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Motivation 

We consider the earliest stages of relativistic heavy-ion collisions. 

According to CGC, color charges confined in the colliding nuclei generate  
glasma – the system of strong mostly classical chromodynamic fields. 

How hard probes propagate through the glasma? 
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Fokker-Planck Equation 
Transport of hard probes can be described using the Fokker-Planck equation. 
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Origin of Fokker-Planck Equation 

How to obtain a Fokker-Planck equation for glasma? 

Fokker-Planck equation 

Boltzmann equation 

Diffusive approximation 
p – momentum of a hard probe  

Δp – momentum transfer in a single collision pp 

Apply the quasilinear method known in plasma physics. 
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Derivation of Fokker-Planck Equation 
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free streaming mean-field force   
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The dynamics is assumed to be dominated by strong classical fields. 

-  exact distribution function of hard probes which is the                 matrix ),,( prtQ
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St. Mrówczyński, European Physical Journal A 54, 43 (2018) 

chromodynamic strength tensor 
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Regular and fluctuating quantities 

Derivation of Fokker-Planck Equation 

),,( prtn -  averaged distribution function  
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Derivation of Fokker-Planck Equation 
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Fluctuations provide a collision term. 

ensemble averaging 

collision term 

Vlasov equation  g  F E v B

Lorentz force 
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Derivation of Fokker-Planck Equation 
How to compute the collision term? 
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Solution of the linearized transport equation 

Derivation of Fokker-Planck Equation 
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Fokker-Planck Equation 
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Gauge covariance is lost due to the linearization!   

To restore gauge covariance: 
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space-time translational invariance 

St. Mrówczyński, Physical Review D 77, 105022 (2008) 

Field correlators in Equilibrium QGP 
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Fokker-Planck Equation  
of  Equilibrium QGP 
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Isotropy 
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For heavy quarks 
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Fokker-Planck Equation  
of  Equilibrium QGP 

B. Svetitsky, Physical Review D 37, 2484 (1988) 

Quantitative  agreement  with                                 obtained from the Boltzmann 

 collision term by means of the diffusive approximation. 

(v) & (v)L TX X

The standard FP equation is reproduced! 
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Transport of hard probes in glasma 

M. Carrington, A. Czajka & St. Mrówczyński, Nuclear Physics A 1001, 121914 (2020), 

M. Carrington, A. Czajka & St. Mrówczyński, arXiv: 2112.06812, 

M. Carrington, A. Czajka & St. Mrówczyński, arXiv:2202.00357, to appear in Physical Review C 
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Glasma from AA collisions 
The earliest stage of relativistic heavy-ion collisions 
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Boundary condition Ansatz of gauge potentials 

Classical Yang-Mills equation 
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Gauge condition 

E. Iancu, R. Venugopalan, in Quark-Gluon Plasma 3,  
ed. by R.C. Hwa, X.-N. Wang (World Scientific, Singapore, 2004 
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Proper time expansion 

G.Chen, R.J. Fries, J.I. Kapusta and Y. Li, Physical Review D 92, 064912 (2015) 

E & B fields along the axis z 
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At higher orders transverse fields show up 

The Yang-Mills equations for the expanded potentials are solved recursively. 
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Field correlatos 
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The potentials are transformed from the covariant to light-cone gauge 
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Basic correlator 
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UV regularization required  
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J. Jalilian-Marian, A. Kovner, L. D. McLerran and H. Weigert, Physical Review D 55, 5414 (1997) 
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Fokker-Planck Equation 
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The correlators are computed order by order.   
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Hard probes in glasma 
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Glasma impact on jet quenching 
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S. Cao et al. [JETSCAPE], Physical Review C 104, 024905 (2021), 
C. Shen, U. Heinz, P. Huovinen and H. Song, Physical Review C 84, 044903 (2011). 
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Summary & Conclusions 

The field correlators are computed up to τ5. 

The Fokker-Planck equation of hard probes interacting  
with classical chromodynamic fields rather than with  
plasma constituents is derived. 

The known case of equilibrium plasma is reproduced. 

In spite of its short lifetime the glasma provides  
a significant contribution to the jet quenching. 

The momentum broadening and energy loss in the glasma  
are significantly bigger than in equilibrated QGP. 


