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Late time acceleration in Brans-Dicke cosmology
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In this work we investigate the possibility of having a late time accelerated phase of the universe, suggested
by recent supernova observation, in the context of Brans-Dicke theory with a potential having a time dependent
mass squared term which has recently become negative and a matter field. We find that while a perfect fluid
(pressureless and with pressucannot support this acceleration, a fluid with dissipative pressure can drive this
late time acceleration for a simple power-law expansion of the universe. We have also calculated some
cosmological parameters in our model to match with observations.
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I. INTRODUCTION There are a number of quintessence models which have
been put forward and most of which involve a minimally
A lot of activity has been triggered by two recent obser-coupled scalar field with different potentials dominating over
vations[1,2] on the explosion of type la supernovae. Thesethe kinetic energy of the field. A purely exponential potential
data favor the existence of a new kind of matter with a posiis one of the widely studied casgkl]. In spite of the other
tive energy density dominant in the present Universe and aradvantages the energy density is not enough to make up for
also responsible for the present acceleration of the Universiae missing part. The inverse power law is the other potential
accounted for by its negative pressure. This, along with th¢8—10Q] that has been studied extensively for quintessence
observed location of the first acoustic peak of cosmic microimodels, particularly for solving the cosmic coincidence
wave backgroundCMB) temperature fluctuation corrobo- problem. Though the problems are resolved successfully
rated by the latest BOOMERANG and MAXIMA daf8,4],  with this potential, the predicted value for the equation of
favors a spatially flat universe whose energy density is domistate for the quintessence fiejg, is not in good agreement
nated by a cosmological constantlike term. Obviously thewith the observed results. In search of proper potentials that
first natural choice to represent such special matter is thevould eliminate the problems, new types of potentials, like
cosmological constam [5,6]. For a flat matter dominated V[ coshx¢—1]° [12] and V, sinh(avk,A ¢)? [6,13] have
universe withA, having(),~0.72 in Einstein gravity best been considered, which have asymptotic forms like the in-
fits the data sets. But the candidateas the constituent of verse power-law or exponential ones. Different physical con-
the major energy density is troubled by the fact that it has asiderations have led to the study of other types of potentials
energy scale which is- 10”12 lower than the normal energy also[14]. Recently Sainiet al. [15] have reconstructed the
scale predicted by most particle physics models. So to finghotential in context of general relativity and a minimally
some alternative candidate for this acceleration a dynamicaloupled quintessence field from the expression of the lumi-
A [7] in the form of a scalar field with some self-interacting nosity distancel, (z) as a function of redshift obtained from
potential[8] is considered whose slowly varying energy den-the observational data. However, none of these potentials are
sity mimics an effective cosmological constant. The idea ofentirely free of problems. Hence there is still a need to iden-
this candidate, calleduintessencg?], is borrowed from the tify appropriate potentials to explain current observations
inflationary phase of the early universe, with the difference[11].
that it evolves at a much lower energy scale. The energy Most of the studies regarding accelerated expansion have
density of this field, though dominant at present epoch, mudbeen done with a minimally coupled scalar field representing
remain subdominant at a very early stage and has to evolwhe quintessence. It has been recently shown by Pietro and
in such a way that it becomes comparable with the matteDemaret[16] that for the constant scalar field equation of
density ), now. This type of specific evolution, better state, which is a good approximation for a tracker field solu-
known as the ‘€osmic coincidence[9] problem, needs sev- tion, the field equations and the conservation equations
eral constraints and fine-tuning of parameters for the poternstrongly constrain the scalar field potential, and most of the
tial used to model quintessence with minimally coupled scawidely used potential for quintessence, such as the inverse
lar field. A new form of quintessence field calledrdcker  power-law one, the exponential or the cosine form, are in-
field” [10] has been proposed to solve the cosmic coincicompatible with these constraints. The minimally coupled
dence problem. It has an equation of motion with an attracself-interacting models will also be ruled out if the observa-
torlike solution in a sense that for a wide range of initial tions predict that the missing component of the energy den-
conditions the equation of motion converges to the samaity obeys an equation of stafe= yp with y<—1(p=0),
solution. and this sort of equation of state is in reasonable agreement
with different observations[17]. Also the inequality
dH?(2)/dz=3QoHo(1+2)2 should satisfy for the mini-
*Electronic address: somasri@mri.ernet.in mally coupled scalar field and its violation will certainly
"Electronic address: anjan@mri.ernet.in point towards a theory of non-Einstein gravity such as scalar

