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A Quasi-Parton Model by Physics Informed
Neural Network

Fu-Peng Li(FDU)@Hengyang
https://github.com/leefp29
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https://github.com/leefp29

Nuclear EoS

» Crucial for understanding the evolution of

early universe, neutron star and properties
of QGP

» Also constrains
and non-perturbative QCD

» One of the key physical objectives of heavy-
ion collision experiments
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How: Traditionally vs DL / \

‘ Tell me the answer

For a student

Learning data(>>one hour)
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Result

The confusion matrix for five-class classification task.

Particle 64 128 Flattened=6400 FC=128  Outputlayer ~ Output
Spectra features features
20*40 pixels 20*40 10*20
EOSO
EOS1
EOS2
EOS3
EOS4
[
5*5 conv,64 5%5 conv,128

Dropout(0.1), BN,
LeakyReLU, avgpool

Dropout(0.1),
LeakyReLU, avgpool

Dropout(0.1),
LeakyReLU, softmax

Skl1

Protons, True labels

Skz4

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)

Protons, Predicted labels

» The diagonal entries show the fraction of correctly
classified testing data.

» The larger the value on the diagonal, the better the
network will perform.
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QCD equation of state

o r T

16 [ -
non-int. limit
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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.
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Quasi-particle method
—e 4—{?;0 g

real Par“’ic'e

real herse quas horse

quasi particles of this panic':ular s'ystem. Many different types of systems of
interacting particles may be described in this manner, and in general we have

‘coat’ or ‘cloud’” _
of other particles

Sometimes this same equation is stated in a more powerful terminology
coming from quantum field theory:

real particle + quasi particle. ©.1)

‘dressed’ or ‘clothed’

‘bare’ particle + ;‘;‘?:;: :g: ?:e;;;lz:;?zle'do'rpanic]e 0.2)
PZ
* Absorb the interacting potential into the mass. H=T+ Vs = ot Vess
« We construct a weakly interacting quasi-parton-gas model, which is an , real
effective theory for strongly coupled QGP. H = P
2quuasi
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A Guide to Feynman Diagrams in the Many-Body Problem(1992), R.D.Mattuck



The framework of DNN: uz; =0
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FPL, Hong-Liang L4, Long-Gang Pang & Guang-You Qin, Phys.Lett.B 844 (2023), 138088



The framework of DNN

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



The framework of DNN
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Result

[ — Neural network
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HotQCD
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Bottom 2S: 2Eg =T

Result: Extended work

Bottom 1S: 2Eg =T
10 . ; 10 -
/ [ —— 2Ep
/ ! == T
DLQPM (data-driven): st B
g g i
» Train ResNet on lattice-QCD EoS (s, € — 3p) o : S o i
. < / -] 1
in T/T. €[1,3]. o i RN |
] / = 1
» Outputs quasi-parton masses mg(T), mg(T). T 2
=== F ’,’g g :
» |nfer as( T) via thermal-mass relations; then PO T T 00 2 a0 2 300 P00 125 150 175 200 225 250 275 3.00
T/T, T/T¢
mD( T) - T\/47ras( T) (% —|— %) . T(1S): width criterion. T(2S): width criterion.
Method / Reference Dissociation Temperatures Ty (in units of T¢)
Radial Schrodinger (S-wave): 15) | 9) | /v | ve9)
This work: (2Ep =T) 1.99 1.29 1.30 <1.00
1 d2  0(0+1 This work: (Ep = 3T) 1.38 1.10 1.13 <1.00
[ YT % + Re V(r, T)] Vo= En(T)n, p=7 Mocsy and Petreczky [31] || 2.00 1.20 1.20 <1.00
paar e Digal et al. [41] 2.31 1.10 1.10 <1.00
. ) .\ Satz [42] >4.00 1.60 2.10 1.12
Thermal width (first-order perturbation): Blasehke ot al. (4] T o e ~100
- Rethika et al. [44] 0.77 0.82 1.47 1.62
(T = _/ 4 r? |7,/)n(f)|2 Im V(r, T)dr. Meng et al. [45] 5.81 1.56 2.06 1.13
0 Jamal et al. [33] 2.96 1.47 1.52 <1.00
Agotiya et al. [46] 2.60 2.10 1.90 1.70

TABLE I: Comparison of the dissociation temperatures Ty for selected quarkonium states. The first two rows show

the results of this work using the thermal width criterion (2Ep =T") and the lower bound criterion (Eg = 3T). The

lower rows present representative theoretical predictions from the literature [31, 33, 41-46]. All temperatures are in
units of the QCD critical temperature 7.

11/24

Mohammad Yousuf Jamal, FPL, Long-Gang Pang & Guang-You Qin, arXiv:2509.14970



The framework of DNN: uz > 0

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



The training data&result
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Result
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The framework of DNN: 4D DLQPM
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FPL, Long-Gang Pang & Guang-You Qin, in preparation



Result
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Result
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Result
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FPL, Long-Gang Pang & Guang-You Qin, in preparation



Inverse problems in nuclear physics

ML/DL

<F

Nuclear
physics

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)

Equation of state

Fragmentation function

Holographic QCD

> More and more
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DL for Parton Fragmentation Functions

Framework of the neural networks

Fitting hadron spectra in pp collisions

!

Fragmentation functions
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Si-Wei Dai, FPL, Long-Gang Pang, Xin-Nian Wang, Ben-Wei Zhang & Han-Zhong Zhang, in preparation
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DL for hQCD
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Fig. 4 a Comparison of lattice QCD results [108] with MLP performance on the training dataset, illustrating the relationship between L and E at
vanishing temperature and chemical potential. b Reconstruction of the function w (r) from MLP, with g set to 0.176
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DL for QCD in external magnetic fields
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Summary
» 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.

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.

the parton FFs, the metric of hQCD and ME.
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Last but not least

€ ML/DL provides us with promising
methods and ideas for studying

physics. / ——— :
‘for nuclear ab-initio calculation

/
‘for QCD equation of state
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Thank you for your attention!
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