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Introduction

Au+Au - 200 GeV (central collisions):
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good jet-quenching phenomenology requires

accurate theoretical results for A Eparton
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e 1990's: AFE,arton Studied by various groups using
different methods, but all assuming perturbative QGP:

g <1eT>T,

a ~ 2005: some features of RHIC data have suggested
strongly coupled QGP = sQGP

To 22T62>9(T) 2 1

a Since ~ 2000: possible to address (hot) gauge
theories non-perturbatively, at least

N = 4 Supersymmetric Yang-Mills (SYM),
where AdS/CFT duality is expected (Maldacena, 1998)
— AFEparton IN SYM plasma for A > 1
=

Stéphane Peigné Parton Energy Loss: Perturbative vs Non-Perturbative



Perturbative AEF in QCD medium

e QCD medium = QGP or cold nuclear matter

a high energy = AF ~ AFE,,4 = two situations:
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(on-shell particle
travelling in vacuum
L does not radiate)
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cold nuclear
matter

cold nuclear
matter

A\

jet quenching DIS on nucleus DY on nucleus

Q tprod = —O0

g _
4% S O
X x X X
cold nuclear
matter
L large X J/W hadroproduction (F. Arleo, S. P))
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Medium effects on parton propagation
e leading order: elastic scattering

q~Uu ' ' ' ' (L>>A)
X X A X X

= momentum broadening <ApL> M2§

'Q>
e~
K>
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a next order: broadening induces radiation

0, k,
E ////
'q~u = ki Sq1
X X X
- W dFE W 2
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AE

asymptotic
light parton
energy loss

(heavy quark: qualitatively similar, but L* — L* = ((5422)1/3)
e maybes AEinduced(L < L*) ~ OJSQ\LQ valid when g ~ 1,

provided ¢ = ¢.g ?7?

L e worth trying non-perturbative approach
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don’t discard perturbative approach!

e energy loss physics is very rich
o momentum broadening
o LPM effect

o dead cone effect

o PQCD predictive, and predicts much more than AE
o gluon energy spectra
o k, distributions

e PT understanding still improving

(Arnold, 0903.1081 [nucl-th])
(Aurenche, Zakharov, 0907.1918 [hep-ph])

e perturbative approach justified in cold nuclear matter
— nuclear DIS at HERMES, CLAS, LHeC
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AFE from AdS/CFT

AdS/CFT correspondence
a context: Supersymmetric String Theory
elementary objects = strings {5 ~ lplanck = 1.61073° m

o d five consistent SST’s (Green & Schwarz, 1985)
- living in d = 10 dimensions
- related by dualities (Horava & Witten, 1995)

a string theory includes gravitation
1
= Rgp — anbR T gabA = 0= Rgp X gap
spacetime = Einstein manifold
What are the allowed Einstein manifolds to have a consistent theory?

constraint: 4-dim Minkowski spacetime R® x R must be a boundary

=
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Hint: Holographic Principle:
a theory containing gravity must be dual to the boundary theory
(full theory in d = 10 inferred from d = 4 theory!)

o Maldacena conjecture (AdS/CFT correspondence):

N =4 SU(N.) SYM
INn d = 4 Minkowski <
spacetime

(isometry group of AdSs x S° = SO(2,4) x SO(6))

Type 1IB SST on AdSs x S°

o parameters: Y., = 47mgs
)\ — gzMNc — (%)4

S

Gyg = 0, Ne w00 gs < 1 (weakly coupled)
L. withfixed A\ > 1 R > ¢, (weakly curved)
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NP quantum | |
calculationind=4 & classical supergravity
boundary SYM theory calculation in AdSs x S°
SYM theory

in flat d=4
spacetime

Type IIB in
AdS5 X

closed string

r= o
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Heavy quark AE in SYM plasma

o AdS/CFT at T +# 0: (Witten, 1998)

T = 0: SYM on boundary R® x R
T #+ 0: boundary is now R® x S'(3) (3=1/T)

look for Einstein manifold with boundary R® x S*(/3) instead of R*

= “AdS - black hole” metric:
o — I (dF? — fdt?) + f§fdfr , f=1-01

black hole singularity at the horizon r = rqg = 7 R*T

raise temperature T o add black hole located at
on boundary r =1 =mR*T in AdS space

=
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e add quark flavour to the picture  (Karch & Katz, 2002)

add fundamental quark R add D-brane down to
In boundary theory r = rmin IN AdS Space

D—brane

black hole
horizon

finite T SYM with
fundamental quark

r=0
MQ = TS (Tmin — rO)
open string

I'=I'min

heavy quark moving in ., open string endpoint
N =4 SU(N.) SYM plasma moving on D-brane
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AdS/CFT studies of A Eparton

Herzog et al, hep-th/0605158
Gubser, hep-th/0605182

Gubser et al, 0803.1470

Hatta, lancu, Mueller, 0803.2481
Fadafan et al, 0809.2869

Chesler et al, 0810.1985

Marquet, 0810.2572

Giecold, lancu, Mueller, 0903.1840
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The trailing string picture (Herzog et al, 2006)
—> study classical dynamics of open string in AdS-BH background

Nambu-Goto action
Sna = =T fdadT\/—det Gap(XH(0, 7))

e drag quark with velocity v along z-axis
e look for string profile z(r,t) = x(r) + vt minimizing Sng

= 2(r) = }o & |3 — tan~1(Z) - coth™}(%)]

: _ 2
rO ______________ v r T - 27-(-62 ’ TO _ ﬂ-R T
/,%— I,2 dE _ 2 2
energy flow =y 2 T, = = dt 2 YU \/XT
R (A > 1)

:\ " *1: . "
I ‘ trailing string
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A physical interpretation (Marquet, 2008)
(Giecold, lancu, Mueller, 2009)

What is the physical process responsible for ab s the SYM plasma?
dz

ry o ~Toy ?L UV/IR correspondence
_____________ r
an r <+ () = zz On boundary
y singularity
| /%rggy energy loss from
I r SV QS VAT

causally disconnected

— suggests energy loss arises from radiation of soft
components @) < /v T of heavy quark proper field

purely radiative loss, inducing quark pp-broadening
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Summary

e [Two theoretical paths to A Eparton :

o perturbative QCD for oy, < 1
o AdS/CFT for QCD-like SYM theory and A > 1

o RHIC data seem to sit in intermediate region a, ~ 1

o AdS/CFT and possibly AdS/QCD results in region
A ~ 1 would be very helpful
e we should not discard PQCD

e only fully predictive approach currently available
e Often valid in region broader than expected
e applicable to cold matter
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