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Abstract: Polytropic gas has been thought as an alternative dark energy model by many cosmologists. Here we have discussed

about the cases of dominance of phantom dark energy or quintessence in universe due to the presence of polytropic gas.
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1. INTRODUCTION :- Many Cosmological experiments and observations such as Type 1a Supernovae [1]-[3], Cosmic

Microwave Background Radiation [4], Large Scale Structure [5], [6], Wilkinson Microwave Anisotropy Probe [7], Sloan Digital
Sky Survey [8], etc. indicates that our universe expands under an accelerated expansion. In standard Friedman Lemaitre Robertson
Walker (FLRW) cosmology, a new energy with negative pressure, called dark energy (DE) is responsible for this expansion [9],[10].
The nature of the DE is still unknown and various problems have been proposed by the researchers in this field. About 70% of the
present energy of the universe is contained in the DE. The cosmological constant with the time independent equation of state is the
earliest and simplest candidate for the dark energy [11]. Besides the cosmological constant, there are many dynamical dark energy
models with the time dependent equation of state that have been proposed to explain the cosmic acceleration. Polytropic gas is one
of the dynamical dark energy models to explain the cosmic acceleration of the universe [12]-[14]. The polytropic gas DE model is
a phenomenological model of dark energy where the pressure is a function of energy density [15].

2. FORMULATION OF THE PROBLEM:- The polytropic gas has been proposed as an alternative dark energy model to

explain the acceleration of the universe and its equation of state (EOS) is given by [13]

1

14—
pa=kp, " 1)

Wherep,,p,,k,and n are the pressure, energy density, polytropic constant and polytropic index respectively.

The  conservation  equation  for  the dark  energy in  the FRW  universe is  given by
pa+3H(ps+ps) =0 (2

Where H is the Hubble parameter and a dot are denotes the differentiation with respect to the cosmological time.

Using the EOS (1) into the conservation equation (2) and integrating we get
-n
pa = [—k + Ba3/n] (3)
Where B is a positive integration constant and a(t) is a time scale factor of the universe [13]

When k < Bas/n, we see that p, > 0 for any arbitrary value of n; when k > Ba’/n , We see that p, > 0 for even value

n
of n.Also when k = Ba’/»we see that pa — oo and the polytropic gas has a finite time singularity at a; = (g) /3.

Using equations (1) & (3), the EOS parameter of the polytropic gas dark energy model is obtained as
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3
p_A=_1+ Ba /'n

pa Ba’/n—k

(4)

wy =

When k > Ba®/n | we see that w, < —1 which corresponds to a universe dominated by phantom dark energy; when k < Ba’/n,

. - - . 3
we see that w, > —1 which corresponds to a quintessence like accelerated universe; also when k = Ba /n | we see that Wy = ©

n
. . . /
which corresponds to a singularity at a, = (g) %,

Now we assume the scalar field and potential dark energy model. The energy density and pressure of the scalar field ¢ (t)

and potential V' (¢) are given by

Pg = 3% +V($) (5)

Py = 362-V($) (6)
Where %(ﬁz is the kinetic energy and V' (¢) is the potential energy of the scalar field ¢

Using equations (1) &(3) into the equations (5)&(6) we can find the scalar potential and kinetic energy terms for the polytropic gas

as

Bk
V(igp) = W (7
¢ =2 ®

(Ba3/n—1()n+1

When k > Ba’/n , We see that ¢2 < 0(negative kinetic energy), therefore the scalar field is a phantom field. The phantom

field lead to super accelerated expansion of the universe. When k < Ba3/n, we see that, ¢2 > 0(positive kinetic energy), therefore

the scalar is a quintessence field.

Using equations (5) & (6), the EOS parameter for the scalar fields is

Py _ %¢Z—V(¢) _pr-av(d) N 2¢2 )

wqe = = £— = — = -
P T by IpPve)  $7+2V(@) $2+2V(9)

When ¢2 = 0 , then equation (9) gives wgy = —1, whenV(¢) = 0, then equation (9) gives wy = 1. Here wy =
—1land wy = 1 representing the vacuum fluid and stiff fluid dominated universe respectively. When V(¢) > %¢2 , then equation

(9) gives wg > —1 which corresponds a quintessence dominated universe.

Considering negative kinetic energy in the equations (5) & (6), we get as follows

Py = —67 +v(9) (10)
Py = —367-V($) (11)

Using equations (10) & (11), the EOS of parameter for the scalar field is

” , . :
Py _ —392-V(®) _ $2+2v(e) 292 ¢?
Wy = —2 = _ = L =—-1 - = -1+ — 12

* T op LVe)  $2-2V(@) $2-2v(@) 292V (42
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When ¢2 = 0, then equation (12) gives wg = —1; when V(¢) = 0, then equation (12) gives wg = 1,When V(¢) >
%qﬁz , then equation (12) gives wg < —1 which corresponds a phantom field. The phantom field lead to super accelerated expansion

of the universe.

1

3. CONCLUSIONS :- Due the presence of polytropic gas in the form p, = kp/1\+5 , Where pa, pa , k and n are pressure, energy

density, polytropic constant and polytropic index, a universe may be dominated by phantom dark energy or quintessence dark

energy according as w, (= 2—2) s —1. Also for V(¢) > %qﬁz the universe may be dominated by phantom dark energy or

quintessence dark energy according as negative kinetic energy(— % $?) or positive kinetic energy(% $2).
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