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Abstract

Strongly coupled N/ = 4 supersymmetric Yang-Mills plasma at finite temperature and chemical poten-
tial for an R-symmetry charge undergoes a second order phase transition. We demonstrate that this phase
transition is of the mean field theory type. We explicitly show that the model is in the dynamical universal-
ity class of ‘model B’ according to the classification of Hohenberg and Halperin, with dynamical critical
exponent z = 4. We study bulk viscosity in the mass deformed version of this theory in the vicinity of the
phase transition. We point out that all available models of bulk viscosity at continuous phase transition are
in conflict with our explicit holographic computations.
© 2010 Elsevier B.V. All rights reserved.

1. Introduction

According to gauge theory/string theory correspondence of Maldacena [1] maximally super-
symmetric N = 4 SU(N) Yang—Mills (SYM) theory is dual to string theory on Ad S5 x S°. In the
planar limit (g%,, — 0, N — oo with A = g%,,N kept fixed) and for large *t Hooft coupling 1 > 1
the strongly coupled SYM is described by classical type IIB supergravity on Ad S5 x S°, making
it essentially soluble. The value of this holographic duality is that it can provide explicit tests
of various phenomenological models invented to describe the dynamics of strongly coupled sys-
tems. The focus of this paper is the application of gauge/gravity duality to the transport properties
of strongly coupled gauge theory plasma in the vicinity of the second order phase transitions.
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In [2] it was argued that the only model for the critical behavior of the bulk viscosity in
strongly coupled systems at continuous phase transitions not in conflict with explicit holographic
computations was that proposed by Onuki [3]. Specifically, Onuki’s model predicts that close to
the phase transition the bulk viscosity scales as

¢ oc ||V, (1.1)
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is the reduced temperature, v and « are the usual static critical exponents of the continuous phase
transition, and z is a dynamical critical exponent. In this paper we would like to definitely answer
the question as to whether or not (1.1) is realized in a strongly coupled gauge theory plasma with
a holographic dual.

Our starting point is the best studied example of gauge theory/string theory duality, namely
that of A" =4 SYM plasma. This theory has an SO(6) ~ SU(4) R-symmetry; thus one can turn
on three independent chemical potentials (one for each of the U (1)’s in the Cartan subalgebra of
the R-symmetry group). It is well known that A" =4 SYM plasma at finite temperature 7 and
for a single U (1) R-symmetry' chemical potential 1+ undergoes a second order phase transition”
[4-6]. Moreover, recently [7], the conductivity o of this gauge theory plasma was shown to be
finite on the critical line
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As aresult, the authors of [7] argued that the dynamical universality class of ' =4 SYM plasma
is that of ‘model B’ according to classification of Hohenberg and Halperin [8], with the dynami-
cal critical exponent

z=4-n, 1.4

with 1 being the anomalous static critical exponent. In this paper we confirm the identification
made in [7], and compute z for the N'=4 SYM plasma.

Unfortunately, we cannot use the A’ =4 SYM plasma directly to test Onuki’s prediction
for the scaling of the bulk viscosity in the vicinity of the phase transition (1.1) — conformal
invariance of the theory guarantees that the bulk viscosity must vanish for arbitrary chemical
potential and the temperature. Thus, we need to deform the theory in such a way that we break
the scale invariance. The simplest deformation one can consider is to give mass M to fermions
of N =4 SYM. If

M <L Teiticat, (15)

it is sufficient to work to order O(A;’—zz). Although not necessary, one can think about above
deformation (to the order specified) as that corresponding to deforming N = 4 plasma to N = 2*
plasma [9-11].

1 This is not the diagonal U(1) of the SU(4) R-symmetry.

2 As we show below, some of the static critical exponent first computed in [5] and since then widely used in the
literature are incorrect. This issue could be traced back to the fact that the hyperscaling relation between static critical
exponents is violated in this theory.
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