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“for the discovery of the connection between 
collective motion and structure of 
the atomic nucleus…”

50 Years since 1975
Strong interactions described by QCD

Many-body interactions
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Nuclear Structure at low energies
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Imaging the nuclear structure in nuclear collisions
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Imaging the nuclear structure in nuclear collisions

208Pb-208Pb

129Xe-129Xe

quadrupole Triaxial Octuple Hexadecapole 
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Imaging the nuclear structure in nuclear collisions

208Pb-208Pb

129Xe-129Xe
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Imaging the nuclear structure in nuclear collisions

Can we build the connection between final state collective motion 
and structure of the atomic nuclei we collided

208Pb-208Pb

129Xe-129Xe
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❖ Shape of the fireball: Anisotropic flow

[H. Niemi et al., PRC 87 (2013) 5, 054901

“Reverse engineering” with collective motion
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❖Size of the fireball: radial flow, [pT]

[G. Giacalone et al., PRC103 (2021) 2, 024909]
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“Reverse engineering” with collective motion
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❖ Shape of the fireball: Anisotropic flow

[H. Niemi et al., PRC 87 (2013) 5, 054901

❖Size of the fireball: radial flow, [pT]

[G. Giacalone et al., PRC103 (2021) 2, 024909]

[pT] ∝ Ei[pT] ∝
1
R

“Reverse engineering” with collective motion

                                                         

                                                                                            

P. Bozek etc, PRC96 (2017) 014904

<latexit sha1_base64="AGhPco6rrOB8tex7KhxyYXW73eQ="></latexit>

ω(v2n, [pT]) =
cov(v2n, [pT])√

var(v2n)
√

var([pT])

❖ Considering vn ∝ εn ,  [pT] ∝ E0

⇢(v2n, [pT]) = ⇢("2n, [E0])
<latexit sha1_base64="qxSrlVUxDiYxPxeCIL9FNDm9mrg="></latexit><latexit sha1_base64="qxSrlVUxDiYxPxeCIL9FNDm9mrg="></latexit><latexit sha1_base64="qxSrlVUxDiYxPxeCIL9FNDm9mrg="></latexit><latexit sha1_base64="qxSrlVUxDiYxPxeCIL9FNDm9mrg="></latexit>

Initial-state model 
estimation

final-state model 
calculation
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Reverse engineering

[pT]
Anisotropic flow

flow &  correlations[pT]
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Heavy nuclei



You Zhou (NBI) @ EPS-HEP 2025, Marseille, France July 7th, 2025 7

Probe structure of 129Xe with simple vn

Prolate
(β2 > 0, γ=0)

Triaxial
(β2 > 0, γ=30°)

Oblate
(β2 > 0, γ=60°)

spheric
(β2 = 0)

❖ Significant v2 enhancements in central Xe-Xe 
collisions, originated from large deformation β2

❖ No difference observed from the results with 
different γ values, no impact of triaxial structure in v2
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• [pT] fluctuations, which reflect the initial size fluctuations, also bring new information on the NS.
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Probe structure of 129Xe with [pT] fluctuations
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❖ Better agreement between ALICE data and calculations with γ = 26.93°

▪ First study of triaxial structure of 129Xe at high energy collisions at the LHC

▪ Similar results confirmed by ATLAS

▪ Evidence of triaxial structure of 129Xe?   B. Bally etc, PRL128 (2022) 8, 082301

9

Probe triaxial structure of 129Xe
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Nuclear Shape Phase Transition

Hadrons
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Nuclear Shape Phase Transition
Nuclear Shape Phase diagram

128Xe — 132Xe

Hadrons
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Phys. Rev. Lett. 133 (2024) 192301

Explore nuclear shape phase transition with 129Xe

γ
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Phys. Rev. Lett. 133 (2024) 192301