0556-2821/2001/632)/1240068)/$20.00 63 124006-1 ©2001 The American Physical Society



S. SEN AND A. A. SEN PHYSICAL REVIEW D63 124006

tensor theories where the scalar field is non minimallytive pressure and hence an acceleration can be achieved by a
coupled to gravity. dissipative mechanism modeled commonly by fluid viscosi-
There have been quite a few attempts at treating this prolties. It has been proposed recently that the cold dark matter
lem with the nonminimally coupled scalar fields. Scaling at-(CDM) must self-interact in order to explain the detailed
tractor solutions are available in the literature with the expo-structure of the galactic hal¢28]. This self-interaction will
nential [14] and power-law [14,18 potentials in naturally create a viscous pressure whose magnitude will de-
nonminimally coupled theories. Faraqdi] has studied dif- pend on the mean free path of the CDM particles. An effec-
ferent potentials with a nonminimal coupling tegfiR($%/2)  tive negative pressure in CDM can also be created from cos-
for the present acceleration. There have been different apnic antifriction which is closely related to particle
proaches also for solving the problem in general scalar tens@roduction out of the gravitational fie[@9]. Since the nega-
theory, sometimes calledxtendedor generalizedquintes- tive pressure can be modeled in different ways, we arenot
sence, not only because this theory is considered to be th@wiori assuming any specific model for this negative pres-
most natural alternative to general relativity; there are othesure.
strong motivationd20] also. People such as Berto#t al. In this work we find that it is not possible to have a late
[21], Bertolamiet al. [22], and Ritiset al. [23] have found time power-law accelerated expansion when the CDM is a
tracking solutions in scalar tensor theories with differentperfect fluid, but a dissipative CDM fluid in BD cosmology
types of power-law potential. In another work, Ssral.[24]  with such a potential like Eq2) can successfully drive a late
have found the potential relevant to power-law expansion ifime accelerated expansion. In the next section we treat the
Brans-Dicke cosmology. Like Sairet al. [15], Boisseau field equations and find the solutions in both cases. We also
etal. [25] have reconstructed the potential from the calculate some cosmological parameters to match the accel-
luminosity-redshift relation available from the observationserated model with observation. The third section is the con-
in the context of scalar tensor theory. cluding section where we have discussed different features of
Very recently, McDonald26] has investigated the possi- this model.
bility of modeling a dynamical cosmological constant with a
scalar field which has undergone a very recent phase transi- IIl. FIELD EQUATIONS AND SOLUTIONS
tion. For this he has considered a standafdpotential for
the scalar field with an additional time dependent mass The gravitational field equations derived from the action
squared term in the potential which becomes negative ver{l) by varying the action with respect to the metric is
recently. For this kind of model, phase transition occurs very
recently at redshifg<1.2. Tﬂ

In this paper we have investigated whether nonminimally Guv= é ¢2 budy— 2 g,“,q& ¢*
coupled self-interacting scalar fields such as a Brans-Dicke-
(BD-) type scalar field with this kind of potential can suc- V(o)
cessfully drive the late time acceleration for the flat universe. [% —9,,001-09,0—5 2¢ (4)

In the context of the Brans-DickéBD) theory[27] with a

self-interacting potential and a matter field, the action isyhere T represents the energy-momentum tensor of the
y12%

given by matter field. We have assumed the matter content of the uni-
verse to be composed of a fluid represented by the energy-

