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Table 6. Cosmological Parameter Summary

Description

Symbol

WMAP-only

MAP+BAO+SN

Parameters for Standard ACDM Model #

Age of universe

Hubble constant

Baryon density

Physical baryon density

Dark matter density

Physical dark matter density

Dark energy density

Curvature fluctuation amplitude, ko = 0.002 Mpc~1 b
Fluctuation amplitude at 8h~! Mpc

I(1+1)CLT J2m

Scalar spectral index

Redshift of matter-radiation equality

Angular diameter distance to matter-radiation eq.®
Redshift of decoupling

Age at decoupling

Angular diameter distance to decoupling ¢4

Sound horizon at decoupling ¢

Acoustic scale at decoupling 4

Reionization optical depth

Redshift of reionization

Age at reionization

Ho
Q
Quh2
Qe
Qch?
Qa
a3,
as
Ca20
Ng
Zeq
d4(zeq)
Za
tu
da(z.)
Ts(2s)
la(z4)
T
Zreion

treion

13.69 + 0.13 Gyr
71.972% km/s/Mpc
0.0441 % 0.0030
0.02273 = 0.00062
0.214 % 0.027
0.1099 = 0.0062
0.742 £ 0.030
(2.41 £0.11) x 10~°
0.796 £ 0.036
5756 & 42 uK?
0.963X5:0:5
17615
142797185 Mpc
1090.51 = 0.95
38008173843 yr
141157188 Mpc
146.8 & 1.8 Mpc
302.0819:83
0.087 % 0.017
11.0+1.4
4271'% Myr

Parameters for Extended Models ©

Total density f

Equation of state &

Tensor to scalar ratio, ko = 0.002 Mpc—1 bk
Running of spectral index, ko = 0.002 Mpc~1! b
Neutrino density J

Neutrino mass J

Number of light neutrino families ¥

Qo 1.099%0:088
w -1.0670%
r < 0.43 (95% CL)
dns/dInk —0.037 £ 0.028
Q h? < 0.014 (95% CL)
S my < 1.3 eV (95% CL)
Neg > 2.3 (95% CL)

13.73 £0.12 Gyr
70.1 % 1.3 km/s/Mpc
0.0462 = 0.0015
0.02265 = 0.00059
0.233 +0.013
0.1143 % 0.0034
0.721 % 0.015
(2:45712:083) o 10~9
0.817 £ 0.026
5748 + 41 pK?

0.014
0.96070:073
32807583

41
141727138 Mpc
1091.00%0:72
3148
37593813118 yr
42
140067142 Mpc
145.6 £ 1.2 Mpc
.84
302:1130:84
0.084 +0.016
10.8+1.4
432190 Myr

1.0052 % 0.0064
-0.97213-%8%
< 0.20 (95% CL)
-0.08213:53%
< 0.0085 (95% CL)
< 0.61 eV (95% CL)
44+£15

2The 'parameters reported in the first section assume the 6 parameter ACDM model, first using WMAP data only
(Dunkley et al. 2008), then using WMAP+BAO+SN data (Komatsu et al. 2008).

bk = 0.002 Mpc=! «—— log = 30.
¢Comoving angular diameter distance.
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a fairly robust upper limit on the present-day value of
vhe equetion of state, 1 + wp < 0.14. (This statement
iz, however, true only for a flat universe.) On the other
hand, tae 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 t! at our upper limit on
wo 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 wo = —1.12+0.13 and w’ = 0.7040.53
(WMAP+BAO+SN; Qi =0).

= 6.17 (95.4% CL). (Middle) One-dimensional marginalized distribution of
We do not find evidence for the evolution of dark energy. Note that Linder
1, whereas we define it as the derivative at z = 0. They are related by Winder = 0-5Wiy pr 4 p-

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
QA (1 + 2pN )31 +wett (z88N)]

1
\/ i Qm(1 + zBBN)® + Q0 (1 + 2BBN)? + Q% (1 + zBBN)?
= (.942 =+ 0.030, (71)

where we have kept Q,, and Q4 for definiteness, but they
are entirely negligible compared to the radiation density
at the redshift of BBN, zggn = 10°. Figure 15 shows the
constraint on wp 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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