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FIG. 7: 20 confidence levels for the SNLS+CMB+BAQ dataset using Qom = 0.28 £ 0.03. The upper left hand panel shows
the confidence levels in A1 — A2, with the black dot representing ACDM. The upper right hand panel shows the logarithmic
20 variation of the DE density in terms of redshift. The dashed line represents ACDM. The lower left and right hand panels
represent the variation of the equation of state and deceleration parameter respectively. The dashed lines in both panels
represent ACDM. The thick solid line in the lower right hand panel shows the acceleration epoch, i.e. the redshift at which the
universe started accelerating. Results are shown upto redshift z = 1.01
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WMAP 5-year Cosmological Interpretation ' 31
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F1G. 14.— Constraint on models of time-dependent dark energy equation of state, w(z) (Eq. [70]), derived from the WMAP distance priors
(la, R, and z.) combxned with the BAO and SN distance data (§ 5.4.2). There are three parameters: wp is the value of w at the present
epoch, wo = w(z = 0), w’ is the first derivative of w with respect to z at z =0, w’ = dw/dz|,_,, and zirans is the transition redshift above
which w(z} approaches to —1. Here, we assume flatness of the universe, Q) = 0. (Left) Joint tWO-dlmenSIOnﬁ.l margma.hzed distribution of
wo and w' for zirans = 10. The constraints are similar for the other values of ztrans. The contours show the Axm a1 = 2.30 (68.3% CL)
and AxZ . = 6.17 (95.4% CL). (Middle) One-dimensional marginalized distribution of wg for zirans = 0.5 (dotted), 2 (dashed), and 10
(solid). (Middle) One-dimensional marginalized distribution of w’ for ztrans = 0.5 (dotted), 2 (dashed), and 10 (solid). The constraints are
similar for all zirans. We do not find evidence for the evolution of dark energy.

20 T T ]l' T 10F T T T T T 1r T T T T T ]
L ! ]
] 3
1A 1 0.8 4 F 5
I
10f ! ] i ]
_ [ 0.6 I |
2 osf ] : 1t
04 I ]
0 —————————— —— ] <4
05F . ] L s 1 1 1
WMAP+BAO+SN+B§N . ]
=1.0 1 L 1 1 ] 0 'l L 1 ol 1 L L
-1.4 -1.2 -1.0 -0.8 -1.6 -1.4 -1.2 -1.0 -0.8 -2 -1 1
Wo Wo w
FIG. 15.— Constraint on the linear evolution model of dark energy equation of state, w(z) = wo + w'z/(1 + z), derived from the

WMAP distance priors (4, R, and z.) combined with the BAO and SN distance data as well as the Big Bang Nucleosynthesis (BBN)
prior (Eq. [71]). Here, we assume flatness of the universe, Q) = 0. (Left) Joint two-dimensional marginalized distribution of wp and w’.
The contours show the Ax? | = 2.30 (68.3% CL) and Axw“] = 6.17 (95.4% CL). (Middle) One-dimensional marginalized distribution of
wo. (Middle) Onedlmenswna! marginalized distribution of w’. We do not find evidence for the evolution of dark energy. Note that Linder
(2003) defines w' as the derivative of w at z = 1, whereas we define it as the derivative at z = 0. They are related by wy 4. = 0.5wiy yr4p-

The 95% limit on' wg for zians = 10 is —0.38 <
1+ wp < 0.14%6, whose upper limit is surprisingly close
to the Yimit for a constant w model in a flat universe,
—0.097 < 1 +w < 0.142 (95% CL). Therefore, we have
a fairly robust upper limit on the present-day value of
the equetion of state, 1 + wp < 0.14. (This statement
is, however, true only for a flat.universe.) On the other
hand, the lower limit has weakened significantly — by
a factor of about four. Our results are consistent with
the previous work using the WMAP 3-year data (see
Wang & Mukherjee 2007; Wright 2007, for recent work
and references therein). We find that our upper limit on
wg and lower limit on w’ are better than the previous
work by a factor of ~ 2.

Alternatively, one may take the linear form, w(a) =
wo + (1 — a)w,, literally and extend it to an arbitrarily
high redshift. This can result in an undesirable situation

46 The 68% intervals are wp = —1.1240.13 and w’ = 0.70£0.53
(WMAP+BAO+SN; ), = 0).

in which the dark energy is as important as the radia-
tion density at the epoch of the Big Bang Nucleosynthe-
sis (BBN); however, one can constrain such a scenario
severely using the limit on the expansion rate from BBN
(Steigman 2007). We follow Wright (2007) to adopt a
Gaussian prior on

Qp(1+ zppN )3 T werr(za8x)]
Qm (1 + zBN)® + Q0 (1 + zBBN)? + Qi (1 + 2BBN)?
(71)

i+

= 0.942 £ 0.030,

where we have kept Q,, and 2 for definiteness, but they
are entirely negligible compared to the radiation density
at the redshift of BBN, zgpn = 10°. Figure 15 shows the
constraint on wy and w’ for the linear evolution model
derived from the WMAP distance priors, the BAO and
SN data, and the BBN prior. The 95% limit on wq is
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