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Motivation - jet quenching
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J. Adams et al. [STAR Collaboration], Nucl. Phys. A757, 102 (2005) 

trigger

near-side away-side

Away-side jet is suppressed

in central collisions

near-side

away-side

QGP
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Scenario of relativistic heavy-ion collisions

before

after
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equilibration

hadronization

freeze-out

free hadrons

quarks & gluons

hadrons

At the early stage QGP is out of equilibrium
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Anisotropic QGP

Lp

Tp

Lp

Tp

Anisotropic QGP is unstable due to magnetic plasma modes

‘prolate’ ‘oblate’
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Unstable QGP

How to compute dE/dx in unstable QGP?

This is initial value problem!
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A test parton in QGP
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Wong’s equation of motion (HL approximation)

Gauge condition: ( ) const)(0)()( =⇒= τττ µ
µ ab QxAp

const),( == vγγµ
uParton travels with constant velocity:

Simplifications
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Parton’s energy loss 

vrE ⋅= ))(,(
)(

ttgQ
dt

tdE
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chromoelectric field: induced 

and spontaneously generated
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)(),( )3( tgQt aa vrvrj −= δparton’s current:
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Initial value problem
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Induced Electric Field
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Linearized Yang-Mills (Maxwell) equations
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chromodielectric tensor
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Energy-Loss formula
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Dispersion equation
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Initial values of the fields 

Initial values:
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Energy-Loss formula
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Averaging over parton’s colors:
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Stable isotropic plasma
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Unstable two-stream system
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chromoelectric mode

( )







+

−
= ∫∫

−−+∞

+∞−
ω

ω

ωω

ωω

ωεωππ

ω ωωσ

σ

2

2

23

3
2

),()2(2

)(

kkL

tii

i

R

ekd

i

d
Cig

dt

tdE



15

Collective modes in two-stream system
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Energy loss in two-stream system
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Vacuum contribution to energy loss
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Vacuum contribution:

Vacuum contribution has to be subtracted
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Energy loss in two-stream system

uv ||

kmax= 100 µ

kmax= 50 µ

kmax= 20 µ

Strong ultraviolet dependence!
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Energy loss in two-stream system
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Conclusions

Energy loss found as a solution of initial value problem

Two-stream plasma system discussed as an example

Strong time and directional dependence of dE/dx demonstrated

More details in:

M.E. Carrington, K. Deja and St. Mrówczyński, 

arXiv:1110.4846 [hep-ph]; 1201.1486 [nucl-th].


