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Nuclear Matter at extreme conditions

Au speed ~99.99% c Pb speed~99.9999% c
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Astrophysics with different nuclear EoS
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Different Nuclear EoS used in CLVisc
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Large scale simulations of our universe

Figure 28: Small fluctuations in density in the far left box collapse into large structures on the right in this
computer simulation of the universe.

Source: © Courtesy of V. Springel, Max-Planck-Institute for Astrophysics, Germany.
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Determine nuclear phase transitions
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ross entropy loss L2 regularization CLVisc 3+1D relativistic hydrodynamics

DL: 93% Classification Accuracy!

Nature Communications 2018, LG. Pang, K.Zhou, N.Su, H.Petersen, H. Stoecker, XN. Wang.
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CLVisc2.0 For Beam Energy Scan
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quarks, m4(T,03) for strange quark and my(T,63) for
gluons, where 6, 05 and 63 are the parameters in DNN
shown in Fig. 1.

The resulting pressure and energy density are com-
puted using the following statistical formulae,

P(T) =T (%)T, (5)

e(T) = 3;,2 (51115?@))1/, (6)
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The learned quasi parton mass

EoS vs Lattice QCD Learned Mass 77/ S
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Extend Quasi Parton Model to finite muB
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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
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Jet eloss and medium response

\| Run/Event: 151076 / 1328520
Lumi section: 249

Can Being Underwater Protect You From Bullets? CMS | ot ecrde: it 14 105129 2010 GEST

Jet 1, pt: 70.0 GeV

Jet 0, pt: 205.1 GeV

66 [f the bullet is shot from an angle of 30 Degrees, then being underwater in the ] ]
range of 3-5 feet (0.9-1.5 meters) can ensure safety from most guns. Jet q uenchi ng in hot QGP
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The nuclear EoS and Mach Cone

5 0 5 3 0 5
x (fin) x (fm)

R.B.Neufeld. PRC79,054909(09’)

Nuclear EoS: ¢® = — =sin? Shear Viscosity: width of the shock wave

long-gang pang
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Difficulties in looking tfor Mach Cones in HIC

« Random production locations and
propagating directions relative to
collective flow

- Tilted by different path length and
collective flow

L.M. Satarov, H. Stoecker, |.N. Mishustin,
PLB 627 (2005) 64-70
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LBT: Linear Boltzmann Transport

p1dfy =— / dpadpsdps(fifa — fafs) | Mia—s3a|’ (QW)454(Z}9£) + inelastic

Medium-induced gluon(HT):

jet parton

dN, N 2C s,

N . 2 k3 (t — to)
dzd?k | dt 'ﬂ‘k‘i

Tracked partons: particle holes
Jet shower partons R
Thermal recoll partons
Radiated gluons
Negative partons(Back reaction induced by

energy-momentum conservation)

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)
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DL assisted jet tomography
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Jet iInduced sound wave In QGP

g-triggered-jet-hadron correlation CMS Preliminary
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Determining nuclear deformation
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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).

Nucleon nucleon short range correlation

AV18+UIX [ Ry=1.21m —+d —He

FIG. 5. Scaled two-body distribution function p4,(r)/A [see
Eq. (A11)] for nuclei with A = 2, 3, and 4. A correlation hole is
seen for all of these nuclei. The two sets of curves are obtained
with the (left) AV18 + UIX and (right) N?LO potentials. The

long-gang pang
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Monte Carlo Sampling
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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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Fallure of traditional observables
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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

One Event
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Network structure

» Point cloud network

» Self attention (used in large
language models like chatgpt
and deepseek)

» Multi-event mixing

Correlations of latent
features

(1 127 20 __)

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

Y.J. Huang, Z. Meng, L.G. Pang, X.N. Wang, arXiv:2504.00790
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Classification accuracy
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Interpretation of the ML model
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Feature combinations

