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Direct observation of QGP not possible P signatures needed

) . Au+Au (central collisions): B
Partonic energy loss described by the 3 W Directy (PHENIX)
.- . o % Inclusive h* (STAR)
nuclear modification factor Ry,. 10 L ® X (PHENX)
C PHENIX Preliminary n
B & GLV parton energy loss (dN’/dy = 1100)

Radiative processes are the main reason
for partonic energy loss.
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Interference effects from different
propagation segments lead to a
suppression of the standard pQFT cross
section at small energies (LPM-effect).
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QGP is no static medium but expands and cools down (t = 4 fm/c)
Do we have memory effects in the radiative behavior or does it follow changes in
the medium instantaneously » Motivation of the present study

Calculation of memory times and total energy loss with the Keldysh Schwinger
formalism + comparison of results to equilibrium calculations

Restriction to photon emission, i.e., to QED-like interactions
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(Non equilibrium) photon production rate:

d'n 1

2%k =
dizddk  (2m)3

t
w (k) / IS, (k, t, u)e™ ") du
One loop approximation for photon self energy:

. . 2 — —
zH/fV(k, t,u)=e / (27)3Tr {'yMS; (D+ k, t,u)y,S7 (P, u, t)}

Propagators for fermion jet with momentum p’:

- 27)3 N, -
Ss(P+k, E) = 2wi%53(ﬁ+ k—p)Ar(p+k, E)

S>(7,E) = —2miAp(p+ k, E)
Radiation from fermion » use Breit Wigner model with fermion component only:

_ 1 705p_7'ﬁ+m
271‘823’ (E — 85)2 + 1?2

Ar(p)
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Fourier transform of fermion propagators into two time representation and
calculation of photon self energy:

e?V
527535‘—1_5

iH;V(k, t,u) =

{Pu(p — k) + 0o (Pp — ku) — g [P (P — k) — mZ]}
Xe—i(sﬁ—sﬁ_g—k)e—2F|t—u|

LPM effect and Bethe Heitler cross section are included in this description
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. . | |
QGP: expansion time At = 4 fm/c; - 1o - —
£
['e 1.0 GeV;0.1 GeV] <
]
L.,
linear decrement of I from I'y to I', over At
. i i i % 0.5 — start of change end of change —
Direct introduction of time dependent I 5
in iIT5,, ; I=T"(u) <
. =
Comparison of photon rates at the end of 2
At to equilibrium calculations reveals SR chendn dumen 2 L]
possible memory effects time T
Consider relative difference r between oo0s chenge fomty o Ty win T
R - : ' ' ' ' Uinitial T,=1.0 Gev —
equilibrium and dynamic case at the end e ot of e L E D08
of At for several At T camdismataein |
— 3 change auration or AT= e m
The faster I'' is switched down, the bigger 3 °™[
is that difference £ oo
E 0.002
0.001
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FunC'[IOI’]a| I’e|atI0n between r and AT: Memory times for [';=1.0 GeV, I',=0.3 GeV, I'=['(u)

r ~ e 27/T for soft photons w < I’ ol
o~ (AT/T)G_AT/T for hard photons w > T W
W=E&5—Ez f— k

" kp=10GeY —+—
ko=05 GeV
k=02 GEV s 1
kp=01 GEV o

1 [fm/c]

Fit parameter 1t defines the memory time

Memory times for different photon modes 02| I
behave as the characteristic timescale: ° ; ” 3 . 5

kt [GeV']
T ~ 2T/ (w? 4 4I'%)

Scattering time tg = 1/2T" sets upper bound for the memory times
(decorrelation time)

In general: t # 1 = 2n/®; equality only holds for the transition from the
LPM region to the BH region

Memory effects quite small, Tt < 1.4 fm/c
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Memory times for total radiation power / Energy loss
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Problem: energy rate ~ const. for large k (I independent of ®)

» dE/dt linearly divergent

Introduction of Cutoff at k=p; emitted photons
cannot have higher energy than the fermion

Memory effects are quite small (t <1 fml/c) for

both time dependencies of I"

Memory Times for the Total Radiation Power

08
07 |
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03, x ~

Memory Time t [fm/c]

02t I'=I(u), [;=1.0 GeV
=I((t+u)/2), [;=1.0 GeV
01 f

0

> s 4 5 6 7 8 9 10 1
11T, [GeV™]

Energy Loss: no tremendous differences

between static and dynamic case (< 5% for

At =4 fm/c); -AE = 4.5 GeV
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dE/dt [GeV?)

I'=1.0 GeV, I';=0.3 GeV and I'=I"(u)

0.32
0.3
initial 'y=1.0 GeV
0.28 | final [,=0.3 GeV
At=30 GeV'} (6 fm) ~~
0.26 1 At=25 GeV' 1 (5 fm)
024 | At=20 GeV ] (4 fm)
: At=15 C:‘|eV'1 (3 fm)
022 | At=10 GeV ] (2 fm) -~
) A1=05 GeV" (1 fm)
o2}
0.18 |
0.16 |
0.14 — i i i -
0 20 40 60 80 100
tGev |
Relative Difference r for At=20 GeV™' (4 fm)
0.04
0.035
0.03 +
0.025 -
0.02 +
0.015
001} I',=1.0 GeV, I'=I'(u)
r,=1.0 GeV, I=I](t+u)/2]
0.005 £ ~
0 1 1 L L L 1 1 1
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Energy loss amounts 20 — 25 % of fermion energy ; large for photon emission

Gluon emission, a, » o, energy loss increases by a factor of 10,
fermion damped off immediately

Main reason: ansatz allows for transition between arbitrarily offshell
energy states, I' independent of :

= 2m)3 S o S
S5+ F.5) = 2mi E 55+ B~ ) Ap (5 + K. )
S2(p,E) = —2miAp(5+k, E)

Modified ansatz: only transitions between energy states which do not
differ from onshell energy with more than n*T’

Propagators get step functions 6(nI'-|E-g,|) n - AE [GeV]
Consequence: photon emission suppressed 1 0.20
for |ey-g,.-K| > 2nT° 2 1.16
AE reduced by a factor of 20 for n=1 = 3.28
10 4.43
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Memory times for the particular photon modes (LPM, BH) essentially show
the following behavior:

T ~ 2I'/(w? + 41?)
Memory times for total radiation power are dominated by the low energy

scale, as the photon modes have tremendously higher memory time

All memory times are below 1 fm/c »Adjustment process close to
Markovian

Mainly due to the large scattering rates in a QGP which result in a fast
decorrelation of the source particle

Claim confirmed by the total energy loss; difference to static calculation
less than 5 % for typical parameters of a QGP

But: High energy modes are unphysical as they violate energy conservation
They have to be cutted off properly
Memory effects can become more important
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