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1 RATIONALE OF THE PROJECT 

The study of primordial non-Gaussian (NG) signatures in the Cosmic Microwave Background 
(CMB) provides useful tools to set constraints on a vast class of different inflationary scenarios, or 
alternative Early Universe models. Primordial non-Gaussianity (PNG) contains extra-information 
with respect to measurements based on the power spectrum alone, and they are therefore fully 
complementary to thos. Notably, PNG allows to probe deviations from the standard single-field slow 
roll paradigm, since model-dependent NG signatures are produced any time we have more than one 
field contributing to perturbations, non-standard kinetic terms in the Inflaton action, non-standard 
(non Bunch Davies) initial vacuum conditions or temporary breaking of slow-roll. The most 
important observational PNG signatures are non-vanishing 3-point and 4-point cumulants of the 
primordial curvature field. These, in turn, leave an imprint in the CMB angular bispectrum and 
trispectrum (3 and 4-point functions in multipole space) of temperature and E-modes. Different 
primordial scenarios change the functional dependence (``shape") of these quantities on different 
wavenumbers. The typical goal of PNG analyses is to fit many different, theoretically motivated, 
shapes to the data, and measure the degree of correlation in terms of a dimensionless NG amplitude 
parameter (tipically called fNL  for bispectra and gNL for trispectra). While the Planck satellite has 
constrained PNG with exquisite accuracy (at 0.1% level), showing consistency with the simplest, 
standard, single-field slow-roll scenarios, PNG still holds considerable scientific and discovery 
potential. Significant future advancements in this area are possible, very interesting and required. 
Exploring in detail such possibilities is the main, general goal of this WP, articulated in three main 
objectives: 

 
• Improving over our current (Planck) CMB bispectrum and trispectrum constraints and include new 

shapes in the PNG analysis, considering either current data or producing forecasts for future 
experiments. 

• Studying new, CMB-related observables besides bispectra and trispectra of CMB temperature and 
polarization. This includes in particular the power spectrum of the Cosmic Infrared Background on 
large scales, and cross-correlation spectra between CMB spectral distortions and CMB temperature 
and polarization anisotropies. 

• Exploiting the general statistical tools, developed and implemented to study PNG, in order to study 
NG signals of non-primordial origin, with special attention to NG from secondary anisotropies (e.g. 
Sunyaev Zel'dovich effect, CMB lensing) and to NG from diffuse foreground emission. Both these 
NG sources act as contaminants of PNG. The motivation to study the former is that NG from 
secondary anisotropies contains valuable information about the low redshift Universe. Regarding the 
latter, the idea is to exploit NG signatures from astrophysical foreground emission in order to build 
novel methods of foreground subtraction. This is relevant also for cleaning B-mode angular power 
spectra, used to search for primordial gravitational waves, from foreground contamination. There are 
therefore clear synergies between these activities and those carried on in WP8-6X1 ("Inflationary 
GW"), WP9-6X1 ("foreground modeling"), WP1-6X1 ("Sunyaev Zel'dovich signal extraction from 
future CMB data"). 

 
2 RESULTS EXPECTED AFTER SIX MONTHS FROM THE KO-MEETING 

Consistently with the framework described in the previous section, the specific work plan for the 
first semester of activities included two main tasks: 
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• Calibration of different pipelines (in different domains, e.g. harmonic, needlet and  real space) to 

measure CMB 3- and 4-point correlation functions. 
• Study of the CIB power spectrum in relation to NG signatures that can be left imprinted on it. 

The first six months of activity have seen significant progress in both areas, as well as advancements 
on other general scientific goals and activities, that were planned for later phases. It is therefore fair 
to say that the work is proceeding well and is ahead of schedule. More details on the progress made 
in the various areas of work are reported below. 

