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Heavy-ion collisions
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RO

q

N

initial ;

ivi i il final detected
Relativistic Heavy-Ton Collisions par‘t‘lic(;_g.,d?s:ribtﬂons
A S : S L
; 83 - ""'-__ P
> & N n_ .
- Initial energy
» ‘ densalz_ B
Lr s
= —VP(e) 3 2
'
, :
= N(pr Vie
pr (pr) Z“: / -
collision &
overiap zone
final: <o-v,
pre-
. . equilibrium
Anisotropic flow

namics_

viscous hydrodynamics

__ free streaming
collision evolution ’ il

t~0fm/c t~1fm/c T ~ 10 fm/c T ~ 10!% fm/c



Nuclear structure

Stable nuclei: ~300; Predicted: ~8000 Observed: ~3400+ )
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Imaging nuclear structure with HICs
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Nuclear deformation imprint on initial QGP

In liquid drop model,

_ 1 r < R(6, ¢)
nuclear surface: p(r,0,¢) = {0 r> R(6,0)
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HIC experimental observations

O How to explore more detailed structural information:
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New proposed observables in HICs
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Ikeda diagram for light nuclei
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Clusters in 12C
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Clusters in 20Ne

20Ne large deformation

PHYSICAL REVIEW C 110, 034909 (2024)
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Cluster effect on HICs

PHYSICAL REVIEW C 95, 064904 (2017)

Nuclear cluster structure effect on elliptic and triangular flows in heavy-ion collisions Cluster structures
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Light-ion collisions

arXiv: 2509.12399
LHCb: Pb+Ne/Pb+Ar

arXiv: 2509.06428, 2509.05171, 2510.02580
ALICE/ATLAS/CMS: Ne+Ne/O+O
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> Evidence for Bowling-Pin structure of the Ne nucleus.  Just the general shape! More details ?
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C lllStel‘S in ZONe P.Lei, B. Zhou, GLM, PRL 136, 082302 (2026)
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Clusters in 20Ne @

> How to estimate the systematic error of the > How to consider shape mixing ?
theoretical model? All parameters fluctuate
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Symmetric cumulant NSC(n, m) @

Analytical results w/o fluctuation NSC(m, n) = (Emen) — (em)(en)
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v The structure of 20Ne can be determined by the or negative NSC(2, 3) value.

v Correlation strength NSC(2,3) « k=D,/D,
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Symmetric cumulant NSC(n, m)
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v The fluctuations of initial and final state do not affect the sign of NSC(2, 3).

v Shape mixing does not affect the sign of NSC(2, 3).
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Pearson correlation vu-[pr]

Analytical results w/o fluctuation only geometry effect! .
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Pearson correlation vy-[pr]

Analytical results w/o fluctuation
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to the initial fluctuations.
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> The sign of p; changes due to

the final hydro fluctuations.

v Fortunately and finally, the shape of 20Ne can be determined by the sign of p,
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Summary L

* Heavy ion collisions probe nucleon to partonic dynamics
(MeV-TeV), serving as a snapshot of initial-state nuclear
structure.

- HIC observables sensitively detect nuclear-structure imprints,
complementing traditional nuclear studies.

« Future LHC light-ion experiments require joint efforts across
high- and low-energy nuclear physics for new discoveries.




by FUNAKI, Yasuro (7K 5ER)
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2ONe (a-1%0): Brink w.f.
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Ne+Ne vs. Net+Pb
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A novel Monte Carlo method inspired by VEGAS i- I = f f( :c) dr i
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Clusters in 20Ne

20Ne large deformation
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> Evidence of 20Ne with D;, symmtery
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