New observables for future CMB anisotropy observations
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Two things that should definitely be non-zero:

1. CMB bispectrum
2. non-Blackbody spectrum
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Observed CMB blackbody power spectrum
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Constrain theory of early universe
+ evolution parameters and geometry



1. Beyond Gaussianity T general possibilities
Flat sky approximation: g(¢) —, Qéag a'Q !

Gaussian + statistical isotropy
(g(o)g(a)) 1 (@ a)o

- power spectrum encodes all the information
- modes with different wavenumber are independent

Higher-point correlations

Gaussian: can be written in terms of O

Non-Gaussian: non-zero connected € -point functions



Bispectrum
a
Flat sky approximation: 6g(a)g(a)g a O %‘1 @ a o
If you know g (&)fg (&), sign of @  tells you which sign of g (&) is more likely
Trispectrum
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N-spectrae
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AL: The Real Shape of Non-Gaussianities, arXiv:1107.5431
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Millennium simulation



Near-equilateral to flattened:
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Squeezed bispectrum is a correlation of small-scale power with large-scale modes

b>0

b<0



Primordial local non-Gaussianity

0.00016

Single-field slow-roll inflation: "Q D 1

t Any significant detection would rule out large classes of inflation models



But even with Iu d , we observe CMB at last scattering modulated by other perturbations




Last-scattering is modulated
by the large-scale perturbations

Different lensing, expansion
and redshifting along the
/ line of sight geodesics

CMB frame

Last scattering surface

Rehaating surface

Overdensity (- larger
Underdensity y( gen)

arXiv:1204.5018

Also: astro-ph/0405428, arXiv:1109.1822 Single field inflation: physics locally identical
- statistically equivalent



t observable CMB bispectrum even with single-field inflation

Linear-short leg approximation for nearly-squeezed shapes (& ahy :

L 5 .
(T1ymy TlomaLlgms) = Cf:f"us <dX* (ngﬂthﬁa??13)>
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Weyl lensing bispectrum i from correlation of T with lensing via ISW
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Similar result for polarization

(l2 —13)/2



Lensing signal-to-noise variance as a function of the largest-scale mode
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Already detected by Planck TTat D ¢® ,,
arXiv:1303.5077



Other effects of super-horizon modes:

Ricci focussing (anisotropic dilation) bispectrum
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Anisotropic redshifting bispectrum

biyi,15 = Cly (tf‘eg + (l:'es)

Allowing for polarization (Ghohed  “YiO , total is

d(6*Cr?) | A cr?)
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This term dominates:

depends on peakiness
of 0 : boost from polarization



What about sub-horizon effects? Need full second-order Boltzmann code