8=f d4x\/—_g< dR— 2¢a¢a_v(¢)+£m (1) ~momentum tensor

¢
. Tu=(p+Pv,v,+Pg,,, 5
(we have chosen the unit5,=c=1). We have chosen the : . .
¢* potential with a time-dependent mass squared term whiclherep andP are the energy density and effective pressure
has already become negative after a phase transition in recest the fluid, respectively, and,, is the four velocity of the

time [26]: fluid, i.e., v,v#*=—1. The effective pressure of the fluid
.4 2 5 includes the thermodynamic pressgrand a negative pres-
V(d)=\o (1~ (2) suresr, which could arise either because of the viscous effect
Where or due to particle production, i.e.,
P=p+. 6
o Rc n MS p m ( )
rAO=pmg| 5| =5 3
R RN The wave equation that follows from E(L), by varying the

action with respect to the scalar fiedtl is

,uo ,uOR“ \ is a constant anad is an integer. The time-
dependent mass squared term with integean arise natu- 0= T 1 é dV(¢) _2v(4) @
rally in plausible models and one can find a detailed discus- 2w+3 2w+3 d¢ '
sion in Ref.[26].

As a matter field we would consider first a perfect fluid For our choice of potential2), the field Egs.(4) and the
and then a fluid having negative pressure. An effective negavave Eq.(7) becomes, respectively,
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RORG W@ N omb o o o2 3@)do 20+ fLt @) FH(1+w)
RYRs 2@ 2% %7 O T 2-p |
(16)
R R ¢ R¢ w¢® N wh _ (ptm) The power-law solution is consistent with the field equations
RIRT TR 22 29 T T T 0 (8,9, and(10) only if
? B : d B=2, i . (17)
=——= and an—pB=2, ie., an=3.
and 3 3
R So the acceleration demands<3, and asn is a positive
. 2,0 = integer, it restricts1=1 in our model. Again, from Eq.13)
$+3B¢: p—3(ptm) _ 1 2N+ Npod E the weak energy conditiorp(>0) demands
R 20+3 20+3 R" o]
— 5
w<3a—=. (18
(10 2

We have assumed the standard Friedman-Robertson-WalkEFom Egs.(15) and (13) it is clear that the perfect fluid
metric with the signature convention-(+,+,+) andRis  follows an equation of state of the forp= ypp. The index
the scale factor. We restrict ourselves for the spatially flafm iS given by

metric only. We work in the Jordan frame. One interesting

thing about BD theory in the Jordan frame is that the con- y :2__3_1 (19)
servation equation holds for the matter and scalar field sepa- " 3a '

rately. Or in a slightly different way, the Bianchi identity

along with the wave Eq(7) gives the matter conservation Whereyy, lies within the interval <y, <1. This restrictsx
equation within the rangei<a<2. In fact, for the present matter

dominated universey,,=0), «a=3. But this does not sat-
_ R isfy the criteria for accelerationa(>1) and hence for a
p+3§(p+ p+a)=0. (11 simple power-law-type expansion the universe decelerates
with a perfect fluid CDM (6= y,,<1) with a potential2) in
. BD theory.
We assume that both thg scale. factor and the scalar field n\ow we consider a CDM which has a dissipative effect
evolve as the power function of time and we are particularly interested in a present day universe,
i.e, p=0. Under such a condition E¢l1) takes the form

a

t t\#A
R=Rq| — and ¢= (—) , 12 .
O(to b= o & (12 h
p+3§(p+77):0. (20
where the subscript O refers to the values of the parameters at
the present epoch. In order to get an accelerated expansigfy js mentioned earlier, this type of dissipative effect in

for such evolution of the universe the deceleration parametqfriedmann—Robertson-WaIke(FRVV) cosmology can be
has to be negative, which immediately restricts the parametey, sqeled in two ways. Generally, the dissipative effect is

a to be greater than 1. For such an expansion the solution fQ{ccounted by conventional bulk viscous effect. In the FRW
the matter density is universe the bulk viscosity can be modeled within the frame-
work of nonequilibrium thermodynamics proposed by Israel

