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CMB: Cosmic Microwave Background

(Very) Brief History

3 min 3x10°yrs 5x10%rs
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CMB: Temperature Anisotropies

PLANCK Collaboration (2013)
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Anisotropies and Inflation

Inflation — CMB Anisotropies
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Inflation Scalar Field

RN  o(x.t) = do(t) + 0o(x,t)
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BRSO  o(x.t) = ¢o(t) + do(x, 1)
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Inflation Scalar Field

BRSO  o(x.t) = ¢o(t) + do(x, 1)

@ Spatial average of the field /

@ Vacuum Fluctuations
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Inflationary Models

There is NOT only one Inflation model.
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Inflationary Models

There is NOT only one Inflation model.

Single-Field

@ Standard Scenario @ Curvaton Scenario

@ k-inflation @ Ghost inflation

e DBI inflation @ D-cceleration scenario
° .. °

Which is the correct one?
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Inflationary Foresight: Non-Gaussianity

Primordial Non-Gaussianity is one of the foresight of the Inflationary
models.
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Inflationary Foresight: Non-Gaussianity

Primordial Non-Gaussianity is one of the foresight of the Inflationary
models.
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Foresight of the models

Single-Field Models
The primordial fluctuation distribution is GAUSSIAN.

Multi-Fields Models

The primordial fluctuation distribution is NON-GAUSSIAN.

The amounts of non-Gaussianity depends on the model.
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Primordial non-Gaussianity

Primordial Non-Gaussianity in the gravitational field ®(x) is parametrized
by the so-called Bardeen potential:

O(x) = br(x) + A (PL(x)® — (DL(x)?)) + gne[Pr(x)?]
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Non-Gaussianity: Geometrical Interpretation
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Skewness: asymmetry of the distribution.
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Kurtosis: height of the tails of the distribution.
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Gaussian Distribution

The Gaussian distribution is fully described by the lowest moments: mean
(1) and variance (o):

g mbeg?
G(x) = = =
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Gaussian Distribution

The Gaussian distribution is fully described by the lowest moments: mean
(1) and variance (o):

g mbeg?
G(x) = = =

Skewness = Kurtosis =0 — fyy =gy =0
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Evaluation of fy; and gy

In order to evaluate fy; and gn; we use the high-order correlation
functions. In particular their harmonic counterpart.
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Evaluation of fy; and gy

In order to evaluate fy; and gn; we use the high-order correlation
functions. In particular their harmonic counterpart.

3-point correlation function (Fourier space):
(D (k1)D(k2)P(k3)) = (27)303) (ky + ko + k3)Bo (K1, ko, k3),

Bispectrum
Bo(ki, k2, k3) = fn F(k, ko, k3)

November 17, 2014
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Evaluation of fy; and gy

4-point correlation function (Fourier space):
(®(k1)P(k2)P(k3)P(ks)) =

= (27)*6™ (k1 + ko + k3 + kq) To (k1, ko, k3, ks),

Trispectrum

Tq)(kl, ko, k3, k4) = gNL[P¢(k1)P¢(k2)P¢(k3) + (3perm.)]
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State of the Art

Optimal Estimator : Unbiased estimator with the lowest variance among
the other ones.

Planck Collaboration (2013):

fNL =27+5.8 (10)

Single-field models are preferred.

Antonino Troja (UniMi) CMB non-Gaussianity November 17, 2014

18 / 23



State of the Art

Sekiguchi and Sugiyama, WMAP 9yrs (2013)

gne = (—=3.3+£22) x 105 (lo)
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State of the Art

Sekiguchi and Sugiyama, WMAP 9yrs (2013)

gne = (—=3.3+£22) x 105 (lo)

gy doesn’t have any statistical significance!
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Spherical Needlet System

| propose an optimal estimator using the Spherical Needlets system:

I
Yik(x) = Ak Y b (BI,,> Y Yim(&)Yim(x)
/ m=—|

Needlet shape: B =2, j =8
T T T

Amplitude
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It is possible to write the Trispectrum Estimator using the Needlet

coefficients.
November 17, 2014
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Needlet Coefficients
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Needlet Coefficients

Reconstruction Formula:

T(x) = Buthjw(x)
Jk
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State of the art and Future perspective

Spherical Needlet Estimator:

L [ AT = Bjika Bjrka Biska Bk
K= FZ ARRABANZ 1 C(Bjuks» Biokas Biske Bjaks)
Ja

ka 0j,0j,0)30,

@ Application on CMB temperature data;
@ Application on CMB polarization data;
@ Application to other dataset, like LSS data;
The main goal is to evaluate gy, with a precision never achieved before.
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Thanks for your attention.
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