PARTICLE COSMOLOGY 5

Anisotropies
The cosmological parameters
Inflation
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Particle Horizon
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Correlations
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Corrclations observed

Angular Scale
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Figure 23.2: Band-power astimates from the WMAP, BOOMERANG, VSA, CEI,
and ACBAR experiments. We have suppressad some of the low-£ and high-¢ band-
powers which have large aerror bars. Note also that the widths of the f-bands varies
between experiments. This plot represent only a selection of available experimental
results, with some other data-ssts being of similar quality. The multipole axis here
is linear, so the Sachs-Wolfe plateau is hard to sse. However, the acoustic peaks and

damping region are very clearly obsarved, with no need for a theoretical curve to
guide the eya.



Correlations expected
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Figure 23.1: The theoretical CME anisotropy power spectrum, using a standard
ACDM model from CMBFAST. The z-axis is logarithmic here. The regions, each
covering roughly a decade in £, are labeled as in the text: the ISW Rise; Sachs-Wolfe

Plateau; Acoustic Pasks; and Damping Tail. Also shown is the shape of the tensor
(gravity wave) contribution, with an arbitrary normalization.

Y for 8 < 1°

Acoustic oscillations

Y& for 6 > 1°

(AT) ~ (2P
T QN P A

A~ 100h~ 1 Mpc (

6

deg

)



Acoustic horizon

Last-scattering surface is at _ _
(in comoving coor.)
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Projection on the LS surface:




Vive legendre !

To see “structure” at A0 < a
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Cosmological parameters from CMB

Table 11: Joint Data Set Constraints on Geometry and Vacuum Energy

Data Set Qg Q
WMAP + h=0.72+0.08 | —0.003700% [ 0.758700%
WMAP + SDSS —0.0377592L 1 0.650129%
WMAP + 2dFGRS || —0.0057+09061 | ) 739+0.026
WMAP + SDSS LRG| —0.010*391, | 0.728+0020
WMAP + SNLS —0.01575920 | 0.719+2%2
WMAP + SNGold —0.017+0922 | 0.70370:030

Notice priors



vacuum anergy density (cosmological constant)

The bottom line

no Big Bang

supemoyvae

CMB

clusters

mass density

The concordance model



Doubt




The flatness probiem (1)

Rewrite Friedmann eq. as

k
2—1= T
a<H
O — Pr =+ pm + PA
Pcrit
Spatial flatness
H—l
cur — |Q—1|1/2
H2=.. — 5 42




The flatness problem (1)
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The horizon problem
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Period with a > 0
Simplest example: (cosm. ct.)
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