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Fig. 8.— The final angular power spectrum, I({ + 1)C;/2x, obtained from the 28 cross-power spectra,
as described in §5. The data are plotted with lc measurement errors only which reflect the combined
uncertainty due to noise, beam, calibration, and source subtraction uncertainties. The solid line shows the
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Abstract. We explore the fate of the Universe given the possibility that the
density associated with ‘dark energy’ may decay slowly with time. Decaying
dark energy is modelled by a homogeneous scalar field which couples minimally
to gravity and whose potential has at least one local quadratic maximum. Dark
energy decays as the scalar field rolls down its potential, consequently the current
acceleration epoch is a transient. We examine two models of decaying dark energy.
In the first, the dark energy potential is modelled by an analytical form which
is generic close to the potential maximum. The second potential is the cosine,
which can become negative as the field evolves, ensuring that a spatially flat
Universe collapses in the future. We examine the feasibility of both models using
observations of high redshift type Ia supernovae. A maximum likelihood analysis
is used to find allowed regions in the {m, ¢y} plane (m is the tachyon mass
modulus and ¢g the initial scalar field value; m ~ Hy and ¢9 ~ Mp by order
of magnitude). For the first model, the time for the potential to drop to half
its maximum value is larger than ~ 8 Gyr. In the case of the cosine potential,
the time left until the Universe collapses is always greater than ~ 18 Gyr (both
estimates are presented for Qom = 0.3, m/Hp ~ 1, Hy ~ 70 km s~! Mpc~!, and
at the 95.4% confidence level).

Keywords: dark energy theory, supernova type Ia
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1.6

Qo > 0.3 always

0.5

%o %o

Figure 2. A magnified part of figure 1 with (dashed) lines of constant AT,
added. Again, in the left panel, the present value of the matter density is
Qom = 0.3, and in the right panel it is Qom = 0.4. AT} /2 is the time, measured
from the present epoch, to when the DDE potential has dropped to half its
maximum value: V(¢) = Vy/2. The values of AT, for the dashed curves (from
top to bottom) are listed in table 1 (from left to right). For both Q¢m = 0.3
and Qom = 0.4, the minimum time elapsed before the potential drops to half
its maximum value is AT/, ~ 0.6Hy"' ~ 8 Gyr (Hy = 70 km s~! Mpc~!) at
the 95.4% confidence level. In the region to the right of the thick solid curve,
parameter values are such that the matter density never reaches its present value.
This region is therefore disallowed by observations.

Table 1. Time taken for the potential (1) to drop to half its maximum value.
Qom ATy (Gyr)

03 83 420 139.7 7128
04 83 349 133.6 7128

virtually indistinguishable from ACDM. For Q, = 0.3, we have x3; = 1.053 at the best-
fit point of m = 0.74, ¢g = 0.23, and for Qom = 0.4, x3,; = 1.047 for the best-fit model
having m = 0.79, ¢o = 0.24. As in the previous analysis, ACDM is marginally preferred
over the best-fit DDE for Qom < 0.3.

In figure 4, we examine the results for this potential more closely by focusing on a
smaller region in parameter space. In this region we show the lines of constant AT
which is the time left until the Universe ceases to accelerate. (In terms of the deceleration
parameter, q(ty + ATenq) = 0.) We see that, at the 95.4% confidence level, the Universe
will continue accelerating for at least ~ 10 Gyr. We also plot the lines of constant ATeon,
which is the time left until the Universe collapses: H (¢, + AT.on) = 0. We find that the

Journal of Cosmology and Astroparticle Physics 03 (2003) 001 (stacks.iop.org/JCAP/2003/i=03/a=001) 8
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Figure 4. A magnified part of figure 3 with (dashed) lines of constant ATp4
(upper panels) and constant AT, (lower panels) added. In the left panels, the
present value of the matter density is Qo = 0.3, and in the right panels it is
Qom = 0.4. In the upper panels, the time AT,,q is measured from the present
epoch to when the Universe stops accelerating: q(tgp + ATenq) = 0. The values
of ATenqg for the dashed curves (from top to bottom) are listed in table 2 (from
left to right). For both Qpyn = 0.3 and Qpy = 0.4, the minimum time taken
for the deceleration parameter to rise to zero is ATepg =~ 0.7Hy ! ~ 10 Gyr (at
the 95.4% confidence level). For the lower panel, the dashed lines correspond to
the time ATy until the Universe collapses: H(tg + ATeon) = 0. The values of
ATopy for the dashed curves (from top to bottom) are listed in table 2 (from
left to right). For both Qom = 0.3 and Qom = 0.4, the minimum time to
collapse is ATy = 1.3Hy b~ 18 Gyr at the 95.4% confidence level (we assume
Hy = 70 km s~! Mpc~!). In the region to the right of the thick solid curve
the matter density never reaches its present value of Qo = 0.3 (left panels) and
Qom = 0.4 (right panels), therefore this region is disallowed by observations.

Journal of Cosmology and Astroparticle Physics 03 (2003) 001 (stacks.iop.org/JCAP/2003/i=03/a=001) 10
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Figure 5. The evolution of the deceleration parameter ¢ and the matter density
Qm is shown for four different DDE models corresponding to different choices of
m and ¢ in the DDE potential V (¢) = Vocos(m@/+/Vo) (Qom = 0.3). Time ¢ is
in units of \/3/87GV,. The models have parameter values: m = 1.0, ¢g = 0.6
(A), m = 1.0,¢0 = 0.2 (B), m = 0.74, ¢ = 0.23 (C), m = 1.0,¢ = 1.2 (D).
Models A,B,C are allowed by supernova observations at the 95.4% confidence
level. The dashed line D in both panels shows the time evolution of ¢ and
Qm for a DDE model with m = 1.0,¢9 = 1.2. This model is disallowed by
observations since the matter density always remains larger than 0.3 (see figure
4). The horizontal dotted line in the left panel (¢ = 0) divides this panel into
two regions. In the upper region ¢ > 0 and the universe decelerates, whereas
g < 0 in the lower region in which the universe accelerates. The points of
intersection of ¢ = 0 with A,B,C show the commencement and end of the
acceleration epoch in these models. The horizontal dotted line in the right
panel marks the present epoch when Qo = 0.3. The solid circles in both left
and right panels show the epoch when the potential energy of the scalar field
falls to zero. Note that this occurs after the universe stops accelerating.
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TRANS - PLANCKIAN
EFFECTS

I Refnc'h'bh effects

wih)= ht(1+} -,%; + D('_g'))

S'trop: u'"cr 60&&0‘: [ R lf’ fnn-
different effects

(3] < (10"—2-103)
7.6€s et al. (2003)

L. Partic@e creation effects

4. Trees- planckion ra.rtc.‘c.ee.
creetion on tfe frt.xeq.é Unriverse

9. Posscble corrections €o
L‘Nf‘c.tt‘bmr} fwfufrﬁq.tt‘oo\. :,caér'a..
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2. The WKB cordition & violated for
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