Polarized thermal dust emission

Stokes parameters (Lee & Draine 85,Wardle & Konigl 90, Fiege & Pudritz 2000, Pelkonen, Juvela & Padoan 2007, 2009)
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How can we retrieve statistics of the turbulent component of B ?

* Build synthetic observables with controlled statistics

* Use numerical MHD simulations to validate inversion methods (n-B correlation)




Synthetic magnetic fields

Synthetic vector potential A » B=VxA
—> Gaussianity ?
—> Power spectra ?

Components of A are built in Fourier space as isotropic fractional Brownian motions (fBm) :

—> Power-law amplitudes F >\( ) F0|k| —p/2 :
S A o
—> 0dd random phases P\ (—k) = —D,(k A(K) = (k) exp [i@ (k)]
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And magnetic field divergence is null, as it should be

OzBx = 0 <= ikyBy = 0 <= exukirk,Folk| ™%/ exp [i®, (k)] = 0

No large-scale field - No scale separation
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*[sotropic fractional Brownian motion with power-law power spectrum

*Low fluctuation level
*No correlation with the magnetic field




B components power spectra

Theoretically :
Pp, (k) = |BA” = lexuvikuFo (k) exp [, (k)] |* = 75 k|~ lexu ik, exp [i@, ()]

One can write: k,, = |k|f, —> P, (k) = FE\k>Plexuif, exp [i®, (k)]
For instance in spherical coordinates: f, = sinf cos ¢ Jy =sinfsing f, = cos6

So when averaging at constant wavenumber :
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Gaussianity of B components

Gaussian in the fBm range
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Simulated polarized emission (G = 2.9

—_—

log,,I [arbitrary units] log,,(V U* +Q* ) [arbitrary units]
100 e 3.40 100 ———— = — :
1.6
3.36
80
3.32
&0 3.28 —
Q
3.24 X
=
40 3.20 o~
3.16
20 3.12
| 3.08
% 20 40 60 80 100
X [pixel] X [pixel]
Polarization degree
100 . — :
iy - 0.040
80 0.035
0.030
60 —
0.025 T
X
0.020 —
40 | -~
0.015
-0 0.010
0.005
% 20 40 60 80 100 0000

X [pixel]



Y [pixel]

Y [pixel]

100

80

60

40

20

80

(o2}
o

o
o

20

Simulated polarized emission g

log,,I [arbitrary units]

20

40 60
X [pixel]
Polarization degree

40 60
X [pixel]

80

80

100

100

3.40

3.36

3.32

3.28

3.24

3.20

3.16

3.12

3.08

0.064

0.056

0.048

0.040

0.032

0.024

0.016

0.008

Y [pixel]

Y [pixel]

100

10810( \Y

—_—

'U? +@Q% ) [arbitrary units]

A




Power spectrum of |

20

15 T

10

A,
=74 5
9
0
-5
* * spec_I_4.00000_0.00000.fits
— 3-3.66666666667
+
-10 ]
-5 -4 -3 =2 -1 °

logh

Density field index recovered for all B spectra indices



Power spectra of P, Q and U
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Inclusion of a uniform magnetic field along X axis (within POS)
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Influence of large-scale field

v Breg/O-Bi = 5.0




MHD SimUIatiOﬂ Courtesy of P. Hennebelle
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5123 simulation of decaying turbulence
Box size : 500 pc

Mean density : 5 cm-3

Initial rms velocity : 20 km/s

Initial B : 2uG
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Hildebrand-Houde approach

350pm SHARP data for OMC-1

(Hildebrand et al. 2009, Houde et al. 2009,201 1)
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Questions...

-Noise

-Heterogeneous dust properties and alighment mechanisms
-Density-magnetic field correlations

-Effect of cloud depth or several clouds on the LOS

-Effect of strong density fluctuations

-Houde-Hildebrand approach requires scale separation