— -2
p=pct? 2, (13 and Stewarf30]. According to this theory the bulk viscous
pressurer follows the transport equation
where
5 . T 77
Bago|2a+p(1+a)—p(l+w) mtrr=—-3pH—- — | 3H+ ——=—— , (2D
o

where the positive definite quantity stands for the coeffi-
First we consider a normal perfect fluid with no negativecient of bulk viscosityT is the temperature of the fluid, and
pressure i.e.7=0 in Eq.(6). Then, for the power-law evo- 7 s the relaxation time associated with the dissipative effect,
lution, the thermodynamic pressure of the fluid becomes j.e., the time taken by the system to reach the equilibrium

state if the dissipative effect is suddenly switched off. Con-

p=pctF 2, (15 sidering the divergence term in the square bracket to be

small, i.e., R®7/#T) to be constant, the equation can be

where approximated to a simpler form,
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a7+ 7= —37H. (22) for the_energy density and the pressure of the scalar field can
be derived from the field Eq$8) and (9) to be

In literature this is commonly described as a truncated ver-

sion of the full nonequilibrium thermodynamics. The viscous | o #? N \Y SR' 25
effects are assumed to be not so large as observation seems Po=|27¢ "2~ R? 9
to rule out huge entropy production on large scdlgs].

Usually 7 is expressed as/p so as to ensure that the viscous and

signal does not exceed the speed of li§2] and also - .

(7H) "*=v, wherev>1 for a consistent hydrodynamical de- @9 !+ y +25- 26
scription of the fluid[33]. With these two assumptions Eq. Ps=2 ¢ 2 ¢ R¢ ' 26

(22) becomes ] o
In the case of power-law expansigh2) and potential-like

- 3pH (2) the energy density of the BD field becomes
VH + ; - - T (23)
@ 5
) pd,:ﬁ 3atw+ =th? (27)
In a very recent work Chimentet al.[34] have shown that a 2t 2

mixture of a minimally coupled self interacting scalar field

and a perfect fluid is unable to drive the accelerated expargnd pressure of the BD field is

sion and solve the cosmic coincidence problem at the same

time, while the mixture of a dissipative CDM with bulk vis- 5| 2 b0 45,
cosity along with a minimally coupled self-interacting scalar ~ P¢~ Satots|tz{atzots t_Bt :
field can successfully drive the accelerated expansion and 0 (28)
solve the cosmic coincidence problem simultaneously.

An effective negative pressure can also be created frorThe positivity condition for the scalar energy density de-
cosmic antifriction which is closely related to particle pro- mands
duction out of gravitational field. In a recent paper Zimdahl
et al. [29] have shown that one can have a negativef
there exists a particle number nonconserving interaction in-
side matter. This may happen due to particle production out
of the gravitational field. In this case, the matter is of coursewhich eventually restrictss beyond some lower value. So
not a dissipative fluid, but a perfect fluid with varying par- essentially the two positivity energy conditio(is8) and(29)
ticle number. Though substantial particle production is arimit the range ofw within —(3a+3)<w<3a—3. Clearly
event that occurs in the early universe, Zimdahhl. have  a barotropic relation{,= vy,4p,) is followed by the scalar
shown that an extremely small particle production rate carfield, where the adiabatic indey, is given by
also cause sufficiently negative to violate strong energy

2 5

o
2

w>—

3 5
a+ E (29)

conditions. 2.2 .5

We do nota priori assume any specific model for this 31473973
dissipative effect, rather we only assume the existence of a Vo= "1+ o 5 (30)
negativer. For a similar kind of evolution of the scale factor 5 3at+tw+ 5)

and the scalar field given by E¢L2), the energy density for
the fluid with negative pressure is also given by E(dS)

Th fy, th ith th i |
and(14). From Egs.(20) and(13), one can easily find that e range ofy, that agrees with the observational data and

describes the current acceleration for the universe well is

—0.6>vy,>—1. One can adjust the value afandw so as
2-p— 20+ B(1+a)— B2(1+ Yo~ o J .
7T=( B ESa)qSo atpdt )= p(1to) tB-2, to get the required value af,. We now recast E(8) in the
th 2-B form
(24
QntQ,=1, (31)

From Eq.(24) one can easily check that to have a negative
m, one should have @>2— 8 which essentially meana  where the density parameters for matfey, and scalar field
>§. This suits the condition for acceleration as anis Q4 are defined to bésee Ref[35])

needed to be greater than 1 for that. One can also check that

for this set of solutions given by Eq&l?2), (13), and(24) and p Po
from Egs. (23), the conditionv>1 holds provided 2 3 Qm:3H2¢ Q¢:3H2¢'
>0, which is very much true in our case. This is important

for the hydrodynamical description if the CDM is assumed t01q expression for density parameters at present epoch are
be a conventional viscous fluid.

