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ABSTRACT

In this paper, we showed that if cosmic dark endrglyaves like a fluid with equation of state pareme = wp
as well as modified chaplygin gas simultaneousintthe big-rip problem does not arise euer: —1 and it is found that

the scale factor is regular for all time
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INTRODUCTION

A number of cosmological observations, such as Tigp&upernovae [1, 2], cosmic microwave background
(CMB) radiation [3], large scale structure (LSS] Bhows that the universe is going through a plafsaccelerated

expansion. This phase is driven by a kind of unkmaemponent, dubbed dark energy. The dark energisuislly

described by an equation of state parameter% , the ratio of the homogeneous dark energy pressuer the energy

density. For cosmic speed up, the value< —% is required. Moreover, observations from Wilkinsbticrowave

Anisotropy Probe (WMAP) indicates that the valueegfiation of state parameter= —1.10 [5] and it means that our
universe is dominated by phantom enefgy< —1) [6, 7, 8, 9]. The phantom dominated universe emdvith a finite

time future singularity. The existence of this fwsingularity is often considered as a negatietui® of phantom dark
energy models so a great deal of effort has gottedanstructing models with < —1 to avoid this future singularity
[10, 11, 12, 13, 14, 15]. In the braneworld scema®iahni and Shtanov has obtained well behavedhsigrafor the future
universe without big rip problem wittv < —1. They have shown that acceleration is a trangMsenomenon in the
current universe and the future universe will reeematter-dominated decelerated phase [16, 1.fttund that general
relativity based phantom model encounter “suddéuréusingularity” leading a divergent scale facemergy density and
pressure at finite time=t, . Thus the classical approach to phantom modelb#ghbig rip problem. For future
singularity model, curvature invariant becomes \&rgng and energy density is very high neat t, [18]. So, quantum
effects should be dominated fftr— t;| < one unit of time, like early universe [19, 20, 21] and it is shottat an

escape from the big-smash is possible on makingtgoacorrections to energy densjgyand pressurg in Friedmann

equations.

On the other hand many works can be found in thealiure studying the implications of the use ef ¢thaplygin
gas as cosmological fluid. Its equation of statededined aspp = —A4,(4 > 0) and it is the only gas having super
symmetry generalization [22, 23, 24]. Bertolamakt[25] have found that generalized chaplygin igdsetter fit for latest

Supernova data.
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In this paper, we consider the model, where dagtggnbehaves as modified chaplygin gas as welluéd fvith
equation of statp = wp (w < —1).The scale factor obtained here, does not po$stse singularity. These are given in

the section ‘Field equation and its solution’ anel @@nclude the paper with a brief discussion.

Field Equation and its Solution
The modified chaplygin gas is defined [26, 27,28, 30] by

p=@A-Dp- (1)

wherep is the pressure of the fluid,its energy density, M, Ay are free parameters and> —1 ,4 > 1
We consider the line element for the spatially hgaemeous flat Friedmann-Robertson-Walker univere 32]
dS? = dt? — a?(t)[dx? + dy? + dz?] 2
wherex, y, z are the space co-ordinatéss the time component amdt) is the scale factor.

For this line element, the field equations are ivleté as

N2
e (9 = 0
And

2H+3H*=—p 4)
The conservation equation for dark energy is givgn

p+3H(p+p)=0 (5)
where dot denotes the differentiation with respect.

Using equation (1) in equation (5), it is obtairtleat

dp | 3da M1
z+;z[AP‘p—a]—° ®)

This equation leads to

(7)

3A(1+a)
Apta = M+ (Apt*e — M) (%)

a

wherep, anda, are the present values of energy density and factier at the present tintg.

In the present model, it is assumed that the daekgy behaves like modified chaplygin gas, obeyqgation (1) as well
as fluid with equation of state

with w < —1 simultaneously.
Equation (1) and (8) yield as

M

wt) =A-1-— ©)
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At the present time,, the equation (9) leads to

(A—1—-wy)ps™ =M (10)
with w, = w(ty) .

