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Short-rang correlations (SRC) 

R. Subedi et al. (Hall A. Collaboration), Science 320, 1476 (2008). 



High-momentum tail (HMT) 

O. Hen et al. ( the CLAS Collaboration), Science 346, 614 (2014). 

This kinetic energy is 
different from  SCGF ! 
PRC89, 0440303 (2014), 
A. Rios, A. Polls, W.H. Dickhoff High-momentum tail (HMT) of nucleon distribution 



Depletion of the nuclear Fermi sea 

A. Rios, A. Polls, W.H. Dickhoff, PRC 79, 064308 (2009) 
𝛼 =  

𝜌𝑛 − 𝜌𝑝

𝜌
 



Increase in high-momentum tail 

A. Rios, A. Polls, W.H. Dickhoff, PRC 89, 044303 (2014) 

For different asymmetries, tails look alike  



Modeling SRC in BUU transport 

𝑓(𝑟, 𝑝)𝑡=0: corrected 
𝑈:  corrected 
𝐼𝑐:  did not 

𝐸 = 𝐸𝑘𝑖𝑛 + 𝑈 



Initialization of colliding nuclei 

G.C. Yong, arXiv:  1503.08523 

15% depletion of nuclear Fermi sea 
Stability is not well resolved 
runs at relatively high beam energy 



Random distribution in sphere 

G.C. Yong, arXiv:  1503.08523 

𝑥1, 𝑥2, 𝑥3 𝑎𝑟𝑒 3 𝑟𝑎𝑛𝑑𝑜𝑚 𝑛𝑢𝑚𝑏𝑒𝑟𝑠  

No bound pair state 
No local high density 



Energy correction 

Ground-state nucleus 
energy may be not equal to 
Experimental data, thus 
need correction 
 
Plus or minus from system 
 total energy 
 



Kinetic symmetry energy 

       

Hen, Li, Guo, Weinstein, Piasetzky,  
PRC91, 025803 (2015) 

Carbone, Polls, Rios,  
Europhys. Lett. 97, 22001 (2012) 



Mean-field potential 

Das, et al, PRC67, 034611 (2003); Xu, et al., PRC91, 014611 (2015); G.C. Yong, arXiv:  1504.02528 

       

𝐸𝑠𝑦𝑚𝑘𝑖𝑛=0, 𝐸𝑠𝑦𝑚𝑝𝑜𝑡=30 (at 𝜌0) 

Arianna Carbone et al., 
arXiv:1308.1416 

http://arxiv.org/find/nucl-th/1/au:+Carbone_A/0/1/0/all/0/1
http://arxiv.org/find/nucl-th/1/au:+Carbone_A/0/1/0/all/0/1
http://arxiv.org/abs/1308.1416


Modeling the symmetry energy (Esym) 

G.C. Yong, arXiv:  1504.02528 



Baryon-baryon cross section 

𝑟𝑒𝑑𝑢𝑐𝑒𝑑 𝑖𝑛 𝑚𝑒𝑑𝑖𝑢𝑚 

Reduced masses of colliding baryon pairs 
In medium and free -space 

μNN μ∗NN 

Li, Chen, Phys.Rev.C72:064611,2005 

Li, et al., Nucl.Phys.A735:563-584,2004 

Extended this reduced factor to all 
baryon-baryon scatterings. 

   

   



Pion potential 

   

   

Guo, Yong, Liu, Zuo,  PRC 91, 054616 (2015) 

isoscalar Isovector potential 



Delta resonance potential 

   

   

B.A. Li, Nucl. Phys. A708 
(2002) 365-390 

Guo, Yong, Zuo, preliminary 

𝑈∆ ∶  

𝑈0 ∶  𝑖𝑠𝑜𝑠𝑐𝑎𝑙𝑎𝑟 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 



Effects of isovector potential 

B.A. Li et al, PRC91, 044601 (2015) 

Without SRC 

With SRC 



The length of HMT 

 K. S. Egiyan, et al.,  

Phys. Rev. Lett. 96, 082501 (2006) 

High-momentum tail from SCGF 
We assume a cutoff 



Effects of the length of HMT 

G.C. Yong, arXiv:  1503.08523 

Fit data very well at two beam energies 



Current status of high-density Esym 

Guo, et al., Phys. Lett. B738, 397 (2014) 

Comparison with  
FOPI and FOPI-LAND 
Data. 



Comparison with FOPI pion data 

Rule out x = 0, x = 3 

G.C. Yong, arXiv:  1504.02528 
W. Reisdorf et al. (FOPI Collaboration), Nucl. Phys. A 848, 366 (2010). 



Comparison with FOPI pion data 

Rule out x = 0 

G.C. Yong, arXiv:  1504.02528 



Comparison with FOPI-LAND flow data 

Not sensitive Rule out x = 2 

G.C. Yong, arXiv:  1504.02528 
M. D. Cozma, Y. Leifels, W. Trautmann, Q. Li, P. Russotto, Phys. Rev. C 88, 044912 (2013) 



Comparison with FOPI-LAND flow data 

Rule out x = 3 
G.C. Yong, arXiv:  1504.02528 



Extracted high-density Esym 

Left x = 1 

G.C. Yong, arXiv:  1504.02528 



Using momentum-independent inputs  

G.C. Yong, arXiv:  1504.02528 



Summary 

• SRC has enough evidences 

• SRC plays important role  

• Principal characters of SRC are modeled 

• A mildly soft symmetry energy is extracted 

 

   



More important 

• Is it necessary to embed SRC into the transport 
model ? 

   if yes, 

• How to embed SRC into the semi-classical 
transport model? 

    

  Comments/criticisms/suggestions are welcome! 

                         Thanks ! 
 


