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Heavy-Ion Accelerators at Intermediate Energies in 1990 



Nuclear dynamics at intermediate and 
high energies by tranport models 

Projectile 
Target 

? 
Detectors 

Dense and hot 
nuclear matter 

Equation of State Of Nuclear 
Matter E(ρ,T,δ)   ?

 
Liquid-to-Gas transition ? 

 
Transport models ?  



The Discovery of Isotopes: A Complete Compilation  
Michael Thoennessen, Springer, 2016 

Up to the end of 2018�33�6 nuclides have been found Natural nuclides: 
288�Stable: 254, unstable: 34��the others are man made radioactive isotopes �



Projectile @ 200 MeV/u 
Fragmentation + Fission�
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Low Energy 

Fermi Energies: Peripheral 
 

�
Fermi Energies: Central 
Multi-Fragmentation (Fireball at 
high energies) 

1 emitter: CN 



DIC process�
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The master equation 



when x approaches x’�one expands this eq around x’=x, 
up to the 2nd order of (x-x’)�one gets Fokker-Plank eq�
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∂
∂t
P(x, t) = − ∂

∂x
[v(x, t)P(x, t)]+ ∂2

∂x2
[D(x, t),P(x, t)]

v(x, t) : drift coefficient D(x, t) : diffusion coefficient

v(x, t) = 2µ2 (x, t)
∂
∂x
ρ(x, t)+ ρ(x, t) ∂

∂x
µ2 (x, t)]

D(x, t) = µ2 (x, t)ρ(x, t)

µ2 (x, t) = λ(x, x ', t)(x '− x)2
−∞

+∞

∫ dx '

In nuclear reaction ,during time τ ,v(x, t),D(x, t) are const ,
P(x, t = 0) = δ(x − x0 ),

one gets the solution : Gaussian function
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For the average value <x> and its 
mean square deviation σx
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That means the <x> is  proportional to v, and the mean square deviation

 σx
2

 is also proportional to D 



TDHF-->ETDHF, Wong, and Tang, PRL40(1978)1070 



INC, J. Cugnon, NPA251(1981)505 



Psuedoparticle, C.Y. Wong, PRC25(1982)1460 



BUU model 



VUU model 



LV model 



Milestone of Transport models 
(1987) 



QMD J. Aichelin, PR202(1991)233 



Two Kinds of Transport Models 
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Quantum Molecular Dynamics like: solve N-body equation of motion  

Version: QMD, IQMD, ImQMD, LQMD, CoMD, UrQMD , …… 
              AMD, FMD 
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Two body collision: occurs between nucleons !"pi = −
∂H
∂ri
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∂pi

∂
∂t
+
!p
m
⋅∇r −∇rU f̂( ) ⋅∇ p

⎛

⎝
⎜

⎞

⎠
⎟ f̂
!r , !p,t( ) = K f̂( )+δK !r , !p,t( )
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δ(!r − !ri )δ(

!p− !pi )∑

Boltzmann-like: f(r,p,t) one body phase space density 

Version: IBUU04, BLE,…… 

Two-body collision: occurs between test part. 



!"pi = −
∂H
∂ri

,     !"ri =
∂H
∂pi

H =T +UCoul +U2 +U3 +Usym +Usur +UMDI

QMD-like 

wave function 

Hamiltonian  
equations 

two-body collision 

Fermionic nature 
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The N-body phase-space distribution function 
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Pauli blocking 

phase-space density constraint 



Comparisons in 2004 and 2009 



Comparisons in 2014, 2017, and 2019 

submitted to PRC, 2019�
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方程等价和
）序列（著名的

括号是

分子函数，，，定义

是分子相互作用能
是外场
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问题不能解决。含含含但是，
是可逆的。时间变化的方程，时间描述单粒子密度分布随
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Bauer, Bertsch, and Das Gupta,1987 �



Ayik and Gregoire, 1988�



Chomaz,Burgio,and Randrup, 1991�



The differences among  
the Vlasov, BUU and BL models 

A. Ono, J. Randrup, Eur. Phys. J. A 30 (2006) 109 
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The 1st comparision of the fluctuations in the 
transport models, 1992�



Conclusion 1�



Conclusions 2�



Conclusion 3�

General conclusion�



Zhang and Suraud, 1993�



Suraud, Ayik, Belkacem, Zhang, 1994�



Including 
 

Q22, C 22 
and the cross 

term�



Zhang and Suraud, 1995�







BLE with projection method,1996 



Chomaz, Colonna, Randrup, 2004�



Baran,Colonna, Greco, Di Toro, 2005�



BUU including correlated binary collisions with many-body effects  
from Bogoliubov approach B.J. Yang,  PRC36(1987)667 



Lingxiao Ge�Yi-Zhong Zhuo�Non-Relativistic 
extended BUU equation�1989 
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Maria Colonna, 2013�



Xie, Su, Zhu, and Zhang, 2013�



Xie, Su, Zhu, and Zhang, 2013�



Gavin, Moschelli, and Zin, 2013�
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SMF for MNT�



Akira Ono, 2019�
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Code Who did? 

1 BLOB P. Napolitani 

2 SMF P. Napolitani 

3 GiBUU(Sky) J. Weil 

4 GiBUU(RMF) J. Weil 

5 RVUU Taesoo Song 

6 IBUU(04) Jun Xu 

7 IBL Wen-Jie Xie 

8 RBUU Kyungil Kim 

9 pBUU P. Danielewicz 

Code Who did? 

1 TuQMD Dan Cozma 

2 AMD Akira Ono 

3 SINAP-QMD Guo-Qiang Zhang 

4 UrQMD 
(L=1) 

Yong-Jia Wang 

5 UrQMD 
(L=2) 

Yong-Jia Wang 

6 BNU-QMD Jun Su 

7 LQMD Zhao-Qing Feng 

8 IQMD Ch. Hartnack 

9 CoMD M. Papa 

10 ImQMD Ying-Xun Zhang 

11 ImQMD-drdp Ying-Xun Zhang 

12 GXNU-QMD Ning Wang 

MD-like Boltzmann-like 

The 2st comparision of the fluctuations in the 
transport models, 2019�



 
1. Molecular dynamics: N-body approaches 

      QMD, CoMD, 
                          IQMD, ImQMD,… 
  
                           AMD, FMD… 
 
2. Boltzmann-like: 1-body approaches 

       IBUU (BNV, LV)+Fluc, IBL, SMF, BOB… 
  

How to select the same simple input 
quantities: physical, numerical 

Important: Input quantities, Numerical treatments,… 

Applications: Fragmentation, MNT, … 
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BRing: Booster ring 

��:180 m 
�8: 17MeV/u(U34+) 

iLinac: Spectrometer linac 

��:240m 
���: 13Tm 
��/���
  
�TOF��
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SRing: Spectrometer ring 

HIAF in Huizhou �

SRing-A 

SRing-B 

��-���Merging 
        �U92+  

	�-��
� 
�����  

BRing 

Ions� Energy� Intensity�
SECR U34+ 14 keV/u 0.05 pmA 

iLinac U34+ 17 MeV/u 0.028 pmA 

BRing U34+ 0.8 GeV/u ~1.0×1011 ppp 

Provided by Jiansong Wang in RIBLL1 worskhop �



Thank you for your attentions ! 


