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ABSTRACT

The polarized thermal emission from diffuse Galactic dust is the main foreground present in measurements of the polarization of the cosmic
microwave background (CMB) at frequencies above 100 GHz. In this paper we exploit the uniqueness of the Planck HFI polarization data from 100
to 353 GHz to measure the polarized dust angular power spectra CF* and CF# over the multipole range 40 < £ < 600 well away from the Galactic
plane. These measurements will bring new ||mrrhtﬂ, into inter '-.lL‘l]d[‘ dust phy w:a and allow a precise determination of the level of contamination for
CMB polarization experiments. Despite the non-Gaussian and anisotropic nature of Galactic dust, we show that general statistical properties of the
emission can be characterized accurately over large fractions of the sky using angular power spectra. The polarization power spectra of the dust are
well described by power laws in multipole, Cy oc £, with exponents a**#% = —2.42 + 0.02. The amplitudes of the polarization power spectra vary
with the average brightness in a way similar to the intensity power spectra. The frequency dependence of the dust polarization spectra is consistent
with modified blackbody emission with 85 = 1.39 and T; = 19.6 K down to the lowest Planck HFI frequencies. We find a systematic difference
between the amplitudes of the Galactic B- and E-modes, C:”‘ ,-"E'f-'* = 0.5. We verify that these general properties are preserved towards high
Galactic latitudes with low dust column densities. We show that even in the faintest dust-emitting regions there are no “clean™ windows in the sky
where primordial CMB B-mode polarization measurements could be made without subtraction of foreground emission. Finally, we investigate the
level of dust polarization in the specific field recently targeted by the BICEP2 experiment. Extrapolation of the Planck 353 GHz data to 150 GHz
gives a dust power DF® = £(£ + 1)C¥/(2r) of 1.32x 10 Mj;:}{f_.m over the multipole range of the primordial recombination bump (40 < £ < 120):
the statistical uncertainty is £0.29 x 10 EP‘KE:ME and there is an additional uncertainty (+0.28, —-0.24) x 10 JpKf_._..m from the extrapolation. This
level is the same magnitude as reported by BICEP2 over this £ range, which highlights the need for assessment of the polarized dust signal even
in the cleanest windows of the sky. The present uncertainties are large and will be reduced through an ongoing, joint analysis of the Planck and
BICEP2 data sets.

Key words. Submillimetre: ISM — Radio continuum: ISM — Polarization — ISM: dust, magnetic fields — cosmic background radiation
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Fig. 1: Masks and complementary selected large regions that re-
tain fractional coverage of the sky fi, from 0.8 to 0.3 (see details
in Sect. 3.3.1). The darkest blue is the CO mask, whose com-
plement is a selected region with fi4y = 0.8. In increments of
fiy = 0.1, the retained regions can be identified by the colours
dark red (0.3) to dark blue (0.8), inclusively. Also shown is the
(unapodized) point source mask used.
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ARROEED

Table 1: Properties of the large retained (LR) science regions described in Sect. 3.3.1. For each region, fy is the initial sky fraction,
f53 its value after point source masking and apodization, {/3s3) the mean specific intensity at 353 GHz within the region, in MJy sr™!,
and Ny, the mean Hi column density, in units of 102 cm~? (Kalberla et al. 2005). For the power-law fits in multipole £, we also list
the exponents agg and app (Sect. 4.2), the y? of the fits with fixed exponents agg = app = —2.42, the value A*F of the fitted DFE
amplitude at £ = 80 (in uKZ,p at 353 GHz, Sect. 4.3), and the mean of the amplitude ratio (A®2/AEE) (see Sect. 4.4).

LR24

LR33

LR42

LR53

LR63

LR72

0.3
0.24

0.068
1.65

0.4
0.33

0.085
2.12

0.5
0.42

0.106
2.69

0.6
0.53
0.133
3.45

0.7
0.63
0.167
4.41

0.8
0.72
0.227
6.05

-240+0.09
-229+0.15

-2.38 +£0.07
-2.37 £0.12

-2.34+0.04
=246 +0.07

=236 +£0.03
=243 £0.05

-2.42 +0.02
-2.44+0.03

-2.43+£0.02
-2.46 £ 0.02

X2p (agg = —2.42, Nyg = 21) ...
X2 (@gp = =242, Nyy = 21) ...

26.3
18.9

28.1
14.0

31.8
21.1

38.3
271

327
15.4

44.8
21.9

37516

51.0+1.6

78.6 £ 1.7

1242+ 19

197.1 £2.3

328028

0.49 + 0.04

048 £0.03

0.53 £ 0.02

0.54 +£0.02

0.53+0.01

0.53 £0.01
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Table 1: Properties of the large retained (LR) science regions described in Sect. 3.3.1. For each region, fy is the initial sky fraction,
f53 its value after point source masking and apodization, {/3s3) the mean specific intensity at 353 GHz within the region, in MJy sr™!,
and Ny, the mean Hi column density, in units of 102 cm~? (Kalberla et al. 2005). For the power-law fits in multipole £, we also list
the exponents agg and app (Sect. 4.2), the y? of the fits with fixed exponents agg = app = —2.42, the value A*F of the fitted DFE
amplitude at £ = 80 (in uKZ,p at 353 GHz, Sect. 4.3), and the mean of the amplitude ratio (A®2/AEE) (see Sect. 4.4).
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9 Td == 19.6 K, le = 1 . 59 line. The bottom panel shows the relative discrepancy with re-
spect to this model spectrum. The +1 o uncertainty area from
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from Planck Collaboration Int. XXII (2014) (see Sect. 2.2.1), is
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Fig. 10: Frequency dependence of the amplitude A®® of the angular power spectrum D%8 computed on Mg, defined in Sect. 6.1,
normalized to the 353 GHz amplitude (red points); amplitud “TOSS-P pectra are plotted at the geometric mean frequency.
The square of the adopted dust SED, a modified blackbo 1.59 and T; = 19.6K, is black
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