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Dissipative fluid in Brans-Dicke theory and late time acceleration
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We investigate the possibility of having a late time accelerated expansion phase for the universe. We use a
dissipative fluid in Brans-DickéBD) theory for this purpose. The model does not involve any potential for the
BD scalar field. We obtain the best fit values for the different parameters in our model by comparing our model
predictions with SNIla data and also with the data from the ultracompact radio sources.
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A number of recent observatioh%] suggest thaf) ,,, the Negative pressure can also occur if the CDM fluid is not a
ratio of the matter densitybaryonictdark to the critical  perfect fluid but a dissipative one. Recently, it has been pro-
density, is significantly less than unity suggesting that eitheposed that the CDM must self-interact in order to explain the
the universe is open or that there are some other sources @gtailed structure of the galactic hal¢sl]. This self-
this missing energy which makék,.,~ 1. The recent find- interaction will naturally create a viscous pressure whose
ings of BOOMERANG experiment] strongly suggest the magnitude will depend on the mean free path of the CDM
second possibility of a flat universe. At the same time, th?@rticles. In a very recent work Chimengo al. have shown
measurements of the luminosity-redshift relations observedlat @ mixture of minimally coupled self-interacting scalar
for the 50 newly discovered type la supernova with redshiffield and a perfect fluid is unable to drive the accelerated
z>0.35[3] predict that at present the universe is expanding?XPansion and solve the cosmic coincidence problem at the

in an accelerated fashion, suggesting the existence of a totafMe time12], while a mixture of a dissipative CDM with
negative pressure for the universe. bulk viscosity and a minimally coupled self-interacting sca-

One of the possibilities is thd CDM model consisting of lar field can suc_cessf_ully drive an accelera_lted expansion and
a mixture of vacuum energy or cosmological constarand solve_the cosmic commder!ce problem simultaneously. An
cold dark mattefCDM). But as the vacuum energy remains efféctive negative pressure in CDM can also be created from
constant and the matter energy density decreases, it is nec@SMic antifriction, which is closely related with the particle

essary that their ratio must be set to a specific infinitesimallyProduction out of the gravitational field, and can have similar
small value (10129 in the early universe so as to nearly dynamics like theACDM model as a special case of this

coincide today. This is the so-called “cosmic coincidence” €OSMic antifriction[13]. L -
problem. Another possibility is “quintessencd], a dy- The present work investigates the_ possibility of optalnmg
namical, slowly evolving, spatially inhomogeneous compo-" accelerated universe in Brans-DidiD) theory with a
nent of energy density with negative pressure. An example idissipative fluid. Previously, Bartolami and Martins and Sen
a time dependent scalar field slowly rolling down its poten-21d Seshadii9] have investigated such a possibility in BD

tial [5]. Recently a new form of the quintessence callegtheory with a perfect fluid. But both considered the potential

“tracker field” has been proposed to solve the cosmic coin-for the BD scalar field itself that was not so in the original

cidence problem. It has an equation of motion with an attracBD theory[14]. But in this work, we have not considered
torlike solution in a sense that for a wide range of initial 21y Potential for the BD scalar field. We have compared our

conditions the equation of motion converges to the samé&olutions with the experimental d4ta] to constrain the dif-

solution [6]. There are a number of quintessence modeld€rént parameters in our model. This simple enough model
which have been put forward, most of which involve a mini- €7 be useful if one has to explain the quintessence model

mally coupled scalar field with potentials either exponentialVithout scalar field potential. _

[7] or power law[8]. There are also treatments with the _FOr @ flat Friedmann-Robertson-WalkéRW) universe,
nonminimally coupled scalar fields with different type of po- With a scale factoR(t), assuming the matter content is a
tentials[9]. It has been shown by Di Pietro and Demd] Q|SS|pat|ve fluid with only bulk viscosity, the BD field equa-
that for the constant scalar field equation of state, which is #0NS are

good approximation for a tracker field solution, the field

equations and the conservation equations strongly constrain R pn p

the scalar potential; the widely used potentials for quintes- _2=_m+ _"’, 1)

sence such as the inverse power law, exponential, and the R® ¢ ¢

cosine form, are incompatible with these constraints. Hence

it may be worthwhile to search for a model which will not . 2

invol ial arising f icle physi | R R__(Pmtm Py

involve any potential arising from a particle physics scale. 2t — _¢ )
R R? P ¢’

