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Abstract The generalized Chaplygin gas (GCG) model in
spatially flat universe is investigated. The cosmological con-
sequences led by GCG model including the evolution of EoS
parameter, deceleration parameter and dimensionless Hub-
ble parameter are calculated. We show that the GCG model
behaves as a general quintessence model. The GCG model
can also represent the pressureless CDM model at the early
time and cosmological constant model at the late time. The
dependency of transition from decelerated expansion to ac-
celerated expansion on the parameters of model is inves-
tigated. The statefinder parameters » and s in this model
are derived and the evolutionary trajectories in s—r plane
are plotted. Finally, based on current observational data, we
plot the evolutionary trajectories in s— and g—r planes for
best fit values of the parameters of GCG model. It has been
shown that although, there are similarities between GCG
model and other forms of Chaplygin gas in statefinder plane,
but the distance of this model from the ACDM fixed point
in s—r diagram is shorter compare with standard Chaplygin
gas model.
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1 Introduction

Since 1998, the type Ia supernova (SNe Ia) observations
have shown that the universe has undergone to the accel-
erating expansion phase (Riess et al. 1998; Perlmutter et
al. 1999). This fact has also been supported by many addi-
tional observations, including the anisotropy measurements
of Cosmic Microwave Background (CMB) from Wilkin-
son Microwave Anisotropy Probe (WMAP) (Spergel et al.
2003, 2007), the data of Large Scale Structure of universe
(LSS) from Sloan Digital Sky Survey (SDSS) (Tegmark et
al. 2004a, 2004b) and X-ray experiments (Allen et al. 2004).
The current accelerating expansion of universe indicates that
in addition to the existence of dark matter, which is required
to explain the galactic dynamics and the formation of struc-
tures (Bosma 1981), the universe is dominated by an ex-
otic energy component with negative pressure, dubbed the
dark energy. In an another word, in the framework of stan-
dard cosmology, the dark energy (DE) scenario is a theo-
retical solution to explain the accelerating expansion of the
universe. The combined analysis of cosmological observa-
tions suggest that the universe consists of about 70% dark
energy, 30% dust matter (cold dark matter plus baryons),
and negligible radiation. The cosmological constant, whose
equation of state is independent of cosmic time, is a sim-
ple solution of DE problem. However, it suffers from two
well known problems, namely, the fine-tuning and the cos-
mic coincidence problems (Copeland et al. 2006). In addi-
tion to cosmological constant, many kinds of dynamical DE
models, whose equation of state is no longer a constant but
slightly evolves with time, have been suggested to interpret
the cosmic acceleration. The quintessence (Wetterich 1988;
Ratra and Peebles 1988), phantom field (Caldwell 2002;
Nojiri and Odintsov 2003a, 2003b), quintom (Elizalde et
al. 2004; Nojiri et al. 2005; Anisimov et al. 2005), Chap-
lygin gas models (Kamenshchik et al. 2001), K-essence
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(Chiba et al. 2000; Armendariz-Picén et al. 2000, 2001),
tachyon field (Sen 2002; Padmanabhan 2002; Padmanab-
han and Choudhury 2002), holographic (Cohen et al. 1999;
Horava and Minic 2000, 2001; Thomas 2002; Li 2004;
Setare 2006, 2007a, 2007b) and agegraphic (Cai 2007) DE
models are the examples of dynamical DE model. It is
emphasized that the predictions of cosmological constant
model is still fitted to the observation (Jassal et al. 2004,
Davis et al. 2007; Samushia and Ratra 2008). Therefore,
a suggested dynamical DE model should not be faraway
from cosmological constant. Besides the DE models, modi-
fied gravity theories such as scalar tensor cosmology (Bois-
seau et al. 2000), braneworld models (Dvali et al. 2000;
Brevik 2008) have been suggested to solve the accelerated
expansion of universe.

