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Relativistic hydrodynamics provides a con-
venient tool to analyse relativistic heavy ion
collision data. It is assumed that a fireball
is created in the collisions. Assuming a lo-
cal thermal equilibrium achieved after a cer-
tain time τi hydrodynamics can be applied.
If the macroscopic properties of the fluid are
known at the equilibration time τi, the rela-
tivistic hydrodynamic equations can be solved
to give the space-time evolution of the fire-
ball till a given freeze-out condition such that
interaction between the constituents is too
weak to continue the evolution. Using suit-
able algorithm (e.g. Cooper-Frye) informa-
tion at the freeze-out can be converted into
particle spectra and can be directly compared
with experimental data. Thus, hydrodynam-
ics, in an indirect way, can characterize the
initial condition of the medium produced in
heavy ion collisions. Hydrodynamics equa-
tions are closed only with an equation of state
(EOS). It is one of the most important inputs
of a hydrodynamic model. Through this input
macroscopic hydrodynamic models make con-
tact with the microscopic world and one can
investigate the possibility of phase transition
in the medium. Most of the hydrodynami-
cal calculations are performed with EOS with
a 1st order phase transition . However, lat-
tice simulations for µb = 0 indicate that the
confinement-deconfinement transition is nei-
ther a 1st nor a 2nd order phase transition,
rather a cross-over at Tco=196 MeV. It is then
important that lattice based EOS are used in
hydrodynamic analysis of RHIC data, when
we are trying to verify the lattice prediction
about confinement-deconfinement transition.
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In hydrodynamics, initial energy density or
temperature of the fluid is obtained by fitting
experimental data on particle production, e.g.
pion multiplicity, pT spectra etc., which essen-
tially measure the final state entropy. Unlike
in ideal fluid evolution, where initial and fi-
nal state entropy remains the same, in viscous
fluid evolution entropy is generated. Conse-
quently, to produce a fixed final state entropy,
viscous fluid require less initial entropy den-
sity (or energy density) than an ideal fluid.
Assuming that in Au+Au collisions, a baryon
free fluid is produced, transverse momentum
spectra of identified particles (π, K, p and φ),
in evolution of ideal and viscous fluid is stud-
ied. Hydrodynamic evolution is governed by
a lattice based equation of state (EOS), with
a cross-over at Tco=196 MeV. Ideal or viscous
fluid was initialised to reproduce φ meson mul-
tiplicity in 0-5% Au+Au collisions. The en-
ergy momentum conservation and relaxation
equation for shear stress in Israel-Stewart sec-
ond order formalism is

∂µTµν = 0, (1)

Dπµν = − 1

τπ

(πµν − 2η∇<µuν>)

− [uµπνλ + uνπνλ]Duλ. (2)

Eq.1 is the conservation equation for the
energy-momentum tensor, Tµν = (ε +
p)uµuν − pgµν + πµν , ε, p and u being the
energy density, pressure and fluid velocity re-
spectively. πµν is the shear stress tensor. Eq.2
is the relaxation equation for the shear stress
tensor πµν . In Eq.2, D = uµ∂µ is the con-
vective time derivative, ∇<µuν> = 1

2
(∇µuν +

∇νuµ) − 1

3
(∂.u)(gµν − uµuν) is a symmetric

traceless tensor. η is the shear viscosity and
τπ is the relaxation time. Assuming boost-
invariance, Eqs.1 and 2 are solved in (τ =
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FIG. 1: PHENIX data [2] on the centrality de-

pendence of π
+

+π
−

2
in 0-60% Au+Au collisions.

Experimental data beyond 0-5% are divided by
a factor of 10 respectively. Four lines are hydro-
dynamic predictions from ideal(η/s=0.0) and vis-
cous (η/s=0.08,0.12,0.16) fluid respectively.
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FIG. 2: Filled squares are the for the combined
data sets as a function of viscosity to entropy ratio
(η/s). The filled circles are the same when proton
data are excluded. Experimental data only upto
30-40% collision centrality are included.
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with a code ”‘AZHYDRO-KOLKATA”’, de-
veloped at the Cyclotron Centre, Kolkata.

Details of our simulations can be found in
[1]. Figure 1 we only show the simulated
spectra for charged pions with PHENIX ex-
periment [2]. The lines from bottom to top
corresponds to η/s= 0.0,0.08,0.12,0.16 respec-
tively. ADS/CFT limit of viscosity η/s=0.08
best explained the centrality dependence of
pion spectra. Ideal QGP also give comparable
description. We have not shown, but experi-
mental pT spectra for kaons and φ are also
well described with η/s ≈0.00-0.08. Descrip-
tion gets poorer for more viscous QGP. Proton
spectra however is underpredicted by a factor
of ∼2. It is possibly related to assumption of
baryon free fluid in the model.

The goodness of fit can be best viewed in the
χ2 analysis. In Fig.2, χ2 as a function of η/s
is shown. pT spectra of pions, kaons, phi and
proton in 0-40% collisions are included in the
chi2 analysis. As the Proton data is poorly
described, we have also shown the χ2 values
omitting the proton spectra. With or without
the proton, best fit to data is obtained for vis-
cosity to entrtopy ratio η/s=0.08. Ideal fluid
also give comparable description. Description
to the data is much poorer in viscous fluid evo-
lution with η/s ≥0.12. Identified spectra thus
give a phenomenological upper limit of QGP
viscosity, η/s < 0.12.
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