Explore nuclear shape phase transition with 129Xe

γ

3-particle pT correlation

�pT =
h�pT,i�pT,j�pT,kih[pT ]i

h�pT,i�pT,ji2
<latexit sha1_base64="Fm5A70l1zXpIW+m6H5BzCVufDCE="></latexit><latexit sha1_base64="Fm5A70l1zXpIW+m6H5BzCVufDCE="></latexit><latexit sha1_base64="Fm5A70l1zXpIW+m6H5BzCVufDCE="></latexit><latexit sha1_base64="Fm5A70l1zXpIW+m6H5BzCVufDCE="></latexit>

Size fluctuation
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Phys. Rev. Lett. 133 (2024) 192301

Explore nuclear shape phase transition with 129Xe

γ
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⇢2 ⌘ cov(v2{2}2, [pT ])p
var(v2{2}2)

p
var([pT ])
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3-particle vn2 — [pT] correlation

Shape-size correlations
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❖One can NOT distinguish triaxial (fixed γ = 30°) and 
γ-soft (fluctuating γ) structures with existing 3-particle 
correlations measurements

11

Phys. Rev. Lett. 133 (2024) 192301

Explore nuclear shape phase transition with 129Xe

γ

3-particle pT correlation
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Shape transition via high-order correlations of vn and pT
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❖ To probe the relation of r1, r2 and r3, we need 3-particle correlations
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❖ To probe the γ fluctuations, we need 6-particle correlations
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Shape transition via high-order correlations of vn and pT

❖ To probe the relation of r1, r2 and r3, we need 3-particle correlations

❖ To probe the γ fluctuations, we need 6-particle correlations

New proposal:

➡The six-particle correlations allow to differentiate triaxial (fixed γ = 30°) 
and γ-soft (fluctuating γ) structures.
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Phys. Rev. Lett. 133 (2024) 192301

(initial state calculations)



You Zhou (NBI) @ EPS-HEP 2025, Marseille, France July 7th, 2025 12

Shape transition via high-order correlations of vn and pT

❖ To probe the relation of r1, r2 and r3, we need 3-particle correlations

❖ To probe the γ fluctuations, we need 6-particle correlations

❖Higher-order vn and pT correlations allows to probe nuclear shape 
phase transition, but their implementations are highly non-trivial!

New proposal:

➡The six-particle correlations allow to differentiate triaxial (fixed γ = 30°) 
and γ-soft (fluctuating γ) structures.
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A Unified Algorithm makes them all possible

Multi-particle azimuthal correlations studies

multi-particle azimuthal correlation:
Generic Framework (2014)
Generic Algorithm (2021)

Current flow studies
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Multi-particle azimuthal correlations studies

multi-particle azimuthal correlation:
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A Unified Algorithm makes them all possible

Multi-particle azimuthal correlations studies

multi-particle azimuthal correlation:
Generic Framework (2014)
Generic Algorithm (2021)

Current flow studies
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st
ud
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smulti-particle pT correlation:

Generic Algorithm (2024)

Current pT correlation studies

NEW vn-pT correlation studies

arXiv:2504.03044, submitted to EPJC
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Exploring nuclear shape phase transition
❖ First ALICE measurement on the multi-particle correlations of vn and pT

ALICE data

Unified algorithm Nuclear Shape Phase Transition ?
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Exploring nuclear shape phase transition
❖ First ALICE measurement on the multi-particle correlations of vn and pT

ALICE data

Unified algorithm Nuclear Shape Phase Transition ?
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Light nuclei
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CGC?

                                  

16O-16O collisions at the LHC in 2025

                                

Data taking last week!
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❖ Predicted significant differences in v2 from 
W-S and α-cluster structures

❖ LHC will allow precision measurements to 
probe the α-cluster structure.

