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Abstract

The Planck satellite has mapped the polarized microwave sky (from 30 GHz to 353 GHz) with unprecedented
sensitivity and angular resolution. This wealth of data yields the first complete map of polarized thermal Canalty o b

emission from dust in our own Galaxy, shedding new light on the formation of dense cold structures within Vi o AU
which new stars and planetary systems are born, under the combined effects of gravity, turbulence and mag- S ? o TR e ' . o
netic fields. We present a statistical analysis of this polarized emission from nearby molecular clouds, with
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Fig. 1 : Locations of the nearby molecular
clouds selected in Planck Intermediate Results
XX, overlaid on the map of dust optical depth
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an emphasis on the evolution of the maximum polarization fraction observed as a function of column density, - o S e EE D - @ at 353 GHz, at a 5" FWHM resolution.
and on the anti-correlation between the polarization fraction and the local dispersion of polarization angles. To L . ra; D Chamaeleon-Musca - Orion
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interpret this data, numerical simulations of anisotropic MHD turbulence underline the essential role . e o i ¥

played by the topology of the interstellar magnetic field, in particular its large-scale component. As an ex-
tension to this work published in Planck Intermediate Results XX (A&A, 576, 105, 2015), the statistical
properties of the random component of the interstellar magnetic field are explored using a toy model based
on fractional Brownian motion (fBm) fields.
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. | from a RAMSES (Teysier 2002, Fromang
0 1024 et al. 2006, Hennebelle et al. 2008) simu-
= 2200 L1 lation of magnetized converging flows of
'f", — g warm (8000 K) atomic gas, which con-
B B - denses into dense cold structures near the
-g' 21_50:2? {0.08 mid-plane. A magnetic field, initially along
(@) oos the gas flows, permeates the medium. We

2125 rotate the MHD simulation cube, place it

004 100 pc away and simulate Stokes I, @, U
- 0.02 maps by integrating along the line of sight.

Resulting I, @, U maps are smoothed at 15’
FWHM and simulated polarization frac-
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. tions and angles are derived, as well as the
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- 0.200 angle dispersion function.
|| 22.0
3 0.175 "
— = ) A~ 8 __'__.I"\ \ Fig. 3 : The MHD simulation cube is rotated around the y axis, to explore a range of angles between the mean magnetic field and the line of sight.
= 21.6 —  — / NN I \ N~ The incoming warm neutral medium flows enter the box parallel to the x axis, and the mean magnetic field in the simulation is along that same axis.
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Fig. 2 : Maps of the total gas column density (left), polarization fraction (center), and polarization angle dispersion function (right) in the Ophiuchus field (top row) and in a simulated observation based on a numerical
simulation of anisotropic MHD turbulence (bottom row). All maps are at 15" FWHM resolution.
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Fig. 7 : Distribution function of polarization fractions and polarization angle dispersion functions in the Ophiuchus field (left) and in a
Fig. 5 : Distribution function of polarization fractions and column densities in simulated observation (right). The dashed grey line is the large-scale fit, the solid black line shows the mean angle dispersion function . . . . . .
the Ophiuchus field. The effect of a more stringent threshold in polarization per bin of polarization fraction, and the dashed black line is a linear fit of that curve in log-log coordinates, restricted to bins in polar- In order to gain insight on the statistical properties of the random component of the
fraction signal-to-noise (3 to 10) is to remove points at the bottom left side. ization fraction containing at least 1 percent of the total number of data points. intePStellaP m&gnetic ﬁe].d., we bU.lld. Synthetic ObSGPV&tiOIlS Of pO].a;I’iZGd dllSt- emiSSiOIl
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© Lol Lol Lol Lol L 0.0 Tab. 1 : Polarization statistics in the selected fields : absolute maximum polarization fraction at 15’ FWHM resolution and linear fit pa-
10%° 10°° 10! 1022 1023 rameters for the (anti-)correlations between maximum polarization fraction and gas column density on the one hand, and between po- . G an distributi th
NH [Cm_2] larization fraction and angle dispersion function on the other hand. B (k) — ’Lk F |k | _BA/Z ox [Z¢ (k)] P> Gaussian distribution with zero mean
Fig. 6 : Distribution function of polarization fractions and column densities in A AMV H 0 p Av » Divergence-free
the simulated ot_)servations (color scale and red envelope curves) and in the
Planck observations (black envelope curves). P> Possibility to add a large-scale uniform field
Over a range of physical parameters listed in Table 2 (spectral indices of the dust density field and of the magnetic field Towards nearby molecular clouds, the polarization of dust thermal emission at the scales observed
components, level of density fluctuations, ratio of turbulent to regular magnetic field, and physical depth of the model by Planck is essentially related to the geometry of the magnetic field. Polarization fractions anti-
cloud), we explore the variations of many observables (listed in Table 3) derived from the simulated Stokes maps. We correlate with column densities, which may be due to a succession of variously polarized structures
thus build a database relating these physical parameters to selected observables. We can use this database to infer physi- ||on the line of sight. They also anti-correlate with the local dispersion of polarization angles. These
cal parameters from observations based on a least-squares analysis. features are well reproduced by MHD simulations of the diffuse ISM, with comparable correlation
Fig. 8 1 Marginalised likelihoods of the recovered physical parameters for a coefficients. To go beyond this first analysis, we pursue a least-squares analysis to retrieve the sta-
Parameter Prior ranges Step size Current step size simulated observation whose original parameters are : tistical properties of the interstellar magnetic field from Planck observations. Application of this
5 0.5 0 0 B, = 3.2 method on a toy model of the turbulent magnetized ISM shows good promise, and we are currently
B 2.5 0.9 0.9 ok 16 working towards its application on Planck data.
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