>

Different features select
particles from different
momentum regions

After selection, the particle
ratio changes a lot

Feature O uses particles at
forward rapidity

Feature 1 uses particles
from mid-rapidity and low

pt

Both selected more pi-
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Effect of NN Correlation on light nuclel production
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Triton and deuteron yields depend on the spatial separation of nucleon pairs (Ar) 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

categories distribution

Cornell University .

condrlqrggz 927615
Open sourced e
X- d p;]hysmrs‘ 330167
arXiv datasets. o o]
quant-ph 157967

stat 153431
gr-qc 111815

L eess 103138
| - e . math-ph 82825
nucl-th 58834
" Pbio 22013
g-bio
nlin 47389

Nuth-th: 58,834 articles
Nucl-ex: 26,586 articles
Hep-ph: 185,401

articles

hep-lat
nucl-ex
g-fin
econ
chao-dyn
g-alg
alg-geom
solv-int
cmp-Ig
dg-ga
patt-sol
adap-org
funct-an
mtrl-th
chem-ph
comp-gas
supr-con

2398
1578
1423
1413
894
732
650
584

262
251
221
175

28827
26586
25680

atom-ph 123
acc-phys 49

Hep-th: 171,695 e 7
articles pevesn e

10° 10! 102 103 104 10° 10°
Number of articles on arXiv till 2025-Feb

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

We have build and open sourced a

king Vector Database for arxiv papers
v queen
Pl L https://gitee.com/Igpang/arxiv_vectordb.git
man-~" /// 2.666 Million articles (title + abstract)
woman
2.666 million vectors (1024 elements each)

Size on disk: 30 GB
Query using the cosine similarity

word vector —— sentence vector Deepseek LLM agents

- relevance score

Semantic search rather than keyword - read the downloaded pdf o
h - find future work directions from the discussion
searc
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what can we learn from relativistic isobar collisions

Usage

JB: Title: Search for the chiral magnetic effect in collisions between two isobars with deformed and

neutron-rich nucls
background and ¢
(CME) in relativisti
did not observe tt
Ruand $$Zr +§
from different nuc
find out that seve
experiment. Cons
demonstrate that
the presence or at
state interactions
CME observables-
the possible small

=8:['2203.1521
PhysRevC.106.03¢

& R BYKZ R ["What are the differences in nuclear structure be igspmss: 1

isobars?", "What experimental results from relativistic isobar collisions (e.g., Rt

IE3Z: Title: Impact of initial fluctuations and nuclear deformations in isobar collisions Abstract:
Relativistic isobar (iﬁngﬂ Ruand 282r+282r) collisions have revealed intricate differences in their nucl
size and shape, inspiring unconventional studies of nuclear structure using relativistic heavy ion
collisions. In this study, we investigate the relative differences in the mean multiplicity (R(th)) and th
second- (sz) and third-order eccentricity (Rﬂ) between isobar collisions using initial state models. It
found that initial fluctuations and nuclear deformations have negligible effects on R,y in most cent
collisions, while both are important for the RE2 and R63 , the degree of which is sensitive to the underl
nucleonic or sub-nucleonic degree of freedom. These features, compared to real data, may probe the
particle production mechanism and the physics underlying nuclear structure. )

{52:['2305.17114', 'Jian-fei Wang, Hao-jie Xu, Fugiang Wang', 'Nucl. Sci. Tech. 35, 108 (2024)', '10.1007
541365-024-01480-8', '2024-07-08']
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1. BRI MERER RN IO EE /A E,
2. REHMAZE: XERYTEMUEHERIUFENES (ERE. FENEEREE) .
3. Biff: APETREMNXERERFINMR, MXEEFEIIX—FH.

reported by the STAR collaboration?", "How do relativistic isobar collisions hel| 81454 :

effect (CME) in quark-gluon plasma studies?", "What are the theoretical predict

differences in Ru+Ru vs. Zr+Zr collisions?",

observables in relativistic heavy-ion collisions?"]
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How does nuclear deformation in isobars influence
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summary

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

»nuclear equation of state
»nuclear structure
»transport coefficients

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

LLM agents may help us more in the future scientifc research
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