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Abstract

Gauge theory—gravity duality predicthat the shear viscosity 8f = 4 supersymmetri€J(N,)
Yang—Mills plasma at temperatuiein the limit of largeN, and large 't Hooft coupling,]g\z(,\,I N is
independent of the coupling and equalsﬁNET3/8. In this paper, we compute the leading correc-
tion to the shear viscosity in inverse powers of 't Hooft coupling usingtheorrected low-energy
effective action of type IIB string theory. We also find the correction to the ratio of shear viscosity to
the volume entropy density (equal t@4lr in the limit of infinite coupling). The correction to/4x
scales aggg), No)~%/2 with a positive coefficient.
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1. Introduction

Transport coefficients such as viscosity, diffusion constants, thermal and electric
conductivities are the key ingredients describing the hydrodynamic regime of any
medium[1]. These coefficients are usually obtained from experiment rather than computed
from first principles of an und®/ing microscopt theory, because the study of realistic
strongly interacting systems often remaingdired the reach of currently available theoret-
ical methods.

For finite-temperature quantum field theories, and thermal gauge theories in particular,
computations based on the Boltzmann equation in the regime of weak cogplnd
show[2-5]that the shear viscosity behaves as

CN?T3
g*log1/g?’
whereN? is the number of colors and is a large numerical coefficient.

Since the entropy scales ds~ NCZT3V3, the ratio of shear viscosity to the volume
entropy density = S/ V3 behaves as
n 1
s ghlog g~ !
in the regime of weak coupling. On the other hand, hydrodynamic models used to describe
elliptic flows observed in recent heavy ion collision experiments at RHIC seem to favor
small values of the ratig/s [6—8]. This is not a contradiction, however, since the experi-
mental data were obtained for the range of energies where the coupling remains relatively
large, whereas the resyft.2)is valid for small coupling.

It is therefore desirable to obtain results for the viscosity—entropy ratio in the regime of
intermediate and strong coupling. Lattice siatidns cannot address the issue of real-time
dynamics directly facing (among other things) a formidable problem of analytic continua-
tion. (For indirect approaches, sge-12].)

In the absence of more conventional methods, the AAS/CFT (or gauge theory/gravity)
duality conjecture in string theofjl 3—15]emerged as a source of insights into the non-
perturbative regime of thermal gauge theories. The best studied example of the duality
relates a four-dimensional finite-temperatfe= 4 SU(N,) supersymmetric Yang—Mills
(SYM) theory in the limit of largeV, and large 't Hooft couplingr\z(,vI N, to the supergrav-
ity background corresponding to a stackMf near-extremal black three-branes.

Using the AdS/CFT conjecture, one is able to predict the behavior of the entropy of
N =4 SYM in the regime of strong couplifd6,17] In the largeN, limit, the entropy is
given by

_2712
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where the functioqf(g%M N,.) interpolates (presumably smoothly) between 1 at zero cou-
pling and 34 at infinite coupling. The strong coupling expansion fowas obtained by
Gubser, Klebanov and Tseytljh7]
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F(ghNe) = 3 + 0@ (2gquNe) 4 (1.4)

n (1.1)
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S N2V3T3f (g9 Ne), (1.3)
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