(32

To have a clear picture of the expansion of the universe 06 1 1 5
and the missing energy, we further study the energy density M= =5 6a w+ E) (33
and pressure of the geometric scalar field. The expressions 3Hodo @
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and — - T ]

__Pgo

5 I
= . (39 7,=-06
3HG¢o I

+_
@T 7

Qd)o

1 1
~2"6a
. . o 74="08
Like y,, the value of(), that suits best the luminosity
distance-redshift data for type la supernovaglig,=0.28
and in a similar fashion likey,, one can adjust the and : Q_=0.3
value to get the required value 6¥,, that tallies with the
observation. o 0,-05

So fara is restricted only by the deceleration parameter
that it should be greater than 1 for the universe to accelerate
And the positivity energy conditions limite within the
range— (3a+ 3)<w<3a—3. So if a small value is chosen
for a(~1), w is also restricted accordingly and a suitable
choice of both parameters can be made to find the allowable
range ofy, and (), that matches observation. Kaplinghat
et al. [36] and otherd37] have pointed out that for power-
law cosmologies, high redshift data and present age of the - . . . . . . .
universe restrictg to a value~1. In a very recent investi-
gation we have found that the best fit value @fwith the o
supernova la data for power-law cosmology is approximately -z 1 ., vs « for —0.6>7,>-0.8 and 0.50Q,,>0.3.
1.25[38]. Hence this small value fax restrictsw also to be ¢ mo
small. But this squarely contradicts the solar system boun
on w(>600). To accommodate such large valueegf «
should be large. But for the large values @fthe universe
accelerates fasteialmost like de Sitter expansiprand v,
asymptotically approaches 1. It is quite unlikely that the
universe presently accelerates in such a high power-law fas
ion and suchr values do not match with present observation.
We will discuss more about this point in the discussion sec
tion.

We wish to find the range of the parametersand o
allowable in our model, that suits the permissible range o
v¢ and Qo of the quintessence proposals. In Fig. 1, we
have shown the allowed region in the,w) parameter space
(shaded portion in the figurefor the specified range of
Y¢ (—0.6>7vy,>—-0.8) andQ,, (0.5>0,,>0.3), where
we have assumed is small. It can be noticed that the al-
lowable range of both the parametersand w obeys the
constraintg18) and(29) imposed on them by physical con-
ditions. verse.

A point to note here is that in BD theory the gravitational  gjnce one of the main incentives for reconsidering the

coupling G varies inversely with the scalar field. At jnuoduction of the cosmological constant was the age of the
present timeg approaches a constant valgg, the inverse  njyerse, we first consider the age of the universe suggested

of which gives the present Newtonian const@y. In the i our model and the constraints imposed on it by observa-
weak-field limit the present Newtonian coupling and theigns. Equation(8) can also be presented as
asymptotic value ofp is related by

0
T
I

-5

-10

ﬂwe early universe. But the expansion rate of the universe in
this type of theory does influence the primeval nucleosynthe-
sis[40]. A fixed value for the parameter>1 for all epochs
implies that universe is always accelerating which seriously
contradicts the nucleosynthesis scenario. One way to avoid
uch a problem is to consider as a function of the scalar
field ¢. In a recent work Banerjee and Pavp#l] have
shown that withw($) one can have a decelerating radiation
dominated era in the early time and accelerated matter domi-

ated era in the late time. But in their case alsdyas to be

mall asymptotically to have a late time acceleration for the
universe.

To analyze the nature of acceleration and our ansatz more
critically, it is interesting to match different cosmological
parameters with observations. We intend to find the age of
the universe and the luminosity distance-redshift relation
compatible with our model, probing the background dynam-
ics, that could differentiate between different types of uni-

20+4 1 H2=HZ[ Qo+ Q40l(1+2)%7, (36)

N 2073 50’ 39

wherez is the redshift defined by

The present day variation of the gravitational couplgis
G/G|p=(2/3a)H, whereHq(= alty) is the Hubble param- 1+7= M_ (37)
eter at present. For any value afthat allows acceleration Remitted
this rate is<10 1° per yea39].

