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I. 相对论重离子碰撞简介
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相对论重离子碰撞
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相对论重离子碰撞的特点

• 极高的能量（RHIC,v=0.99995c）

• 极短的碰撞时间 fm/c~10-23s

• 低重子数密度

• 极高温度（QGP，夸克胶子等离子体）

• 极强的磁场

• 极大的涡旋
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相对论重离子碰撞的观测量

• 粒子产额（统计模型；反物质产生）

• 集体流（各向异性流及其关联；QGP性质）

• 电荷关联（手征磁效应等）

• 高阶矩（QCD相变）

• 电磁探针、重味探针、喷注淬火等等
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相对论重离子碰撞的常用模型

• 相对论流体力学模型

• AMPT模型

• UrQMD模型

• Hijing模型

• 。。。。。



II. 初态几何模型
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参与者与旁观者

Michael L. Miller, Klaus Reygers, Stephen J. Sanders, Peter Steinberg， 
Ann.Rev.Nucl.Part.Sci. 57 (2007) 205-243

Spectator

Participant
• Number of 

binary collisions
• Number of 

participants
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Optical Glauber model

• Thickness function

  ����� = �−∞
∞ ����, ����

• The probability of a nucleon in A interact with a nucleon in B is

������ = ���
�� � ���� ���� + �/2, ������ − �/2, ��

��

• For a given nucleon in A, it interact with a nucleon in B is

����, �; �� = ���
�� ���� − �/2, ��

�
   

A B
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A+B cross section
• The probability of  having n binary collision is

���� = ���
� � ���

� �1 − ��������

• The total cross section  of an interaction between A and B is

�����
���

��� = �
�=1

��

���; �� = 1 − �1 − ������

≈ 1 − �����
�� � ���� ������/�,��������/�,��

A B
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Number of binary collisons 

�������� = �
�=1

��

����; �� = ���
�� � ���� ���� + �/2, ������ − �/2, ��

Number of  participant(wounded nucleons) 

�������� = � ���� ���� + �/2, �� �1 − �1 − ���
�� ���� − �/2, ��

�
�

�

�

+ � ���� ���� − �/2, �� �1 − �1 − ���
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优点：解析公式，不占计算资源

缺点：没有涨落
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涨落
A B
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蒙特卡洛Glauber模型的一些细节

• 如何判断碰撞发生

Step function

Gaussian function

• Recenter(1)
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Eccentricity (Point-like nucleons)

Recenter(2)

�����, ���������

�������,
 ��� = ���������� + �1 − �������/2�



徐浩洁，湖州师范学院

20

Energy (entropy) density

Two-component Glauber 

Color Glass condensate (CGC) 
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Energy (entropy) density

Trento model 



Collision geometry and anisotropic flow

��
��

= ��1 + 2 �� �� cos [��� − Ψ��] �)

STAR, PRC 77, 054901 (2018)
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With the WS densities, we have made very 
successful connections between the final 
flow observable and the initial collision 
geometry. 

Prefect  fluid  - strong coupling  QGP (sQGP) 
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Q vector
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Hydrodynamics and flow
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flow fluctuation & correlations
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flow fluctuation in small system



Effect of deformation

S. Voloshin, PRL105, 172301 (2010)

Large ��

Small ��
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���� =
��

1 + exp[ � − ��1 + ����� + ������
� ]

Au: �� =− 0.131;        U:  �� =
0.28
Knee structure of v2 distributions at 
most-central U+U collisions



From Glauber to Trento
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Prediction with Trento
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W. Broniowski, E. Arriola,  PRL112, 
112501 (2014)

Clustered

�
��� + ��

�����
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Effect of cluster correlations

Unifform

The �-clustered and uniform 12C have very 
different predictions on  v3,  its event-by-event 
fluctuations,  or the correlations of the v2 and v3
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Isobar collisions



CME measured in Au+Au collisions

STAR, arXiv:2106.09243
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H. Xu, et.al,  CPC42, 084103 (2018) 



III. 核结构对手征磁效应测量的影响
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Chiral magnetic effect 

D. Kharzeev, PPNP88, 1(2016)
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QCD Vacuum: 
Fluctuations of 
topological 
charge

Strong magnetic 
field 

��~��
� @���

Chiral magnetic effect (CME) 



Signal and �� background Schlichting, PRC83(2011)
Bzdak, PRC81(2010)
Wang, PRC81(2010)

STAR, PRL103, 251601 (2009)
ALICE, PRL110, 012301 (2013)
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Isobar collisions

R a

Zr 5.02 0.46 0.08/0.217

Ru 5.085 0.46 0.158/0.053

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

W. Deng, X. Huang,  PRC94, 041901(2016)

• Same eccentricities => flow background 
• Different magnetic field => CME signals



DFT densities VS WS densities

H. Xu, et.al,  PRL121, 022301 (2018)
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Instead of  the WS densities, we use the 
densities obtained from the density  
functional theory (DFT) with parameter 
set SLy4. 