*Electronic address: anjan@mri.ernet.in .
t ; . ; : ; .. R.  pm—3pn—37

Electronic address: somasri@mri.ernet.in b+3—p= 3)
*Electronic address: sethi@mri.ernet.in R 2w+3 '

0556-2821/2001/630)/1075014)/$20.00 63107501-1 ©2001 The American Physical Society



BRIEF REPORTS PHYSICAL REVIEW D 63 107501

wherep, andp, are the energy density and pressure corre- In our case, we are na priori assuming any specific
sponding to the BD scalar field and are given by model for this negativer, rather only assuming the existence
of a negativerr; we have investigated the possibility of hav-

w $* R. ing the accelerated phase of the universe in BD theory,
Py= EE_3 ¢, (40 which is comparable with the observational estimd@gj.
Using Egs.(1)—(3) one can write
¢2 . » ~2 y 42
R R R
Po=|2 ¢>+¢+2 ¢ © BB — 20+ B0 ¢ I (10
R Rz "¢ Re ¢

The energy conservation equation for the matter field, which

is not an independent equation but can be obtained usin§0 Solve the system of equations we have assumed the fol-
Egs.(1)—(3) is given by lowing relation between the scale factB(t) and the BD

scalar fielde:
p+3(RIR) (pr+ Pt m)=0. (6) b= AR" a
We are considering a late time, matter-dominated universe,
hencep,,=0 in our case. where A and a are constants. With Eq(11), Eq. (10) be-
Dissipative effects in FRW cosmology, i.e., negatiwve = COMES
can be modeled in two ways: First the conventional bulk .
viscous effect in a FRW universe can be modeled within the H+pBH?=0, (12)
framework of nonequilibrium thermodynamics proposed by
Israel and Stewaftl5]. In this theory, the transport equation Where 8= (12— wa®~6wa)/(6—2wa). Equation(12) on
for the bulk viscous pressure takes the form integration yieldsR= Ry(t/t,)*#, whereR, andt, are posi-
tive constants. One can identify as the present epoch, i.e.,
the age of the universe. Now from E@ll) one writes
: (1) = go(tlte)™P, where po=ARS. We will assumegp,=1
without any loss of generality in our subsequent calculations.

where the positive definite quantity stands for the coeffi- 1he solutions for other physical quantities now become
cient for the bulk viscosityT is the temperature of the fluid,

7T+7'77——3{H—— 3H+ —————

and 7 is the relaxation time associated with the dissipative :i<i> ez 3 2a2+3a (13)

effect, i.e., the time taken by the system to reach the equilib- Pm thé to 2 '

rium state if the dissipative effect is suddenly switched off.

Provided the factor in the square bracket is small, one can 1 [t\9YB=2[

approximate Eq(7) as the simple form p"’:ﬁTtS(t_) 502—301 : (14

7+ 7m=—3(H, (8) 1 (t)“mz»(a) ) ,

which is widely used in the literature. One can also assume Pe B4\ to 112 tljatr2azap), (19

that the viscous effects are not so large as observations seem

to rule out huge entropy productions in large scéldéd. The 1 [t\v9F2

relation7={/p,, can be assumed so as to ensure the viscous 7~ — W(Q) [3 2B+ + 1|a*+2a—ap|.