Another important point to mention here is that time From Eq.(36) we find the age of the observable universe for
variation of G does not directly affect the nuclear process ofa given redshifz is
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FIG. 2. Age(t) vs redshiftz for different « values. redshift 7
FIG. 3. Luminosity distanced() vs redshiftz for different «
to—t= 1— ) (39) values.
1/2 1/
Ho(Qmo+Q 40) (1+2)™

for an event at =r, at timet=t,. According to our ansatz
Of course fort=0, i.e., for infinite redshift, the age of the the expression fod, is
universe isto= a/H,.

An old object observed at a certain redshift selects all (1+2)
models with at least that age at that given redshift. In that di(2)= Ho(Q ot Q )1/2f
respect, several age constraints have recently appeared in the %m0 T 2440
literature [42]. For example, the age of the radio galaxywhereF(z)z1/(1+z)1’“.

S3W091 observed at a _redshzft: 1.55 puts a lower bound In Fig. 3 we have plotted this luminosity distance versus
of 3.5 Gyr at that redshift. The quasar observed-aB.62 edshift for different values oft. We see that for different

sets a lower bounq of 1.3 Gyr. In F.'g' 2 we present a plqt %Values, thed, is practically same for lower redshifts up to
the age of the universe as a function of redshift for various, 4" At redshiftsz>0.4 the curves are separated, but is
value_s Ofar. Takmg into account the range of, prescribed not distinctly separate to discriminate and rule out different
by Fig. 1,.our universe has an age limit Q’f.;15'5 Gyr. types of the models. Therefore high accuracy measurements
Fr.or.n the f|gure.|t can be seen that aII_the UNIverses with th ith uncertainties at percentage level are needed in order to
minimum age limit, except that of I_Elnstem—de Sitter One’cleanly distinguish the models and the need to go to redshifts
always gccommodate these constraints, Recently etoalt sensibly higher than 1 is evident. In this respect it is very
[43] estimated the age of the universe to betT4 Gyr, much relevant to mention that Supernova Acceleration Probe

Wh;\Th IS N excelllder}tkagreement V‘;:th Orlljr result].c luminosi (SNAP) is planned to make measurements with an accuracy
ow we would like to trace the change of luminosity percentage level up to redshifts 1.7.

distance with respect to the redshift in our model so as to
compare it with the present data available. The result that
reveals the so-called acceleration of the universe was the IIl. DISCUSSION

observation of the luminosity distance as a function of red-  tpg \york investigates the possibility of getting an accel-
shift for type la supernovas, which is believed to be a stang 5104 universe in the context of the BD theory withsh

dard candle. From almost 60 redshits, 42 high redshift datg e ntia| having a time-dependent mass squared term and a
obtained by Superova Cosmology Project and 18 low redqaer field. In this work we have not used the quintessence
shifts observed by Calan Tololo Supernova Survey favor gie|q tq trace the missing energy. The BD scalar field, which
universe with a positive cosmological constant. AssUming’, geometric scalar field, plays the role of dynamitaind
flatness in the context of general relativity, the b_est fit forprovides that missing energy. It is found that for a simplistic
these data occurs f@m0_=0.2_8 an.dezQ.72..Opt|_ca| aS-  approach of power-law expansior-{®) a perfect fluid kind
tronomers measure luminosities in logarithmic units, caIIedsf matter (both pressureless and with pressuzannot sup-

ZF(z’)dz’, (41
0

magnitudes, given by port a late time acceleration of the universe, if the scalar field
has the potential given by E¢R). But a matter with a dissi-
m(z)=M+5logd, +25, (39 pative effect can provide the acceleration that agrees with the

