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Should cosmology care
about Galactic dust 7

Up to now, dealing with Galactic foregrounds has been relatively simple to

obtain the CMB CI(TT).
The CIB anisotropies has been more problematic

* There has been two ways for doing that :

e multi-frequency experiment with very simple prescription for
foregrounds (ILC)

* limited number of frequency bands (even n=1) at the foreground
minimum (~70-100 GHz) and no prescription for foregrounds (just go

for faint regions where they are negligible)

e |In polarization B-modes, we learned that the second option is not available

* The quest for B-modes requires some knowledge about dust



Outline

The Planck mission
The dust SED : how well does it scale in frequency ?
The dust polarization sky : B-density relation

Statistical properties of dust polarization and
extrapolation to CMB type ftields



30 GHz 44 GHz 70 GHz

100 GHz 143 GHz

353 GHz 545 GHz 857 GHz



% slanck T'he sky as seen by Planck g-esa

- Allsky mapping in 9 frequency bands from 30 to 857 GHz
- polarization for 7 bands from 30 to 353 GHz

- Angular resolution from 4.5 to 30 arcmin

- Photon noise limited In intensity

-+ Operations from August 2009 to January 2012

- First data release in March 2013 : nominal mission (14
months)

- Second data release early 2015 : full mission (2.5 years)



Planck 353 GHz polarized intensity




Model of dust emission

¢ Thermal dust emission
e Model as a modified black body
e COBE-FIRAS era : flattening of the

SED in the nu < 350 GHz
Finkbeiner et al. (1999)

e Challenges in the Planck-HFI range
e CO
* Free-free
e CMB anisotropies
e CIB anisotropies
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A”'Sky model of dust emission using all-sky maps at 5 arc min resolution

Planck (201 3 data release) + IRAS frequencies : 353, 545, 857 and 3000 GHz

Optical depth at 850 micron - 353 GHz Radiation field strength : Lqgust / NH

e

dust spectral index is 1.55-1.65
also : all-sky map of dust reddening : E(B-V) Planck collaboration 2013 results. Xl (2014)



Dust SED down to CMB frequencies

—Planck 2013 data release — Beta_FIR = 1.65

Beta mm = 1.54

e [t of the fiducial high Galactic latitude dust SED

e Obtained by a correlation of Planck and DIRBE data with HI in the diffuse ISM
towards the south ecliptic pole (15% of the sky)

- Correlation done on 136 patches of 180 sq. deg.
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Dust spectral index : 217-353 GHz

Intensity
« Cross-correlation of 217 o| I
with 353 in 10 deg. patches  °
* |ntermediate latitude (39% [
of the sky) to reduce the . -
effects of CMB, CIB, CO =gl _
and free-free
 Assumes Td derived at St .
high frequencies (3000/857 i
GH2). §1.2 _'1._13:_'_1;4 1.15 1?6 _\_1|7 - 1.8
Ba.mm
average = 1.51
1 sigma = 0.07

noise contribution is +- 0.01

Planck intermediate results. XXIl. (2014)
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Dust spectral index : 217-353 GHz

Polarization
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average = 1.51
1 sigma = 0.07
noise contribution is +- 0.01

Ditfference between intensity and polarization has a 3.6 sigma significance
Planck intermediate results. XXIl. (2014)



Shape of the dust SED with
the Planck 2015 data release

The flattening of the dust SED, Is there a flattening of the SED in the mm 7
* we worked in this context since the FIRAS results (~ 1999)
* accounted for by adding a second dust component (e.g. Finkbeiner et al. 1999
model)
* depends strongly on the calibration of the data
Planck Calibration vs FIRAS
2013 data release
e 545 GHz : -15% vs FIRAS (based on Planet observations)
e 857 GHz : -7% vs FIRAS (based on Planet observations)
2015 data release
* 545 GHz : -19% vs FIRAS (based on Solar dipole and Planet observations :
both agree within 1%)
e« 857 GHz : -10% vs FIRAS (based on Planet observations)
e 353 GHz : +2% vs 2013 data release (improvement of dipole measurement)
Planck 2015 : no significant change in Beta from FIR to submm
- Beta dust ~ 1.5 across the whole Planck frequency range
- High Galactic latitude : Tdust ~ 19.6K



