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Why Relativistic Hydrodynamics®

Hydrodinamics is an eftective theory of matter reliable when

the evolution of the system can be describe in terms of few

function (energy density, pressure,...) and evolve over scale
much larger than the microscopic one.

Relativistic hydrodynamics is used to describe the evolution of
a system when is to difficult to do in another way :

Astrophysics
Cosmology

Heavy ion collision




Heavy lon Collision and Quark Gluon Plasma

The goal of the Heavy lon Collision program is study how the
matter (quark and gluons) behaves at very high temperature.
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Heavy lon Collision andquark Gluon Plasma ll

The evolution after the
collision can be divided
IN 3 phases
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|deal evolution

The equatlon of relativistic hyolrodynamlos

,j' 3, T‘“’ — o au]u — o '

At global and homogeneous eo|U|I|Ior|um the energy
momentum tensor and charge current are:

T" (z) = (p + p)uru” — g""p 7" = nu”

he basic assumption of hydrodynamics is the local
equilibrium condition

p(2) = peq (T'(z), p(z)) P(T) = Peq (T'(2), 1(2))
n(x) — Teq (T(:E), /L(:E))
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Navier-Stokes equations

The viscosity can be add as extra term of the energy
momentum tensor:

T = pubu”’ — pAF*Y + gHu” + utq” + ITHY — TTAHY
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» The Navier-Stokes theory can not be used in a practical way
since It iIs unstable and acausal.

» This problem can be solved adding more terms, made by
second order in gradients of the velocity

i Israel-Stewart §
i Theory |




Viscosity of QGP

The QGP is almost a perfect fluids
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Low viscosity means
strongly coupled fluid,
and no quasiparticles




Beyond viscous Hydrodynamics

The general structure up to second order In
gradients contains many terms:
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Bl 2cceleration

» The most important is the relaxation time 17x

» The coefficient involving acceleration and vorticity
(angular velocity) are non dissipative, and correspond
to equilibrium situation.



Equilibrium with rotation and acceleration

The condition to have an equilibrium situation is that the
inverse four temperature must be a Killing vector field

14 ;
(VA o four velocity
four temperature H=p" + ol x, = —

1
BH = : — (14 az,0,0,at) BH = : — (1, w X x)
| 1o 1
acceleration angular velocity

>

\




_nergy momentum W|th rotat'on and acceleratlon
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Some numbers

At room temperature those coefficient are ridiculous tiny.

In a Heavy ion collision the temperature is T>400 MeV (@
LHC) and the initial acceleration is a= 10A30 g

ha

~ (.04
cK'T’

These effect could be seen if the coefficient are sufficiently
big in a more realistic calculation (including the interaction).

11



Po\aﬂzatlon Of Lambda

CDmpIete energyfange

A this study
A this study

. A PRC76 024915 (2007)
A PRC76 024915 (2007)

Au+Au 20-50%

STAR Preliminary

Large uncertainties, but previous results follow trend established at BES
: |

Polarization of lambda observed in heavy ion collision due to
acceleration and vorticity. The particle and anti-particle have
the same sign of the polarization
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