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T~ 5.5 thousand billion Kelvin 
(350,000 times hotter than sun’s core)
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Large Hadron Collider, CERN, Geneva

Heavy-ion collisions at the LHC

Pb-Pb 2.76 TeV
5.02 TeV
5.36 TeV

Xe-Xe 5.44 TeV
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Heavy-ion collision
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(shortly after the collision)
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Initial state 
(shortly after the collision)

          
          
                                                   

Initial Eccentricity Final state particle 
anisotropic expansions, 
Anisotropic flow

          
          
                                                   

Final state 
(what detector recorded)
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Early Universe is a Fluid

❖  Measurements agree with hydrodynamic predictions
• The Quark-Gluon Plasma (Early Universe) behaves like a fluid

ALICE, Physical Review Letters 116, 132302 (2016)

450+ citations
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Duke:           Nature Phys. 15 (2019) 11, 1113
Jyväskylä:    Phys. Rev. C 104, 054904 (2021)
Trajectum:  Phys. Rev. Lett. 126, 202301 (2021)
JETSCAPE:  Phys. Rev. Lett.126, 242301 (2021) 
IP-Glasma: Phys. Rev. Lett.128, 042301 (2022)

Perfect fluid

                

                

Eur. Phys. J. C 84 (2024) 813
200+ citations
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Imaging power of high energy nuclear collisions
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Probe IC
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Imagine technique

Probe IC

ALICE, Physics Letters B 850, 138477 (2024)
ALICE, JHEP 05 (2023) 243
ALICE, Phys. Rev. C Letters, 107 (2023) 051901
ALICE, Physics Letters B 834, 137393 (2022) 
ALICE, Physics Letters B 818, 136354 (2021)
ALICE, Phys. Rev. C 104, 024903 (2021)
ALICE, Phys. Rev. C 103, 024913 (2021)
ALICE, ALICE-PUBLIC-2021-004 (2021)
ALICE, JHEP 06, 147 (2020)
ALICE, JHEP 05, 085 (2020)
ALICE, Eur. Phys. J. C 80, 846 (2020)
ALICE, Physics Letters B784 (2018) 82
ALICE, Phys. Rev. C 97, 024906 (2018)
ALICE, JHEP07 (2018) 103

Imaging power of high energy nuclear collisions



You Zhou (NBI) @ Svenskt kärnfysikermöte 2024 9

Nuclear structure at high energies
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Nuclear structure at high energies
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Nuclear structure of 129Xe with flow vn

ALICE, Physics Letters B 784 (2018) 82

Physics Letters B 784 (2018) 82

❖ Significant v2 enhancements in central Xe-Xe collisions, originated from large deformation 
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ALICE, PLB784(2018)82

Nuclear structure at low-x physics
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Phys.Lett.B 850 (2024) 138477

Centrality: 0-5%

η-differential

New publication in 2024

❖ For the first time observe the impact of NS over a very wide pseudorapidity range (-3.5 
< η < 5.0)
▪ New input for the low-x physics

Gluon 
saturation
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Nuclear structure of 129Xe with detailed studies

ALICE, submitted to Phys. Lett. B

❖Systematic studies show that the extracted nuclear structure parameters at the LHC (TeV 
energy scale) agree with low-energy nuclear structure study (MeV energy scale).
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❖ Better agreement between LHC 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

Probe triaxial structure of 129Xe

❖Shape of the fireball: Anisotropic flow

❖Size of the fireball: radial flow, 

❖Final state: correlation between  and 

[pT]

vn pT

ρ(v2
n , [pT]) =

cov(v2
n , [pT])

var(v2
n ) var([pT])

P. Bozek etc, PRC96 (2017) 014904
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arXiv:2403.07441, accepted by PRL

γ

❖For the fixed γ and γ-soft, the ρ2 and Γpt are identical

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

Probe γ-soft structure of 129Xe

3-particle [pT] correlation
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3-particle vn2 — [pT] correlation

�pT =
h�pT,i�pT,j�pT,kih[pT ]i

h�pT,i�pT,ji2
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Size fluctuation

Shape-size correlations
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Simple logic
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Simple logic

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

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

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

New probe for the γ-soft structure

❖The six-particle correlations allow to differentiate triaxial 
(fixed γ = 30°) and γ-soft (fluctuating γ) structures.

❖Difference in ρ4,2 can reach 50% in the ultra-central collisions.

❖Opening a new pathway to probe nuclear shape 
phase transition at the ultra-relativistic energies.



You Zhou (NBI) @ Svenskt kärnfysikermöte 2024 18

CGC?

                                  

16O-16O collisions at the LHC in 2025
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Transport model predictions for 16O-16O
arXiv:2404.09780, submitted to Phys. Lett. B

❖ Predicted significant differences in v2 
from W-S and α-cluster structures

❖ LHC will allow precision 
measurements to probe the α-cluster 
structure.
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arXiv: 2110.13153

Hydrodynamic predictions for 16O-16O
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Future light ion runs at the LHC

CERN (11.2024)

A dedicated workshop to discuss the light ion collisions
Existing/Coming 16O-16O runs
New possibilities at the LHC (i.e., 20Ne, 40Ca, 48Ca)

Considering the extended Run 3 to 2026
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Huge impact of 20Ne-20Ne collisions

20Ne-20Ne vs 16O-16O: almost “isobar” runs at the LHC
• LHC: Easy to prepare for the beam (gas), experience from 16O-16O run
• Precise answer on the origin of flow in small systems, with very tiny model uncertainty, 

the 20Ne-20Ne will maximize the scientific output of the 16O-16O run (and vice versa)
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What can we learn from 40Ca & 48Ca

         

❖ Existing Neutron skin study with 208Pb

❖ New opportunity for neutron skin 40Ca and 48Ca
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What can we learn from 40Ca & 48Ca

         

❖ Existing Neutron skin study with 208Pb

Resolve the 
tension between 
PREX and CREX 
(Current puzzle in 

low-energy 
nuclear physics)

❖ New opportunity for neutron skin 40Ca and 48Ca
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Interaction between LE and HE

link

linkBNL (2022.01)

linkGSI (2022.05 & 10)

linkSaclay (2022.09)

INT (2023.2)

NBI (2023.6)
link

CERN (2024.10)

PKU (2024.4) link

https://live-int-uw-edu.pantheonsite.io/programs-and-workshops/23-1a
https://www.bnl.gov/porir2022/
https://indico.gsi.de/event/14430/
https://esnt.cea.fr/Phocea/Page/index.php?id=107
https://indico.cern.ch/event/1043736/
https://indico.ihep.ac.cn/event/20877/
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Paradigm shift research in heavy-ion physics

 

“ for the discovery of the connection between 
collective motion and particle motion in 
atomic nuclei and the development of the theory 
of the structure of the atomic nucleus 
based on this connection”


