
20 21. The Cosmological Parameters

21.4. Bringing observations together

Although it contains two ingredients—dark matter and dark energy—which have not
yet been verified by laboratory experiments, the ΛCDM model is almost universally
accepted by cosmologists as the best description of present data. The basic ingredients
are given by the parameters listed in Sec. 21.1.4, with approximate values of some of
the key parameters being Ωb ≈ 0.04, Ωdm ≈ 0.20, ΩΛ ≈ 0.76, and a Hubble constant
h ≈ 0.73. The spatial geometry is very close to flat (and often assumed to be precisely
flat), and the initial perturbations Gaussian, adiabatic, and nearly scale-invariant.

Table 21.2: Parameter constraints reproduced from Spergel et al. [2], with some
additional rounding. All columns assume the ΛCDM cosmology with a power-law
initial spectrum, no tensors, spatial flatness, and a cosmological constant as dark
energy. Three different data combinations are shown to highlight the extent to
which this choice matters. The first column is WMAP3 alone, the second combines
this with 2dF, and the third column shows a combination of all datasets considered
in Ref. 2. The perturbation amplitude is specified via the derived parameter σ8; see
Ref. 2 for details. Uncertainties are shown at one sigma, and caution is needed in
extrapolating them to higher significance levels due to non-Gaussian likelihoods and
assumed priors.

WMAP alone WMAP + 2dF WMAP + all

Ωmh2 0.128 ± 0.008 0.126 ± 0.005 0.132 ± 0.004

Ωbh2 0.0223 ± 0.0007 0.0222 ± 0.0007 0.0219 ± 0.0007

h 0.73 ± 0.03 0.73 ± 0.02 0.704+0.015
−0.016

n 0.958 ± 0.016 0.948 ± 0.015 0.947 ± 0.015

τ 0.089 ± 0.030 0.083 ± 0.028 0.073+0.027
−0.028

σ8 0.76 ± 0.05 0.74 ± 0.04 0.78 ± 0.03

The most powerful single experiment is WMAP3, which on its own supports all these
main tenets. Values for some parameters, as given in Spergel et al. [2], are reproduced in
Table 21.2. This model presumes a flat Universe, and so ΩΛ is a derived quantity in this
analysis, with best-fit value ΩΛ = 0.76.

These constraints can be somewhat strengthened by adding additional datasets, as
shown in the Table. However, WMAP3 on its own is sufficiently powerful that inclusion
of other datasets only changes things at quite a detailed level. In our view, the most
robust present constraints are those from WMAP3 alone.
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