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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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I Anisotropic QGP I

‘prolate’ ‘oblate’

Anisotropic weakly copuled QGP is unstable
due to magnetic plasma modes
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What is a magnitude of energy loss in a high-energy parton
when it Is traversing an unstable QGP?

P> What is a magnitude of collisional energy loss?

P> What is a magnitude of radiative energy loss?
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R. Baier, et al. Nucl. Phys. B 484, 265 (1997)



I A test parton in QGP I

Wong’s equation of motion (Hard Loop Approximation)
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Simplifications

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

Parton travels with constant velocity: u* = (y,u) =const & u® =1
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parton’s current: j_(t,r) = gQaV§(3) (r —ut)

dE(t) [ s §
T_jd rE, (t,r)-j,(tr)




4 = (6" v {0 p' )

t

t t

(p'(®) p’ (1)) =(p'(0) p'(0))+ 9’ NfR | dt [ dt(Fl () R (@)

c 0 0

Lorentz force test parton trajectory
F@tr=E,(tr)+uxB_(t,r), r=r,+ut, i=12
color factor (N2 - for quark
C; = 5 .
N. for gluon




One-sided Fourier transformation
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I Electric Field I

Linearized Yang-Mills (Maxwell) equations (Hard Loop Approximation)

Ik-D(w, k) = p(w, k), Ik-B(w,k) =0,
Ik x E(w,K) =10B(w, k) + B, (k),
Ik xB(w,K) = J(w,Kk) —10E(0,K) — D, (k)

D'(w,K) =" (w0, k) E' (o, K)

Chromodielectric tensor
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I Magnetic Field I

Faraday law

B(w, k) = %kx E(w,k) +iw|30(k)
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Dispersion equation : . R=
det[=(e, k)] =0 \ / °O
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The initial conditions are forgotten

dE(t)_igzc I d’k @ 1, k°v? —@°
dt V)P K| e (0,k) @ (@,k)-k?
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1) The initial fields vanish: D, (k) =B,(k) =0

2) The initial fields are independent of the parton’s current.

Q is equivalent to D

The effect of the initial fields cancels out after an averaging over parton’s colors.

-

for quark

deQa =0, deQaszczaabv C,= 2
N. for gluon
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State of the test parton is, in general, correlated with state of the plasma.

Maximal correlation: the initial fields are induced by the parton’s current.

J.(t, 1) =9gQ, v (r—wt), te(—o0,0)

Maxwell equations Two-sided Fourier transformation

Initial values:
D; (K) =-igQ,@&" (@, K)(= ) * (@, k)V*

Bi (K) = —igQ,&™k! (£ )" (@, k)V
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—1<cosep <1 arbitrary phase factor

P> cosep=0 ucorrelated initial fields

+1 maximal correlation
—1 maximal anticorrelation

> COSgp:{
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I Extremely oblate QGP I

f(p) ~(p,)
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I Extremely oblate QGP I
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Nothing spectacular happens with uncorrelated initial fields!

dE _dE
dt  dt],
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Correlated initial fields
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""" G-modes

energy gain for cose <0

energy loss for cose > 0
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I Plasma accelerator I

T. Tajima & J. M. Dawson,
Phys. Rev. Lett. 43, 267 (1979)

E.=1GeV @ 3.3cm

W. P. Leemans et al.,
Nature Phys. 2, 696 (2006).

Table-top high-energy
A V=V, =— accelerator!
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test parton | U

electric field

E1‘ v
fastest mode ‘l’ V4
J ” E O:£ The largest dE/dt for u transverse to z !
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q(t)=g° NfR_l jt [, [dt, [ EX t, 1) EX t, 1)) + (EXCt 1) B (1)) o

rr=r,+ut, i=12
Solution of the Maxwell equations
> E.(ok)=-iC")" (o k)@, (@ k) +kxB;(k) - oD, (k)]
Solution of the Vlasov equation

> ek-gfoP Y

(27)° o—k-v

N, (k,p)

Solution of the 3rd Maxwell equation

B B(wk) = LkxE(w,k)+--B, (K)
(0] (0 23



All correlators of initial values such as

(NS (1, ) N (r,,p,)), (NS (1, ) E (1)),
(N (r) E2(r,)), (N2 (1) B2 (r,)).(EJ () EX(r)),
(E2(r) BY(r,)), (BI(R) ES(,)) vovovene

are computed with the correlation function of free particles
<6Na(t1’ I, pl) 5Nb(t2, rz’p2)> — 5ab5(3) (pl - pz) 5(3) (rl -, - Vl(tl _tz)) f (p)
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Momentum broadening in extremely oblate QGP

equlibrium

20

18

16

14

12

10

tm
Kim =2M

25



U The largest ¢ for u transverse to z !
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I Conclusions I

dE/dt crucially depends on initial conditions;

vV v v vVVvyv

dE/dt>0 & dE/dx<0;

dE/dt strongly varies with time and direction;

|dE/dt| can be much bigger than in equilibrium QGP;

A\

q varies with time and direction;

q can be much bigger than in equilibrium QGP;
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