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Figure 1. Angular power spectrum of B-modes, CBB
` , with direct measurements coming from

Polarbear [1], BICEP-Keck Array with Planck / WMAP [2] and SPTPol [3], as well as the
expected foregrounds power (gray band) at 100GHz for the cleanest 1% of the sky to a 90%
galactic mask. We outline the theoretical primordial BB curves, in purple, for a tensor-to-
scalar ratio of r = 0:001, 0:01 and 0:06 (current upper limit at 95% C.L.). Contribution from
gravitational lensing to B-modes is shown as the solid black line.

1 Introduction: observables from in
ation

The companion paper Cosmic In
ation I: theory [4] summarizes how the inflation sce-
nario [5–8] produces a background of gravitational waves propagating through the pri-
mordial, hot and dense plasma [9]. Then, through Thomson scattering, the CMB light
gets polarized through quadrupolar anisotropies induced by scalar and tensor pertur-
bations [10]. The produced patterns of polarization, which are nowadays visible on the
last scattering surface, are decomposed in a mathematical basis allowing us to distin-
guish both perturbations. The so-called E-modes, which are rotational free polarization
patterns, are generated by both scalar and tensor perturbations, whereas the B-modes,
which are gradient free patterns, can only be generated by tensor perturbations.
This is true onto the last scattering surface, in the absence of symmetry breaking mecha-
nisms such as cosmic birefringence or primordial magnetic fields, and without secondary
anisotropies (e.g. gravitational lensing), as discussed in section 2.

The best observational channel to look for primordial gravitational waves generated
by cosmic inflation is through the B-modes signal at the largest angular scales. In par-
ticular, the CMB community is putting significant efforts in constraining the tensor-to-
scalar ratio r, involved in the following decomposition of the observed B-modes angular
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power spectrum:

CBB,obs
` = r ×CBB,prim

` (r = 1) +CBB, lens
` +CBB,noise

` +CBB, fgs
` (1.1)

where the two first terms in the right hand side correspond to the primordial gravitational
waves and the gravitational lensing parts, and are illustrated in Fig. 1. CBB,noise

` corre-
sponds to the instrumental noise, usually propagated through the foregrounds cleaning.
And CBB, fgs

` is the galactic foregrounds either measured at a given frequency, or left-over
residuals after a cleaning of the foregrounds.
From Eq. 1.1, one can express the simple Fisher uncertainty on r = 0 as

�(r = 0) ∼ 1
√

fsky

2 ∑`max

`=`min
(2‘ + 1) ( CBB,prim

`
(r=1)

CBB, lens
`

+CBB,noise
`

+CBB, fgs
`

)
2

(1.2)

From Eq. 1.2, one can notice that the sensitivity of a given instrument to r will depend
on the fraction of observed sky, fsky, on the observed multipoles ‘, as well as on the
amplitude of lensing B-modes, noise and foregrounds residuals. In particular, given
the red-spectrum of primordial B-modes, cf. Fig. 1, Eq. 1.2 shows the importance of
achieving the lowest ‘min possible in order to lower �(r). Assuming that foregrounds
are negligible in front of the noise and lensing B-modes, and that CBB, lens

` ∼ Alens ×
(5 �K − arcmin)2 and CBB,noise

` ∼ NET2fsky/(NdetTobs), Eq. 1.2 can be approximated as

�(r = 0) ∝
(25 [(�K − arcmin)2]) ×Alens +

(NET [µK
√

s])2
(fsky [arcmin2

])

(NdetTobs [s])√
fsky [arcmin2]

(1.3)

where the Noise Equivalent Temperature (NET) is given for one detector. Eq. 1.3 shows
why focusing on a small patch (fsky ≪ 4�) with many detectors-time (Ndet ×Tobs ≫ 1s)
is the observational strategy adopted by most of the current projects to reach r ≤
0:01 [11, 12]. With a decreasing noise, sensitivity to r starts being limited by cosmic-
variance from lensing B-modes: there are techniques to reduce their contribution, see
paragraph 2.3.

The choice of B-modes is due to the fact that, with a similar formalism as in Eq. 1.2,
we can show that a perfect measurement of temperature and E-modes anisotropies would
only be able to reject r = 0 with a conditional �(r = 0) ∼ O(0:02) cosmic-variance un-
certainty. This is roughly at the same level as the current lowest upper limit, r < 0:06
at 95% confidence level determined by the combination of BICEP2-Keck Array, WMAP
and Planck data sets [2].
The proposed goal for the 2020-2030 generation CMB polarization observatories is to
probe inflationary models with r ∼ 0:001 gravitational waves amplitude – this is a typi-
cal prediction from Starobinski model [5]. In practice, as already suggested by Eq. 1.2,
reaching the low amplitude of the corresponding primordial B-modes requires to over-
come several challenges – observational, technological and related to data analysis.
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