The Chaplygin gas is one of the candidate of DE mod-
els to explain the accelerated expansion of the universe. The
striking features of Chaplygin gas DE is that it can be as-
sumed as a possible unification of dark matter and DE. The
Chaplygin gas plays a dual role at different epoch of the his-
tory of the universe: it can be as a dust-like matter in the
early time, and as a cosmological constant at the late time.
This model from the field theory points of view has been in-
vestigated in (Bilic et al. 2002a, 2002b). The Chaplygin gas
emerges as an effective fluid associated with D-branes (Bor-
demann and Hoppe 1993; Fabris et al. 2002) and can also be
obtained from the Born-Infeld action (Bento et al. 2003).
The simplest form of Chaplygin gas model called stan-
dard Chaplygin gas (SCG) which has been used to explain
the accelerated expansion of universe (Gorini et al. 2004;
Kamenshchik et al. 2001). Although the SCG model can
interpret the accelerated expansion of universe, but it can
not explain the astrophysical problems such as the structure
formation and cosmological perturbation power spectrum
(Sandvik et al. 2004; Bean et al. 2003). Subsequently, the
SCG is extended into the generalized Chaplygin gas (GCQG)
which could construct viable cosmological models. Same as
SCG model, the GCG model can obtain the accelerated ex-
pansion of the universe (Setare 2007¢c, 2007d).

The quantities H = @/a and ¢ = —i/aH?, namely,
the Hubble parameter and the deceleration parameter, are
the geometrical parameters to describe the expansion his-
tory of universe, where a is the scale factor and dot de-
notes the derivative with respect to time. It is obvious that
a > 0(H > 0) indicates the expansion of universe and d >
0(g < 0) means that the universe is undergoing an acceler-
ated expansion. The various DE models give the same value
of go at present time, therefore, the Hubble parameter H
(first time derivative of scale factor) and the deceleration pa-
rameter g (second time derivative of scale factor) can not
discriminate the various DE models. For this aim, we need
the higher order of time derivative of scale factor. Using the
third order time derivative, Sahni et al. (2003) and Alam et
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al. (2003a) introduced the statefinder pair {r, s} in order to
remove the degeneracy of Hy and g of different DE models.
The statefinder pair {r, s} is defined as

a r—1
—, §=—.
aH3 3(q —1/2)

It is clear that the statefinder is a geometrical diagnos-
tic, because it depends only on the scale factor. The role
of statefinder pair is to distinguish the behaviors of cos-
mological evolution of dark energy models with the same
values of Hp and gqo at the present time. Up to now, the
statefinder diagnostic tool has been used to study the vari-
ous dark energy models. The various DE models have dif-
ferent evolutionary trajectories in {r, s} plane, therefore the
statefinder is a good tool to discriminate DE models. For
example, the well-known ACDM model corresponds to a
fixed point {r = 1, s =0} in {r, s} plane (Sahni et al. 2003).
Also, the quintessence DE model (Sahni et al. 2003; Alam
et al. 2003b), the interacting quintessence models (Zimdahl
and Pavon 2004; Zhang 2005a), the holographic dark energy
models (Zhang 2005b; Zhang et al. 2007), the holographic
dark energy model in non-flat universe (Setare et al. 2007),
the phantom model (Chang et al. 2007), the tachyon (Shao
and Gui 2007), the agegraphic DE model with and without
interaction in flat and non-flat universe (Wei and Cai 2007,
Malekjani and Khodam-Mohammadi 2010) and the inter-
acting new agegraphic DE model in flat and non-flat uni-
verse (Zhang et al. 2010; Khodam-Mohammadi and Malek-
jani 2010), are analyzed through the statefinder diagnostic
tool. The SCG model is analyzed in terms of statefinder with
or without dust component (Gorini et al. 2003). In 2003, the
generalized cosmic Chaplygin gas (GCCG) model is intro-
duced by Gonzalez-Diaz (2003). The interesting features of
GCCG model is that it can be stable and free from un physi-
cal behaviors even when the vacuum fluid satisfies the phan-
tom energy condition (Gonzalez-Diaz 2003). Chakraborty et
al. (2007) have performed the statefinder analysis for GCCG
model and for particular choice of interaction parameter,
they have shown the role of statefinder parameters for the
evolution of the universe (Chakraborty et al. 2007). Zhang et
al. (2006) proposed a new model to describe the unification
of dark matter and DE, namely the new generalized Chap-
lygin gas (NGCG) model and calculated the cosmological
consequences and statefinder analysis for this model. The
advantage of NGCG model is that it can represent the other
forms of dark energy models such as quintessence-like and
phantom-like dark energy (Zhang et al. 2000).

