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Fig. 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∗) combined with the BAO and SN distance data (§ 5.4.2). There are three parameters: w0 is the value of w at the present
epoch, w0 ≡ w(z = 0), w′ is the first derivative of w with respect to z at z = 0, w′ ≡ dw/dz|z=0, and ztrans is the transition redshift above
which w(z) approaches to −1. Here, we assume flatness of the universe, Ωk = 0. (Left) Joint two-dimensional marginalized distribution of
w0 and w′ for ztrans = 10. The constraints are similar for the other values of ztrans. The contours show the ∆χ2

total = 2.30 (68.3% CL)
and ∆χ2

total = 6.17 (95.4% CL). (Middle) One-dimensional marginalized distribution of w0 for ztrans = 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 ztrans. We do not find evidence for the evolution of dark energy. Note that neither BAO nor SN alone is able to constrain
w0 or w′: they need the WMAP data for lifting the degeneracy. Note also that BAO+SN is unable to lift the degeneracy either, as BAO
needs the sound horizon size measured by the WMAP data.

Fig. 15.— Constraint on the linear evolution model of dark energy equation of state, w(z) = w0 + w′z/(1 + z), derived from the
WMAP distance priors (lA, 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, Ωk = 0. (Left) Joint two-dimensional marginalized distribution of w0 and w′.
The contours show the ∆χ2

total = 2.30 (68.3% CL) and ∆χ2
total = 6.17 (95.4% CL). (Middle) One-dimensional marginalized distribution of

w0. (Middle) One-dimensional 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 w′

linder = 0.5w′
WMAP .

high redshift. This can result in an undesirable situation
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
√

1 +
ΩΛ(1 + zBBN)3[1+weff (zBBN)]

Ωm(1 + zBBN)3 + Ωr(1 + zBBN)4 + Ωk(1 + zBBN)2

= 0.942 ± 0.030, (71)

where we have kept Ωm and Ωk for definiteness, but they
are entirely negligible compared to the radiation density
at the redshift of BBN, zBBN = 109. Figure 15 shows the
constraint on w0 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 w0 is

TABLE 13
Amplitude of curvature perturbations, R,

measured by WMAP at kWMAP = 0.02 Mpc−1

Model 109 × ∆2
R

(kWMAP )

Ωk = 0 and w = −1 2.211 ± 0.083
Ωk $= 0 and w = −1 2.212 ± 0.084
Ωk = 0 and w $= −1 2.208 ± 0.087
Ωk $= 0 and w $= −1 2.210 ± 0.084
Ωk = 0, w = −1 and mν > 0 2.212 ± 0.083
Ωk = 0, w $= −1 and mν > 0 2.218 ± 0.085
WMAP Normalization Prior 2.21 ± 0.09

−0.29 < 1 + w0 < 0.2149, which is similar to what we
have obtained above.

49 The 68% intervals are w0 = −1.04±0.13 and w′ = 0.24±0.55
(WMAP+BAO+SN+BBN; Ωk = 0).


