
8th Vienna Central European Seminar 1 / 20

Chromo-Weibel instabilities in an expandingQuark-Gluon Plasma ∗
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∗� Dans la vie, rien n'est à raindre, tout est à omprendre.� Marie Curie
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[Gelis 2010℄ Illustration of the stages of a heavy ion ollision.
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Expansion rate is much faster

than the interaction time scale

1/τ >> 1/τ int

small plarge p large p

[Strikland 2004℄: Momentum spae anisotropy time dependeneat the early stages of a heavy ion ollision
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[Strikland 2006℄: Illustration of the mehanism of �lamentationinstabilities.
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■ T : energy of hard partiles
■ gT : thermal masses, Debye sreening mass,Landau damping, plasma instabilities [Mrowzynski 1988,1993, ..℄

■ g2T : magneti on�nement, olor relaxation, rate for smallangle sattering
■ g4T : rate for large angle sattering, η−1T 4
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Assuming free streaming, one solves the gauge ovariantBoltzmann-Vlasov equation

v ·D∂fa(p,x, t) = gvµF
µν
a ∂(p)

ν f0(p,x, t) (1)

oupled to Yang-Mills equation

(2)

in the HTL approximation (3)with the Romatshke, Strikland bakground distribution funtion(4)
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Assuming free streaming, one solves the gauge ovariantBoltzmann-Vlasov equation

v ·D∂fa(p,x, t) = gvµF
µν
a ∂(p)

ν f0(p,x, t) (1)oupled to Yang-Mills equation
DµF

µν
a = jνa = g

∫

d3p

(2π)3
pµ

2p0
δfa(p,x, t) (2)

in the HTL approximation
gAµ ≪ |phard| , (3)with the Romatshke, Strikland bakground distribution funtion

f0(p⊥, p̃η) = fiso
(

[p2 + ξ(τ)(p · n̂)2]/p2hard(τ)
)

. (4)
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Τ = const
Η = const

z

t

It is onvenient to swith to omoving oordinates
(5)with the orresponding metri (6)
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Τ = const
Η = const

z

t

It is onvenient to swith to omoving oordinates

t = τ cosh η , τ =
√

t2 − z2 ,

z = τ sinh η , η = arctanh
z

t
, (5)with the orresponding metri

ds2 = dτ2 − dx2
⊥ − τ2dη2 . (6)
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[Attems, Rebhan, Strikland arXiv:1111.XXXX℄Preliminary runs from the HEL 3d IC "stable nodes".
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[Attems, Rebhan, Strikland arXiv:1111.XXXX℄Preliminary runs from the HEL 3d IC "transverse urrent".
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[Attems, Rebhan, Strikland arXiv:1111.XXXX℄Preliminary runs from the HEL 3d IC "transverse urrent".
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[Attems, Rebhan, Strikland arXiv:1111.XXXX℄Preliminary runs from the HEL 3d IC "transverse urrent".
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Non-abelian plasma instabilities play a signi�ant role in a weaklyoupled Quark Gluon Plasma at high T .Chromo-Weibel instabilities are an important andidate proessaelerating isotropization and thermalization of the Quark GluonPlasma �reball maybe already at LHC.The previous 1D HEL ode has been extended to full 3D+3Vparallel MPI-ode with improved "transverse urrent" initialonditions. This signi�antly redues the onset time ofhromo-Weibel instabilities in the expanding setup.Final results are being omputed on the Vienna Sienti� Cluster.
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Yang-Mills equations

τ−1∂τΠi = ji −DjF
ji −DηF

ηi , (7)

τ∂τΠ
η = jη −DiF

i
η . (8)Gauss law onstraint

τjτ = DηΠ
η − ig[Ai,Πi] , (9)Canonial onjugate �eld momenta

Πi ≡ τ∂τAi, Πη ≡
1

τ
∂τAη . (10)
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[Rebhan, Strikland, Attems 2008℄ Fourier spetrum of the olor-traedonjugate �eld momentum obtained from Abelian run with FGM initialonditions.
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[Rebhan, Strikland, Attems 2008℄ Fourier spetrum of the olor-traedonjugate �eld momentum obtained from non-Abelian run with FGM initialonditions.
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[Strikland 2008℄ Visualization of the spae-time development of olororrelations in a non-Abelian plasma instabilities in Bjorken expansion.



Bakup - Unstable transverse modes

Hard ExpandingLoops (HEL)PlasmaInstabilitiesHEL 3D+3VChekExpanding 3D+3VAbelian plasmaExpanding 3D+3Vnon-AbelianplasmaConlusions
8th Vienna Central European Seminar 20 / 20

[Rebhan, Steineder 2009℄ In�uene of di�erent initial onditions for a spei�mode with ν = 30.
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