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Introduction

We study the vorticity patterns in relativis-
tic heavy ion collisions with respect to the col-
lision energy. The collision energy is related to
the chemical potential of the thermal - statis-
tical models that assume chemical equilibrium
after the relativistic collision. We use the mul-
tiphase transport model (AMPT) to study the
vorticity. We look at the flow patterns related
to the bulk viscosity and the shear viscosity at
different collision energies. We find that the
shear viscosity obtained is almost a constant
with a small decrease at higher collision en-
ergies. We also look at the elliptic flow as it
is related to viscous effects in the final stages
after the collision.

Vorticity simulation

We have used the AMPT code which is a
multiphase transport model to generate the
initial distribution of the particles [1]. The
parameters that we use have been used pre-
viously in the AMPT model [2] to reproduce
the yields, transverse momentum spectra, and
elliptic flow for low-pT pions and kaons in cen-
tral and midcentral Au+Au collisions at col-
lision energies of 200 GeV. The output gives
the particles space-time coordinates and three
momentum at freeze-out. We then use a grid
based simulation and obtain the average mo-
mentum and the energy for each cell. The
velocity is extracted from these values by tak-

ing 〈
−→p 〉
〈ε〉 . We calculate the weighted vorticity

on the XZ plane, both non-relativistic as well
as relativistic with respect to the collision en-
ergy. In the reaction plane, the thermal vor-
ticity is given by, ωTµν = 1

2 (∂νβµ − ∂µβν),
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FIG. 1: Thermal vorticity distribution at
√
sNN=

200 GeV for partons.

here βµ =
uµ
T ,uµ = γ(1,−vx,−vy,−vz) and T

is the local temperature. Local vorticity de-
pends on the velocity field at a particular in-
stant and evolves as the velocity field evolves.
In general, the bulk viscosity (Π) is ignored
and the shear viscosity (η) is considered to be
a constant. We use the definition of shear vis-
cosity from Kadam et. al[3], η = 5

64
√
8r2

Σi <

|p| > ni
n , here ni is the number density of

the i th particle while r is the radius of the
particles concerned. At chemical equilibrium,
the energy dependence of the baryon chem-
ical potential is parametrized as, µB(

√
s) =

d
(1+e

√
s)

, (d = 1.308 ± 0.028GeV, e = 0.273 ±
0.008GeV −1)[4]. Hence chemical potential
varys inversely as the collision energy.

Results and Discussion

We have obtained the thermal vorticity pat-
terns in the reaction (x-z) plane at an collision
energy between 200 GeV and 20 GeV[5]. In fig
1, we see the vortex lines indicate distinct con-
tours around the vortices formed. When we go
lower in collision energy, the contours are far
more spaced out. As the collision energy de-
creases, the chemical potential µB increases.
The vorticity formed tends to be circular if the
angular momentum is higher and strain due
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FIG. 2: Average thermal vorticity 〈ωxz〉 ≡ 〈ωy〉 at
different

√
sNN at an impact parameter b = 7fm
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FIG. 3: The specific shear viscosity at different√
sNN for neutrons and protons, pions, Λ hyper-

ons and their antiparticles.

to the bulk viscous pressure is lower. As the
strain due to the bulk viscous pressure around
the fluid increases, the vortices spread out and
become more elliptical.

We studied the vorticities using the classical
and relativistic definitions for the same energy
range. In all the cases, we observe that the
vorticity spreads out as we go to lower colli-
sion energies. The average thermal vorticity
〈ωxz〉 is plotted at different collision energies
in fig.2 and it shows that the average vorticity
decreases with the increase in collision energy
with a small dip below 40 GeV. Our vorticity
results are consistent with ref.[6].

We obtain the coefficient of shear viscosity
for various collision energies. Though defined
over all the particles, we do the calculations
separately over various particles specifically
for neutrons, protons, pions and Λ hyperons
as the number of these particles are greater in
the output of the AMPT.

Fig.3 shows the viscosity of the neutrons,
protons, pions and Λ hyperons. The specific
shear viscosity is highest at lower collision
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FIG. 4: Change of v2 with pT for different
√
sNN

energies which corresponds to higher baryon
chemical potentials. It becomes nearly con-
stant beyond 80 GeV. Since vorticity diffuses
through the viscous stresses. So the spreading
out of the vorticity patterns indicate that the
bulk pressure plays a greater role in the vis-
cous diffusion of the vortices at low collision
energies and high chemical potential. In fig.4,
we show the nature of the elliptic flow changes
with change in collision energy. At lower pT ,
the different collision energies indicate that
the overall pT suppression is more for higher
collision energies while no such conclusion can
be reached for the higher pT range. Even
for 200 GeV we see that the v2 vs. pT plot
does not change significantly, when compared
to the 20 GeV plot. So if shear viscosity in-
deed plays an important role in generating the
elliptic flow, shear viscosity does not change
significantly with increasing baryon chemical
potential. This appears to agree with our plot
of η

s vs
√
sNN .
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