 
3 RESULTS OBTAINED AFTER SIX MONTH FROM THE KO-MEETING 
 
3.1  Pipeline calibration and development 

a) More tests of efficient, optimal bispectrum pipelines developed for Planck data analysis, have 
been carrried on. The focus was on studying the effect of sky-masking on measurements of PNG. 
Partial sky coverage generates coupling of different modes, in ways that can create degeneracies 
with the coupling due to actual PNG. Several approaches were successfully applied in the past, but a 
new one was tested recently, in which both the NG leaking effect and the E-B mode leaking are 
minimized. This can be useful to test new bispectra including tensor modes (where E-B leaking can 
significantly alter the result) and also to minimize the effect of B to E leaking if significant 
foreground contamination is still present in the B-mode maps. Tests were performed on simulations 
at Planck angular resolution. 

b) A completely new bispectrum estimation pipeline was developed and tested, which can measure 
scale-dependent signatures in primordial NG shapes. The running is parametrized in terms of a 
spectral index for the NG amplitude fNL, considering various scale-dependent NG models, according 
to theoretical predictions in the literature. The final results include the development of the full 
pipeline and of algorithms to produce CMB simulations with running NG. The pipeline was tested 
using such NG simulations and including realistic features such as e.g. sky masking and WMAP or 
Planck-like experimental noise. Finally, preliminary running NG constraints were obtained for a 
variety of models using WMAP data (Oppizzi and Liguori, 2017, in prep.), and forecasts for future, 
CORE-like, full-sky, high angular resolution space missions were performed.  

c) A trispectrum estimator, based on extracting the four-point function of needlet modes of the map 
is being developed. It was successfully tested, so far, on ideal, noiseless CMB simulations. 

 

3.2       Primordial NG signatures in the CIB 

 It was recently pointed out (Tucci et al. 2016), that scale-dependent signatures in the CIB power 
 spectrum are sensitive to the primordial NG parameter fNL, describing the so-called "local" shape, 
 arising from multifield inflationary scenarios. The CIB is seriously contaminated by dust, especially 
 on large scales. This makes CIB-based NG tests unfeasible with current datasets. However, future B-
 mode space-missions will have large frequency coverage, due to the necessity of separating the B-
 mode power spectrum from other components, dust in particular. This, in principle, allows achieving 
 a level of dust cleaning which allows very tight constraints on local fNL, about an order of magnitude 
 better than current ones. Such result would have major implications on our ability to discriminate 
 between single and multi-field Inflation, essentially enabling us to rule out either one or the other. 
 We produced CIB forecasts for future CORE-like surveys, eventually combined with Planck data at 
 high frequencies, where we properly marginalize over foreground residuals. Our results show that a 
 CORE-type experiment couldindeed achieve such order-of-magnitude improvements, in line with 
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 previous works considering PIXIE-like datasets. The result were included in Finelli et al. 2016 

 
3.3 Primordial NG signatures in CMB spectral distortions.  
 
 It has been also recently shown (Pajer and Zaldarriaga 2013) that the cross-correlation between CMB 
 temperature and CMB spectral distortion anisotropies  (both of the µ and y type), arising from 
 acoustic wave dissipation, contains relevant information about local fNL. In principle, µΤ and 
 yΤ power spectra could be used to measure very small levels of fNL (up to 10-2, 10-3). This, 
 however, is a futuristic scenario because it requires to extract the spectral distortion map with many 
 order of magnitude better sensitivity than what can be achieved even in ambitious next generation 
 space missions. Nonetheless, specific inflationary scenarios, namely excited initial states and 
 running-NG models, enhance the cross-correlation signals on specific scales, or for specific 
 configurations. Interesting results for these models can be obtained already with current or next 
 generation surveys. We produced forecasts for fNL detection with spectral distortions using Planck 
 and future space missions, considering "flat" shapes from excited initial state models. We also 
 extended previous work on running NG by including polarization in the analysis, and studying both 
 the Eµ and Ey spectra. Finally, we considered in detail the contamination arising from Ty spectra 
 from SZ-CMB correlations and the Ey contamination from kinetic SZ at reionization (Ravenni et al. 
 2017, in prep.). 
 
3.4 NG signatures from foreground emission and component separation. 

a) We considered Internal Linear Combination (ILC) methods, recasting them in a statistical 
Bayesian setting. We then included specific NG priors on the foreground distribution, to obtain 
generalization of ILC that account for NG of foreground emission. The analytic formulae are being 
numerically implemented at the moment. 

b) We applied thresholding procedures to the needlet coefficients of CMB simulations including 
foreground templates. The idea is that coefficients in the tail of the distributions (i.e. above 
threshold) correspond to the NG component in the map, which, by definition, is the foreground. This 
allows foreground template reconstruction (and fitting), even with a single frequency. We are 
performing preliminary tests to verify the accuracy of the reconstruction (in terms of the power 
spectrum and other statistics) 
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