In this paper, first we study the cosmological conse-
quences of GCG model, and then examine it by means of
statefinder diagnostic tool. Here, we also study the depen-
dency of the cosmological quantities and statefinder diag-
nostic on the parameters of GCG model. The paper is orga-
nized as follows: In Sect. 2, we introduce the GCG model
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and derive the statefinder parameters {r, s} for this model. In
Sect. 3, the numerical results are presented. We conclude in
Sect. 4.

2 GCG model

The equation of state of GCG is given by

p=- o 2
where A > 0 and o > 0 are the parameters of the model
(Bento et al. 2002). In the case of @ = 1, the GCG model is
reduced to SCG model. Also, for @ = 0 it can be reduced to
standard ACDM model. In the framework of Friedmann-
Robertson- Walker (FRW) cosmology, using (2) and the
conservation equation d(pa’) = —pd(a>), the energy den-
sity of GCG is written as

1
06cG = poccGlAs + (1 — Ag)a31H) e A3)

where a is the scale factor, A; = A/ pégga and pogcg is the
present value of energy density. Using (2) and (3), the equa-
tion of state (EoS) parameter of GCG model can be obtained
as

Asa3(1+0t)
1—-As+ Asa3(1+a)

WGCG = — “
From (4), it is clear to show that at the early time (a — 0),
the EoS parameter tends to zero (wgcg — 0) and at the late
time (a — 00): wgcg — — 1, which are equal to the EoS pa-
rameter of matter and cosmological constant, respectively.
Therefore, the EoS parameter of GCG model is constrained
to the interval —1 < wp < 0 and can be viewed as a gen-
eral quintessence DE model. Moreover, (4) shows that at
the early time the GCG fluid can be interpreted as a CDM
(wgecg — 0), and at the late time it mimics the ACDM
model (wgcg — —1). We can also see that for Ag > 1 the
EoS parameter wgcg < —1 at the present time and the GCG
model can cross the phantom divide.

Since the dark matter and dark energy are unified by
GCG model, therefore it can be de-composited into two
components of dark matter and dark energy, as pccg =
Pde + Pam- Also, by assuming the pressureless CDM, we
have pccG = pae. Considering the evolving density of CDM
as

Pdm = Podma " (%)

it is obvious that the energy density of DE in GCG model
can be derived as

Pde = PGCG — Pdm

_ 1 _
= poceGlAs + (1 — Aa T Ta — poyua™.  (6)

By assuming that the universe is filled by GCG component
(DE 4 CDM) and baryonic matter component, the total en-
ergy density is p; = pgcg + pp- In the case of flat universe,
the Friedmann equation for GCG model is written as

_ 871G
T3
_ 871G 1

= 5 (Poceolas + (1 = Apa =+

H2

Pt

+ pOba_3> @)

where pgp is the present density of baryonic matter. Substi-
tuting the dimensionless parameters

3H?

0
=—2Q
POGCG 871G GCG

3H;
POb = %Qb ®)

Qccc + =1,
in (7), the Hubble parameter is expressed as
H? = H}E*(a)
= H3((1 = Q)IA, + (1 = AYa=31Hs
+ Qba_3>, o

where E (a), the normalized Hubble parameter, is defined as

E(a) = ((1 —Q[A, + (1 — Ay )a—30+0) +Qha_3)]/2
(10)

Recently, Xu and Lu (2010), by applying the Markov Chain
Monte Carlo approach on the latest observational data, have
constrained the GCG model. The observational data that
have been used are: the constitution dataset (Hicken et al.
2009) including 397 type supernova Ia (SNIa), the obser-
vational Hubble data (OHD) (Simon et al. 2005), the cluster
X-ray gas mass fraction (Allen et al. 2008), the measurement
results of baryon acoustic oscillation (BAO) from Sloan
Digital Sky Survey (SDSS) (Eisenstein et al. 2005) and
Two Degree Field Galaxy Redshift Survey (2dFGRS) (Per-
cival et al. 2009), and the cosmic microwave background
(CMB) data from five-year WMAP (Komatsu et al. 2009;
Dunkley et al. 2008). They obtained that in the flat uni-
verse, the best fit values of the GCG model parameters
(As, @) and the cosmological parameters (Qph?, Hy) with

their confidence level are: A = 0.761'8:8%3 (lo) fg:gig 20),

o = 0.033100 (1) T099 75y k% = 0.0233109023
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(1o) *0t0a (20) and Hy = 69.97735% (10) T30% (20),
with minimum chi-square Xfu.n = 519.342. At following, we
derive the deceleration parameter ¢ and the statefinder pair
{r, s} for GCG model.

