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Nuclear Physics 1n Different Energy Scale
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Various Collision Systems 1n RHIC and LHC

. .. Deformation of 238U
Rich collision systems for :

studing QGP properties in
RHIC and LHC.

Shape fluctuation of 298Pb

Clustering in o
160 and 20Ne  zsA00
o

intersection studies between relativistic heavy-ion collisions and nuclear structure.




Including Nuclear Structure effects at the Initial Stage

Initial Conditions: Normal Nuclei Neutron-Skin Nuclei

P C
Nucleons are sampled from Woods-Saxon distribution: E Em Skin
Po I T

r. 6 — Assumption: Heavy ions
P( T (b) 1+ e(T‘—R(Q@))/ﬂO with small deformation Neutron-Halo Nuclei

P4 core
halo
T

More realistic configurations for precise constrain.



Stages of Relativistic Heavy-Ion Collisions
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Probing Nuclear Deformation
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Probing Nuclear Deformation
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Probing Nuclear Deformation
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Probing Nuclear Deformation
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Probing Radial Structure of Nucle1
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Probing Radial Structure of Nucle1
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Shape Phase Transition in Nuclear Theory

R. F. Casten, et. al. Rev Mod Phys.82.2155
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Shape phase transition: Shape evolution along the isotune/isotope chain.
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and E. A.
McCutchan, J.
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R285 (2007).
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Experimental Evidence for y-soft Structure in 128.130Xe

O
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1(C) A\ Strong sensitivity to

neutron(proton) partner orbits.
Reflect the details of proton and
neutron interaction inside nuclei.
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]
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I8 Y. Sun, et. al.
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Experimental Evidence for y-soft Structure in 128.130Xe
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Reflect the details of proton and
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3-Particle Correlations: p, and I'py

Liquid-drop model
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6-Particle Correlations: Two New Correlators
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208Pbh as a Soft nuclei
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One way towards solving v,-v, puzzle?
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Inproved description of v, {2} ratio by

involving octupole deformation /

shape fluctuation.

Using ultra-central Pb+Pb
collision to perbe dynamical
octupole shape fluc. of 208Pb?

H. Xu, D. Xu, S. Zhao, W. Zhao, F. Wang, H. Song. arXiv: 2504.19644
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One way towards solving v,-v, puzzle?
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One way towards solving v,-v, puzzle?
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Further studies on Nuclear Shape Fluctuation
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Future perspects: Probing nuclear structure in LHCDb
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Future perspects: O+0 v.s. Ne+Ne
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Future perspects: O+0 v.s. Ne+Ne
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Realistic modeling of early-stage dynamics is
essential for better constraining nuclear shape.




Validity of hydrodynamics

FHO_04><1|07|3|1]IIIII]IIIIIIII ‘:““ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
. . < 1.5 -1 -1
= | ptp, (s=13Tev | @ [ VAH (Re ) (Re )
» Including pressure anisotropy & | | B [ e = i mi
+ ® ALICE, 3sub, [n|<0.8 - — parall - parall
i ¢ ® ATLAS,M_, jAn>2, i<25 | - paralll paralll
uv __ U, v o e VA 0.021x | + ATLAS,N,, An>2, Inl<2.5
1 — gu U |+ PLZ < PT*—' i T+ ¢ ® CMS16, ZYAM, |n<2.4

2W J(_'L;ZV) -+ 'ﬂ'jL_V M. McNelis, D. Bazow, [

U. Heinz, Phys.Rev.C °

L) L) 8 i

> For pp collisions: %7 791% 5054912

VAH VH Rac

Theoretical safty i % T A g

1 1 =5 [ p+p, Vs=13Te aralV-Re e

Prediction power ¢ ? S g T Ve |
E paraVI-Reg2

» For O+0O/Ne+Ne collisions?

VAH should be safety.

Validity of VH needs more
investigations.

25
S. Zhao, Y. Peng, U. Heinz, H. Song. arXiv:2509.03841



Summary & Outlook

1. Ultra-relativistic heavy-ion collisions offer a unique window to probe
intricate nuclear shape phenomena—including deformation, neutron skin,
shape phase transitions, shape fluctuations, and further novel features.

2. 0+0 /Ne+Ne collisions, as well as Pb+A collisions makes it possible for
understanding ligh-nuclei structure and collectivity in small collision systems.

3. Further studying of nuclear structure with high-energy nuclear physics
needs more sophisticated model developments and realistic nuclear shape
inputs. Discussions for the validity of current model framework.

Relativistic heavy-ion collisions as a cross-disciplinary tool to
deepen our understanding of collective behavior and fundamental
interactions across different nuclear scales. -
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What may we learn from 129Xe+129Xe collisions?

1. Even-A v.s. odd-A system
Additional valence nucleon (blocking effect)?
A new way for understanding the odd-A nuclei collectivity?

2. ‘measurements’ in high- amd low-energy context
Capture the same physics for dynamical deformation?

3. Model/observable uncertainty for constraing nuclear shape
Include nuclear structure effects regorously.
Different assumption for the nuclear structure probed by different observables.
New observales directly reflecting the initial geometry?

F = —VP(e) Y

e o YA R
0 - )
1 Imaging . e hydro-response - .
SN - I" L, 83 A : -~
S g Sp &
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208Ph as a soft nuclei
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208Ph as a baseline

Nuclear EOS: E, =, +°7? , =— o r siff
+ 50 |
>
2 3 =
0 0 O 2 30 6 39 T == a(p/po)
D
2 3 E 20
— 0 — 0 — 0 3 Soft
= + + + — + X
0 il
0 1 2
P/Po
The symmetry energy is crucial to our understanding of the masses and drip lines of
neutron-rich nuclei and the equation of state (EOS) of nuclear and neutron star matter.
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Viscous Anisotropic Hydrodynamics (VAH)

» Traditional hydro: 7" = Eutu” — (P + I)A* + 71,

» Including pressure anisotropy in TH:

TH = Eutu® |+ Pratz” — PrEr| 4+ 2W ¥ 2) 4 v

» Redecomposition of viscous terms

!
T = (P — Pr)(2a#2" +2) fr aW ) + it

1
II = = (Pr + 2Pr) — Peq Validity of VAH:

3 small residual shear stress
» Anisotropic particle distribution:

., ptpY 2 2
v b ; P, 3
fa(Z,p) = feq (\/ ) 5 W T S e o, — = = RE

A(x)

M. McNelis, D. Bazow, U. Heinz, Phys.Rev.C 97 (2018) 5, 054912
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