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Background
● Heavy-Ion Coll ision

● Different stages in a heavy-ion collision

Due to the longer relaxation time of heavy quarks (HQ) compared to light quarks in QGP, 
HQ are good probes for the strongly interacting system.



Langevin  equa t ion  for  heavy  quark

      A Brownian motion with uncorrelated momentum kicks has been a well-accepted 
description of the dynamics of the HQ. 

● The non-relativistic Langevin equation for HQ:

● Momentum diffusion coefficient         obtained from the mean squared momentum transfer 
per unit t ime. 

drag coefficient       , stochastic force          ,  correlation coefficient  



The aniso t ropic  momentum coeff ic ien ts

By using the properties of delta function to perform the integration in momentum space, we 
simplify as

C donates charm quark and we fix its mass at 1.3 GeV. 
q and g respectively correspond to quark and gluon

by concise Writing Style



T he  t w o  body  e l a s t i c  s c a t t e r i ng  a m p l i t ude  

The lowest-order Feynman diagrams : only the t-channel is considered in matrix element 
calculations.

● According to Feynman rules:



S om e  m e t hods  f o r  non - pe r t u r ba t i ve  e f f e c t s  

● Cornell type HQ potential         [1]  W. Xing,  G.  Qin,  and S.  Cao,  Phys.  Let t .  B 838,  137733(2023).

● T-matrix                                [2]M. Djordjevic,  Phys.  Rev.  Lett .  112,  042302 (2014)

• CMS,arXiv:1708.03497

• CMS,arXiv:1708.04962

• ALICE,arXiv:1707.01005

• ALICE,arXiv:1804.09083

Results of Cornell type potential [1] 



Gribov-Zwanziger prescr ipt ion  in  scat ter ing  matr ix

● Gluon propagator in Gribov-Zwanziger (GZ) prescription :

● The partition function in Gribov prescription [3] :

● The gap equation for the Gribov parameter �G  :

●  

• Matsubara frequencies sum

• Renormalization scheme 

[3] N. Vandersickel, D. Zwanziger,  Phys. Rep. 520 (2012) 175–251,



The va lue  of  Gr ibov parameter

● The value of Gribov parameter       is extracted by solving the Gap equation:

            Numerical results of        :

the one-loop perturbation running coupling:

The scale Gribov parameter  decreases with temperature. 



O t he r  m e t hods  f o r  f i xe d  pa r a m e t e r s

By matching the thermodynamics of the medium with the pure gauge lattice data [4]

[4] A. Jaiswal and N. Haque, Phys. Lett. B 811, 135936 (2020).

vs

Our result



Non-per turba t ion  e ffec t  o f  the  Gr ibov  p lasma modi f ica t ion  

  In order to investigate the non-perturbation effect of the Gribov plasma modification, the 
gluon propagator modulus in the scattering matix above is replaced by GZ propagater modulus.

In order to compare the results of leading order (LO) :

replaced by

replaced by

Debye screened mass :



Numerica l  resu l t s  of  the  d i ffus ion  coeff ic ien t  of  the  charm
 Low temperature High temperature



The dependence  of  the  d i ffus ion  coeff ic ien t  on  tempera ture

• The scaled diffusion coefficient, as a function of the incident momentum of charm and the 
background temperature, increases with the incident momentum and decreases with the 
temperature of the medium. 

• Additionally, the HQ always exhibits a larger diffusion coefficient when traversing Gribov 
plasma compared to pQCD plasma.



C o m p a r i s o n  o f  C o r n e l l  p o t e n t i a l  [ 1 ]  f o r  G Z  p r e s c r i p t i o n .  
Cornell potential GZ prescription 

[1] W. Xing, G. Qin, and S. Cao, Phys. Lett. B 838, 137733(2023).
 



Summary

     We investigated the momentum diffusion coefficient for the 
charm quark by employing the Gribov-Zwanziger framework.

● Nonperturbative effects increases the momentum diffusion 
coefficients compared to the perturbative LO results.

● Under the same conditions, the longitudinal coefficient has a 
larger value and changes more significantly.

     We expect to gain a better understanding of the HQ’ behaviour 
of the experimental quantities such as RAA  and v2
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