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1 RATIONALE OF THE PROJECT 
Constraints on primordial gravitational waves (GWs) from inflationary models are usually expressed in 
terms of the tensor-to-scalar ratio r. Interestingly, the constraints on inflationary GWs set by the B-modes of 
CMB polarization started to be competitive with the ones from temperature alone very recently. At present 
the most recent BICEP 2/Keck Array/Planck joint cross-correlation including the Keck Array 95 GHz and 
the WMAP 23, 33 GHz bands provides the best 95% CL upper bound, r < 0.07. This allowed to reduce the 
parameter space of inflationary models, e.g. ruling out power-law inflation arising from an exponential 
potential V(φ) = Λ4exp (−λφ/MPL) of the inflaton field, or strongly disfavouring one of the most motivated 
inflationary models, i.e. the caothic models with a quadratic potential V(φ)∝φ4. Within this WP we aim, on 
the one hand, to investigate inflationary parameters that are usually constrained by observations (e.g., r, the 
scalar spectral index ns and its running), on the other hand we aim at providing new observational tools and 
predictions that can help in fully characterizing the nature of primordial GWs.  

2 RESULTS EXPECTED AFTER SIX MONTHS FROM THE KO-MEETING 
The goals we set for this WP for the first t0 + 6months are: “Theoretical predictions, forecasts and study of 
theoretical implications for inflation” (contained in the description of the proposal for this WP, see 
http://www.cosmos net.it/wp-content/uploads/2017/02/WP-8-6X1.pdf).  

 
3 RESULTS OBTAINED AFTER SIX MONTHS FROM THE KO-MEETING 
We have achieved results on each of the main goals. Also, we were able to partially anticipate some of the 
investigations planned for later phases in the time-schedule of our WP (see below). Therefore we are on line 
with the proposed time-schedule for this WP, and even in anticipation for a couple of activities (due to the 
fact that there were already some activities going on along those directions and due to the fact that we 
wanted to give priority to some topics which we think are particularly relevant at the present stage). This 
might imply some adjustment in the time-schedule for some of the planned goals.  

3.1 Forecasts on tensor-to-scalar ratio 
We have made various forecast analyses targeted to B-mode polarization from possible future space CMB 
experiments, with particular focus on their specific instrumental specifications [1]. See report WP-4 for more 
details on the specifications used, which include LiteBIRD-like and CORE-like configurations. As a first 
step, we have assumed that the lowest and highest frequency channels suffice to remove foreground 
contaminations from the inverse noise weighted combination of the six central frequency ‘cosmological’ 
channels used for our forecasts. We have also included internal delensing when this possibility is allowed by 
the angular resolution of the specification considered. Under these assumptions, and the consistency 
condition for the tensor tilt, the tensor-to-scalar ratio is essentially constrained by B-mode polarization alone 
for all the configurations considered, removing most of the degeneracies of r with the other cosmological 
parameters. We have shown that, e.g., a CORE-like configuration could achieve a sensitivity on r two orders 
of magnitude below the current one and that this is a factor of 2 better than the one which can be reached by 
a LiteBIRD-like configuration, mainly due a smaller noise sensitivity and a better capability to efficiently 
perform internal delensing. A CORE-like experiment could reach a sufficient sensitivity to detect at high 
statistical significance a tensor-to-scalar ratio around ~4⋅10-3, which is the level expected in R+R2 inflation, 
currently the simplest inflationary model among the favoured by Planck data (see also [2] for a component 
separation map based approach based on current methodologies and current knowledge of foregrounds). In 
this case the expected combined constraints in the (r,ns) plane will be able to distinguish at high statistical 
significance among inflationary models which provide a similar fit to Planck data, such as an hilltop quartic 
and R + R2, for instance.  
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When the assumption of a standard kinetic term is relaxed in the inflaton Lagrangian or more than one 
dynamical scalar field is present during inflation, the tensor spectral index does not obey to the consistency 
condition, i.e. nt ≠ -r/8. CMB space experiments are ideal to constrain the tensor tilt nt when this is allowed to 
vary independently from r, since they can measure either the reionization bump and the recombination peak 
of the B-mode polarization spectrum produced by inflationary gravitational waves. We have shown that a 
CORE-like experiment can lead to an order of magnitude improvement in the constraint of the tensor tilt 
with respect to current limits, even when r ∼ 0.01. As a forecast, at 68% CL uncertainty for the tensor tilt we 
obtain σ(nt) = 0.05 for r = 0.05 and σ(nt) = 0.08 for r = 0.01.   