Static model: Monte Carlo Glauber model

Monte Carlo Glauber Model

Signal 
Background
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AMPT simulations 

AMPT model
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J. Zhao (STAR), NPA982, 535(2019)

Background dominated 
--- The CME signal, if exist, is very small 
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Multiplicity distributions
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W. Deng, X. Huang,  PRC94, 041901(2016)

H. Li, et.al, PRC98, 054907 (2018) 



徐浩洁，湖州师范学院

43

IV. 通过同量异位素核碰撞测量中子皮
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Neutron skin from antiprotonic atoms



Haojie Xu,  Huzhou University
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Determine the neutron skin type 

Trento Model

• The Nch ratios bends up above 
unity at large Nch because the  
larter neutron skin thickness of 
Zr

• The shapes of the Ru+Ru/Zr+Zr 
ratios of the Nch distributions 
and eccentricity in mid-central 
collisions can further 
distinguish between skin-type 
and halo-type neutron 
densities, both having the same 
skin thickness.

H. Xu, H. Li, X. Wang, C. Shen, F. Wang, 
PLB819, 136453 (2021)  



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

Extended 

���, �� = ����� + ��������� + �����
� = �� + ��;   � = ��−��

�
;   �� ≃ 0.11���� 

����� = 3���
��������

�� �
����

Additional density-dependent two-body forces to effectively simulate the 
momentum-dependent three-body forces

Z. Zhang, PRC94, 064326(2016)



Neutron skin thickness

⟨��⟩ = ���������/��������� Δ��� = �� − ��

Roca-Maza, PRL106, 252501 (2011)
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The four interactions give similar proton rms, but 
the neutron radius increase with ����) 



Heavy ion event generators

• Heavy ion jet interaction generator (Hijing)

• A Multi-Phase Transport model (AMPT) 

– Default (String fragmentation)

– String melting 

• Ultra relativistic Quantum Molecular Dynamics (UrQMD)
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Multiplicity distributions

The effect is  hardly observable in a plot of the ��� distributions themselves. 
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Ratios of ��� distributions 
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• The ratio of ��� distributions highlight the differences but cumbersome to quantify
• To quantify the differences, we use the R observable of  ⟨���⟩ at top 5% centrality.



The R observable
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The particle production in relativistic heavy ion collisions is insensitive to the details of 
the QCD physics, which is in contrast to the hadronic observables in low-energy studies.     

R is a relative measure, much of experimental effects 
cancel:

1. Track inefficiency:  We use only 0-5% central collisions , where 
the tracking efficiency is constant to a good degree

2. Trigger inefficiency:  the trigger inefficiency can be corrected  
in experiment. Even without correction, the uncertainty  is  about 
2 × 10��, negligible small.

Question: The R observable is actually an isospin insensitive 
observable, why it have rather weak model dependence?



初态几何模型

• Glauber model
��
��

∝ � ∝ �1−��
2

����� + ������

�����: number of participant;  �����: number of binary collisions

� = 0.1(default), � = 0.2(extreme)

• Trento model (J. Moreland, et.al, PRC92, 011901(2015) )

��
��

∝ � ∝ ���
�+��

�

2
�

�/�
 ; � = 0 and � = 1.4
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STAR isobar collisions (2018):
• More statistics: 6.3 billion isobar events
• Less systematical uncertainty

Probe the neutron skin thickness 
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The R observable in isobaric collisions at 
ultra-relativistic energies provide a novel 
approach to determine the neutron skin 
thickness to a precision that may 
comparable to or even exceed those 
achieved by traditional low-energy nuclear 
experiments.

4 dynamic models + 2 static models

Low energy 
measurements
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Grazing isobaric collisions
Number of particpnat potons / 
Number of total participants

Net charge number ratios 
between Ru+Ru and Zr+Zr 

We propose a direct measurement of the neutron skin by using net-charge multiplicities in 
ultra-peripheral (grazing) collisions of those isobars.

UrQMD model
Trento model

superimposition 
assumption

H. Xu, H. Li, Y. Zhou,  X. Wang, J. Zhao, L. Chen, F. Wang, 
arXiv:2105.04052 (2021)
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DFT and WS densities H. Xu, H. Li, X. Wang, C. Shen, F. Wang, 
PLB819, 136453 (2021)  

������ = �����
������� = ������
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Effective of nuclei deformation H. Xu, H. Li, X. Wang, C. Shen, F. Wang, 
PLB819, 136453 (2021)  

Giuliano Giacalone, Jiangyong Jia, Vittorio Soma, arXiv:2102.08158
Giuliano Giacalone, Jiangyong Jia, Chunjian Zhang, arXiv: 2105.01638
Jiangyong Jia, Shenli Huang, Chunjiang Zhang, arXiv:2105.05713 
Jiangyong Jia,  arXiv:2106.08768
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V 总结

arXiv: 1910.06170

arXiv: 2103.05595

arXiv: 2105.04052
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V总结

相对论同量异
位素核碰撞是
研究核结构绝
佳平台！



Thank you for your attention!
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