The deceleration parameter g, which denotes the expan-
sion phase of the universe, is given by

H

4==73~ 1 (11)
Re-witting g in terms of E, we have

1 dE
E dlna

qg(x)=— (12)

Substituting E from (10) in (12), we obtain the deceleration
parameter g for GCG model as

g = [30 )4 + (1~ A=) T
x (1 — Ag)a=30+® 4 3Qba*3]/
20— @) (4, + (1 - 4, -0
o] (13)

Equation (13) explicitly shows the dependence of decel-
eration parameter g on the GCG model parameter A and «.
Now, we derive the statefinder pair {r, s} for GCG model.
Using the definition of statefinder parameters in (1), we have
r=ﬁ=m—3q—2. (14)

Similar to g, the parameter r can be re-written in terms of E

as
1 d’E L (dE 2+3 dE_ | as)
~ Ed(na)?  E2?\dlna Edlna =’
also the parameter s can be obtained as

1 _d’E 2, 3 dE
_ Ed(ina)? + Ez(dlna) + Edna 16
§=- 3 dE (16)

Ed

Substituting E from (10) in (15) and (16), we obtain r and s
for GCG model as

r:l+[9(l—Qb)(l—As)
X (A + (1 = Aa=3H0) T p 03040 ] /

20 -2 (a,+ 1 -4 pa~31H0) T +2907%),
a7
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(11— As)aa—3(1+ot)

S A+ (= Aa 3T
For « =0 or Ag = 1, we obtain {r = 1, s = 0} which refers
to the statefinder pair of spatially flat ACDM model. De-
parture of a given dark energy model from the fixed point
{r =1, s =0} is a criterion for evaluating of this model from
spatially flat ACDM model (Sahni et al. 2003). The impor-
tance of the statefinder diagnostic is that the current values
of the parameters s and r can be extracted from the observa-
tional data of SNAP (Super Nova Acceleration Probe) type
experiments. Therefore, the statefinder diagnostic combined
with the future SNAP observation can help us to discrimi-
nate between different dark energy models.

(18)

3 Numerical results

In this section we discuss the cosmological consequences
led by GCG model. For this aim, the evolution of EoS pa-
rameter of GCG model, wgcg, the deceleration parameter
g and cosmological evolution of dimensionless Hubble pa-
rameter, E, are studied. Then we study the GCG model by
means of statefinder diagnostic point of view.

3.1 EoS parameter

Solving (4), the evolution of wgcg as a function of scale
factor for different model parameters A and « is shown in
Fig. 1. In upper panel, by fixing A; = 0.76 based on obser-
vational constrain, we vary the parameter « as 1,0.1,0.01.
For a < 1, increasing the parameter « leads to a larger value
of wgcg. While, at a > 1, wgcg is smaller for larger value
of a. Here, we see the dual role of GCG model at different
epoch of the history of universe: It can be assumed as a pres-
sureless dark matter (w = 0.0) at the early time and a cos-
mological constant with w = —1 at the late time. In lower
panel, by fixing & = 0.033 based on observational constrain,
we plot wgcg for different illustrative values of Ag. For
A; = 0.0, we see that wgcg = 0.0, which refers to the pres-
sureless CDM model. In the case of A; = 1.0, we have
wgceg = —1, which denotes the cosmological constant. For
0 < Ay <1, we can see —1 < wgcg < 0, denoting the time
varying equation of state of GCG model and representing
the general quintessence behavior of this model. Also, in-
creasing the parameter A leads to smaller value of wgcg.

3.2 Deceleration parameter

Here we calculate the evolution of deceleration parameter,
q for a universe dominated by GCG model and investigate
the dependency of g on the parameters of model. In Fig. 2,
by solving (13), the evolution of ¢ as a function of scale
factor for different illustrative values of model parameters o
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Fig. 1 The evolution of EoS parameter of GCG model, wgcg, ver-
sus x = Ina for different illustrative values of parameters A; and o.
In upper panel, fixing A by best fit value: A; = 0.76, we vary « as
1,0.1,0.01 corresponding to black solid line, blue dashed line and red
dotted-dashed line, respectively. The case of o = 1.0 exhibits the stan-
dard Chaplygin gas (SCG) model. In lower panel, fixing o by best fit
value: @ = 0.033, Ay is varied as O (black thick solid line), 0.1 (blue
solid line), 0.2 (red dashed line), 0.3 (green dotted-dashed line) and
1.0 (black dashed line). The cases of Ay = 0.0 and A; = 1.0 exhibit
the EoS parameter of pressureless matter and cosmological constant
fluids, respectively

