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The first Planck papers in polarization

- Planck Collabhoration Planck intermediate results. XIX. 2015 A&A 576.104
An overview of the polarized thermal emission from Galactic dust

- Planck Collaboration Planck intermediate results. XX. 2015 A&A 576.105
Comparison of polarized thermal emission from Galactic dust with simulations of MHD turbulence

- Planck Collaboration Planck intermediate results. XXI. 2015 A&A 576.106

Comparison of polarized thermal emission from Galactic dust at 353 GHz with optical interstellar polarization
- Planck Collaboration Planck intermediate results. XXIl. 2015 A&A 576.107

Frequency dependence of thermal emrss:on from Galactlc dust ln mtens:ty and polarlzatlon

This presentation

- Planck Collaboration Planck lntermedlate results XXXII arX|v astro- ph 14009. 6728 See Talk by Bracco
The relative orientation between the magnetic field and structures traced by interstellar dust

- Planck intermediate results. XXXIIl. arXiv:astro-ph 1411.2271 See Talk by Arzoumanian
Signature of the magnetic field geometry of interstellar filaments in dust polarization maps
- Planck intermediate results. XXXIV. arXiv:astro-ph 1501.00922 See Talk by Alves

The magnetic field structure in the Rosette Nebula

- Planck Collaboration Planck intermediate results. XXXV. arXiv:astro-ph 1502.0412 See Talk by Soler
Problng the role of the magnetlc fleld in the formatlon of structure in moIecuIar clouds

- Montler et aI 201 S A&A 574 135, Montler et aI 201 5 A&A 574 136 See Talk by Montier
Polarization measurements analysis I: Impact of the full covariance matrix on p and ¢
Polarization measurements analysrs ll: Best estimators of polarlzatlon fractlon and angle

- Planck Gollaboratlon Planck lntermedlate results XXX arX|v astro ph 1409 5738 -
The angular power spectrum of polarized dust emission at intermediate and high Galactic latitudes

- BICEP2/Keck & Planck Collaboration arXiv:astro-ph 2015 PhRvL. 114, 1301 See Talk by Ghosh
Joint Analysis of BICEP2/Keck Array and Planck data Y
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Dust Polarization
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. Dust Polarization
Before Planck: emission

- Ground submm measurements (restricted to
bright regions) indicate low p values (a few %)

- Archeops claimed 10-15% off the plane (2nd

Galactic Quadrant)

Archeops polarization map @ 353 GHz

Data from Ponthieu et al. 2005
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L Dust Polarization
IBefore Planck: Extinction

Some ISM filamentary structure show apparent connection with magnetic field ...
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... although the two examples shown here
(only a few degrees apart on the sky) give
opposite filament orientation w.r.t. B field
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How Planck measures polarization

Planck scanning the sky Planck/HFI focal plane
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Combination of two pairs of PSB bolometers rotated by 45°
observing the same sky positions

s1 — 89 = @ cos(2a) + U sin(2a)
s3— 84 = @ sin(2a) — U cos(2a)

Multiple scans provide Q and U with different a orientation.
Maps of Q and U and their standard deviations are derived.

5 independent sky surveys -
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‘The Planck Polarization sky

353 GHz

Masked regions :
1353 < 0.1 MJy/sr + 0p<3%

Resolution |°

Planck intermediate results. XIX.
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Noise and Bias
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Polarization Fraction

Dust polarization fraction (p) at 353 GHz, |° resolution

CIB subtracted (!) R
PSM G factor _ VO I+ ks

(Bayesian)

Polaris£ls

riangulun

Cham-fil

- Ara

0.0 e 20.0 p |%]

b ranges from 0 to ~20% The sky looks
Low p values in inner MWV plane different in
Large p values in outer plane and intermediate latitudes polarization !!
_arge scale variations similar to MY, B-figld, SUECture o core Workshop, Toulouse 06/2015 9



Polarization angle

rotated 90° ——> BJ_ | _ =05 tg-l(U, Q).
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Uncertainties

maps of SNR on p - Computed from mean likelihood

|° resolution - Basically reflect Intensity and sky coverage

1° | 30 [ IS
SNR>2 193 % |82 % |61 %
SINR=3 189 % | 72 % |48 %
77 7|55 7% (33 %
53%|34 7% (19 %

-Work at |° resolution to
lower noise (also 7°, 14, 30’)
- Smoothed noise cov. matrix
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Emission vs Extinction

® Selected 255 stars with:
» high S/N in both vis and submm
»  E(B-V)s<1 and Weo<2 K km s

» similar column densities E(B-V)s/E(B-V)y < 1.6
» similar polarization angles W, ~ Ws - 90
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Planck intermediate results. XXI.
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Emission vs Extinction
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e Polarization efficiency ratio: Rsy =(Ps/lIs)/(pv/tv)=4.3+£0.2(stat.)+0.4(syst.)

® Rsy compatible with a range of dust models, not very discriminatory.

® Polarized emission ratio: Rpjp = Ps/pv = 5.6 + 0.2 (stat.) £ 0.4 (syst.) MJy sr’

® Rpp higher than model predictions by ~ 2.5.

More theoretical work is needed to understand
the implications for dust grain physics.

