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@ QGP is similar to EM plasmas

@ non-equilibrium QGP can be unstable
@ Weibel instability is relevant for RHIC
@ instabilities drive fast equilibration
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stationary state Instability

A1) = Ay + SA(1) SA(t) < eV
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P> instabilities in configuration space — hydrodynamic instabilities

> instabilities in momentum space — kinetic instabilities

instabilities due to non-equilibrium
momentum distribution . )
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p longitudinalmodes - Kk || E Sp - e—i((ﬂf—kl’)

» transversemodes - Kk | E 8J - e—i((ﬂf—kr)

E —electric field, k- wave vector, p — charge density, j - current



after

0
o 0 o
o °°""<"S ........................ A- free hadrons

before




| Logtudina moces i

unstable configuration

A

plasma J(Pys Py D)

Energy is transferred from particles to fields




Unstable modes occur due to anisotropy of the momentum distribution

Parton momentum distribution is initially strongly anisotropic
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Transverse modes are relevant for relativistic nuclear collisions!
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Direction of the momentum surplus



Lorentz force
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Equation of motion of chromodynamic field A* in momentum space

(kg™ —k"kY —TI" (k)]A, (k) =0
ﬁself—energy ’
Dispersion equation

det[k*g" —k"kY —TI" (k)]=0

' =(0,k)

Instabilities — solutions with Imo > 0 = A" (x) ~ elmmt

Dynamical information is hidden in IT"' (k). How to get it?
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free streaming mean-field force
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Time scale of processes driven by parton-parton scattering

1
thard -
4
8 ln(l/ 8 ) r ~ hard scattering: g ~ T
q
1 soft scattering: g ~ gT
4 soft ~ 19 /\
g’In(l/g)T
Time scale of collective phenomena toollec ™ !
gT

2
Q <<l =t q>>t g >> tcone>

The instabilities are fast!
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/[ fluctuation ’
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Linearized transport equations
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Hard loop approximation: K M << pu
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Dispersion equation
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X Direction of the momentum surplus
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I Existence of unstable modes — Penrose criterion
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Unstable solutions
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Soft fields in the passive background of hard particles

Braaten-Pisarski action generalized to anisotropic momentum distribution:

VP
Loy = _& j(2 )3 [f(P) (X)((llj.lp))z )aprb“(x)
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kJIV (k) =0, kA (p.g.k)=2(p)+Z(q)
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Imeth of instabilities — 1+1 numerical simulatiorwml

transverse magnetic

SU(2) Hard Loop Dynamics @
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Direction of the momentum surplus
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Direction of the momentum surplus
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Classical system of colored particles & fields
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Conclusions I

@ QGP is similar to EM plasmas

@ non-equilibrium QGP can be unstable
@ Weibel instability is relevant for RHIC

@ instabilities drive fast equilibration
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