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Turbulent QGP - quark-gluon plasma populated with strong classical chromodynamic fields




Motivation

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

> According to CGC, color charges confined in the colliding nuclei
generate strong chromodynamic fields.




Parametric Estimates
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Fokker-Planck Equation

P> Transport of heavy quarks is usually described in terms of Fokker-Planck equation.

drift collisions
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Origin of Fokker-Planck Equation

< Boltzmann equation >

Diffusive approximation

p - momentum of a heavy-quark

p >> Ap Ap - momentum transfer in a single collision
v

<Fokker-Planck equation>

P> 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 strong classical fields.

Vlasov equation
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/>
free streaming [ mean-field force ]

Q(t,r,p) - exactdistribution function of heavy quarks which is the N_ x 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.1,P)

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

Nn(t,r,pP) - averaged distribution function
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Derivation of Fokker-Planck Equation

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

Vlasov equation \
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ensemble averaging ﬂ Tr<. . >

collision term
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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

o A

<E;(t,r)Ekf (t',r')> Z_LZZ)I (SZ} e—i(a)(t—t')—k(r—r'))2E;Ebj>

\

o,k

- o o kK'k! Ime, (o, K o k'k! Ime; (o, k
t} <EaEbJ> =25% Blo) 2 2 - )2 + 6" =05 2 d )2 2
ok e’ 1| k* |o'e (o,K)| k? )| o’e; (w0,k)—k? |

b (BiB)) =200 2K (gu_kik"j Imz; (,k)
b a),k_

a eAlel _q1 k? )| o’er (0, k)—k* [*
3
i\ _/Eipl\ _os_ @ _imm_ IM&(@,K)
> <BaEb>w,k_<EaBb>w1k_25 eﬂa)—lg ‘ | 0°e; (0,k) —K* [

& 1 (@,K) - chromodielectric functions
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Fokker-Planck Equation of
Equilibrium QGP
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Fokker-Planck Equation of
Equilibrium QGP

0.05 0.030

X, (", X, (v) X)X ()
0.04 % =01 002" [Gev']
T=05 GeV ;
0.020
0.03
0.015"
0.02 X, E
(V) —  0.010
0.01 X, () 0.005
0.0 0.2 0.4 0.6 08 10 0.2 0.3 0.4 0.5 1 1Gevy 06

Quantitative agreement with X, (V) & X; (V) obtained from the Boltzmann

collision term by means of the diffusive approximation.

B. Svetitsky, Physical Review D 37, 2484 (1988) 5



Modeling of Isotropic, Homogenous
& Stationary Turbulent QGP
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Modeling of Isotropic, Homogenous
& Stationary Turbulent QGP

‘Gaussian A’
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Modeling of Isotropic, Homogenous
& Stationary Turbulent QGP

‘Stationary A’
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Model Parameters

Turbulent plasma vs. equilibrium plasma at the same energy density

D> Energy density of weakly coupled equilibrium QGP
2

Eoop =%(4(NC2 ~1)+7N,N_)T*

g Energy density accumulated in the fields

100 = = (ELEMELE D) +(BL 6 MBLL. D))

g(ME_H\/lB) "Gaussian E & B’

3( 1 2
€qep = Cfield = (Nc2 —1) x4 E(_2+—2)MA "Gaussian A’
T O

Mk?

max
2
| 6rxr

1
Me=Ms, My 7=0= s K =S, <g,T>

"stationary A’

17



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 heavy-ion 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

B> The Fokker-Planck equation of heavy quarks interacting
with classical chromodynamic fields rather than with
plasma constituents is derived.

v

The known case of equilibrium plasma is reproduced.

v

The turbulent plasma with the energy dominated by
chromodynamic classical fields interacts strongly with
heavy quarks.

B> Inspite of its short lifetime the glasma can provide
a significant contribution to the collisional and radiative
energy loss of heavy quarks.

more details in: St. Mrowczynski, arXiv:1706.03127
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