3.2 Theoretical predictions 
3.2.1 Testing parity breaking signatures via primordial GWs 
We have performed a detailed study of the predictions for different inflationary parameters arising within 
some models of inflation characterized by a high-energy modification of General Relativity. We are going to 
submit very soon the results of this analysis on the arXiv [3]. In these models the inflaton field responsible 
for inflation is coupled to a gravitational Chern-Simons term. Such models predict in particular a distinctive 
observational signature of parity violation in terms of circularly polarized GWs, with an asymmetry between 
Left (L) and Right (R) polarization states. Such a signature has been studied in details as far as GW power 
spectra are concerned. The main CMB observable signature is an induced non-vanishing cross-correlation 
between temperature (T) (or polarization E-modes) with polarization B-modes. One of the main conclusions 
recently reached on very general ground is that, given the present upper bound on the tensor-to-scalar ratio r, 
even from future CMB data it will be very difficult to constrain the chirality of primordial GWs exploiting 
only the two-point correlation statistics (see [4] which includes people involved in this WP and also in WP 7-
6X1). Therefore it is crucial to use other observables. One of the main goals and motivation of our analysis 
[3] has been to provide the predictions for parity breaking signatures arising in higher-order correlator 
functions of the inflationary perturbations. We have shown that there is a portion of the parameter space of 
the models where a relatively high parity breaking amplitude in the bispectrum (i.e. the Fourier transform of 
the 3-point correlation function) of primordial perturbations is generated, even in the case where parity 
breaking is suppressed in the power spectra of GWs. This signature arises as an asymmetry Π = ⟨γR γR ζ ⟩ − 
⟨γL γL ζ ⟩ in the mixed tensor-tensor-scalar correlator between R and L tensor polarization states. This line 
of research, related to observational tests of GWs from higher-order correlators in combination with power-
spectra, has focused recently a strong interest (some first constraints have been obtained in the 2015 Planck 
data analysis). We have also started to analyze what are the best observational tools to constrain such a 
signature. This will be part of a future work [5] with clear connections with WP 7-6X1. We have already 
shortly explored in [3] that one of the best possibilities is to use the CMB polarization B-mode to improve 
the signal-to-noise ratio on Π w.r.t using only T and E data. This is due to the fact in T and E data the tensor 
(GW) contribution is much smaller than the scalar one. One of the observable to consider would be e.g., the 
CMB bispectrum ⟨BBT⟩ which turns out to be proportional to Π for specific multipole configurations l in 
harmonic space. B-mode observations have just been started to be competitive with T and E measurements, 
they are not cosmic-variance limited and therefore there is a large room of improvement in this direction.  

3.2.2 Testing (deviations from) the inflationary consistency relation 
One of the results we obtained in the forecast part related to future CMB satellites is that, given the present 
limits on r, it will be very difficult to test the so-called consistency relation linking the tensor-to-scalar ratio 
with the spectral index of GWs: r = −8nt. However there are different well-motivated models of inflation that 
predict deviations from such a standard consistency relation (see the recent review on inflationary GWs [6]). 
We have started an analysis where we point out that, with future CMB data measuring deviations from the 
consistency relation would be potentially feasible in various models of inflation, if that deviation is realized 
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in nature, despite the fact that testing the consistency relation would be very hard. This work [7] includes two 
main parts: first we are providing a theoretical prediction about a very general parameterization of deviations 
from the consistency relation which includes the predictions of the most general single-field models of 
inflation (this is being carried out using the so called Effective Field Theory approach to inflationary 
perturbations). This part of the work has almost been done. The second part of the work will consist in 
forecasting the sensitivity of future CMB data to measure such deviations in the (r,nt) plane. If such a 
deviation would occur then standard single-field models of inflation would be ruled out. On the other hand, 
with such an analysis one can always improve the constraints on such deviations, shrinking the allowed 
parameter space of inflationary models. There is an interesting result that is arising in connection with the 
search of primordial non-Gaussianities (and hence with WP 8-6X2). There might be regions in the parameter 
space where future constraints from primordial non-Gaussianity on the sound speed of the inflaton 
fluctuations cs would not be able to rule out standard single-field models, while this might be possible in the 
(r,nt) plane. For this reason, as part of our activities, we have forecasted what is the sensitivity of a CORE-
like experiment on cs finding that this would be the case for cs > 0.045 at 95% CL.  

