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I. 相对论重离⼦碰撞和核结构 
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Initial geometry Final observables

Anisotropic flow,    
Flow fluctuations 
HBT,  
....

Woods-Saxon 
distributions 

 ρ(r) =
ρ0

1 + exp[(r − R)/a]

R = R0 [1+β2Y0
2(θ)+β4Y0

4(θ)]

Bulk properties of QGP medium: η/s, ζ/s, . . .

相对论重离⼦碰撞

核结构是相对论重离⼦碰撞的初始条件 

相对论重离⼦碰撞的时间尺度很短 fm/c~ s   
碰撞核不影响碰撞产物的演化

10−23

单核⼦密度分布(WS vs DFT) 
• 形变 （G. Giacalone,贾江涌） 
• 中⼦⽪ 
多核⼦关联 (⻢余刚，宋慧超） 

• 集团结构



徐浩洁（湖州师范学院）原⼦核结构与相对论重离⼦碰撞前沿交叉研讨会（⼤连）

5
相对论重离⼦碰撞中的⼏何结构

强耦合QCD物质

STAR Collaboration
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相对论重离⼦碰撞中的⼏何结构

H. Masui, B. Mohanty, N. Xu, PLB679, 440(2009) 
G. Giacalone, PRC99, 024910 (2019) 
L. Pang, et.al, arXiv:1906.06429 
G. Giacalone, J. Jia, C. Zhang, PRL127, 242301(2021) 
J. Jia, PRC105, 014905 (2022) 
J. Jia, PRC105,  014906 (2022) 
J. Jia, PRC105, 044905 (2022) 
B. Bally, et.al, PRL128, 082301(2022) 
H. Mantysaari, et.al, arXiv:2303.04866 
……..

形变核的碰撞构型可以产⽣不同⼤⼩的各向异性流

S. Voloshin, PRL95, 122301 (2010)

https://arxiv.org/abs/1906.06429
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相对论重离⼦碰撞中的⼏何结构

D. Kharzeev,et.al., PPNP88, 1(2016)

J. Zhao,  QM2019

侯德富，⻩旭光，⻢国亮
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相对论同量异位素核碰撞

STAR Collaboration

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

Backgrounds are not identical!!! 
Neutron skin 
Nuclear deformation 
Multi-nucleon correlations?

2 Billion events for each collision system!
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同量异位素核的四级形变和⼋级形变

贾江涌 
张春健 
宋慧超
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II. 通过同量异位素核碰撞研究核对称能 
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CME背景：粒⼦多重数

STAR, PRC105, 014901(2022)

在球形核近似下，RuRu和ZrZr多重数的差异明显！

Verified by STAR data

Multiplicity
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STAR, PRC105, 014901(2022)

在球形核近似下，RuRu和ZrZr在⾮中⼼碰撞仍然存在 的差异！v2

Elliptic flow

Verified by STAR data

CME背景：各向异性流
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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

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. 

中⼦⽪与对称能

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

L

陈列⽂
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中⼦⽪与对称能

B. Li, et.al,  Universe  7, 182 (2021) CREX Collaboration, PRL129, 042501 (2022)

Symmetry energy is transitionally measured by low energy nuclear experiment. Over many decades, the issue 
is still not fully settled; e.g. world average L parameter is about 50 MeV, PREX electroweak measurement 
favors 100 MeV whereas CREX favors 30 MeV.

陈列⽂
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密度泛函理论计算

SHF: Standard Skyrme-Hartree-Fock (SHF) model 
eSHF: Extended SHF model

Extended

Z. Zhang, PRC94, 064326(2016) 
H. Li, HJX, et.al., PRL125, 222301(2020)

Lc20 Lc47 
Lc70 

E(ρ, δ) = E0(ρ) + Esym(ρ)δ2 + O(δ4)

ρ = ρn + ρp; δ =
ρn − ρp

ρ

L(ρc) = 3ρc [
dEsym(ρ)

dρ ]
ρ=ρc

; ρc ≃ 0.11fm−3

陈列⽂
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测量⽅法1: Mean multiplicity ratios

多重数差异敏感于对称能斜率参数L
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中⼦⽪：halo-type 和 skin-type

差异敏感于中⼦⽪的类型，DFT计算给出halo-type中⼦⽪.
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核密度分布：WS和DFT

Woods-Saxon distributions 

 ρ(r) =
ρ0

1 + exp[(r − R)/a]

R = R0 [1+β2Y 0
2(θ)+β4Y 0

4(θ)]

HJX,  et.al, PLB819, 136453 (2021)
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测量⽅法2: Mean  ratiospT
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HJX, et.al., PRC105, L011901 (2022)

The curves are calculated by 
superimposition assumption 

   

where  are the fraction of protons 

among the participant nucleons, obtained by the 
Trento model.

R(ΔQ) =
qRuRu+α /(1 − α)
qZrZr+α /(1 − α)

qRuRu/ZrZr

 is the  ratio in nn to pp interaction: 
 Pytha: ;    Hijing:  ;    UrQMD: ;
α ΔQ

α = − 0.352 α = − 0.389 α = − 0.344

more n+n collisions at 
most peripheral 
collisions; 
Less participant 
charges, thus less final 
net-charges

For the 
colliding nuclei 
with large 
neutron skin 
thickness α = 0

测量⽅法3: net charge ratios



徐浩洁（湖州师范学院）原⼦核结构与相对论重离⼦碰撞前沿交叉研讨会（⼤连）

21
STAR preliminary results
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更多信号

浦实 
杨弛 
赵杰 
赵⽂彬
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III 中⼦⽪和类同量异位素核碰撞 (Semi-isobar, Au+Au & Pb+Pb)

Paper in preparation
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From Huichao’s talk

类同量异位素核碰撞

质量数相似:       
Pb+Pb & Au+Au 

碰撞能量相近： 
Au+Au & U+U (贾江涌） 
Pb+Pb & Xe+Xe (周铀）

Paper in preparation
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Au核中⼦⽪

Au:   fmΔrnp = 0.17

STAR, Sci.Adv.  9, eabq3903 (2023)
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类同量异位素核碰撞 (Semi-isobar)

对于单个碰撞系统，中⼦⽪～0.17 fm更好的拟合实验数据
Q. Liu, HJX, H. Song, paper in preparation
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类同量异位素核碰撞 (Semi-isobar)

类同量异位素核碰撞的⽐可以较好的降低系统误差哦 
固定Au的中⼦⽪～0.17 fm，则相当⼤⼩的Pb的中⼦⽪能更好的拟合实验数据

Q. Liu, HJX, H. Song, paper in preparation
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Au和Pb具有相当⼤⼩的中⼦⽪能更好的拟合实验数据 

期望在相同碰撞能量下的实验数据

类同量异位素核碰撞 (Semi-isobar)

Q. Liu, HJX, H. Song, paper in preparation



徐浩洁（湖州师范学院）原⼦核结构与相对论重离⼦碰撞前沿交叉研讨会（⼤连）

29

 The STAR isobar data indicate thick halo-type 

neutron skin in Zr, consistent with DFT 

calculations 

Precision isobar data can be used to probe the 

neutron skin and symmetry energy 

• Multiplicity distribution ratio; Mean  ratio; 

Net charge ratio; Spectator proton ratio,… 

 Semi-isobar collisions provides an 

unconventional way to determine the neutron 

skin with the existing relativistic heavy ion 

collision data.  

……

pT

总结

G. Giacalone, J. Jia, V. Soma, PRC104, L041903(2022)



Thank you for 
your attention!

Haojie Xu(徐浩洁) 

Huzhou University(湖州师范学院） 


