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Scenario of relativistic heavy-ion collisions
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Anisotropic QGP
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Instabilities
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Seeds of instability

0)()(
)2(2

1)()( )3(
23

3

21 ≠−= ∫ tf
E

pppdxjxj
p

ab
ba vxp δ

π
δ

νµ
νµ

but current fluctuations are finite

),(,),(,),( 2121222111 xxxx −−=== ttxtxtx

Direction of the momentum surplus

0)( =µ xja



6

Mechanism of filamentation
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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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Mechanism of isotropization

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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Jet quenching
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J. Adams et al. [STAR Collaboration], Nucl. Phys. A757, 102 (2005) 
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Energy loss in unstable QGP

How to compute dE/dx in unstable QGP?

Solve initial value problem!

Is dE/dx in unstable QGP sizeable?
Yes!

M. Carrington, K. Deja and St. Mrówczyński, 
Acta Physica Polonica B - Proceedings Supplement 5, 047 (2012); ibid 5, 343 (2012)
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A test parton in QGP
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Wong’s equation of motion (Hard Loop Approximation)
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Simplifications
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Parton’s energy loss 
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Initial value problem
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Induced Electric Field
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Linearized Yang-Mills (Maxwell) equations (Hard Loop Approximation)

),(),(),( kkk ωωεω jiji ED =

jiji iE )]()(),([),()(),( 00
1 kDkBkkjkk ωωωωω −×+Σ−= −

),(),( 22 kkk ωεωδω ijjiijij kk ++−≡Σ

Chromodielectric tensor 

])[(1)(
0)2(2

),( 3

32

ω
δ

ωωπω
δωε

jl
lj

l

i
ijij vk

p
f

i
vpdg

+−
∂
∂

+−
+= +∫

kvp
kv

k dynamical information



16

Energy-Loss formula
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Initial values of the fields 

Initial values:
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When the test parton enters the plasma at t = 0, the instabilities are initiated.
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Energy-Loss formula
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Stable isotropic plasma
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Energy loss in equilibrium QGP
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Extremely prolate system
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Unstable chromomagnetic mode
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Energy loss in extremely prolate system
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Energy loss in extremely prolate system cont.
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Conclusion

For various characteristics it matters that QGP is initially unstable