signal does not exceed the speed of ligh¥] and also 0

(7H) "1=v wherev>1 for a consistent hydrodynamical de- (16)

scription for the fluid[18]. With these assumptions, E()

becomes In these solutions we have essentially three parameters

w, B, anda, which are relatedlsee just after Eq12)]. One

vH+ 7l =—3pHiw. (99  has to ensure that the universe is accelerating, i.€.50

<1 and also the density parameters for the matter and the
Also as demonstrated in a recent paper by Zimdethdl.  scalar field are of the same order at present time, Qg,
[13], one can also have a negatiwdf there exists a particle ~ g, . These will constrain the different parameters.
number nonconserving interaction inside the matter. This We obtain the best-fit value @ by comparing our model
may be due to the particle production out of gravitationalpredictions with the SNla data. We use the high-z data of the
field. In this case, the CDM is not a conventional disspativeSupernova Cosmology Proje@&CP; Perimutteet al., 1998
fluid, but a perfect fluid with a varying particle number. Sub-[3] and the low-z data from the Calan-Tololo surdélamuy
stantial particle production is an event that occurs in theet al., 1996 [19] for our study. Of the 60 data points, we use
early universe. But Zimdahét al. have shown that an ex- 54 data points for our analys{fit C—D of the SCP data; for
tremely small particle production rate can also cause the sufietails of the excluded data points see Perimuéisal.,
ficiently negativer to violate the strong energy condition. 1998 [3]. The SNla data exist up t=0.9. At larger red-
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1.6

etersa and w, for which these values oB and (,,, are
consistent, are approximately 1.2<ao<-0.8 and —2.5
<w<—1.5. For these ranges af, the present day variation
of G, |G/G|y=|a|Hy<10 ° per year[22]. One can also
check from Egs(15) and(16), using these range of param-
eters, that bottp, and 7 remain negative in these ranges.
Also one can write from Eq(9)

1.4

¥/ dof
12

_3[-5-5a+a*(1+3w+w?)]
V= (wa—3)(aw+a—1)

In order to haver>1, which is essential for hydrody-
namical description if the CDM is assumed to be a conven-
~ ” o 55 : ! tional viscous fluid, one cannot have a particular rangexfor

and o consistent with the ranges given above. Instead, for a
particular value fore within the range given above, one can

FIG. 1. x?/DOF is shown for SNIdthin solid ling and ultra-  have a range fow. As an example, fow= — 1.2, the range
compact radio sourcgslashed ling The thick solid line shows the for w to haver>1 is —2.25<w<—1.8. Fora=—1, it is
result of the joint analysis of the two data sets. —25<w<—-2 and fora=-0.8, it is —2.5<w<—2.25.

One can see that these rangeswofire consistent with the
shifts, we use the data of ultracompact radio sources (0.5&nges shown in Fig. 2.
<2z=3.32; 16 measurementso constrain the value off In conclusion, in recent years it has been shown that a
[20]. mixture of perfect fluid and quintessence may be an interest-

The x*/degree of freedoniDOF) of the comparison of ing candidate to explain a spatially flat universe currently
our model with the two data sets is shown in Fig. 1. The jointexpanding in an accelerated manner. In these models, a mini-
analysis of the two data sets gives a best-fit vgite0.8  mally coupled scalar field rolling down its potential has been
with y?/DOF=1.18. The good-of-fit probability for the fit used to drive the accelerated expansion and also to account
Q=0.12, and the & error onB is AB=0.05. for the missing energy of the universe. But all these models

In a very recent paper, using the data for the angulanecessarily require several fine tunif@$] of different pa-
power spectrum of the cosmic microwave background obrameters. Also, in a very recent work, Chimemtioal. [12]
tained by MAXIMA-1, together with the measurements of have shown that one cannot simultaneously solve the cosmic
high redshift supernova, Ballgt al. [21] have constrained coincidence problem and have a late time acceleration in
density parameters for matter to be 0628,,,<0.5. We  FRW cosmology with a mixture of perfect fluid CDM aql
have used this range @&, together with the value of matter. On the other hand, recent investigations have pre-
obtained above by fitting our model with a different obser-dicted that CDM should be self-interacting rather than colli-
vation, to constrainw and «. sionless, in order to successfully explain the less dense ga-