and Ay is calculated. Here we adopt the observational value
of Qph? as 0.0233. First we fix the parameter A as 0.76
and vary the parameter « as 1.0, 0.1 and 0.01 (upper panel).
Then, by fixing ¢ = 0.033, we choose the illustrative val-
ues for Ay as 0.0, 0.1, 0.2, 0.3 and 1.0 (lower panel). In
upper panel, one can see that by increasing the parameter
o g becomes larger for a < 1 and smaller for @ > 1. The
transition from decelerated expansion (¢ > 0) to acceler-
ated expansion (g < 0) takes place earlier for smaller value
of «. From this figure we see that ¢ = 1/2 at the early time
(CDM dominated universe) and g tends to —1 at the late

Fig. 2 The evolution of deceleration parameter g in GCG model
versus x = Ina for different illustrative values of model parame-
ters Ay and «. In upper panel, by fixing A; = 0.76, we vary « as
0.2,0.1,0.01 corresponding to black solid line, blue dashed line and
red dotted-dashed line, respectively. The case of o = 1.0 represents
the SCG model. In lower panel, by fixing o = 0.033, Ay is varied as 0
(black thick solid line), 0.1 (blue solid line), 0.2 (red dashed line), 0.3
(green dotted-dashed line) and 1. (black thick dashed line). The cases
of A; =0.0 and A; = 1.0 represent the evolution of ¢ in CDM-domi-
nated and A-dominated universe, respectively

time (ACDM dominated universe). This fact can also be
seen in the lower panel for any value of Ay in the interval
0 < A; < 1. For A; = 0.0, we have the constant decelera-
tion parameter g = 1/2, corresponding to the CDM domi-
nated universe. For the values in the interval 0 < A, < 1,
q starts from 1/2 at the early time and leads to —1 at the
late time. Furthermore, g becomes larger for lower values
of Ay. Transition from decelerated expansion (¢ > 0) to ac-
celerated expansion (¢ < 0) occurs sooner for higher values
of Ay.

@ Springer



198

Astrophys Space Sci (2011) 334:193-201

15 T T T T T

A=0.76,Q h=0.0233

0 1 1 1 1 1
-2 -15 -1 -0.5 0 05 1
In (a)
45
40N 0=0.033, Q_ h?=0.0233
\
3.5 1y l
N\ ——A=00
3 - .
A\ ——A=01
_.25f N —--A=02 ]
2r S N AS=0'3 T
TN -==A=10
15} ) l
1t IR TR !
0.5} ===
0 1 1 1
=1 -0.5 0 05 1
In (a)

Fig. 3 Cosmological evolution of normalized Hubble parameter as a
function of logarithmic scale factor x = Ina in GCG model. In up-
per panel, we choose the observational best fit values: Ay = 0.76 and
Qph? = 0.0233 and vary the parameter « as 1.0, 0.1 and 0.01 corre-
sponding to black solid, blue dashed and red dotted-dashed lines, re-
spectively. The case of & = 1.0 exhibit the SCG model. In lower panel,
by fixing o = 0.033, A; is varied as 0.0, 0.1, 0.2, 0.3 and 1.0 cor-
responding to black thick solid line, blue solid line, red dashed line,
green dotted-dashed line, black thick dashed line, respectively

3.3 Hubble parameter

At following, we study the Hubble parameter which evalu-
ates the expansion rate of the universe for GCG cosmology.
Using (10), we plot the cosmological evolution of E(a) in
Fig. 3. First, we fix the coefficient A; = 0.76 and vary the
model parameter « as 1.0, 0.1 and 0.01 (see upper panel).
In this case, we see that the larger value the parameter «
is taken, the bigger value the Hubble expansion rate E(a)
gets. In lower panel, by fixing o, we vary the coefficient A
as 0.0, 0.1, 0.2, 0.3 and 1.0. The case of Ay = 1.0 repre-
sents the standard ACDM model and A; = 0.0 denotes the
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CDM model. Here, one can see that for larger value of Ay,
the Hubble expansion rate E(a) becomes smaller at a < 1
and larger at a > 1. Therefore, from the above analysis, we
find that both parameters Ay and o can impact the cosmic
expansion history in GCG model.