17

X.L. Zhao etc., arXiv:2404.09780

Transport model predictions for 16O-16O
Central Peripheral 
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Imprint of Light Nuclei Structure



You Zhou (NBI) @ EPS-HEP 2025, Marseille, France July 7th, 2025 18

Imprint of Light Nuclei Structure

208Pb-20Ne @ ~68 GeV
208Pb-16O @ ~68 GeV
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Imprint of Light Nuclei Structure

208Pb-20Ne @ ~68 GeV
208Pb-16O @ ~68 GeV

❖ v2{2} ratio (Pb-Ne)/(Pb-O)
• With NLEFT, up to 20% increase in Pb-Ne

• With W-S, down to 10% decrease in Pb-Ne
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AMPT: Z. Lu etc., Phys. Lett. B 868 (2025) 139698
(Published last week)
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Imprint of Light Nuclei Structure

❖ Imprint of Light Nuclei Structure
• Same picture observed in hydro and AMPT models
• Robust signature independent on the system’s evolution

208Pb-20Ne @ ~68 GeV
208Pb-16O @ ~68 GeV

❖ v2{2} ratio (Pb-Ne)/(Pb-O)
• With NLEFT, up to 20% increase in Pb-Ne

• With W-S, down to 10% decrease in Pb-Ne
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AMPT: Z. Lu etc., Phys. Lett. B 868 (2025) 139698
(Published last week)



You Zhou (NBI) @ EPS-HEP 2025, Marseille, France July 7th, 2025 19

❖ Use the LHC as the Nuclear Structure Machine 
•presented in the ESPP update in Europe  
•discussed in Long-Range Plan in US

Long Range Plan in Europe and US
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200+ participants

200+ participants

30 participants

50 participants

30 participants

30 participants

220+ participants

New (or old) research directions

Frankfurt (2025.4) 1100+ participants

Taipei (2025.9)
                           

Fudan (2025.5) 100+ participants
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MC studies: what flow can do and cannot do 

❖  An enhanced v2 and a stronger symmetry plane 
correlation are found for the deformed nuclei

 

ρ4,22 probes <cos 4(Ψ2 - Ψ4) >
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❖  None of the existing flow observable has any 
sensitivity to the triaxial shape.

MC studies: what flow can do and cannot do 

❖  An enhanced v2 and a stronger symmetry plane 
correlation are found for the deformed nuclei

 

ρ4,22 probes <cos 4(Ψ2 - Ψ4) >

 

<latexit sha1_base64="Z1rBlYRJMz2gMJuLBNtD9sWQLtM=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWaKVJdFNy4r2Ae0Q8mkmTY2kwxJRihD/8GNC0Xc+j/u/BvTB6KtBy4czrmXe+8JE8GN9bwvlFtb39jcym8Xdnb39g+Kh0dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0M/Vbj0wbruS9HScsiMlA8ohTYp3U7NYN71V6xZJX9mbAP8RfJiVYoN4rfnb7iqYxk5YKYkzH9xIbZERbTgWbFLqpYQmhIzJgHUcliZkJstm1E3zmlD6OlHYlLZ6pvycyEhszjkPXGRM7NMveVPzP66Q2ugoyLpPUMknni6JUYKvw9HXc55pRK8aOEKq5uxXTIdGEWhdQwYWw8vIqaVbKfrVcvbso1a4XceThBE7hHHy4hBrcQh0aQOEBnuAFXpFCz+gNvc9bc2gxcwx/gD6+ASGXjts=</latexit>

!2

<latexit sha1_base64="2JUb6MKQXYVmayRad+oq8mwmT8E=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLSTrssunFZwT6gHUomzbSxmWRIMkIZ+g9uXCji1v9x59+YaSuo6IELh3Pu5d57woQzbRD6cApr6xubW8Xt0s7u3v5B+fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtOr3K/e0+VZlLcmllCgxiPBYsYwcZKnUFLs2F1WK4gFzUayEcQuX4d1Wo5QVXk133ouWiBClihNSy/D0aSpDEVhnCsdd9DiQkyrAwjnM5Lg1TTBJMpHtO+pQLHVAfZ4to5PLPKCEZS2RIGLtTvExmOtZ7Foe2MsZno314u/uX1UxM1goyJJDVUkOWiKOXQSJi/DkdMUWL4zBJMFLO3QjLBChNjAyrZEL4+hf+TzoXr+a5/U600L1dxFMEJOAXnwAN10ATXoAXagIA78ACewLMjnUfnxXldthac1cwx+AHn7ROFko8g</latexit>

!4


