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~__Motivation

@ Color fluctuations in equilibrium (white) QGP are small but
the fluctuations can be large in non-equilibrium unstable QGP.

@ QGP from the early stage of relativistic heavy-ion collisions
is unstable with respect to magnetic modes.

@ QGP becomes spontaneously chromomagnetized.
@ What is the structure of chromomagnetic field in the plasma?

@ How the fields do influence QGP characteristics?



@ Equilibrium methods are not applicable

@ We deal with the initial value problem

The kinetic theory method by Klimontovich & Silin, Rostoker,
Tsytovich, see E.M. Lifshitz and L.P. Pitaevskii, Physical Kinetics

St. Mréwczynski, Acta Phys. Pol. B39 (2008) 941 - Electromagnetic Fluctuations
St. Mrowczynski, Phys. Rev. D77 (2008) 105022 - Chromodynamic Fluctuations
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I Time scale of collisional processes

Time scale of processes driven by parton-parton scattering
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The instabilities are fast if QGP is weakly coupled




The distribution function of quarks /[ fluctuation ’

Q(t,r,p) =Q,(p)+Q (t,r,p)
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Transport equation

(§+ v -Vj&Q(t,r,p) ~g(E(t,r)+ vxB(t,r))V n(p) =0

Yang-Mills (Maxwell) equations
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5Q(t — O,l’,p) = 5Q0 (l’,p),

E(t=0,r,p)=E, (r,p), B(t=0,r,p)=B,(r,p)

One-sided Fourier transformations
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Transport equation
— i(a)—v-k)ﬁQ(a),k,p)
- 9(E(@,k) + vxB(0,k))V ,n(p) = &Q, (k. p)

Yang-Mills (Maxwell) equations

Ik -E(w,k) = p(w,k), Ik-B(w,k)=0,
Ik xE(w,k) =10B(w,k) + B, (k),

Ik xB(w,k) = j(o,k) —10E(w,k) - E, (k)
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Isotropic system
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The solution

E'(w,k)= (2—1)ij (C’)ak)[ ''''' oQy(k,p)+..... Ey(K) +.... Bo(k)]j

The correlation function

(E'(@,K)E!(0'.k)) = (") (@.K)E")" (@ ,k)[.... (5Q,(k,p)dQ, (k',p")
# e (0Qy (K, P)ES (K1) +..... (8Q, (k. p) B (k"))
#oe (EJ(R)EJ (KY) + ... (EJ' (K)By (K"))
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<- . > - statistical ensemble average
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From Maxwell equations

: B(w.,k) = 5xE(w,k)+iBo(k)
(0 0

< p(w,k)=ik-E(o,k)

. j(0,k) =loE(0,k) -1k xB(w,k)+E, (k)
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Using Maxwell equations

E (K), By(K), py(K), jo(K) can be expressed through 5Q,(K,p)
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color indices 1, j,k,1=1,2,...,N

(8Q, (r.p) &Q; (.p')) =

C

Assumption

@ﬂucmaﬁons are given by <§Q : (t=0,r,p) Q ‘ (t'=0, FD
free
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Wick theorem (lowest order)
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‘ colorless background ’ translational invariance ’

F(w,k,o',K',p) has poles at:

w—-v-k=0
particle-wave resonance w'—vk'= 0
: o & (0,k)=0
collective longitudinal modes Lo
s (w,k')=0

w’e; (w,k)—k*> =0

collective transverse modes
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Long time limit tt'—>o (EJLOE/ (1)) = f(t-tr-r)
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Fluctuation dissipation relation
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Two-stream system | N(p) = (2”)3 nig™ (p - q)+ 5" (p T q)]

Longitudinal electric field: @, (K) - stable mode, @_(k) - unstable mode
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Generic correlation function: L (X, X") = <H (K, (X')>

Infinitesimal gauge transformation

Ha(x)_) Ha(x)+ f ﬂ’b(x)Hc(X)

abc

L, (X, X")—> L, (X, X")+ f A (X)Ly (X, X))+ f A (X)L 4 (X, X")

colorless background

Actual correlation function: L_ (X,X') =9 PL(x,x")

acd

Lab(X9 X') — (5ab + facbﬂ“c(x) + fbcaﬂ“c(x'))l—(xa X')
L. (X,X")= (ch — l)L(X, X') - gauge invariant!
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Equation of motion

dl;?) = 97, (E, (t,r(t) + V() x B, (t,r (1))

Parton travels along axis z: V(t) = const = (0,0,1)
t
p(t) =p(t = 0)+ g, [ dt'(E, (t',r(t)) + vx B, (t',r(t"))
0

Langevin approach

t t'

PP =p’(t=0)+9°Ce [ dt, [dt,(E, ¢, rt)E, (1, r(t,) +....

0 0

Ce=1/2, C,=N,

A. Majumder, St. Mrowczynski, and B. Muller, in preparation
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q= im I < Ap 1% (t)> broadening of p; distribution
%

Baier, Dokshitzer, Mueller, Peigne & Schiff 1996

Equilibrium QGP

3 2 21,2
4=29°C,,,(N? ~I)T | d’k Kk {ImaL(kz,k)Jr k 2k ImgT(kZ,k)}

(27[)3 kzk2 |8L(kzak) |2 | kzng (kzak)_k2 |2

2
g 2 2 Moore & Teaney 2005; Romatschke 2006;
q~ % CF/A ( N c 1) Mg T 111(1 /g) Baier & Mehtar-Tani 2008
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Two-stream system

2 94 2 d’k 2y,
<ApT(t)>z4CF/A(Nc _1)n_‘.(2ﬂ)39

In anisotropic (unstable) QGP

:<ApT2 (t)) # const
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