From equations (7) and (10), it is obtained that

Ap™t = (A—1-we)ps™™ + (1 + wp)ps™™ (‘Z_O)M(Ha) (11)

In the homogeneous model of the universe, a sfialdrp(t) with potentialV (¢) has energy density

po =39 +V () (12)
And pressure

Pp =59 = V() (13)
From equations (12) and (13) it is obtained that

$* = py + 1y (14)

Using equations (1), (8), (10), equation (14) resu

.o Aplti_y Ap O (A—1-wg)pdt? (15)
Q- = P - pe

Equations (11) and (15) lead to

ag\3A(+a)
) (1+wo)po( 72
¢* = Oeold) (16)

a
A—1—(u0+(1+w0)(a_0)314(1+a)]1+0£
a

A A

This equation shows thgt*? > 0 (positive kinetic energy) fot + w, > 0 and¢? < 0 (negative kinetic energy)
for1+wy, <0.14+wy>0 and1+ w, < 0 are representing the case of quintessence andtgphé&luid dominated
universe respectively. Similar results are obtaibgdHoyle and Narlikar in C-field (a scalar calleckation field) with

negative kinetic energy for steady state theomyriferse [33, 34].

Thus, it is shown that dual behavior of dark eneftgid, obeying equations (1) and (8) is possilde $calars,

frequently used for cosmological dynamics. So, dsisumption is not unrealistic.

Now from equations (3) and (11), the Friedmann &qoawith dominance of dark energy having doublgdfi
behavior is

1
A-1+|wol + 1-|wo| (ao)SA(1+a)]l+a
A

2 _ 2
H _HOQO 4

17§

a

2
where |wy| > 1, H, is the present value of Hubble's constant anmozpp" with p,{.mzﬂ
cr,0

8nG

(G being the Newtonian gravitational constant).
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1—|(1J0| (a_0)3A(1+(1)

Neglecting higher powers ofA_leOI

, equation (17) may be written as

a

£~ Ho 0 {—“;'”""}“1_1“’) |1+ s (“")“(M)] (18)

2(1+a)(A—1+]wgl) @

Integrating equation (18), we obtain

1

a 1—|wo| H \/Q_{w]z(lia)3A(l+a)(t—t ) 1-|wo| e
a(t): 0 { 0 +2(1+a)}€ 0 0 A 0) _ 0 (19)

1
{2(1+a)}m A—1+|(1J0| A—1+|0)0|

Equation (19) shows that(t) — « ast — « and observations of Supernova la [1, 2], WMAP4RBJo supported

this result. Therefore this model is free fromtiniime future singularity.

The horizon distance for this case is obtained as

dy(t) =

1-|wol

ao
A-1+|wol

1
3A(1+05)a(t)[ 2(1+a) ]3“‘(““)

_1
exp [HO\/Q_O{%I(UOI}Z(IHI) t] (20)

+2(1+a)
From equations (19) and (20), it is clear that

dy(t) > a(t)

So, horizon grows more rapidly than the scale facto

In this case, the Hubble distance is given by

_ 3A(1+a)
Ht = ! [1 ool (%) a] (21)

T — 20
_ = 2(1+a)(A-1+|wgl) \ a
HO\/Q_O{A 1;|wo|]2(1+a)

This shows thatH™! — ! — # 0 at infinite time. It means that the galaxies witit disappear

HO\/Q—O{A—lzlwol}z(1+a)

whent — oo.

Moreover, the equation (11) may be written as

1
_ _ 3A(1+a)11+a
A-1+|wol | 1-|wgl (a_o) ] 22)

P ="Po A + 4 \a@®

A-1+|wg]

1
u )1+a (finite) whent — oo (sincet — o, a(t) — ).

And this shows that — p, (

Thus the energy density increases with time.
CONCLUSIONS

In this paper, it is found that if dark energy bedwm as modified chaplygin gas and fluid with equatof
statep = wp, it is possible to get accelerated growth of dqtitimet, < t < « with no future singularity. Here also, the
energy density increases with time, contrary teoipthantom models having future singularitytat t, [6, 7]. In Refs
[18, 19, 20, 21], for models with future singulgrigsscape from catastrophic situation, is demorestraising quantum

corrections in field equations neae t,. But the present model for phantom cosmology withaig rip is explored by
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using classical approach.
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