Planck Collaboration: Di↵use component separation: Foreground maps
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Fig. 45. Amplitude ratio between total polarized foregrounds and CMB as a function of both multipole moment and frequency,
fg
defined by f (`, ⌫) = [C` (⌫)/C`CMB ]1/2 , as defined Eq. 22 with parameters derived from 73 % of the sky. The left and right panels
show the EE and BB spectra, and the black and red contours in the latter corresponds to tensor-to-scalar ratios of r = 0.0 and 0.05,
respectively.
for foreground fields as well as for the CMB field. Indeed, one
of the interesting results reported by Planck Collaboration Int.
XXX (2014) was the asymmetry between the B- and E-mode
thermal dust power spectra, with a power ratio of BB/EE ⇡ 0.5.
This has strong implications for the underlying astrophysics, and
indicates the presence of significant filamentary structures on intermediate angular scales. In this paper, we find that the same
holds also for synchrotron emission, with an even stronger asymmetry of BB/EE ⇡ 0.35. Thus, polarized synchrotron emission
appears to be more strongly aligned along filamentary structures
than thermal dust.
We also find similar power-law indices for synchrotron emission as for thermal dust, with ↵⇡ 0.4. However, the uncertainties are relatively larger, because of the lower signal-to-noise ratio of the 30 GHz channel compared to the 353 GHz channel.
These power-law fits can be used to model the total foreground level as a function of both multipole moment and frequency. This is illustrated in Fig. 45 for the 1 FWHM apodization case in terms of iso-contour plots of the following amplitude
ratio,
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than unity for all multipoles above ` & 40 for frequencies around
70 GHz, and smaller than 10 % for ` & 200. Also, recall that the
corresponding power spectrum ratio goes as the square of these
ratios, and we thus find that polarized foregrounds have a small
e↵ect on the EE spectrum at multipoles above a few hundred, in
agreement with the results pesented in Planck Collaboration XI
(2015). However, we also see that the same is by no means true
at low multipoles; the foregrounds-to-CMB ratio is larger than 3
throughout the reionization peak for ` = 2–10.

where subscripts ’s’ and ’d’ refer to synchrotron and thermal
dust. The frequency spectra, ss (⌫) and sd (⌫), are the synchrotron
(GALPROP) and thermal dust (one-component greybody) spectra defined in Table 4 converted to thermodynamic units, with
parameters defined by the average parameters listed in Table 5.
This function is thus simply a model of the foreground-to-CMB
amplitude ratio as a function of multipole and frequency.
Considering first the EE case shown in the left panel of
Fig. 45, we note several interesting features. First, the horizontal
ripples seen at ` & 100 correspond to the CMB acoustic oscillations. Next, we see that the foregrounds-to-CMB ratio is smaller

Before concluding this section, several caveats regarding the
above observations are in order. First of all, it is important to
remember that the angular power spectra reported here are computed over a large sky fraction including 72 % of the sky. For a
dedicated B-mode experiment, it obviously makes sense to consider more conservative masks. Second, it is also important to
bear in mind that the angular spectra presented here covers only
a limited multipole range, and the extrapolation to small angular scales is therefore associated with considerable uncertainty.
Clearly, extrapolating actual observations that are made between
` ⇡ 10–100 to ` ⇡ 1000 for synchrotron emission implies strong
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The right panel of Fig. 45 shows the corresponding ratio for
BB, but in this case two di↵erent contour sets are plotted; one
for the standard ⇤CDM with a vanishing tensor-to-scalar ratio
(black contours), and one with a tensor-to-scalar ratio of r = 0.05
(red contours). The peak around ` ⇡ 1000 corresponds to the signature of weak gravitational lensing, converting E-modes into
B-modes, whereas the “plateau” at low multipoles in the red
contours corresponds to additional primordial fluctuations from
inflationary gravitational waves. First of all, we see that foregrounds are sub-dominant to the lensing signal at multipoles
above ` & 200 for frequencies around 70 GHz in this model,
although they never fall below the 10 % level. Second, for a vanishing tensor-to-scalar ratio the foreground-to-CMB around the
recombination peak of ` ⇡ 100 is about 3, and at the reionization
peak, below ` . 10, it is about 100. Increasing the tensor-toscalar ratio to r = 0.05 decreases these numbers to about 2 and
20, respectively.

