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I Evidence of the early stage equilibration I

Success of hydrodynamic models in describing elliptic flow
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Eccentricity decays due to the free streaming!
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~ Collisions are too slow

Time scale of hard parton-parton scattering hard scattering ~ momentum

transfer of order of 7
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stationary state
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Instability
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P> instabilities in configuration space — hydrodynamic instabilities

> instabilities in momentum space — Kinetic instabilities
instabilities due to non-equilibrium
momentum distribution , E
f(p) 1S not ~ CXP| ——




~ Kinetic instabilities

P longitudinal modes — kK || E , Sp ~ e—i(cot—kr)

p transversemodes — k | E , 8] ~ e—i((ﬂl‘—kl’)

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



unstable configuration

plasma
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Energy is transferred from particles to fields




Electric field decays - damping Electric field grows - instability
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Unstable modes occur due to anisotropy of the momentum distribution
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Momentum distribution distribution can monotonously decrease in every direction

Transverse modes are relevant for relativistic nuclear collisions!
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omentum Space Anisotropy in Nuclear Collision I

Parton momentum distribution is initially strongly anisotropic
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< J 5 (x)> = (0 but current fluctuations are finite
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Lorentz force

F=gvxB

Ampere’s law J
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Equation of motion of chromodynamic field 4* in momentum space

[k2g™ — KMk ~T1" (k)]4, (k) = 0
ﬁself—energy ’
Dispersion equation

det[k*g"" —k"kY —TI™ (k)] =0

k* = (0,k)

I
Instabilities — solutions with Im > 0 = A" (X) ~e M

Dynamical information is hidden in IT"" (k). How to get it?
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=C quarks
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free streaming mean-field force
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/[ fluctuation ’
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Linearized transport equations
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Dispersion equation
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SU(2) Hard Loop Dynamics

1+1 dimensions 100F———
TR o | EE.)/ m /%)
Aa — Aa (t, Z) Scaled 10 b
field energy | ———— &@E,)/(m;/e%) :
denSIty L BRI &(B,) /(mo‘i/gz) ,..f, j
- 4,2 VN -
Anisotropic particle’s 01l T = &B,)/(my/8") ;“.:x.,:fr 4
momentum distribution ; E(HL) / (mz /g?) o i
0.01f e 3
f(p) = ]Fiso (| p | +sz) 0.001-5 ' E-
5 a. © 5 df- (p) 0.0001 e
mD:_?SJ.dpp li; 1 . M S
0 P 18055 2 4 6 v,r 8 10 12 14

(mD > C)

Strong anisotropy £ =10

A. Rebhan, P. Romatschke & M. Strickland, Phys. Rev. Lett. 94, 102303 (2005) 23



Classical system of colored
particles & fields

initial fields: Gaussian noise as in
Color Glass Condensate

initial anisotropic particle distribution:

N
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I rowth of instabilities — 1+3 numerical simulations I

SU(2) Hard Loop Dynamics
Abelian 1+3 nonAbelian 1+1

Strongly anisotropic particle’s momentum distribution
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~_Abelanization
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SU(2) Hard Loop Dynamics
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A depends on the momentum
distribution of particles
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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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~_ Conclusion

The scenario of instabilities driven equilibration
is a plausible solution of the fast equilibration
problem
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