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VARIABLE GENERALIZED CHAPLYGIN GAS AS A SCALAR
FIELD DARK ENERGY MODEL

M. SALTI, M. KORUNUR, K. SOGUT, AND O. AYDOGDU

ABSTRACT. A large number of scalar field ideas have been introduced in liter-
ature in order to discuss the speedy expansion nature of our universe. Scalar
field definitions naturally come forward in particle physics. Fundamental par-
ticle physics theories can yield various scalar field descriptions, but they do not
define its self-interacting potential exactly due to the complexity of correspond-
ing equations. Here, we mainly focused on the reconstruction of the tachyon
scalar field dark energy prescription by making use of the variable general-
ized Chaplygin gas (VGCG) dark energy model in the four-dimensional (4D)
spatially flat Friedmann-Robertson-Walker (FRW) framework.

1. INTRODUCTION

The recent astrophysical data[l, 2, 3, 4, 5, 6] have shown that the universe has
a phase transition from the decelerating era to the accelerating one and it ex-
pands faster than we expect. It is commonly accepted that an unknown mysterious
component, namely the dark energy, is responsible for the recently observed speedy
expansion phase of the universe. Working on the origin and the nature of dark com-
ponent of our universe has been one of the great issues in modern theoretical physics.
Although many ideas have been introduced in literature, the mysterious accelerated
expansion phase is still completely unknown. The well-known cosmological constant
(see Ref.[7] for a review), scalar fields[8, 9, 10, 11, 12|, unified dark energy-matter
formulations[13, 14, 15, 16], modified theories of gravity[17, 18, 19, 20, 21, 22, 23]
and even assuming the existence of extra dimensions[15, 24, 25, 26, 27, 28] are
possible ideas for the nature of the dark energy. Li et al.[29] and Cai et al.[30] pre-
pared very useful briefs about the accelerated expansion behavior of the universe
including a survey of some possible theoretical formulations.

In the present study, we focus on the VGCG model[31] in order to reconstruct
associated potential and scalar field function defining the tachyonic scalar field dark
energy model[32, 33, 34].
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2. PRELIMINARIES: DARK ENERGY SCENARIO

The VGCP unified dark matter-energy prescription is given by the following
equation-of-state (EoS)[31]

(2.1) p=-

where p, p and a(t) stand for the pressure, energy density and the cosmic scale
factor, respectively. Moreover, A, n and « are free parameters of the model. It is
known that (i) » = 0 case describes the generalized Chaplygin gas (GCG) model
and (ii) the limiting condition o — 1 reduces the model into the variable Chaplygin
gas (VCG) description.

Making use of the continuity relation p + %%(p + p) = 0, the energy density
associated with the VGCG model is obtained as given below[35]

(2.2) P = Po [A(l +2)"+ (1 - A)1+ 2)3(1+a)} T+a
where
(2.3) A= 31+ «) A

3(14+a) —npite’

and pg indicates the present value of the energy density. It is noteworthy to mention
here that, for the speedy expansion phase, it must be[35] n > 0 and 3(1 + «) > 0.
Otherwise, we have lim, ., p — oo implying a decelerating universe. Now, in
order to investigate the dynamical evolution of dark energy and dark matter and
study the cosmological features of the dark energy, we rewrite the energy density
of the VGCG in terms of two different contents. On this purpose, we assume
p = pe + pm and p = p. where the subscripts e and m indicate the dark energy and
the dark matter, respectively. From this point of view, the continuity equation can
be decomposed the following components:

da

3
24 e — ;7 Pe e) = 07
(2.4) pe+ ——r(pe + pe)
3da

2.5 S+ = — pym = 0.
(2.5) P+ P
Consequently, according to general acceptance of the dark matter[35], one can get
(2.6) pm = o1+ 2)°.
Then, it is found that[35]

Pe = P=Pm

1

(27) = po |:A<1 + Z)TL + (1 _ A)(l + 2)3(1+a)] 1+a _ p'(r)n(l + Z)S-

As the last step, after considering the FRW spacetime dominated by the VGCG
and the baryonic matter p, in order to use the Friedmann equations, the cosmic

Hubble parameter H = 19¢ is obtained as[35]

N

(2.8 = Hy {Qg {A(l +2)"+ (1 - A)(1+ z)3<1+a>}ﬁ +Q5(1 + 2)3]

Note that Qf = g’lﬁ p and 00 = g}ﬁ pp are dimensionless density parameters and we
0 (0]

have Q§ + Q8 = 1. Next, Hy represents the current value of the Hubble parameter.
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Furthermore, for the VGCG type dark energy, the corresponding EoS parameter
We = ie can be written in terms of the cosmic red shift parameter as

A (L) [A(L+ )"+ (1= A)(L 4 2)¥He)] T
Po [A(l +2)+(1-A)(1+ 2)3(1""01)} T _ pgm(1 4 2)3

Now, we are in a position to implement a correspondence between the VGCG fluid
and the tachyonic field.

(2.9) We

3. RECONSTRUCTION OF THE TACHYON SCALAR FIELD DESCTIPRION
Lagrangian density describing the tachyon scalar field model is written as

(3.1) Lp =V()V1 =g 0,00,

where V(¢) denotes the self-interacting potential of tachyonic field and g*¥ is the
inverse metric tensor. For the tachyon scalar field description, the corresponding
energy density and pressure are defined, respectively, by|[36]

Vie)
- (%)

(3.3) pr = —V(o)/1- (?)2

(32) pT =

The tachyonic idea has been given as one of the possible description for the
dynamics of dark energy and the model has very significant EoS parameter which
interpolates smoothly between —1 and 0[32, 37]. Hence, the model can be used as
a suitable description for the inflation at high energy as well as a source of speedy
expansion behavior[33, 34].

One can write the EoS parameter for the tachyon scalar field dark energy model
as given below

(3.4) wr = <‘Z’>2 ~ 1

Note that the condition —1 < é—f < 1 is required in order to define a real energy
density[32, 33, 34, 37]. Additionally, the corresponding constraint is —1 < wp < 0.
The tachyonic model indicates a spacetime type which has a speedy expansion, but
it cannot behave like the phantom type energy[37].

After equating p. and pr, one can find the following relation for the tachyonic
self-interacting potential:

(3.5) V(¢) = pey/1— (Zf)g,

and comparing equations (2.9) and (3.4), it can be written that

3610 _ |14 A1) [ALF )+ (1= )L+ 2] T

dt po [A(1 4 2)" + (1 — A)(1 + 2)30+)] T8 — pm(] 4 2)3
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Hence, the definition of self-interacting potential for the VGCG type tachyonic
scalar field is calculated as

A4+ (1 -A)(1+ )3T T _ pm(] 4 2)3
= —05 -

3.7 Vi(¢)

Apg ©(142)" [A(lJrZ)nJr(l,A)(1+z)3<1+a)]’p%a
P (142)3 —po [ A(142)m (1 A) (142)3(0+e) | THa

4. FINAL REMARKS

The well-known VGCG model has recently been introduced to discuss evolu-
tionary behavior of the universe. It is commonly believed that the scalar field dark
energy prescriptions may be taken into account as a useful model to understand
nature of the dark universe. Thence, reconstruction of the scalar field models based
on some other dark energy definitions may yield significant conclusions. This im-
portant point motivated us to construct a connection between the tachyonic scalar
field dark energy model and the VGCG fluid. It is interesting to mention here
that such correspondence give very important results to understand how various
theoretical dark energy ideas are mutually related to each other.
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