Planck intermediate results. XXI. J.P. Bernard, Planck Collaboration, Cold-Core Workshop, Toulouse 06/2015 |3



Planck Polar'izafion maps

\

Similarities:
- Measure direction of the

same component of B
- Same beam and LOS
depolarization effects

(\

leferences

- Faraday rotation negligible !

- Planck measures all scales :
no filtering of 1,Q,U like with
interferometers

- Dust is distributed in the thin
disk of the MW (comparable to
neutral HI + molecular)

- Dust polarization mostly
insensitive to |B|

J.P. Bernard, Planck Collaboration, B-Field Workshop, Toulouse 04/2015



“Astrophysical components in Planck bands
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“Astrophysical components in Planck bands
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Synchrotron (30 GHz) vs Dust (353 GHz)

Synchrotron [%]

. Synchrotron [deg]

O,

Polarization fraction

® Polarization fraction:
- Measurable correlations in-plane
- Weaker correlations off-plane

® Angles:
- Around 0° in plane but not well correlated
- Correlate over some regions (Fan, North
Polar Spur)

Polarization angle

Dust [%]

Significant scatter:
Synchrotron and dust not generally trace
the same regions of LOS

1h3

ot

The Planck data is unique in tracing B
field in the dust disk of the MW.
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B orientation vs filaments

Planck Collaboration Planck intermediate results. XXXlII

0.015

©

ISM structure

Distribution function
0.010

:

Projection effects (3D to 2D) are crucial for the interpretation of the shape of the distribution!



B orientation vs filaments

Planck Collaboration Planck intermediate results. XXXV
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Polarization Fraction
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Some of these have little to no intensi

- Often at edges of intensity structures
counterparts

- Found in homogenous B field reg

Highly polarized regions




Polarization fraction vs NH
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Planck intermediate results. XIX.
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Angle Dispersion Function
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Planck intermediate results. XIX.
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Angle Dispersion Function

S(log scale) |° resolution, lag=30’

0.1° n—ss—— 52°

- Filamentary (Spaghetti) regions of high polarization rotation (!!)

- Some extend over large areas (must be nearby)
Planck intermediate results. XIX. J.P. Bernard, Planck Collaboration, Cold-Core Workshop, Toulouse 06/2015 28



Angle Dispersion Function

52°

0.1° e

- Filamentary (Spaghetti) regions of high polarization rotation (!!
- Correlate with low polarization
Planck intermediate results. XIX. J.P. Bernard, Planck Collaboration, Cold-Core Workshop, Toulouse 06/2015 29



Angle Dispersion Function

Synchrotron data (Reich 82, Reich & Reich 86) shows similar structures

These structures also correspond to low p (depolarization canals)

Those are likely due to Faraday rotation (not present at 353 GHz)

The structures in the dust and synchrotron S do not match

Planck intermediate results. XIX. J.P. Bernard, Planck Collaboration, Cold-Core Workshop, Toulouse 06/2015 30
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Angle Dispersion Function

Cells separated using S

watershed algorithm
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Comparison to MHD simulations

Data (SN(AY)>3) MHD Simulation
' o K ks 1.20
1.05
—BF TR TR L [Toso
o "} IR TR e T ’ %
< < | large-scale 075 %
C()g A data oso;
& ?"_502:_ 0.45;
| 0.30
log(S/° ) = —1.03log(p)—0.05 i
P

12

64

- Similar behaviour of S observed in MHD

simulations
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Comparison to MHD simulations

Polarlzatlon fraction vs column density

I | IIIIIII I | Illl]ll 1 | IIIIIII 1 I IIIIIII | I
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Simulations reproduce well the decrease of pmax With
NH In the range 1027 to 2x1022 cm-2
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p vs wavelength

Correlation analysis using ,Q,U at 353 GHz as
dust template)

over 39% of the sky. Excluding most free-free,
CO, ... contaminated regions

Indications for polarization SED steeper than  Polarization fraction vs frequency

<

Intensity SED : T | | |
3= 1.52 +- 0.01 =
3P = 1.59 +-0.02 _
ég.é
(unaccounted for component ! ferro- =
magnetic grains ! Carbonaceous grains ?) S
New constraints on dust models and/ i , . .
. 70 100 150 200 300 400
or component separation  [GH2)
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Conclusions

- Planck is providing completely new large-
scale information on dust polarization

- This is revealing both the magnetic field
geometry of our galaxy and new
properties of dust emission

- Dust has high intrinsic polarization (>20%)

- p decreases with Ny

- We see depolarization canals, not due to Faraday rotation
- Anticorrelation between p and angle dispersion underlines
importance of the field geometry.

- New constraints for dust models.

- The Analysis is only at a start

The Data is released ...

J.P. Bernard, Planck Collaboration, Cold-Core Workshop, Toulouse 06/2015 36



J.P. Bernard, Planck Collaboration, Cold-Core Workshop, Toulouse 06/2015



Planck Intensity maps

30 GHz 10 mm_ 326’ 44GH268mm 28’ 7OGHZ43mm 13’
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Dust Polarization

Various possible models lead to different predictions in polarization
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Angle Dispersion Function

S Dast Planck 353 GHz

Similar structure but ...

no one-to-one match !

Higher S values in interferometer
data

Data from Gaensler et al. 2009 4]



Planck and CMB B Foreground
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