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Relativistic Heavy ion collisions and nuclear structure
2

Initial geometry Final observables

Anisotropic flow,    
Flow fluctuations 
HBT,  
....

Woods-Saxon 
distributions 

 ρ(r) =
ρ0

1 + exp[(r − R)/a]

R = R0 [1+β2Y 0
2(θ)+β4Y 0

4(θ)]

Bulk properties of QGP medium: η/s, ζ/s, . . .
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Relativistic isobaric collisions and chiral magnetic effect
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D. Kharzeev,et.al., PPNP88, 1(2016)

Chiral magnetic effect (CME) 

β2

β2

• Same background 
• Different magnetic field => different CME signals

The isobar collisions was proposed to measure the chiral 
magnetic effect. S. Voloshin, PRL105, 172301 (2010) 

Backgrounds are not identical!!!

STAR, PRC105, 014901(2022)



1. The neutron distribution differ from proton distribution: neutron skin
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Nuclear densities for HIC models 
5

Instead of WS densities, we use the  nuclear densities obtained from density functional theory calculations 
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DFT predictions are verified by STAR data
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7

Smaller , larger densityr Larger  and  Nch ⟨pT⟩

Larger , smaller densityr Smaller  and Nch ⟨pT⟩
96
40Zr 96

40Zr

96
44Ru96

44Ru

Multiplicity distribution ratio 

 ratio v2

STAR, PRC105, 014901(2022)

Neutron skin thickness Δrnp ≡ ⟨r2
n⟩ − ⟨r2

p⟩
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Determine the neutron skin type by STAR data
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HJX, et.al., PLB819, 136453 (2021)
Neutron-skin nuclei and neutron-halo nuclei  for Zr

The shapes of the Ru+Ru/Zr+Zr ratios of the  multiplicity and eccentricity in mid-central collisions can further 
distinguish between skin-type and halo-type neutron densities.
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Neutron skin: sensitive probe of symmetry energy
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;     E(ρ, δ) = E0(ρ)+Esym(ρ)δ2 + O(δ4) ρ = ρn + ρp; δ =
ρn − ρp

ρ
;

B. Brown, PRC85, 5296 (2000) 
R. Furnstahl, NPA, 706, 85 (2002) 

X. Roca-Maza, et.al.  PRL106,  252501 
(2011)

Slope parameter :

 96
40Zr : (N − Z )/A = 0.167
96
44Ru : (N − Z )/A = 0.083

 L ≡ L(ρ) = 3ρ [
dEsym(ρ)

dρ ]
ρ=ρ0 saturation density

L(ρc) = 3ρc [
dEsym(ρ)

dρ ]
ρ=ρc=0.11ρ0/0.16

ΔrZr
np ≫ ΔrRu

np

Need small  to lower Eδ Smaller , larger ρn ΔrLarger  
Harder EOS

L

DFT(eSHF):  State-of-the-art DFT calculation using extended 
Skyrme-Hartree-Fock (eSHF) model.  

Z. Zhang, L. Chen, PRC94, 064326(2016)

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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Probing the neutron skin thickness
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• HJX, H. Li, X. Wang, C. Shen, F. Wang, PLB819, 136453 (2021), arXiv:2103.05595 
• HJX, H. Li, Y. Zhou, X. Wang, J. Zhao, L. Chen, F. Wang, PRC105, L014901 (2022), arXiv:2105.04052 
• HJX, W. Zhao, H. Li, Y. Zhou, L. Chen, F. Wang, PRC108, L011902 (2023), arXiv:2111.14812 
• S. Zhao, HJX, Y. Liu, H. Song, PLB840, 137838 (2023), arXiv:2204.02387 
• S. Li, R. Wang, J. Wang, H. Xu, S. Pu, Q. Wang, PRD107, 054004 (2023), arXiv:2210.05106 
• J. Wang, HJX, F. Wang, arXiv:2305.17114 
• Q. Liu, S. Zhao, HJX, H. Song, PRC108, 034912 (2024), arXiv:2311. 01747 (Semi-isobar)

Observables sensitive to neutron skin thickness

More references:
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 Photoproduction of di-electrons in peripheral isobar collisions 
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The centrality determination vary with 
isobar densities, important for the 
differential cross section differences in 
isobar collisions 
 

Centrality:  40-80%
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 More observables
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 Photoproduction of  in ultraperipheral isobar collisions ρ0
12

S. Lin, et.al, in prepare

The effect of nuclear deformation are important for the differential cross section differences in isobar collisions   

UPC
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 Photoproduction of  in ultraperipheral isobar collisions ρ0
13

S. Lin, et.al, in prepare

We offer a simple explanation by introducing the 
effective width of the nuclei in the thickness function.

UPC



Haojie Xu

Nuclear deformation
14

 Sizable  and  ratios in central collisions indicate 
shape difference between isobars
v2 v3

STAR, PRC105, 014901 (2022) 
C. Zhang, J. Jia, PRL128, 022301(2022)

ac2{3} ≡ ⟨⟨ei(2φ1+2φ2−4φ3⟩⟩ = ⟨v2
2 v4 cos 4(Ψ2 − Ψ4)⟩

S. Zhao, HJX, et.al, PLB840, 137838 (2023)



2. The quadrupole deformation and hexadecapole deformation are correlated

15
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 Nuclear deformation
16

H. Masui, B. Mohanty, N. Xu, PLB679, 
440(2009) 
G. Giacalone, PRC99, 024910 (2019) 
G. Giacalone, J. Jia, C. Zhang, PRL127, 
242301(2021) 
J. Jia, PRC105, 014905 (2022) 
B. Bally, et.al, PRL128, 082301(2022) 
H. Mantysaari, et.al, PRL131, 062301(2023) 
……..

S. Voloshin, PRL95, 122301 (2010)
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17
Hexdecapole deformation

βWS
2 ≠ β2
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 Determine the hexadecapole deformation

HJX, J. Zhao, F. Wang, arXiv:2402.16550
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 Summary
19

I.  

II. 

⟨r2
n⟩ ≠ ⟨r2

p⟩

βWS
2 ≠ β2

 clusterαarXiv:2401.15723 -softγ arXiv:2403.07441



Thank you for 
your attention!

Haojie Xu(徐浩洁) 

Huzhou University(湖州师范学院） 


