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Rate at q=0

Rate of dilepton production (p=0)
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Weakly interacting
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(from F. Karsch, hep-1at/0106019)

J.-P. Blaizot, E. Iancu and A. Rebhan, Phys. Lett. B470, 181 (1999)



Scales and degrees of freedom in
the weakly coupled quark-gluon plasma

g <1
Hard modes = plasma particles

k~T

Soft modes = collective excitations

ko~ Q'T (coupled to hard modes)

Ultra Soft modes (« magnetic sector »)

k ~ g*T



HARD THERMAL LOOPS (1)
[Eraaten and Pisarski (90), Frenkel and Taylor (90)]

e Large thermal contributions to the dynamics of the soft fields.

K-~T
F~gl :

II(P) ~ ¢°T* ~ P2 for P~ gT




HARD THERMAL LOOPS (2)

¢ Resumed propagator Dw. q)

e Debye screening:

(v < p) ~ m% = Daylw < p) ~

e Dynamical . screening:




Gluonic collective modes
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Dispersion relations for the modes wy (p) and wr(p)

p* +Ig(wr,p) =0, if-’%Z}?EwLHT(MLPL wy =mp/V3

“asymptotic mass’: 1'[1 loop (2 = p?) = "“21::



P <= Wy

Collective fermionic excitations

1~
=y

gT

P> wy ui[p) ~ p? + ﬂ-fi} : ﬂ{i = 2&.:3

i) ~wo+ 2, w(p) ~wp— 2o



Effect of collisions
Width of quasiparticles

Y =nag n~ T3

o= /dqg(dﬂ/dqg} do/dg* ~ ¢*/q*

| 5 1
N~ gt T3 /n:lch-ﬂ1

Damping is anomalously large
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¥~ g'T°— ~ ¢°T o
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Rate of photon production

AN, e* g e Gy
w/ = — H{ L, — - i :[ ]:[n"-“"" W,
d*xd3q 2(2m)3 (@ 9) (27)3 ew/T — 1 m T (w, q)
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H:;p [:L:.JQ} — ./d;]::IT eéQ.I {j,LL(U}Ju{T}}

Ju() = P(x)y.9(x)
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Rate of dilepton production

McLerran, Tomeila (1985)
Weldon (1990)
Gale,Kapusta (1991)



Leading order calculations

McLerran, Tomeila (1985)
Baier, Pire, Schiff (1988)

Alther, Aurenche, Becherrawy (1989)
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Infrared divergent for real photons (Q* = 0)



HTL resummations

> W W
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P+Q
m‘i 2
=2P-Q="dg  mi=ph 4w
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u.JT C Kapusta, Lichard, Seibert (1991)
s Baier, Nakkagawa, Niegawa,
Redlich (1992)



Two-loop resummed calculations (1)

Aurenche, Gelis, Kobes, Petitgirard (1996)
Aurenche, Gelis, Kobes, Zaraket (1998)
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Two-loop resummed calculations (2)

P-I-Q_r\_r‘fﬂ 2
— \—\\ (P + Q)? _-m?:zp-c;)zp—iq
g P

Singularity when the photon is emitted forward
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Coherence effects

> P+Q_r‘ffﬂ N mi q
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Formation time comparable to mean collision time ~~ 1/g°T

}

Ir

>

/

<OV0V0DY
VUV Y
<VVVY
<VVVVOVY
<0V Y

—

A

Multiple scatterings are important

Landau, Pomeranchuk, Migdal (1953-55)



Effect of multiple collisions

Migdal (1956)
Arnold, Moore, Yaffe (2001-2002)
Aurenche, Gelis, Zaraket (2002)




Photon rate at O(aay)

Aurenche, Gelis, Moore, Zaraket (2002)
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dN / d*x d%q (GeV™ *fm™ %)

Dilepton rate at O(a’a)
Aurenche, Gelis, Moore, Zaraket (2002)

Threshold = 2.3 GeV
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Dilepton rates from lattice spectral function

Gy (T:-,ﬁ:- T) — f dEIE}{p(E‘-ﬁ+ f)<J{£ (T:- E)j‘i’”(oaﬁ»

Gy (7,p,T) is measured on the lattice

. > - Ch(w(T—1/2T))
Gy(r,5,T) = | dw oy (w,5,T
V (T?p‘.l ) -/{; 'D'I’ ( '.Ip:' ) Sh(ﬂt.-:'/?T)

The spectral function oy (w,p,1') is reconstructed from the MEM
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Karsch et al, hep-1at/0110208



Rate at q=0

Rate of dilepton production (p=0)
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Puzzle at small frequency

Electric conductivity

0o = lim,_oImII(w,0)/6w

Simple sum rule

= ImlI(w, q) :
L d “nhw/2T (T =1/2T,q) ( )



Electric conductivity from lattice
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NB. It is assumed in the MEM that the looked for
spectral function leads to a finite conductivity

S. Gupta, hep-1at/0301006



- Leading order rates are under control
- First lattice estimates agree with

perturbative ones at large frequencies,

BUT differ qualitatively at small frequencies
-The low frequency domain remains to be
understood