3.2.3 Correlators of primordial GWs: a systematic study of independent models 
Using a very general approach (Effective Field Theory to inflationary perturbations) it has been shown that, 
within general single-field models of inflation, it is possible to remove redundant couplings appearing in the 
inflationary Lagrangian that defines the model [8]. Such redundant couplings would correspond to models 
that apparently would provide different predictions but are in fact equivalent. This is particularly restrictive 
and predictive when dealing with power-spectra and three-point functions of GWs. From the observational 
point of view this analysis is useful in that it can provide a criterium to use in data analysis only those power-
spectra and higher-order corrrelator templates which are generated only by the actual independent couplings.  

 

Apart from these results, in line with the time-schedule of this WP, we have been also able to partially an- 
ticipate some of the investigations planned for later phases in the time-schedule of our WP. Very shortly:   

- “Development of non-Gaussianity based component separation techniques for polarized foregrounds, 
especially B- mode”: this is an activity which has very strong links with the WP 8-6X2 “Non-Gaussianity 
from Inflation”, which is coordinated by Michele Liguori. Diffuse galactic foreground emission generates 
NG patterns in the CMB. Non-Gaussianity could therefore be exploited in order to separate the foreground 
components from the (Gaussian) primordial B-mode signal. This possibility has received only little attention 
in the literature so far (e.g. with the development of methods such as fastICA). We have started to explore it 
in detail, by developing Internal Linear Combination methods, which include NG dependent corrections, by 
exploring NG-based blind component separation (fastICA) more deeply, for polarized emission, and by 
considering thresholding techniques for needlet expansions of the CMB temperature and polarization field.  

- “Forecasts about complementarity between CMB and other possible future observables (e.g., direct 
detection experiments like LISA)”. Within the activities of the members involved in this WP some analyses 
were already performed. One of these lead to investigate what are the future constraints that can be placed on 
some models of inflation able to generate a primordial stochastic background of GWs with a red tilt, thus 
potentially being detectable at very high frequencies which can be probed only by interferometers. This GW 
background is generated by a classical production mechanism, and it adds to the minimal floor of the usual 
inflationary GWs generated via the standard quantum vacuum amplification of metric perturbations during 
inflation. We have in particular investigated models where such a background is sourced by the anisotropic-
stress tensor produced by the presence of additional scalar (“spectator”) fields besides the inflaton field and 
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we have forecasted the future sensitivity on the relevant parameters of these models combining CMB and 
future LISA measurements [9].  

4 PEOPLE INVOLVED 
The WP activities have been divided into some sub-packages (namely “Theoretical predictions of (and impli- 
cations for) inflationary models”; “Inflationary parameter forecasts for future B-mode surveys”; “Preparation 
of B-mode data analysis for present and forthcoming CMB experiments”; “Study of complementarity 
between CMB and other observables”). There at the moment 16 people involved in this WP. The group is 
very well integrated and very well focused on the main topics of this WP. Connections and interactions with 
other WPs are very well defined (WP 7: Astroparticle and fundamental physics; WP 8-6X2: Non-
Gaussianity from inflation; WP 9: Foreground removal and CMB weak lensing).  

The people involved are: Nicola Bartolo (coordinator); Carlo Baccigalupi; Mario Ballardini; Giovanni 
Cabass; Alessandro Di Marco; Fabio Finelli; Alessandro Gruppuso; Maria Chiara Guzzetti; Massimiliano 
Lattanzi; Michele Liguori; Alessandro Melchiorri; Giorgio Orlando; Paolo Natoli; Daniela Paoletti; Sabino 
Matarrese; Andrea Ravenni 
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