Polarized thermal dust emission as seen by Planck :
A comparison with MHD simulations and lessons from a toy model

Planck CO"GbOfﬂtiOl’l, F. Levrier, J. Neveu Planck intermediate results. XX.

LERMA, Observatoire de Paris, PSL, CNRS, UPMC, ENS Paris A&A, 576, 105, 2015

YAl g Copyright ESA and the Planck Collaboration

.a awol

Focus Meeting 5 « The Legacy of Planck », IAU General Assembly, Honolulu, HI, 12.08.2015



OPILANCK @

agenzia spaziale P i
italiana e

DTU Space
National Space Institute L 4l

Science & Technology
W@ Facilities Council CSIC INAF - IASF BO

6. National Research Council of ltaly Eé@% SR ek, C A PF i s
# Deutsches Zentrum //‘
DLR fiir Luft- und Raumfahrt eV.

SPAZIALE E FISICA COSMICA
NA
12
UK SPA( E MAX-PLANCK-GESELLSCHAFT

DI BOLOG

AGENCY
. irfu
S BN, CARDIFF ®
PNy ER UNIVERSITY OF - RUINICIAE (o
e g P CAMBRIDGE  pyypvrersy . INSU IN2P3
7 .f-,;_‘-;",;““ CAERDY@ saclay cEreA Observer & comprendre Les deux infinis

FEL

institut

Imperial College
London

{ (3
‘PA/“ ACS N
UNIVERSITA DEGLI STUDI
DI MILANO

z
!
>
x

MANCH ‘E\ \‘El{

W ) INAF
a a ke OSSERVATORIO DIPARTIMENTO DI FISICA
111} a ' '8 . AsTRONOMICO
DIFADOVA Science & Technology Facilities Council

Max-Planck-Institat fiir NUI MAYNOOTH

Astrophysik

@ Rutherford Appleton Laboratory

DE CANTABRIA

UNIERST' g STUD i DA
TOR VERGATA

@ UNIVERSITE
%/ DE GENEVE

UNIVERSITY OF iUNIVERSITE DE { 3\
'“.’ TO RONTO _ PARIS-SUD XI ‘,:,:e .:‘:‘.

1STITUT0
DELLIN

. + ‘ : ¢

+E©S+ us nEmmTY
NS iversity of Sussex L s q ;' Vi

o IRl U HAVERFORD GV




Polarized thermal dust emission essentials
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Polarization orientation
Magnetic field orientation /

Least likely orientation

e Grains are aspherical, charged, rotating, and aligned preferentially perpendicularly to the local magnetic field
e Cross sections are proportional to the size, so grains emit more radiation parallel to their long axes

e Polarized thermal emission arises, with an orientation perpendicular to the local magnetic field

See talk by J.-P. Bernard, this session



Planck maps of nearby molecular clouds

Ophiuchus

22.75

20

22.50

18

22.25

121.75

21.50

21.25

21.00

20.75
360 358 356 354 352 350

1[°]
15’ resolution

Planck 2013 results. XI.
A&A, 571, 11, 2014

Taurus

122.00

170

168

22.4

22.2

22.0

21.2

21.0



Planck maps of nearby molecular clouds
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Planck maps of nearby molecular clouds

Ophiuchus Taurus

15’ resolution Polarization angle dispersion function
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Correlations in Planck polarization maps
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Correlations in Planck polarization maps
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Correlations in Planck polarization maps
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Building simulated polarized emission maps

* |8 pc subset of a 50 pc MHD simulation cube _ z
* Converging flows of magnetized warm gas Top-down view
* Mean magnetic field along the flows

* Rotation of the cube, placed at 100 pc

® Simulated Stokes maps smoothed at |5’
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I = /S,,e_” [1 — Do (COSQ’Y — 3)] dr,

Q= /poSVe_T” cos (2¢) cos® vdr,

U = /poS,,e_T’“ sin (2¢) cos? ydr, v

Side view Line-of-sight view
« Intrinsic dust polarization parameter »
Po — 0.2
Opacity at 353 GHz (Planck Collaboration XXXI, 2014)
353 /Nu = 1.2 x 1072 cm?
Dust temperature
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Simulated polarized thermal dust emission maps

Total gas column density Polarization fraction Polarization angle dispersion
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Simulations vs. Observations

Simulations P, =—0.109 log(N; /ecm™?) +2.52
' Observed fields Py, =—0.113 log(Ny /em ™) +2.59
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Simulations reproduce very well the decrease of Pmax

with Nh in the range 1027 to 2x1022 cm-2



Simulations vs. Observations
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Building toy models of the turbulent ISM

We wish to constrain the statistical properties of the interstellar B field

Dust density : exponentiated fractional Brownian motion field (fBm)

» Power-law power spectrum with index 6n

X
ng = Ng exp (_ » Log-normal distribution
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Building toy models of the turbulent ISM

Magnetic field from fBm vector potential components

Input Fourier phase map

!

Bu(k) = expikyFolk|™4/% exp [iga, (k)]
A

Input spectral index

Component of the B field in Fourier space

Gaussian distributions
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» Power-law power spectrum with index 5 B — ﬁ A — 2

» Divergence-free by construction

» Gaussian distribution with zero mean

P Possibility to add a large-scale uniform field
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Physical parameters and observables

Physical parameters of the input cubes

- Spectral indices On
. Fluctuation ratios  Pns OB, (n >7 (B)
- Depth d
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Observables derived from simulated Stokes maps

- Spectral indices of I, ), U, P

- Fluctuation ratios of I, P

+ Position of PDF maximum of S, p, |VP|/P
- Correlation S vs.p

- Correlation Svs.|VP|/P



Validating the method

A least-square analysis validates the method on simulated maps
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Conclusions

Decrease of pmax With Ny well reproduced by simulations

Anticorrelation between polarization fraction and angle
dispersion underlines the role of the magnetic field

Development of a promising method to recover statistical
properties of the interstellar B field