) _ ) o observational data sets. The dissipative effect accounted for
where M is the absolute magnitude amfi is luminosity  py the negative pressure can be modeled in two ways accord-

distance defined by ing to recent investigationf29,34). Particle production out
of the gravitational field can give rise to negative pressure
d =R(to)(1+2)ry (40 while energy can also be dissipated by the bulk viscous ef-
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fect between the CDM particles. In this work though no par-transition the universe will be filled by nontopological ob-
ticular model is considered for the origin of the negativejects like “axions’ whose radiusr , is much smaller than 10
pressure, it is found that>1. This is important for a hydro- Mpc causing these axions to behave like smooth dark energy
dynamical description if the CDM is assumed to be a concomponents.
ventional dissipative fluid. We have also calculated different The range ofv we obtained in our calculations in order to
parameters like the time variation of gravitational coupling,fulfil different physical conditions and also to have correct
age of the universe, and the luminosity-distance redshift rerange of values fory,, «, and (., is consistent with the
lation. All of these cosmological parameters agree quite weltange obtained by other authdi24,38,41. Also, it can be
with the recent observations. seen in Fig. 3 that for different values of and « it is

The accelerated solution depends crucially upon two padifficult to distinguish between models up m-1. Hence
rameters:a and BD parametet, both of which are con- our model is not very much fine tuned as far as the param-
strained by different physical conditions. Different combina-eterse and w are concerned.
tions of @ and w can produce the required values for It is also important to note thatr remains constant
Y¢ (—0.6>vy,>—1) and Q, (~0.3) that tallies with throughout the age of the universe. This essentially means
present observation suggesting acceleration. Smathlues  that the universe always accelerates éor 1, which seri-
restrictw to small negative values and support the late timeously contradicts the primeval nucleosynthesis scenario. As
acceleration scenario quite successfully. The cosmologicalle have mentioned earlier, one way to overcome this prob-
parameters calculated with the small valuenofgrees with  lem is to considew to be function of the scalar field [41].
observations quite well. Many referencg36,35,37 are A choice ofw (polynomial function of¢) can give a decel-
available in the literature where it has been shown that thigrating radiation era as well as accelerating matter dominated
value should be very close to 1 to be consistent with obserera. But then alsa asymptotically acquires a small negative
vation. In one of our recent work88] it is shown that for a  value for an accelerating universe at late time. In most of the
simple power-law expansion<t“) of the universe, the best investigations done in scalar tensor the¢?¢,38,4] such
fit value of & with supernova type [6SNIa data is approxi- conclusions have been arrived. The only exception so far in
mately 1.25, and due to Eq&l8) and (29), this will restrict  our knowledge is that done by Bertolami and Martj2g],
o to a small value. But this clearly contradicts the solarwhere in Brans-Dicke cosmology with ¢? potential, the
system limitw>600. One should note that in our model, a solution of an accelerated universe is obtained with large
large value ofw consistent with the solar system limit is not |w|. But there the positive energy condition on both matter
restricted either by physical conditions such as positivity ofand the scalar field have not been considered. There are also
energy density or by the requirements of specific ranges foother evidences in literature where smad| has been sup-
Y4 OF 1, consistent with the observations. Only the fact thatported. In the extended inflationary model by La and Stein-
a is not large is the prediction of the data obtained so far andhardt[44], the required value fow is 20. The structure for-
this constrainse to small value. If future observations pre- mation in scalar tensor theory also contradicts the solar
dict large values fow then that can also be accommodatedsystem bound om [45]. Thus the problem seems to appear
in our model with a large value fap. in different scales(astronomical and cosmologig¢alThe

One should also note that, far<1.33 which is consistent theory has been tested by experiments so far only in the
with the present data, the dissipative pressure is not sufficiem@stronomical scales and to our knowledge, no experiment has
to drive the acceleration alone, and the BD scalar field alondgpeen done in cosmological scale as yet. And so the problem
with the dissipative pressure in the CDM drives the acceleraeccurs in finding the compatibility between astronomical ob-
tion whereas the BD scalar field plays the role of the missingservation and cosmological requirements. Conside&ntp
components of the universe. be a variable to have both decelerating and accelerating

It is also expected that after the phase transition, one exshases at different epochs, while largesalues occur due to
pects¢ to roll down from ¢=0 taking different values in local inhomogeneities in astronomical scale to satisfy the
different directions causing large scale inhomogeneities. Busolar system bound, can be a complete investigation and may
it was argued by McDonalfR6] that after this recent phase give a satisfactory answer to this question.
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