Dust polarization

I, /nz B,(T,)dz
Q, x /nz Bu(Tz) COS(2¢z) cos” Y2 dz

U, x /nz B,(T,) sin(2¢,) cos? vy, dz

e Fluctuation in | is dominated by column
density

« Fluctuation in Q and U traces column
density and magnetic field orientation
variations

* The large scale sky in Q and U is
modulated by a simple geometrical effect,
not present in |, due to the magnetic tield of
the local spiral arm
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Polarization fraction vs N
Whole sky
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Planck intermediate results XIX (2014)
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*General decrease of p versus
column density. Consistent with
results from earlier observations in
extinction.

* Seen over the whole sky and on the
scale of clouds.

*This result has been interpreted by
a loss of grain alignment in the
shielded interior of clouds. Planck
data challenge this intepretation.



Local dispersion of polarization angles

Measure of Qolarization direction homogeneity at scale {:
AV3(l) = i,Z[L'(r)— s(r+1,)% (Hildebrand et al. 2009)
T im)

|
. [-17
T(ali(F
< \pN\(
NS -+
\ ). -\
o 7 K -x3
()
Y~ v
> =
3 ' N\
7 A (log scale) :
0° 90°

- Computed on Full survey on |° resolution map at {=30’.
- Masked where SN(A)<3 (uncertainties using MC)
- Similar maps for all 5 individual surveys and 2 half-ring surveys

Planck intermediate results XIX (2014)
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The Planck data suggests that depolarization in the diffuse ISM mainly results
from superposition of signals with different polarization directions. Within
this interpretation variations in p are primarly related to the field structure

T
o

Planck intermediate results XIX (2014)
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What Is the role of the magnetic field in the
structure of the ISM 7
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Chamaeleon molecular cloud

Planck 353 GHz (850 micron) optical depth

with polarization vectors overlaid
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MHD simulations: link between structure
and magnetic field in a molecular cloud.
Soler et al. (2013)


















Planck intermediate results. XXXIIl. The relative orientation
between the magnetic field and structures traced by interstellar
dust arXiv:1409.6728
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Distribution function

0.010

0.000

Methodology : angle between polarization and matter for ridges
at intermediate and high Galactic latitude.

Result : Matter and B are parallel in the diffuse ISM.

Weaker correlation for higher Ny and lower p : projection eftects.

Biurbulent / <B> = 0.8






Palmeirim et al. (2013)
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Planck intermediate results. Probing the role of the magnetic
field in the formation of structure in molecular clouds

The Planck collaboration preliminary
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Methodology : Histogram of Relative Orientation (HRO)
applied on 10 nearby molecular clouds
Result : Matter and B are parallel in the diffuse ISM
Matter and B are perpendicular in the dense |ISM



1.0

Beta = kinetic / magnetic pressure
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|- — super-Alfvénic (B = 100)
| — Alfvénic (B = 1.0)
o!| — sub-Alfvénic (B =0.1) Soler et al. (2013)
- e e e Planck collaboration, in prep. (2015)
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Measuring the dust polarization power spectrum

[Planck Intermediate XXX 2014,
arXiv 1409.5738]

Xpol
pseudo-C, estimator

based on Xspect
[Tristram et al. 8005] “

—_—

Corrects for incomplete
sky coverage, pixel and
beam window functions

Angular power spectra
CEE and C,PB

O and U maps at 353 GHz

[ \ 4 N
Spectra are computed from |
the two noise-independent The CMB C/*F best fit
Detector Set maps model is removed
R [Planck Collaboration XIV 2014 ]
Ci(v x v) = Co(D! x D?)

