Relativistic second-order dissipative fluid dynamics at finite chemical potential

Amaresh J aiswall, Bengt Friman! and Krzysztof Redlich??

Introduction

Relativistic hydrodynamics has been applied quite successfully to describe the
space-time evolution of the QGP formed in high-energy heavy ion collisions
and estimate 1ts transport coefficients [1]. Most of the studies have focused on
exploring the effects of the shear viscosity on the QGP. While the effects of
bulk viscous pressure has been studied in some details, the dissipative charge
current has been largely 1ignored. This may be attributed to the fact that at very
high energies, such as at RHIC and LHC, baryon number and its corresponding
chemical potential are negligible. However, at lower collision energies such as
those probed in the RHIC low-energy scan or at the upcoming experiments at
FAIR, baryon number can no longer be 1ignored and therefore charge diffusion
may play an important role.

In this poster, we present the derivation of second-order evolution equations
for shear stress tensor and dissipative charge current for a hydrodynamic sys-
tem of massless quarks and gluons. The transport coefficients are obtained
exactly using quantum statistics for the quark and gluon phase-space distribu-
tion functions with a non-vanishing quark chemical potential. We show that,
up to second-order in the gradient expansion, the evolution equations for the
shear stress tensor and the dissipative charge current can be decoupled. We
also demonstrate that the limiting behaviour of the ratio of heat conductivity to
shear viscosity 1s similar to that of a strongly coupled conformal fluid.

Dissipative evolution equations

The equation of motion governing the hydrodynamic evolution of a relativis-
tic system is obtained from the local conservation of energy and momentum,
0,TH" = 0, and particle four-current, 0, N# = 0. The conserved energy-
momentum tensor and the net-quark current can be expressed in terms of the
single particle phase-space distribution function as [2]
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where A# = gM¥ — yHu”. Various thermodynamic quantities for a system of
massless quarks and gluons is given by
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where T<%)V = THY| £y £10)- The equilibrium distribution functions are given by

(0)_ .
Ja = exp(fu-p—a)+1’
where 0 = 1/T and o = pu/T.
The above expressions for €, F), ng, and sy can also be obtained directly
from the partition function of an ideal QGP [2],

(0) _ (0) (0) _ 1
fq_ —fq ‘Oé-)-OU fg _eXp(ﬁup)—l

, (7)

V | (4gg+ 7907 4 9000 2, 94 4
InZ = T+ =T — 8
AT T 360 Tt Tt (8)
by employing the thermodynamic relations
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where V' 1s the volume of the system.

For a system close to local thermodynamic equilibrium, f = f 045 f, where
of < f (0), the shear stress tensor 7 and the particle diffusion current n* can
be expressed in terms of 0 f as

T = ALY / dpp°p” [99(8fq + 0fq) + 940 f)
nt = Ag/dppa 194(0.fqg — 3£3)] .

where ALY = 5(AGAY + ARAL) — 3AMA .
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To obtain o f We start from the relativistic Boltzmann equation with the
relaxation-time approximation for the collision term
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Eq. (12) iteratively, we obtain [3],
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and 7p 1s the relaxation time. Solving
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Substituting 0 f = 0 f SO f 2) in Egs. (10)-(11) and performing the momen-

tum 1ntegrations, we obtain [4]
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where W’ = (VY — VYut) /2. The last term in Eq. (15) is equivalent to
—(6/5)n,0"". Evolution equation for dissipative charge current reduce to [4]:
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Transport coefficients
The first-order transport coefficients are obtained as [4]
€+ P 7 + 30 n?T
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The ratio of charge conductivity to shear viscosity, x5, /7, and heat conductivity
to shear viscosity, /7, are expressed as
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In the limit of both small and large /T,
37/27  for 2 flavor QGP, u/T < 1
Kq C7T2_T C_ 95/81  for 3 flavor QGP, u/T <« 1 (19)
n p2 ) 5/3 for p/T > 1
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Figure 1: (a): The ratio of charge conductivity to shear viscosity scaled by the
temperature, s, 1 /7, and (b): The ratio of thermal conductivity to shear vis-
cosity, k¢ /1, scaled by the factor 1? /7T, for two flavor (solid line) and three
flavor (dashed line) massless quarks, plotted against /7.
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