3.4 Statefinder parameters

The statefinder pair {r, s} for GCG model is given by (17)
and (18), respectively. In statefinder plane, the horizontal
axis is defined by the parameter s and vertical axis by the
parameter r. In this diagram, the standard ACDM model
corresponds to a fixed point {r = 1, s = 0}. At the early time,
a — 0, the statefinder pair {r, s} defined in (17) and (18) are
reduced as follows:

+2a

9 (1 — Q2p)(1 — Ay~ Tre A,aa®@tD
r=—
2 a-api-A)Te

+13 §=—q,

19)

therefore we see that at the early time, a — 0, the statefinder
pair {r, s} for GCG model are: {s = —«, r = 1}. From (17)
and (18), we can also obtain the statefinder pair {r, s} at
the late time, a — oo, as {r = 1, s = 0.0}. Hence, the GCG
model mimics the cosmological constant at the late time. In
Fig. 4, we show the evolutionary trajectories of GCG model
in statefinder plane. In upper panel, by fixing A; = 0.76, we
choose the illustrative values 0.1, 0.2 and 0.3 for «. While
the universe expands, the trajectories of the statefinder start
from the fixed point {s = —«, r = 1} at the early time. The
parameter r starts to increase and then decrease, while the
parameter s increases from the initial value s = —« at the
early time to s = 0.0 at the late time. Here, we can easily
see that the statefinder trajectory is dependent on the param-
eter o« of GCG model. Different values of « give the differ-
ent evolutionary trajectories in {s, r} plane. The color points
on the curves represent the today’s values of statefinder pa-
rameters (s, 7o) and the star symbol indicates the standard
ACDM model. The distance to ACDM fixed point becomes
shorter for smaller value of @. We can also see that for
smaller values of «, the parameter s increases and the pa-
rameter r decreases. In lower panel, by fixing o« = 0.033,
we plot the evolutionary trajectories in s—r diagram for dif-
ferent values of the parameter Ag. From (17) and (18), we
have {r = 1,s = —a} for A; = 0.0. Therefore, for A; = 0.0
we have a fixed point {s = —«,r = 1} in s—r plane. Also
form (17) and (18) one can see that {s = 0,r = 1} for
As = 1.0. Hence, in the case of Ay = 1.0, the statefinder pa-
rameters {s, r} are coincide to the ACDM fixed point in s—r
plane. For different values of Ay in the interval 0 < Ag < 1,
we have the different evolutionary trajectories in s—r plane
(see the right panel). Therefore, the parameter A affects
the evolutionary trajectories in s—r plane. The distance to
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Fig. 4 An illustrative example for the statefinder diagnostic of GCG
model. In upper panel, the evolutionary trajectories in s—r plane are
plotted, by fixing A; = 0.76 and varying « as 0.1, 0.2 and 0.3 cor-
responding to black solid line, blue dashed line and red dotted dashed
line, respectively. The circle point on the curves show the today’s value
of statefinder parameters (sg, o). The star symbol indicates the location
of standard ACDM model in s—r plane: {s =0, r = 1}. In lower panel,
the evolutionary trajectories are plotted for different illustrative values
of Ay, by fixing @ = 0.1. The case of A; = 0.0 is related to square
symbol located at {s = —0.1, r = 1.0}. Note that A; = 0.0 represents
the CDM model. The case of A; = 1.0 is exhibited by star symbol at:
{s =0, r = 1.0} which is related to ACDM model. The evolutionary
trajectories of illustrative cases Ay = 0.25, A; =0.50 and A; = 0.75
have been shown by black solid line, blue dashed line and red dot-
ted-dashed line, respectively. Circle point on the curves denotes the
today’s value (sg, ro) in s—r plane