\ ) \. J




[Planck Intermediate XXX 2014,

_General methodology arXiv 1409.5738]

Xpol T

pseudo-C, estimator i P Mg

based on Xspect iop el
[Tristram et al. 2005] (i

Corrects for incomplete
sky coverage, pixel and

beam window functions Angular power spectra

CEE and C,PB

Planck
O and U maps at 353 GHz

( \ 4 )
Spectra are computed from |
the two noise-independent The CMB C/*F best fit
Detector Set maps model is removed
[Planck Collaboration XIV 2014 ]
Ci(v xv) = Ci(D! x D?)
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_Results

10°

*x 353 GHz EE and BB angular

power spectra

* First detection of the dust
polarized angular power
spectra at £>10

* Even on 30% of the sky, the
dust polarized emission
dominates the CMB, at all
scales

1.Shape of the spectra”?

2.Variation of their amplitudes
with respect to the mask?

3.BB/EFE ratio”?

4. Amplitudes at other
frequencies?

[Planck Intermediate XXX 2014,
arXiv 1409.5738]
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~Shape of the spectra?

Power-law: CfE’BB — AbE.BBypore BB
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* The spectra are compatible with power-laws with a -2.42 slope
* No significant difference between EE and BB



Amplitude as a function of the mask
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* There is an empirical relation between the amplitude and the mean
dust intensity on the considered region



[EE ratio?

[Planck Intermediate XXX 2014, arXiv 1409.5738]
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* The dust polarized emission produces twice as much EE than
* The existing dust models give BB/EE~1



Amplitude as a function of the observing frequency?
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[Planck Intermediate XXX 2014, arXiv 1409.5738]
[Planck Intermediate XXII 2014, arXiv 1405.0874]

100 150 200 200 300 390
Frequency [GHz]

* The spectra amplitudes follow the frequency dependence of the
dust polarization for both EE and
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the mean dust intensity is
also derived for theses
(Gaussian process

patches
* The dispersion is higher than

* 352 patches with |b|>35°

Statistics on 400 deg?
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Statistics on 400 deg?

* Extrapolation of the BB amplitudes at 150 GHz

* Amplitudes expressed in units of ry (e.g. ra = 0.2 means that the dust has the same
level as the CMB r = 0.2 a £=80)

[Planck Intermediate XXX 2014, arXiv 1409.5738]

— 2.0 n— S 1. IOI(Td)

* The cleanest regions of the sky have r;~0.01+0.06

* [N no region the dust polarization can be neglected if one wants to
measure the CMB primordial B-modes



‘Measurement of the dust in the BICEP2 field

* Computation of the BB spectrum at 353 GHz in the BICEP2 region
* Extrapolation to 150 GHz
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[Planck Intermediate XXX 2014, arXiv 1409.5738]
[BICEPZ Collaboration 2014 ]
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* 4 .50 detection of the dust at 353 GHz
* 3.60 prediction at 150 GHz
* Prediction of the dust level similar to the B-modes measured by BICEP2




Conclusion

e Planck measured the dust SED from 100 to 857 GHz
» Disagreement with the FIRAS calibration up to 19% at 545 GHz
e Dust model got simpler : only one dust component in the Planck range
(Beta=1.50, T=19.6K)
« Low variation of dust spectral index at high Galactic latitudes (intensity and polarization)
o Maximum dust polarization fraction is high (20%)
» Planck reveals the projected structure of the Galactic magnetic field
« Striking relationship between density and magnetic field structure.
« B is a major player of the dynamics
« CMB foregrounds : there is no dust free window in polarization
* The level of dust polarized foreground is higher than what was expected, by a factor 1.5.
o Power spectrum of dust : Cl ~ [N-2.42

« The amplitude of the dust Cl (EE and BB) scales with local average brightness (111.9)
—> dust polarization is non-stationary, like its emission

e Dust BB/EE ~ 0.5

* The small spatial variations of the dust polarized SED give hope that foreground
subtraction can be done with multi-frequencies experiment.



