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Inhomogeneities in the CMBR

2



Planck satellite

Temperature inhomogeneities ∼ 10−5 at z ∼ 1000.
Seeds of Galaxies and all the structures we see today.
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Gravitational instability
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Growth of structures
Inhomogeneities grow via gravitational instability, probed by computer simulations
(z ∼ 1000 to z ∼ 0)
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Galaxy distribution
Galaxy surveys vs Millennium simulations
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Power spectrum

◮ Define “contrast”

δ(~x , t) =
ρ(~x , t)

ρ̄(t)
− 1

◮ Fourier transform

δ(~k , t) =

∫
d
3
x δ(~x , t) e−i~k·~x

◮ Power spectrum
P(k , t) ∝ 〈|δ(~k , t)|2〉
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Power spectrum of dark matter fluctuations
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