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What are the plasma instabilities?

Why do the instabilities occur?

Why the instabilities are important?
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Instabilities
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Terminology

Plasma instabilities – interplay of particles and classical fields

Quantum Field Theory – no particles, no classical fields

particles – hard excitations, hard modes

classical fields – highly populated soft excitations, soft modes
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gTp ~soft
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Plasma manifests collective behavior 
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Plasma oscillations 
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Landau damping 
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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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Logitudinal modes
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Electric field decays - damping Electric field grows - instability
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Logitudinal modes
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Transverse modes

Unstable modes occur due to anisotropy of the momentum distribution

Momentum distribution distribution can monotonously decrease in every direction
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Transverse modes are relevant for relativistic nuclear collisions!
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Momentum Space Anisotropy in Nuclear Collisions
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Seeds of instability
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Mechanism of filamentation
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Instabilities vs. collisions
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The instabilities are fast!
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Dispersion equation
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Equation of motion of chromodynamic field Aµ in momentum space
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Dynamical information is hidden in .   How to get it?
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Transport theory – distribution functions

Distribution functions of quarks and antiquarks ),( xpQ ),( xpQ

cc NN ×

Distribution function of gluons is matrix),( xpG )1()1( 22 −×− cc NN

are gauge dependent matrices
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Transport theory – transport equations
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Transport theory - linearization
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Transport theory – polarization tensor
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Diagrammatic Hard Loop approach
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St. M. & M. Thoma, Phys. Rev. C 62, 036011 (2000)
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Chromo-hydrodynamic approach 

for short time scales

C. Manuel & St. M., Phys. Rev. D74, 105003 (2006) 

Covariant continuity
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Small perturbation of the space-time homogeneous & colorless state
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µµ ∂→D nA δµ ~full linearization

Fourier transformations
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Dispersion equation

Dispersion equation
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Dispersion equation – configuration of interest
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Existence of unstable modes – Penrose criterion

),()( 22
kkH

zz ωεω−≡ω

=
ω

ω

ωπ

ω
∫ d

dH

Hi

d )(

)(

1

2

−

+

π=φ

π=φ
ω=

ω

ω

π

ω
∫ )(ln

)(ln

2
H

d

Hd

i

d

number of zeros of H(ω) in CC

C

ωIm

ωRe

HIm

HRe

−∞=ω

∞=ω

ω = 0

ω = 0

0
0)0( <=ωH

There are unstable modes if

C

∞=ω i

Anisotropy!



32

Unstable solutions
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Hard-Loop dynamics
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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)
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Isotropization - particles

Direction of the momentum surplus
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Isotropization - fields
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Isotropization – numerical simulation

Classical system of colored particles & fields
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Instabilities @ LHC

RHIC                 LHC

Energy density grows
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Conclusions

Instabilities generate chromodynamic fields – QGP is not a gas of partons

Instabilities are fast, faster than collisions

Instabilities strongly influence plasma dynamics


