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Motivation - jet quenching 
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J. Adams et al. [STAR Collaboration], Nucl. Phys. A757, 102 (2005)  
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Scenario of relativistic heavy-ion collisions 
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QGP is out of equilibrium at the collision early stage 
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Anisotropic QGP 
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Anisotropic QGP is unstable due to magnetic plasma modes 
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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! 
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A test parton in QGP 
 





















)())(()(
)(

)())(()(
)(

)(
)(



























cb

abca

aa

QxApgf
d

dQ

uxFgQ
d

dp

u
d

dx

Wong’s equation of motion (Hard Loop Approximation) 

Gauge condition:   const)(0)()(   
 ab QxAp

const),(  vuParton travels with constant velocity: 

Simplifications 
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Parton’s energy loss  
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Initial value problem 
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Induced Electric Field 
 

)(),(),(),(

),(),(),(

,0),(),,(),(

0

0

kDkEkjkBk

kBkBkEk

kBkkkDk













ii

ii

ii

Linearized Yang-Mills (Maxwell) equations (Hard Loop Approximation) 
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Energy-Loss formula 
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Initial values of the fields  
 

Initial values: 

kjkij
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lkljijk
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Maxwell equations &  )(),( )3( tgQt aa vrvrj  

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 QGP 
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Unstable chromomagnetic mode 
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Energy loss in extremely prolate QGP 
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P. Romatschke & M. Strickland, Physical Review D 68, 036004 (2003) 
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Energy loss in extremely prolate QGP cont. 
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Physical interpretation 
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Energy loss in oblate QGP 
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Conclusions 
 

Energy loss is found as a solution of initial value problem 

Extremely prolate QGP is discussed as an example 

Strong time and directional dependence of dE/dx is demonstrated 

for more see: 

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

Acta Physica Polonica B - Proceedings Supplement 5, 047 (2012); ibid 5, 343 (2012); ibid 6, 545 (2013); 

PoS Confinement X 175 (2012) 

dE/dx in unstable QGP is much bigger than in equilibrium one 


