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“Red” power law spectrum: C(I) o< [
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White noise: C(l) = constant

No correlation between pixels in this case!
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We see the sound horizon as a characteristic angle on the sky

AO =s)/T

so = sound horizon
T = conformal time to CMB

IS()
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Matter power spectrum Matter correlation function
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(Credit: SDSS)
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Simulated Gaussian field with same power spectrum
as the density field in the late universe
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One last comment (a technical point). We’ve been working with
2D fields T(x,y) defined on the x-y plane, with the usual Fourier
expansion in plane waves:

p— - (121 i3 il-x
I(x) = / 5y T

However, the CMB and many other 2D fields in cosmology are
defined on a sphere: T = T'(0,¢) or T'= T'(n) where n is a
unit 3-vector.

Pirsa: 17040056 Page 17/36



Pirsa: 17040056 Page 18/36




¢ = 0 harmonic: monopole (i.e. constant)

¢ =1 harmonics: dipoles
¢ = 2 harmonics: quadrupoles, etc.

In general, spherical harmonics have characteristic wavelength 27 /¢
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Not self-similar: Scale invariant on scales larger than characteristic
scale lp”!, fluctuations are smoothed out below this scale
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Scale invariant power
spectrum: C(1) o< 12
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Scale invariant power spectrum
with cutoff: C(1) o< "2 exp(-(1/10)?)
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Delta function power spectrum: C(1) o< 8(1-1p)
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Very strongly defined characteristic scale

Pirsa: 17040056 Page 28/36



CMB map (simulated)
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A Gaussian map with the CMB power spectrum
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CMB power spectrum

GO

S000

l l l OO0
Q C,
2T

SO
2000
1000 /\
/\
—\I — _ -
”Il a0 1000 1500 2000 2500 3000

Angular wavenumber |

Pirsa: 17040056 Page 30/36



Pirsa: 17040056

CMB power spectrum Cy.
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(Credit: WMAP/NASA)

The two curves are Fourier transforms of each other

(Wiener-Khinchin theorem)
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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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The acoustic peak scale is determined by A0
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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)

Pirsa: 17040056 Page 34/36



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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On a 2D sphere, the analogue of a plane wave ¢

harmonic Y}, (0, ¢). This a special function defined for 1=0,1,2,...
and m=-1,.
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1s a spherical
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