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Nuclear EoS

Shriya Soma, Lingxiao Wang, Shuzhe Shi. et al. Phys.Rev.D 107 (2023) 8, 083028
Tsang, C.Y., Tsang, M.B., Lynch, W.G. et al. Nat Astron 8, 328–336 (2024)
Long-Gang Pang, Hannah Petersen, Xin-Nian Wang. Phys. Rev. C 97, 064918(2018)
F. Weber, R. Negreiros, P. Rosenfield Prog.Part.Nucl. Phys.59:94-113,2007

Ø Crucial for understanding the evolution of 
early universe, neutron star and properties 
of QGP

Ø Also constrains many-body nuclear 
interactions and non-perturbative QCD

Ø One of the key physical objectives of heavy-
ion collision experiments



Deep learning 
model

Learning data(≈one hour)Tell me the answer

Learning data(>>one hour)Tell me the answer

For a student

For a DL model
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How: Traditionally vs DL

FPL, Yong-Jia Wang & Ze-Peng Gao, et al. Phys.Rev.C 104 (2021) 3, 034608
Yong-Jia Wang, FPL & Qing-Feng Li, et al. Phys.Lett.B 822,136669(2021)
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Ø The diagonal entries show the fraction of correctly 
classified testing data.

Ø The larger the value on the diagonal, the better the 
network will perform.

The confusion matrix for five-class classification task.

Result

FPL, Yong-Jia Wang & Ze-Peng Gao, et al. Phys.Rev.C 104 (2021) 3, 034608
Yong-Jia Wang, FPL & Qing-Feng Li, et al. Phys.Lett.B 822,136669(2021)
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HRG model: the hot and dense QCD matter is 
considered as non-interaction hadrons.

HotQCD, Phys Rev D 90, 094503 (2014)

• T < 200 MeV: QCD equation of state is well 
described by HRG.

• T > 200 MeV: nuclear matter transitions into 
the QGP phase.

QCD equation of state
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• Absorb the interacting potential into the mass. 
• We construct a weakly interacting quasi-parton-gas model, which is an 

effective theory for strongly coupled QGP.
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A Guide to Feynman Diagrams in the Many-Body Problem(1992), R.D.Mattuck

Quasi-particle method

𝑯 = 𝑻 + 𝑽𝒆𝒇𝒇 =
𝑷𝟐

𝟐𝑴𝒓𝒆𝒂𝒍
+ 𝑽𝒆𝒇𝒇

𝑯 =
𝑷𝟐

𝟐𝑴𝒒𝒖𝒂𝒔𝒊



The framework of DNN!𝝁𝑩 = 𝟎

7/24FPL, Hong-Liang Lü, Long-Gang Pang & Guang-You Qin, Phys.Lett.B 844 (2023), 138088
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ü Using 25-point Gaussian quadrature 
to compute the partition function.

The framework of DNN

FPL, Hong-Liang Lü, Long-Gang Pang & Guang-You Qin, Phys.Lett.B 844 (2023), 138088
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Training objective:
1. The RMSE of the entropy density and trace anomaly between the 

network outputs and lattice QCD calculations.
2. The mass constraints from HTL.

)

The framework of DNN

FPL, Hong-Liang Lü, Long-Gang Pang & Guang-You Qin, Phys.Lett.B 844 (2023), 138088
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Result

FPL, Hong-Liang Lü, Long-Gang Pang & Guang-You Qin, Phys.Lett.B 844 (2023), 138088
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Result: Extended work

Mohammad Yousuf Jamal, FPL, Long-Gang Pang & Guang-You Qin, arXiv:2509.14970
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The framework of DNN: 𝝁𝑩 > 𝟎

FPL, Long-Gang Pang & Guang-You Qin, Phys. Lett. B 868 (2025) 139692

😊

🤔？
💪！
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Training data:

Phys Rev D 95, 054504 (2017) 
Phys Rev Lett 118, 182301 (2017) 
Phys Rev D 90, 094503 (2014)

The training data&result

FPL, Long-Gang Pang & Guang-You Qin, Phys. Lett. B 868 (2025) 139692
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Result

FPL, Long-Gang Pang & Guang-You Qin, Phys. Lett. B 868 (2025) 139692



15/24FPL, Long-Gang Pang & Guang-You Qin, in preparation

The framework of DNN: 4D DLQPM

👍
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Result

prel
imin

ary
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Inverse problems in nuclear physics
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ML/DL

Nuclear
physics

Equation of state

Fragmentation function

Holographic QCD

More and more

Reviews:
Exploring QCD matter in extreme conditions with Machine Learning(2024)
Colloquium: Machine learning in nuclear physics(2022)
Modern Machine Learning and Particle Physics(2021)
Machine learning and the physical sciences (2019)



20/24Si-Wei Dai, FPL, Long-Gang Pang, Xin-Nian Wang, Ben-Wei Zhang & Han-Zhong Zhang, in preparation

DL for Parton Fragmentation Functions
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ary



21/24Ou-Yang Luo, Xun Chen, FPL, Xiao-Hua Li & Kai Zhou, Eur.Phys.J.C 85 (2025) 6, 637

DL for hQCD



22/24FPL, Shi-Jun Mao & Lingxiao Wang, in preparation

DL for QCD in external magnetic fields

prel
imin
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Ø Deep learning methods can be used for inverse problems in NP:

I. Identifying the nuclear equation of state 
• The DL model can assist us in mapping the relationship between final state observables and 

initial nuclear equation of state.

II. Reconstructing the QCD equation of state
• We use three neural networks to represent the quasi-particles masses can well reproduce the 

lattice QCD EoS at zero chemical potential.
• We can calculate the entropy density at finite baryon chemical potentials, which is consisted 

with Lattice QCD result using Taylor expansions.
• The QCD equation of state at finite chemical potential can be used in relativistic 

hydrodynamics simulations to study the QCD matter produced in the BESII region.

III. Reconstructing the parton FFs, the metric of hQCD and ME.

Summary
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Last but not least

for others

for small 𝑥 physics

for Quantum Computing

for nuclear ab-initio calculation

for QCD equation of state

u ML/DL provides us with promising
methods and ideas for studying
physics.

Thank you for your attention!

ML/DLNP


