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Sources of non-Gaussianity

MAP
Healpix

To understand non-Gaussianity think at the easy case of large scales, from the linear perturbation 
theory we have (Sachs-Wolfe effect): 

1

2

3

Sources of non-Gaussianities:

[Komatsu thesis 2002]

} Inflationary 
model

See Bartolo, Komatsu, Matarrese, Riotto, 2004
for a review



  

The phenomenological parameter f
NL

This is the simplest modellization of non-Gaussianity of the Primordial potential:

f
NL

 = +3000

f
NL

 = -3000

f
NL

 = 0

Liguori, Matarrese, Moscardini - 2003

Expected f
NL

 primordial value from Planck 

[Komatsu thesis 2002]



  

KSW – Fast bispectrum based estimator for f
NL

 (local case only)

Cubic statistic (Komatsu Spergel Wandelt 2005):

B(r,n) is a map of reconstructed primordial perturbations

S
prim

 combines all bispectrum configurations nearly optimally for “local” 

primordial non-Gaussianity f
NL

 while avoiding brute force computation of 

the bispectrum.

A(r,n) picks out relevant configurations of the bispectrum

New shapes and features of KSW estimator

Komatsu et al 2011 WMAP 7yr paper: Cosmological Interpretation

[Ben Wandelt presentation]



  

Shape of non-Gaussianities

Consider high order statistics

Bispectrum of the primordial gravitational potential

Shapes of the bispectrum

[Komatsu 2010]
[Liguori Sefusatti Fergusson Shellard 2010]

Inflationary 
models
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Intro on foregrounds contamination

Frequency (GHz)

Planck Bluebook

- Foreground cleaning are the most fundamental problems in non-Gaussian parameter estimation studies. A clear understanding of the 
foregrounds contamination is the only way that assure us that the final estimations of the non-Gaussian parameters are correct and not biased.

- Planck’s improvement with respect to WMAP:

- higher resolution, allowing it to probe the power spectrum of the CMB to much smaller scales (x3)

- higher sensitivity (x10) 

- It is expected that most Planck measurements will be limited by how well foregrounds can be subtracted, rather than by the detector 
performance or length of the mission.  This is critical for non-Gaussian studies.

Nine frequency bands (GHz):

30, 44, 70, 100, 143, 217, 353, 545, 857

Rather than 5 of WMAP, with the goal of 
improving the astrophysical foreground 
models 

Every correlation in the sky produces an amount of non-Gaussianity of 
possible different shapes!



  

An example: how much foregrounds 
contamination are important

[WMAP 7yr – Komatsu et al. 2011]

!!!
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Test on simulations
Those tests give us an idea of what is expected from galactic contamination.

Tests are performed with a 60% (free fraction) mask and noise taken from Planck Bluebook (Gaussian 
beam 14’ arcmin) and for a 70GHz channel. All the maps used are simulated with the Planck sky model 
based on the state-of-the-art maps of diffuse foregrounds.

We have already the pseudo-
optimal estimator that have an 
error bar that is a half  of WMAP

Contaminant <fNL> σfNL 
(68%) Fisher (68%)

Total (free-free + dust + 
synchrotron) 39.88 12.75 12.02

Free-free 4.18 12.75 12.02

Dust 7.74 12.75 12.02

Synchrotron 6.24 12.75 12.02

Error bars close to the 
Planck bluebook!

Free-free DustSynchrotron Mask 60%



  

Other tests

Contaminant <fNL> σfNL 
(68%) Fisher (68%)

Total (free-free + dust + 
synchrotron) -1.18 22.07 20.82

Free-free 6.91 22.07 20.82

Dust -0.29 22.07 20.82

Synchrotron -0.26 22.07 20.82

Contaminant <fNL> σfNL 
(68%) Fisher (68%)

Total (free-free + dust + 
synchrotron) -2602.95 10.17 9.82

Free-free -10.81 10.17 9.82

Dust -52.03 10.17 9.82

Synchrotron -1.59 10.17 9.82

Contaminant <fNL> σfNL 
(68%) Fisher (68%)

Free-free + Dust -97.52 10.17 9.82

Free-free + Synchrotron -22.05 10.17 9.82

Dust + Synchrotron -117.06 10.17 9.82

Mask 20%

Mask 90%

Mask 90% - Sum of two contaminant

Bad news: mask dependent!!



  

Still minor issues

● The analyses so far was performed with the 
pseudo-optimal form of the estimator (we need to 
invert the covariance matrix at Planck resolution)

● KSW is affected by ringing effect of the mask 
(solved with inpainting for the point sources mask, 
but still a source of error in galactic plane mask)

● Improve investigation of galactic foregrounds 
(different frequency and different shapes even in 
the harmonic space)



  

Thanks for the attention

Ready for questions
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