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Motivation

QGP for the early stage of RHIC is anisotropic

Weakly coupled anisotropic QGP is unstable

How to describe equilibration of weakly coupled unstable QGP?
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Equilibration in quasi-linear approach

The quasi-linear kinetic theory of weakly turbulent plasma

A.A. Vedenov, E. P. Velikhov and R.Z. Sagdeev,

Usp. Fiz. Nauk, 73, 701 (1961) [in Russian]; 

Sov. Phys. Usp. 4, 332 (1961).

A.A. Vedenov, Atomnaya Energiya 13, 5 (1962) [in Russian];

J. Nucl. Energy C 5, 169 (1963).

E.M. Lifshitz and L.P. Pitaevskii, Physical Kinetics

Application to QGP: St. Mrówczyński & B. Müller, Physical Review D80, 065021 (2010)
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Collisionless transport equations
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Weakly coupled QGP
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Regular and fluctuating quantities
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Quarks in fluctuating background
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How to compute the collision terms?
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Solution of the linearized transport equation
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How to compute field correlators in unstable QGP?

Equilibrium methods are not applicable

We deal with the initial value problem

The kinetic theory method by Klimontovich & Silin, Rostoker,

Tsytovich, see E.M. Lifshitz and L.P. Pitaevskii, Physical Kinetics

Developed and applied to QGP: St. Mrówczyński, Physical Review D77, 105022 (2008)
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Linearized equations

Transport equation
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Initial value problem
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Transformed linear equations
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Solution
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Fluctuations of E field
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Initial values

Using Maxwell equations

E0(k), B0(k), ρ0(k), j0(k) can be expressed through δQ0(k,p) 
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Initial fluctuations
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Fluctuations of free distribution functions cont.

( ))()'()()'()()'()()'( 22

*

11

*

22

*

11

* xxxxTxxxx klijcklij ϕϕϕϕϕϕϕϕ =

( ) ( ) ( )

( ) ( ))()'()()'(

)()'()()'()()'()()'(

12

*

21

*

22

*

11

*

22

*

11

*

xxTxxT

xxTxxTxxxxT

ilckjc

klcijcklijc

ϕϕϕϕ

ϕϕϕϕϕϕϕϕ

+

=

Wick theorem (lowest order)

)'()()()'(

)()'()()'()()'()()'(

2

*

121

*

22

*

11

*

22

*

11

*

xxxx

xxxxxxxx

likj

klijklij

ϕϕϕϕ

ϕϕϕϕϕϕϕϕ

+

=



18

( ) ( ) ),',',,()(
)2(

'2
2

)','(),(
3

3
)3(3

2

pkkpkkkk ωω
π

δπδωω Fn
pdg

EE
abj

b

i

a ∫+=

Fluctuations in isotropic (stable) system

0'''

0

=⋅−

=⋅−

kv

kv

ω

ω

),',',,( pkk ωωF has poles at:

0)','(

0),(

=

=

k

k

ωε

ωε

L

L

0')','('

0),(

22

22

=−

=−

kk

kk

ωεω

ωεω

T

T

particle-wave resonance

collective longitudinal modes

collective transverse modes

colorless background translational invariance



19

( )

)','(),(

)2(

'

)2(2

'

2
)','(),( ''''

3

3

3

3

kk

rr rkkr

ωω

πππ

ω

π

ω ωω
σ

σ

σ

σ

j

b

i

a

tti

i

i

i

i

j

b

i

a

EE

e
kdkddd

tEtE

×

= ∫∫∫
−−+−

+∞

+∞−

+∞

+∞−

Fluctuations in isotropic (stable) system

=)','(),( rr tEtE
j

b

i

a

particle-wave 

resonance

collective

modes( ) ( )+( )'or tt
ee

γγ −−
)'( ttf −

0Im >≡ ωγ

( )'~)','(),( rrrr −ftEtE
j

b

i

a

( )'~)','(),( )3( kkkk +δωω j

b

i

a EE
collective modes

ωIm

ωRe

σ

• •

••

particle-wave resonance

••



20

Fluctuations in unstable systems
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Gauge dependence
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Balescu-Lenard collision term for isotropic plasma
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Fokker-Planck collision term for isotropic plasma
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Fokker-Planck equation for two-stream system
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Evolution of the two-stream system
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Conclusions

Aanalytic approach to equilibration of QGP is developed

Two-stream plasma system is discussed as an example

Important role of unstable modes is demonstrated


