Huang, Z. Meng, L.G. Pang, X.N. Wang, arXiv:2504.00790
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Failure of traditional observables

Traditional observables for SMASH simulations of Au+Au 3GeV collisions fail to distinguish un-
corr from nn-corr.
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A novel neural network to detect nn correlations

Network structure
Ø Point cloud network
Ø Self attention (used in large 

language models like chatgpt 
and deepseek)

Ø Multi-event mixing

Correlations of latent 
features

where �� is the i-th latent feature
f(...) reprents the 1D convolution 

�(�1 − �1, �2 − �2, ⋯, �� − ��)

Y.J. Huang, Z. Meng, L.G. Pang, X.N. Wang, arXiv:2504.00790
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Classification accuracy

Accuracies
Ø lowest for un-corr vs nn-corr
Ø Decreases: Initial nucleus      Trento      SMASH
Ø Indicating information loss during dynamical evolution
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Interpretation of the ML model

Feature combinations

Ø Different features select 
particles from different 
momentum regions

Ø After selection, the particle 
ratio changes a lot

Ø Feature 0 uses particles at 
forward rapidity

Ø Feature 1 uses particles 
from mid-rapidity and low 
pt

Ø Both selected more pi- 
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Effect of NN Correlation on light nuclei production

 Triton and deuteron yields depend on the spatial separation of nucleon pairs (∆r) in Wigner 
functions. With NN correlation, several observables align with experimental data better.

Q.R.Lin, Y.J. Huang, L.G. Pang, X.F. Luo, X.N. Wang. arxiv:2503.01128
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ArXiv Vector Database

Cornell University 
Open sourced 
arXiv datasets.

Till 2025-Feb.

Nuth-th: 58,834 articles

Nucl-ex: 26,586 articles

Hep-ph: 185,401 
articles

Hep-th: 171,695 
articles

Difficult to get all relavant papers, especially from interdisciplinary fields.
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ArXiv Vector Database and LLM agents

man

king

woman

queen

word vector  sentence vector

We have build and open sourced a 
Vector Database for arxiv papers

https://gitee.com/lgpang/arxiv_vectordb.git

2.666 Million articles (title + abstract)

2.666 million vectors (1024 elements each)

Size on disk: 30 GB

Query using the cosine similarity

Deepseek LLM agents

- relevance score
- read the downloaded pdf
- find future work directions from the discussionSemantic search rather than keyword 

search
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Usage
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Summary

Physical simulations of HICs provide us good opportunity to explore 
rich physics of hot nuclear matter

Ønuclear equation of state
Ønuclear structure
Øtransport coefficients

AI is helpful in extracting subtle features from the final state of HICs

LLM agents may help us more in the future scientifc research 


