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Abstract We study a known class of scalar dark energy models in whiglpthential

has an exponential term and the current accelerating erarisi¢nt. We find that,
although a decelerating era will return in the future, whemagolating the model back

to earlier stagesz(>> 4), scalar dark energy becomes dominant over matter. So these
models do not have the desired tracking behavior, and tltiqgbeel transient period of
acceleration cannot be adopted into the standard scerfdhie Big Bang cosmology.
When couplings between the scalar field and matter are intext the models still
have the same problem; only the time when decelerationrretwill be varied. To
achieve re-deceleration, one has to turn to alternativeafsdtiat are consistent with

the standard Big Bang scenario.
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1 INTRODUCTION

Cosmological observations have indicated that the uréveysiow in an accelerating expansion
(Riess et al. 1998; Amanullah et al. 2010; Hanany et al. 2@ess et al. 2001; Boughn &
Crittenden 2004; Contaldi et al. 2003). Within the framekvof general relativity, the cause of
acceleration can be attributed to the existence of someatwtgy, which makes up 70% of the
total cosmic energy in the universe. There are a number dliplescandidates for dark energy driv-
ing the accelerating expansion. The simplest one is the alogjical constant\, which, however,
has difficulties with fine-tuning and the coincidence prabl&€arroll 2001). To overcome these dif-
ficulties within the framework of the theory of general relay, dynamic dark energy models have
been proposed. Among them, one type is based on some sclalsy igch as quintessence (Ratra &
Peebles 1988), phantom (Caldwell 2002), k-essence (ArarenBicon et al. 1999), tachyon field
(Padmanabhan 2002), quintom (Hu 2005) and Chaplygin gaséiiahchik et al. 2001), while other
types are dynamic vector models based upon the Yang-Miltsfi@hang 2002; Xia & Zhang 2007,
Bamba et al. 2008).

So far, there has been no observational evidence indicatiregher the current cosmic acceler-
ation is eternal or transient. Recently, the analysis oflwiosd data of SNe la+BAO+CMB made by
Shafieloo (2009) seems to indicate that the acceleratidowsrgy down. Most dark energy models
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predict a scenario where the acceleration will be eternalis®known, in such an eternally accel-

erating universe, there is an event horizon, and causalisisein a limited spacetime. From the

perspective of string theory, an asymptotically large spaicinfinity is required for the existence

of a conventional S-matrix, whose elements are connectetiysical observables. Therefore, the
S-matrix is ill-defined in an eternally accelerating unae(Fischler et al. 2001). If one wants to
save string theory as a theory of physics, one has to eitb&rftor alternatives to the conventional

S-matrix, or to construct cosmological models, in which¢herent acceleration is transient and the
decelerating expansion will eventually return.

Several dynamic dark energy models have been proposedievacthe possibility of cosmic ex-
pansion that is currently accelerating, then will be deaegiieg in the future (Townsend & Wohlfarth
2003; Sahni & Shtanov 2003; Russo 2004; Carvalho et al. 28i@&niz 2010). One model was ex-
plored in the context of4+n)—dimensional gravity compactified on ardimensional time-varying
compact manifold (Townsend & Wohlfarth 2003). A class ofrt@aorld models was also shown to
admit a transient acceleration in certain regions of modedmeters (Sahni & Shtanov 2003). The
transient acceleration was also examined in a scalar cogjical model ind-dimensions with ex-
ponential potentials, and a general solution was obtaiyealftat Robertson-Walker metric (Russo
2004). An extension was made to the case with a generalizemhextial potential of the scalar field
(Carvalho et al. 2006; Alcaniz 2010). Scalar fields with ex@atial potentials can occur generically
in certain theories of particle physics, such as the conffrtKaluza-Klein theory with extra di-
mensions (Wetterich 1985), supersymmetry theories (Cremnetral. 1983), and higher order gravity
(Barrow & Cotsakis 1988), and have been extensively stugiedmore general context related to
for dark energy or inflation (Ferreira & Joyce 1997; Ratra &Bles 1988).

