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What we do? 

We study the dynamics of heavy quarkonium states (q𝑞 ) inside the Quark Gluon 
Plasma (QGP) 
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What we did in our current work? 

3D Anisotropic Potential Model 

1D Effective Potential Model 
 
*easier to solve 
*includes the splitting of different p-wave polarizations 
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Isotropic Potential 

• Perturbative contribution:  

The complex HQ potential model in an isotropic QCD plasma is defined by a Fourier 
transform of the real time resummed gluon propagator in the static limit. Such a 
gluon propagator includes a perturbative contribution, which is calculable in the HTL 
resummed perturbation theory. 

 

 

 

 

 
Where,  
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Isotropic Potential (continued) 

• Non-perturbative contribution:  

The gluon propagator also includes a non-perturbative string contribution 
originating from the dimension two gluon condensate. 

 

 

 

 

 

Where, 
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Isotropic potential (continued...) 

Total potential 

 = perturbative contribution + non-perturbative contribution 

𝜆 is a temperature-like scale which, only in the thermal 
equilibrium limit, should be understood as the temperature T 
of the system. 
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QGP momentum anisotropy cartoon 
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Anisotropic Distribution Function 

• In order to model the physical processes occurring in heavy-ion experiments, the 
following anisotropic distribution function of Romatschke-Strickland form is used 
extensively 

 

 

• It takes into account the rapid longitudinal expansion of the QGP, which results in 
momentum anisotropy in the local rest frame (LRF) 
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3D Anisotropic Potential 

Disadvantages: 
(1) The angular dependence in the potential model requires solving a 3D Schrodinger eq. 
(2) Time consuming and much more complicated, compared to the case where a spherically 

symmetric HQ potential can be used.  
(3) This is indeed the main obstacle to developing phenomenological applications which 

include momentum-anisotropy effects. 
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1D Effective Potential 

As proposed in our work, one possible solution to this difficulty is to employ an 
angle-averaged effective screening mass 

 

 

 

 

 

 

 

Ajaharul Islam,  Kent State U                       15th Confinement Conference 2022                                       10/14 

L. Dong, Y. Gua, A. Islam, A. Rothkopf, and M. Strickland :  arXiv 2205.10349, May 20, 2022 



Static Results: Bottomonium and Charmonium 
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Dynamic Results: Bottomonium 
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Dynamic Results: Charmonium 
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Summary 
• We demonstrate that, using the resulting 1D effective potential model, one can solve a 1D 

Schrödinger equation and reproduce the full 3D results for the energies and binding energies 
of low-lying heavy-quarkonium bound states to relatively high accuracy. 

 

• The 1D effective isotropic potential is much easier to solve as compared to the 3D 
anisotropic potential. 

 

• The resulting 1D effective isotropic potential model includes the splitting of different p-wave 
polarizations. 

Future Directions 
• To extend the model for large anisotropic parameter (𝜉) 

 

• Phenomenological studies 

 

• The resulting 1D effective isotropic potential model could provide an efficient method for 
including momentum anisotropy effects in open quantum system simulations of heavy-
quarkonium dynamics in the quark gluon plasma. 
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