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Random field slide show

Kendrick Smith
PSI cosmology, 2016
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Scale invariant 2D Gaussian random field: C(1) « 12
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“Red” power law spectrum: C(1) o 13
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“Blue” power law spectrum: C(1) o« |-/
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White noise: C(I) = constant

No correlation between pixels 1n this case!
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Scale invariant power spectrum with cutoff: C(1) o« 12 exp(-(1/1p)?)
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Not self-similar: Scale invariant on scales larger than characteristic
scale lo!, fluctuations are smoothed out below this scale
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Scale invariant power

Scale invariant power spectrum
spectrum: C(I) o« |-

with cutoff: C(1) o 12 exp(-(1/10)?)
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Delta function power spectrum: P(I) « o(I-1o)
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Very strongly defined characteristic scale

Pirsa: 16040037 Page 22/34



Pirsa: 16040037

CMB power spectrum
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CMB map (simulated)
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A Gaussian map with the CMB power spectrum
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CMB power spectrum
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Scale invariant power spectrum
with cutoff: P(l) « 12 exp(-(1/10)?)
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Just for fun: characteristic scales in the CMB
(derivation will come later in the class!)

Before the CMB was formed, the universe is a plasma,
inhomogeneities propagate as sound waves.

Define the “sound horizon” so to be the maximum distance that
a sound wave can travel between the big bang and the

formation of the CMB.
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We see the sound horizon as a characteristic angle on the sky
A0 =so/t

so = sound horizon
7 = conformal time to CMB

[0
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The acoustic peak scale is determined by 40
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Acoustic peak scale la~ 7/ 40 = 1t (so/7)
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Imagine tracing a CMB photon back in time.

The CMB is formed when the universe transitions from opaque
to transparent. Because this process isn’t instantaneous, a CMB
photon undergoes a little random walk (length of walk is
exaggerated in the picture)

Let A be the total distance
traversed during the
random walk
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Characteristic scales in the CMB
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Matter power spectrum in the late universe (a 3D field)
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Characteristic scale! (Turns out to be the Hubble length
evaluated at matter radiation equality)
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Simulated Gaussian field with same power spectrum
as the density field in the late universe
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with cutoff: P(1) « 12 exp(-(1/10)?)
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The density field in the late universe 1s nonlinear, and modelling
it as a Gaussian field 1s generally not a good approximation

These two maps have roughly the same power spectrum!
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Perhaps surprisingly, Gaussian statistics are a good approximation
on large scales (low k)
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