Itis interesting to explore the possibility of transientaleration in these general cosmological
models. In particular, we want to check if these models caaxtended to earlier epochs and are
consistent with the standard Big Bang scenario as a reatiatk energy model should be. So far in
these scalar models of transient acceleration, eitherasimic matter component was not taken into
consideration, or dark energy was assumed to be indepeofiertter. In the time-dependeftft)
model (Costa & Alcaniz 2010) and the fluid dark energy modeb(is et al. 2010), interactions
are introduced between dark energy and matter. Althouglaisthére has been no observational
indication of coupling between dark energy and matter, éaeegy as a dynamic scalar field could
have interactions with other components, such as mattewilMaso study the models with coupling
between scalar dark energy and matter, to examine the isp&the coupling upon the dynamic
evolution behavior.

2 THE COUPLING MODEL

We consider a spatially flatc( = 0) Robertson-Walker spacetime with a metide® = dt? —
a®(t)dz?. The Lagrangian of the scalar field that drives the acceterat given byl = %awam—
V(¢). The energy density and pressure are respectjyghy %¢2 + V(¢) andp, = %¢2 - V(o),
and the equation of state = pg4/p,. The dynamic expansion of the universe is determined by the

Friedmann equations:

&G

H2:—(p¢+pm+pr)a (1)
3

a 4G

E :_T(p¢+3p¢+pm+pr+3pr)v (2)
whereH = a/a is the expansion rate and its present valiieis the Hubble constang,,, andp,.
are the energy density of matter and radiation, respeytiVéle equations describing the evolution

of the three components are given by

pe +3H (pg + py) = Q, (3)
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pm + 3Hpm - _Qv (4)
pr+4Hp, = 0, (5)

where the coupling) is a generic coupling term and represents the rate of engoipaage between
dark energy and matter. The non-coupling modé)is- 0. When@ > 0, matter transforms energy
into dark energy. Wheid) < 0, dark energy transforms energy into matter. We do not irelud
the coupling between dark energy and radiation, which will affect the following conclusion.
Equation (2) can be derived from the set of Equations (1),(@)and (5). It has been shown that,
in the absence of the matter component in the non-couplingem@®@usso 2004; Carvalho et al.
2006), for the current accelerating stage of expansion toamsient, i.e. for the expansion to again
decelerate, the scalar field potentigly) can take the following form

A an/o
V(6) = poo[t - 21+ avae)?] exp [ - A (6 + 2Y247)]. (6)
where pso is a constant energy density, = 87G/\, and « and A are two dimensionless,

positive parameters of the model. In the context of this pajhey can take values around
A ~ 1. In the limit « — 0 the potential in Equation (6) reduces to an exponential i@k
V(¢) = Vp exp [—vV8TG @], a case that was examined in Russo (2004).

For convenience of computation, it is simpler to rewrite k€ of equations, Equations (1), (3)
and (4), in the following form,

Uly) +=x
h2: (1) v (7)
1—5(g%)
Py 3 [(dy\® _dy r dy , )
— 22 (=2 Lo 152 — h™ 8
RE 2<dN) T3IN %Jr SNt UMW) : ®
dx
- —_I - 9
N 3z, ©)

whereh = H/Hy, N = Ina(t) = —In(1 4+ 2),y = ﬁ/¥¢, x = pm/pe T = Q/Hp. and
U(y) = V(¢)/pe. All of these quantities are dimensionless. Specifically,teke the model with
Q4 = 0.73 and(2,,, = 0.27 atz = 0. The corresponding initial condition at= 0 is z; = 0.27, and

¢; = 0andg; = /Apeo/3. The dynamical equations are then solved in the presente ahatter
component and radiation. The solution yields a transiea¢lacation at about = 0 followed by

a deceleration for the following three typical cases. Nbtd the parameter range dfanda for a
transient acceleration in our model differs from those is$u(2004), which assumed the absence
of matter.

For the non-coupling case = 0, Figure 1 shows the evolution of energy densities(t),
pm(t) andp,(t), and Figure 2 shows the evolution of the deceleration paeme:) = —i/aa?
for various values of the parameter larger values oix > 0 yield a shorter period of transient
acceleration and an earlier return of deceleration. Theiapease withoe = 0 corresponds to the
exponential potential (Russo 2004), in which the currenebaration is eternal and deceleration will
not return.

Figure 3 shows(t), and Figure 4 shows(z) for the coupling model where the scalar field
transforms energy into matter, in which the rate is takenggioportional to the matter density,
Q < —Hpy,,i.e.T' x —z. The dependence updhis demonstrated in Figure 4, and larger values of
T" yield an earlier return of deceleration.