We have plotted in Fig. 2 the parametessand « for g lactic halos. Hence it is not unreasonable to think that this
=0.5 andB=0.8 and also fof}),,,=0.3 andQ,c=0.5. For  self-interaction may give rise to dissipative pressureat
this we have used the relation betwg@nw, anda and also  cosmological scales. In their work, Chimenét al. have
Eq. (13). The two values of3 correspond to the current age shown that a mixture of dissipative CDM ai@ matter can
of the universe, 28 Gyr and 18 Gyr, respectively, where wandeed explain the late time acceleration and can solve the
have assumed that the present Hubble constadtis0.67  cosmic coincidence problem simultaneously. But all of these
% 10 19 per year. One can see the ranges of the two paranguintessence models, whether mixed with perfect fluid, or

dissipative fluid suffer the problem of unwanted long range
2 . . . . . . forces and the quintessence cannot be as homogeneous as it
should[24].

In this work, we have investigated the possibility of hav-
ing a late time acceleration without any quintessence fields.
We have used a dissipative CDM model in BD theory for
this purpose. The viscous pressure, together with negative
pressure due to the BD scalar field, drive the late time accel-
eration. The BD scalar field has been used to account for the
missing energy of the universe. We also have not used any
3 potential for the BD scalar field, unlike the other nonmini-
4 , , , , , , mally coupled scalar field models in literatur€8]. The
2 18 16 -14 12 -1 08 -06 model is simple enough and does not require much fine tun-
ing. We have three arbitrary parameters in our model which

FIG. 2. The parameter spaee « for different values of3 and  are related through an equation. We have constrained one of
Qo (D) Qme=0.5,(2) 21=0.3,(3) 8=0.8,(4) 8=0.5. the parameterg by fitting our model with the experimental

0.8
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data from supernova and also from the ultracompact radimow no experimental tests for these scalar tensor theories,
sources. The other two parametersand w have been con- future data from supernova at higher redshift may confirm or
strained using this value g8 and assuming also that the rule out existence of the scalar partner for the graviton.
density parameters due to matter and the BD scalar field are It is also important to note that g3 is constant in our
of the same order today. These constraints give negative vatalculation, the universe is always in the accelerating phase,
ues forw. However, the standard limit om is ®>500 to  which seriously contradicts the primeval nucleosynthesis and
account for the solar system tests which sets tight constraintie structure formation scenario. One way to avoid this prob-
on post Newtonian deviations from general relatiiB2]: lem is to considew not as a constant but as a function of the
lvo—1|<2%x10°% and |B,—1|<2x10 3, whereB, and  scalar fielde. In a recent interesting papg28], Banerjee
vo denote the usual post Newtonian parameters. Howeveand Pavon have shown that wighas a polynomial function
these constraints come from the weak field limit of theof ¢, one can get both radiation dominated era in the early
theory. One should also keep in mind that in extended inflatime and accelerating phase in the late time. But in that case
tion, the model of La and Steinharfi25] worked provided also asymptoticallyw acquires a small negative value to
thatw takes a value close to 20, which is also not compatibléhave a late time accelerating phase.
with the solar system tests. It should also be mentioned that Allowing » to be a function of¢ or redshiftz to have
in order to explain the structure formation successfully inboth decelerating and accelerating phases at different times
this scalar tensor theory the constraint enis not at all  while local inhomogeneities giving rise to large value®f
compatible with the solar system te$&6]. A negativew is  consistent with solar system test, should be the complete
also predicted by the effective models coming from theinvestigation. But this will involve a detailed computational
Kaluza-Klein and superstring theorif27]. Hence it always effort which is beyond the scope of this paper. What we want
remains a problem finding a compatibility between the astroto stress is, if we can explain the quintessence in Brans-
nomical observations and cosmological requirements. Dicke theory without any potentidfuture observations will
The problem is to apply a theory in different scales- predict whether we can or canfdhen even ifw is scale
tronomical and cosmologicalwhereas experiments so far dependent, in some scale it has to satisfy the constraints
have been made only for astronomical scales. We have agiven in our paper in order to explain the late time accelera-
plied the theory to cosmological scales where there is stiltion and the cosmic coincidence.
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