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Instabilities 

in non-Abelian Plasmas

Świętokrzyska Academy, Kielce, Poland 

& Institute for Nuclear Studies, Warsaw, Poland

Stanisław Mrówczyński

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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Quark-Gluon Plasma vs. EM Plasma

St. M. & M.H. Thoma, Ann. Rev. Nucl. Part. Sci. 57 (2007) 61
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Instabilities
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Plasma instabilities

instabilities in configuration space – hydrodynamic instabilities

instabilities in momentum space – kinetic instabilities

instabilities due to non-equilibrium 

momentum distribution
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Kinetic instabilities

longitudinal modes – )(e~,|| krEk −ω−δρ ti

transverse modes – )(e~, krjEk −ω−δ⊥ ti

E – electric field,  k – wave vector, ρ – charge density, j - current
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Course of relativistic heavy-ion collisions
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Logitudinal modes
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Parton momentum distribution is initially strongly anisotropic

CM after 1-st collisions local rest frame

Unstable modes occur due to anisotropy of the momentum distribution

Transverse modes

Transverse modes are relevant for relativistic nuclear collisions!
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Seeds of instability
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Mechanism of filamentation
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Dispersion equation
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Equation of motion of chromodynamic field Aµ in momentum space

Dispersion equation

0)]([det 2 =Π−− µννµµν kkkgk

),( kω≡µ
k

Instabilities – solutions with Imω > 0
txA ωµ⇒ Ime~)(

)(kµνΠ

gluon self-energy

Dynamical information is hidden in .   How to get it?
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Transport theory
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Time scale of collisional processes
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The instabilities are fast!
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Transport theory - linearization
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Transport theory – polarization tensor

)()()( kAkkj ν
µνµ Π=

)()()'('),( 0
4

pQxFpxxxdgxpQ
v
pvp ∂−∆=δ µ

µ
∫

)()( )4(
xxDp p δ=∆µ

µ],,[ GQQj δδδµ

λ
σ

σ

λν
νλ

µ
µν

π p

f

ikp

kp
g

E

ppdg
k

∂

∂

+
−=Π

+∫
)(

0)2(2
)( ][

3

32 p

)(2)()()( pppp gnnnf ++≡

0)(),()( =ΠΠ=Π µν
µ

νµµν
kkkk



16

Diagrammatic Hard Loop approach
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St. M. & M. Thoma, Phys. Rev. C 62, 036011 (2000)
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Dispersion equation

Dispersion equation
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Dispersion equation – configuration of interest

Direction of the momentum surplus
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Existence of unstable modes – Penrose criterion
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Unstable solutions
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J. Randrup & St. M., Phys. Rev. C 68, 034909 (2003)
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Hard-Loop dynamics
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Braaten-Pisarski action generalized to anisotropic momentum distribution:
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St. M., A. Rebhan & M. Strickland, Phys. Rev. D 74, 025004 (2004)

Soft fields in the passive background of hard particles
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Growth of instabilities – 1+1 numerical simulations

SU(2) Hard Loop Dynamics

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

γ* - maximal growth rate

)|(|)( iso zpff ζ+= pp

10=ζ

Anisotropic particle’s 
momentum distribution

),( ztAA aa
µµ =

1+1 dimensions

transverse magnetictotal

Scaled
field energy

density

∫
∞

π

α
−=

0

iso22 )(

dp

pdf
dppm s

D

),( ζDm Strong anisotropy



23

Isotropization - particles

Direction of the momentum surplus
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Isotropization - fields

Direction of the momentum surplus
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Isotropization – numerical simulation

Classical system of colored particles & fields
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A. Dumitru & Y. Nara, Phys. Lett. B621, 89 (2005).
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Conclusions

QGP is similar to EM plasmas

non-equilibrium QGP can be unstable

Weibel instability is relevant for RHIC

instabilities drive fast equilibration