Figures 5 and 6 show the results for the coupling model in whiatter transfers energy into
the scalar field witi" o« z. The dependence upon the paramater demonstrated in Figure 6, and
larger values of\ yield a shorter period of transient acceleration.
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Fig.1 p(t) in the non-coupling model with Fig.2 A transient acceleration is shown by the de-

I" = 0. Notice thatp, dominatesp,, and p, celeration parametey(z), which is negative within
for z 25, which is not compatible with Big a ~ (0.6,2.5) for a« = 0.15. A greatera yields a
Bang cosmology. shorter duration of acceleration and an earlier return

of deceleration.
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Fig.3 The modell’ < 0. ps dominatesp,,, and Fig.4 ¢(z) for various values of" < 0. ¢(z) is
pr for z = 4. negative withina ~ (0.5, 5).

In these plots we extrapolate the model to an earlier erar€#yl, 3 and 5 reveal that, when the
models are extrapolated back to the early stagg$) will be dominant ovep,, (¢t) andp,(t), i.e. the
¢ field is dominant over the matter, and thdield has a property that = 1 with pg () = pe(t)
a~%(t), a feature that has been discussed by Ferreira & Joyce (1D8&)model predicts a scalar
field dominated era for a range of redshift- z,, wherez, is some values (4 ~ 20), depending
upon the sign and value @f and upon the model parameters. This kind of dynamic behéeior
the early era deviates drastically from the scenario desdriby standard cosmology. Therefore, the
class of models with exponential potentials for a transéeceleration can be pertinent only for the
rather recent era during the matter dominated stage. Thayotaccount for the early expansion
of the universe with: > z,. The standard Big Bang cosmology has a scenario where thermat
component should be dominantin the past up to the radiatiatier equality at a redshift~ 3450
(Spergel et al. 2003), and it also shows the acceleratiostares around ~ 0.5. The whole class
of models, eithef” = 0, ' > 0 or I" < 0, has this difficulty. To be concordant with the Big Bang
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Fig.5 The modell’ > 0. py4(t) dominatesp, Fig.6 TheI' > 0 model for various\. ¢(z) is
andp, for z 2 20. negative withina ~ (0.5,2.7) for A = 0.4. A

greater) yields a shorter duration of acceleration.

scenario in this class of models, one would have to chooseaflesnmitial value ofpy, so that
ps(t) is sub-dominant te,, (t) during the radiation or matter dominated era. Just as imgast

by Sen & Sethi (2002) and Barreiro et al. (2000), by consingdhe so-called quintessengavith

a double exponential potenti&l(¢), one can achieve such a scaling solution followed by an exit
into the accelerating expansion. However, as we have justishthe dynamic evolution of this
double exponential quintessence does not automaticatiyrera proper future deceleration. If one
still wants to achieve a transient acceleration, one haséotlie double exponential quintessence
for the scaling stage and the exit stage, and probably emgroyher new field for the return of
deceleration. Still, one would have to give a physical naton for such an artificial connection. It
is still premature to compare the above models with the eksedata associated with cosmology,
such as SNe la (Amanullah et al. 2010), CMB (Komatsu et al128hd BAO (Percival et al. 2010).
We mention that the fluid dark energy model with a transienébsration (Fabris et al. 2010) would
also face the same problem as the above.

3 CONCLUSIONS

We have explored the possibility of transient acceleratianclass of scalar dark energy models with
exponential potentials in the presence of the matter anidtrad components. Through detailed
examinations of the three cases, the non-coupling Wits 0, the coupling withl' < 0 and the
coupling withT" > 0, we find that this class of models with exponential potest@n provide a
transient period of acceleration. However, extrapolabagk to the earlier era of redshifts> 5

(' =0),z24 (T <0)orzz20 (T > 0), respectively, the scalar energy(t) will be dominant
over matter and radiation, and the scaling of behavior istlws soon. This would be inconsistent
with standard Big Bang cosmology, in which the matter-daated era extends from ~ 3450 to

z ~ 0.5. The coupling between scalar dark energy and matter brinigsiinor modifications to the
dynamic expanding behavior. A greater valud'dénds to yield a shorter period of acceleration and
an earlier return of deceleration.

Therefore, as they presently stand, this class of models exponential potentials can only
be used at most from the more recent past around low redshiftader to have a viable model
of transient acceleration, one has to either use the expiahspalar potential to construct more
sophisticated models with a proper dynamic behavior at-higir seek other models.
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