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<Anisotropic QGP i1s unstable due to magnetic plasma mocD
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Unstable QGP

How to compute dE/dx in unstable QGP?
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| A test parton in QGP |

Wong’s equation of motion (HL approximation)

( dx“ (1)
dt

dp* (7) v

| =80, E (@), (1)

d bc
% =—gf " p, (1) Al (x(1)) Q.(7)

=u”(7)

Simplifications

Gauge condition: p,(7) A} (x(r))=0 = Q,(7) =const

Parton travels with constant velocity: u“ = (¥, ¥v) = const



dE (1)
dt

=80, E (t,x(?))v

chromoelectric field: induced
and spontaneously generated

parton’s current: j_(z,r) = gQaV5(3) (r—vt)

dE(t)
dt

:_‘-d3rEa(t,l’)'ja(fal’)




I Initial value problem I

One-sided Fourier transformation
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I Induced Electric Field I

Linearized Yang-Mills (Maxwell) equations

ik D(w,k)=p(w,k), ik -B(wk)=0,
ik xE(@,k) = ioB(w,k)+ B, (k),
ik xB(@,k) = j(w,k)—iwE(w,k)-D, (k)

D'(wKk)=¢€"(w,k)E’ (w,k)

chromodielectric tensor ’

E'(wk)=—iZ") (@,k)[@dj(@,k)+kxB, (k) —aD, k)]’

Yi(w,k)=-K*0"+k'k’ + o’ (w,k)




formula

dE (1) _ v.”]"“ da)j d’k ,
27 (27)’

—co+[0

—i(w-o)t

x(zl)ﬁ(w,k){nga"iv +kxB, (k) - a)DO(k)}

Y (w,k)=-k*0" +k'k

Dispersion equation

w=k-v

T+ w*e’(w,K)

det[X(w,k)]=0
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I Initial values of the fields I

Maxwell equations & j (t,r) = g0, v3" (r — vt)

Initial values:
D,(k)=—-igQ, we" (@, kK)EZ )" (@, k)"

By (k) =—igQ "k’ ()" (@,k)v'
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I Energy-Loss formula I

Jwk) B, (k) D, (k)
1
. b — for quark
Averaging over parton’s colors: J. dQQ,0,=C,0", C,=142
N, for gluon
2 2
C, N 1 = N -1 for quark (R=F)
Cp = N. 2N,

C,=N, for gluon (R=G)
12




I Stable isotropic plasma

i7.J i1, ]
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dE(t) . , j lwria do d’k ~i(0-@ ) ry—1y\ij
=ig°C v'v e X)) (w,k
a0 _im 27z~iI 27)’ ek

w—w

x{ @o" _ (k'K -k EHY(@,k) + wwe’ (@,k)(EZHM (a_),k)}

The only stationary contribution: @ =@ =K -v

dE(t) . , d’k @ 1 k’v:—@°’
=1 CRJ 31,2 — +—2 — 2
dt 2zr)y k*| ¢, (w,k) w e, (w,k)-k

equivalent to the standard result by Braaten & Thoma
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Unstable two-stream system

n(p)
n(p)=(27) pls™ (p-q)+ 57 (p+q)] n
There is unstable longitudinal
chromoelectric mode
o -4 0 q
> gff(a),k)=gL(co,k)kkk2 )
> longitudinal chromoelectric field only!
i
SR N ——

w’e, (w,k) k> -

dE(t):ig2C “Jjja da)J‘ d3k e ile-@) a—)z[ a) +a—)}
dt ¥ 2mid 27)* w'e, (w,k) k* w

—o+i0
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Collective modes in two-stream system I

&, (w,k) =

(@-0, k) o+o,k))o-0_Kk))o+ao_k))

(@ - (k -u)?)

u - stream velocity

@, (K) - stable longitudinal mode

@_(K) - unstable longitudinal mode
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Energy loss in two-stream system

dE (1) _ig 2CR “*jja da)J‘ d3k e @@ 52[ o 7] }

+
27 2x) w'e, (w.k) K’ | o-@

—o0+i0
There are 6 contributions corresponding to w=x®, (kK),* @ (k), @ =k v, 0

gl’l

Only one dimensional parameter: ﬂ =—

2E,

Remaining parameters: ¢ =1, |vi|=1, |ul=0.9, C,= 3

The integral over k performed numerically for

-k <k, <k O<k,<k_.

max ?
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Vacuum contribution to energy loss

dE() _. 2 “*j"“ da)j ke B e @
B K O-® o

_|_
27 2x)’ w’e, (w,k) k*

—o+i0

Vacuum contribution: ¢, (@,k) — 1

E(t o+io 3 —-i(w-o) =2 — 2
d ( ) vacuum :igch J‘ da)J‘ d k3 - 2 w2|: a)—+a) :|: < CRL2
dt Do 2mt 2y o° KT|lo-0 o 87 ¢

Vacuum contribution has to be subtracted
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Energy loss in two-stream system
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Strong ultraviolet dependence!
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Energy loss in two-stream system
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Conclusions

P> Energy loss found as a solution of initial value problem

P> Two-stream plasma system discussed as an example

P>  Strong time and directional dependence of dE/dx demonstrated

More details in:
M.E. Carrington, K. Deja and St. Mrowczynski,
arXiv:1110.4846 [hep-ph]; 1201.1486 [nucl-th].
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