Linear Growth of Fluctuations
by Gravitational Instavility
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Gravitational instability

small-amplitude fluctuations:




Gravitational Instability: linear, matter-era
Fluid equations :
(1) p+V-(pV)=0 continuity
Q) V+(V-V)V =—Vd-VP/jp Euler
(3) VO®=4rGp Poisson
Uniform background: p(7) = const.
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Comoving coordinates :

1) §+V-w+V-(ow)=0
(2) v;v+2HvT/+(vT/rr\7)vT/:—ﬁw—a_lcf%&
(3) Viw=4nGp s [=(B/2)H’QF]
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gravity pressure
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O+2HO =471Gp, 8 +a’c V0

Static background : a=0 a=const.=1 p,6 = const.
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Expanding background , A >> 4,:
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Properties of the linear growing mode:
linear S+2HOo=3/2)HQS  H@E) Q@)
growing mode: o o D(?)
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The Jeans scale in an expanding universe:
Ink—space: 6=) 5.()e"™ r=ax
P

for each £ : o, +2HS, =(4xGp—k’c’)5, —> same Jeans scale




Lecture 3

Statistics of Fluctuations:

The Cold Dark Matter Scenario




The Initial Fluctuations

At Inflation: Gaussian, adiabatic
fluctuation field oA PIEIERdPd a realization of an ensemble
<p> ensembe average ~ volume average
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Scale-Invariant Spectrum (Harrison-Zel’dovich)
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Cosmological Scales




CDM Power Spectrum
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Formation of Large-Scale Structure

o0<<1 — Socqgoct?”?

Fluctuation growth in the linear regime:

rms fluctuation at mass scale M:

CDM: bottom-up
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A\CDM Power Spectrum
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