ACDM fixed point {s = 0.0, = 1.0} becomes shorter for
larger values of Ag. The color points represent the today’s
values of the parameters (sg, ro) for different values of Aj.
Here, we see that the parameter sg increases for larger val-
ues of Ay and the parameter rg is largest for r = 0.5. In
Fig. 5, we plot the evolutionary trajectory in s—r plane (up-
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Fig. 5 The statefinder diagrams r(s) (upper panel) and r(gq) (lower
panel) for GCG model. The evolutionary trajectories are plotted in
the light of best fit result of SNe + OHD + BAO + CMB, o = 0.033
and Ay = 0.76. The circlepoints on the curves show the today’s value
(s0, r0), upper panel, and (qo, ro), lower panel. For comparison, the
standard ACDM model has been shown by star symbol in these dia-
grams

per panel) and g—r plane (lower panel) for the best fit ob-
servational values: Ay = 0.76 and o = 0.033. In upper panel
the evolutionary trajectory starts from (s = —0.033,r = 1)
at the past time, reaches to the (s = —0.033,r = 1) at the
present time (circle point) and ended at (s = 0,r = 1) at
the future. This behavior of GCG model in statefinder plane
is similar to NGCG model at the early time (Zhang et al.
2006), where they found that the universe starts from the ini-
tial value (r = 1, s = —«) in s—r plane. Gorini et al. (2003)
calculated the trajectory of SCG in s—r plane and showed
that the universe in SCG model starts form (s = —1,r = 1)
reaches to (so = —0.3,7 = 1.9) at the present time and fi-
nally mimics the ACDM model at the late time. There-
fore the distance of (s, 7o) in GCG model constrained by
the above observational value from the standard fixed point
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ACDM (s =0, r = 1) is shorter compare with SCG model.
As a similarity, we see that for both model the universe mim-
ics the ACDM model at the late time. Moreover, the behav-
ior of the trajectory is s—r plane is similar for both model,
where by expanding the universe, r increases to a maximum
value then decreases to r = 1 at the late time and the param-
eter s increases forever. In lower panel the evolutionary tra-
jectory in g—r plane starts from (g = 0.5, = 1) at the past
(note that (¢ = 0.5,r = 1) corresponds to the CDM dom-
inated universe), reaches to (¢ = —0.575,r = 1.26) at the
present time and ended at (¢ = —0.965, r = 1) at the future.

4 Conclusion

Summarizing this work, we investigated the generalized
Chaplygin gas (GCG) model in spatially flat universe. Here
we studied the cosmological consequences of GCG model
by calculating the evolution of EoS parameter wgcg, de-
celeration parameter ¢ and cosmological evolution E(a) of
GCG model. In the GCG cosmology, the universe starts
from the CDM-dominated phase at the early time to the DE-
dominated universe at the late time. The GCG fluid as a
general quintessence dark energy model can be viewed as
a pressureless matter fluid (wgcg = 0.0) at the early time
and as a cosmological constant (wgcg = —1) at the late
time. We also obtained the deceleration parameter g in GCG
model and studied the evolutionary treatment of ¢ as a func-
tion of scale factor in this model. In GCG model, the pa-
rameter ¢ starts from the initial value 1/2 at the early time
(CDM-dominated universe) and converges to —1 at the late
time (A-dominated universe). Furthermore, we exhibit the
cosmological evolution of E(a) (normalized Hubble param-
eter, E(a) = H(a)/Hy). For GCG model, both the param-
eters A; and o affect the cosmological evolution. Finally,
we performed the statefinder diagnostic tool on the GCG
model. Since many cosmological models have been pro-
posed to interpret the accelerated expansion of universe, the
statefinder diagnostic tool with the parameters r and s which
are constructed by higher order derivative of the scale fac-
tor is needed to discriminate between them. Moreover, the
present values of  and s can be viewed as a discrimina-
tor for testing a given dark energy model if it can be ex-
tracted from observational data in a model-independent way.
Here we derived the statefinder parameters r and s for GCG
model and studied the evolutionary trajectories of this model
in s—r plane. The dependence of the evolutionary trajecto-
ries and the today’s value of {s, r} on the model parameters
As and o has been investigated. The lower value of « and
higher value of Ay result the shorter distance from standard
ACDM model in s—r diagram. Eventually, we plotted the
evolutionary trajectory of GCG model in s— and g—r plane
based on current observational data and found that the dis-
tance of GCG model from the standard ACDM model in

@ Springer

s—r plane is shorter compare with SCG model. However,
both SCG and GCG models have a similar trajectories in
s—r diagram. Furthermore, the behavior of GCG model in
statefinder plane is similar to NGCG model at the early time
(Zhang et al. 2006), where the universe expands from the
initial value (r =1, s = —«) in s—r plane.
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