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Matter-energy budget
in the universe
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Growth of
Cosmic Fluctuations
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Basic Paradigm

The Smooth Universe (linear regime):

Solve linearized, coupled Einstein and Boltzmann equations
—Time evolution of fluctuations in spacetime metric,
dark matter, baryons, photons, neutrinos




Perturbations

ds’ = a’[(1+2¢)dt’ —(1-2y)dx.dx']

Perturbations

p(x,1)
0

Velocity Perturbations

O(x,t) = -1, p,~2x10"g/cm’
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Equation

collisionless: cold dark matter, neutrinos
collisional: baryons, photons (e.g. Thomson scattering)

Take velocity moments of phase space distribution functions
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Linear Evolution of

the Nearly Smooth Universe
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Statistics of Clustering

I Fourier transform




Statistics of Clustering

I Fourier transform




Shape and Growth of

Linear Matter Power Spectrum

_ P(k)~k" keq~Qm h?
n=1

Linear

P(k)~k-3
(for CDM)
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Shape: depends on Q
nature of dark matter etc

Growth rate: depends on

me etc




Statistics of Clustering
Temperature Power Spectrum
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Cold vs Warm Dark Matter

Power Spectrum

(a) Linear theory, z=3

._II]IITIITII['IIII'I]TI]I

log P(k) [h~3 Mpc?]

IIII|li]l'llil|]TIITlllIl;T

II1I|IIII|IIII|III1|II1I[I

s
-
-

_6 IIIIIIIlIIIIll\,III
-0.5 O 0.5 1 1.5

loo k [h Mn(:‘lwarayana




Linear vs Nonlinear

Power Spectrum
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