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Outline

» Afew (brief) examples of recent progress...

— The Zeeman world...

— Planck (HRO)

— BLASTPOol (polarisation spectrum)

— Interferometers (SMA and CARMA)
« Quantitative analysis of polarization maps

— Single-dish and interferometer data

— ALMA Era

* where we stand, where should be or go...

« Spectral lines polarization

— Goldreich-Kylafis Effect

— Non-Zeeman circular polarisation (ARS Effect)
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The Zeeman World...
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Planck - HRO
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BLASTPol - Vela C
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P/ P350

A Median p-ratio

~ W51 O Slope of p vs py;

—— Median power-law

- - Median + MAD power law
—— Median polynomial

- - 68% error polynomial
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Interferometers - SMA

850 um dust emission (SMA)
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Interferometers - CARMA/TADPOL
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Interferometers - CARMA/TADPOL

Outflows vs. small-scale B-fields
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Methods of Analysis - Structure (and
related) Functions

Given a polarization map

Angle @(r)— B (plane of the sky)

The Angular Structure Function

(AD? (¢ > 2 [D(r)-D(r+£)]

/) pairs

If B=B,+B, (turbulent and ordered (large-scale) components)

= (AD? (1)) = (AD] (£))+({AD (1))

= 1- <cos[ACD(€):|> ~ <A(D2 (€)> =

2
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OMC-1 with SHARP at 350 uym

OMC-1 - SHARP/CSO, 350 and 450 ym

Vaillancourt et al., 2008, ApJ, 679, L25
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-1 Wi ARP at 350 um
b)l -
i ARP/CSO, 350 and 450 ym

Vaillancourt et al., 2008, ApJ, 679, L25
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with SHARP at 350 ym

(b)S{H-

Arc Minutes

| 1={cos[ AD()]) =

ARP/CSO, 350 and 450 ym

> <ACI>; (0))

Vaillancourt et al., 2008, ApJ, 679, L25
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OMC-1 with SHARP at 350 um
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Dispersion Analysis... and the DCF Method

0=73"=16 mpc turbulent correlation length

N (52+2W2)A, 21 ber of turbulent cell
— 553 = numoer oI turoulent CeElls

<Et2>: 1 <Bt2>20013

(Br) N{B)

(5

< — =0.28  turbulent/ordered field energy ratio
B; )

with the Davis-Chandrasekhar-Fermi equation

- —-1/2
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CARMA/ TADPOL - W3(OH)
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he ALMA Era...
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The ALMA Era - Serpens 8
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ALMA - W3(OH)
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ALMA - W3(OH)

1- <cos|:ACD(€):|> = <A(D; (€)>
but
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With a Fourier transform on the turbulent component
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We can determine the turbulent power spectrum R, (kv)

| (k)

by deconvolution of the beam H (kv)
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ALMA — IRAS16293B

DEC offset (arcsec;:; J2000)
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ALMA — IRAS16293B

DEC offset (arcsec; J2000)
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The ALMA Era...



The ALMA Era...

Don’t miss...

Focus Group 2 - Magnetic Fields and Polarization in
Young Stellar Objects: Interpreting the Next
Generation of Observations and Simulations (C. Hull
and B. Liu).

Posters:

P03 - C.-Y. Chen
P10 - M. Gonzalez
P16 - R. Klein



Goldreich-Kylafis (CO

« Complementary to dust
polarization

- E.g., can be use to trace
outflows

« GK effect has a 90 deg
ambiguity...

e We understand
molecules better than
dust

 but there’s a complication
(opportunity)...
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CSO / FSPPoI - CP Measurements

Stokes Porameters & Polarizotion

vvvvvvvvvvvvvv

vvvvv

 Circular polarization
measurements in Orion KL of
the *C™0 (J =2 1) rotational
line at 230.5 GHz with FSPPol

* Zeeman splitting ~ 0.2 mHz/uG
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Anisotropic Resonant Scattering
E Radiation State of LP at angle 6

gy T o)=alpy
: with o = cos(0), B =sin(6)
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Goldreich-Kylafis (CO Linear Polarization)
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Hezareh+ 2013, A&A, 558, 45
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Line Polarization / Dispersion - SNR |C 443
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Line Polarization / Dispersion - SNR IC 443

Distar
81624 32 40 48
il R 800:‘“\\\\ X 1.0
~~ : - - < bk —
o 2 o s 10.8
3 03 : L = — O o6k
k-] < = Ly~ - . Dy
§ 0.2 . i; 400 E. b\\ e e, === wvisibility é0_4 ;
| 0.1F*® 200F B e H0.2
— 0.0 0'.:. » \’.v‘-o--o_o- —— —— -:::‘—‘i-'—\tx—-o--w’i 0.0
0 1000 2000 : 0.00 0.02 0.04 0.08
Distan k/(2m) (1at 15 kpC
800 [ ' '
i e A g 0=0.12 pcC &% g g
A ~ 600 P-T i
g 0.3 TR k>3 B> J20y
. ™ o : 3
3 . X 400 \ L_.=0.75pc ] =
S 0.2 X E \ 1nj 410~%
Y ° w200 . 3" o
L, : of 10
- o A . . 3
— 0.0k ; 0.00 0.02 0.04 0.06 0.08
0 20 k/(2n) (orcsec™)
Distar
4 ~ '
o v\\ * L "A r ® ¢ - =
\ 1E S -
0.3F '\ ; v ~E.g :
\ L B
S 0.2 : " = OF \}‘} E
o ' 2
0.1 : ® _E :
~ . 3 3 { : 3
R ey i A e (] E
00 P o -2 E "

20

0 20 -2.2 -2.0 -{.8 -1.6 -1.4 352 =1.0
EPoS 2016 Distar log(k/(2m)) (arcsec™)



CSO / FSPPol - LP .:..   . .1".’i’"t“,'...t:.::':';_._j
S& i p- H.CO| SOz

measurements LA

CH3OH C| ‘-

e CO is not the only species | )) )
to exhibit polarization i_‘ _ I *g |

* Different species/lines will
trace different density
regimes =» tomography

 Much better suited for the | |
DCF technique ---------

.......................
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Summary

« Much progress in the observational characterization of
magnetized turbulence.

« Still very difficult to obtain precise measurements of
magnetic field strength =» Statistics!

* Improvements with ALMA and new instruments will
help (e.g., SOFIA/HAWC+, IRAM/NIKAZ2...); we need
more spatial coverage on small and large scales.

« Zeeman and dust linear polarization maps are still our
main tools, but we should be focusing on spectral lines

— We need Stokes |, Q, U, and V (for dust too!).

 And... Molecule ion-neutral spectral line
comparisons... Good recent developments on
theoretical/simulation fronts; provides a
complementary path to magnetized turbulence without
polarization measurements.
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