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Turbulent QGP - quark-gluon plasma populated with strong classicalchromodynamic fields




Motivation

I> We consider the earliest stages of relativistic heavyion collisions.

'} According to CGC, olor chargesconfined in the colliding nuclei
generatestrong chromodynamic fields.




Parametric Estimates
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Fokker-Planck Equation

[> Transport of heavyquarksis usually described in terms of Fokker-Planck equation

drift collisions
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Origin of Fokker-Planck Equation

< Boltzmann equation >

Diffusive approximation

p Z momentum of a heavyquark

p > >a3 Yy p Z momentum transfer in a singlecollision
v

<Fokker-Planck equation>

I> How to obtain a Fokker-Planck equation for turbulent QGP?

Apply the quasilinear method known in plasma physics.



Derivation of Fokker-Planck Equation

The dynamics is assumed to be dominated by stronglassicalfields.

Vlasovequation
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free streaming [ mean-field force ]

Q(t,r,p) - exactdistribution function of heavy quarks which isthe N_3 N_ matrix
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Derivation of Fokker-Planck Equation

Regular and fluctuating quantities
% fluctuating part ]

Q(t,r,p) =(Q(t,r,p)) + R (t,r,p)

[ regular colorl%@ﬂ, r, p)> =n(t,r,p)l

N(t,r,p) - averaged distribution function
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Derivation of Fokker-Planck Equation

Q(t,r,p) =n(t,r,p)l +aQ (t.r.p)

Vlasovequation \

(DO +vCiD)Q- g(E+v:B)® Q=0

ensemble averaging ﬂ Tr<2 >

collision term
A

[ \
Ng TH{(Et.r) +Vv3 Bt.1))®,aQt.r,p))

Cc

Q)o

aeE+vGD91(t,r,p)=
GHL +

Fluctuations provide a collision term.



Derivation of Fokker-Planck Equation

How to compute the collision term?
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Derivation of Fokker-Planck Equation
Solution of the linearized transport equation
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Collision term is given by the field correlators
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Field correlators in Equilibrium QGP

space-time translational invariance
flucuation spectrum
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Fokker-Planck Equation of

Equilibrium QGP
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Fokker-Planck Equation of
Equilibrium QGP
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Quantitative agreement with X, (V) & X;(v) obtained from the Boltzmann
collision term by means of the diffusive approximation.
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Modeling of Isotropic, Homogenous
& Stationary Turbulent QGP
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Modeling of Isotropic, Homogenous
& Stationary Turbulent QGP
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Modeling of Isotropic, Homogenous
& Stationary Turbulent QGP
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Model Parameters

Turbulent plasma vs. equilibrium plasma at the same energy density

I:'> Energy density of weakly coupled equilibrium QGP
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Turbulent vs. Equilibrium Plasmas
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Turbulent vs. Equilibrium Plasmas

Collisional energy loss

Momentum broadening
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Glasma

The earliest stage of relativistic heavyion collisions

Boost-invariant correlation functions
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Glasma
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Model Parameters

Density of energy released in a central collision
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Energy-loss and Momentum
Broadening in the Glasma
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Summary & Conclusions

[> The Fokker-Planck equation of heavyquarks interacting
with classicalchromodynamic fields rather than with
plasmaconstituents is derived.

v

The known caseof equilibrium plasmais reproduced.

v

The turbulent plasmawith the energydominated by
chromodynamic classicalfields interacts strongly with
heavyquarks.

|:> In spite of its short lifetime the glasmacan provide
asignificant contribution to the collisional and radiative
energylossof heavyquarks.

more detailsin: St. - O & x Ask AiXiv:1706.03127
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