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Millimeter polarization
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Polarization mechanisms
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/ Grain alignment

Linear polarization

Direction
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-gas flow

e.g., Cho and Lazarian 2007, Tazaki et al. 2017,
Lazarian and Hoang 2007, Kataoka et al. 2019
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Self-scattering polarization

/ Stokes |

® Polarization vectors are parallel to the disk minor axis.

® Grain size at the polarized regions would be ~ (A/2n)
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Isella et al. 2018
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AS 209 - polarization from a ring
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AS 209 - polarization from a ring

® Inner regions:
0.00 0.05 0.10 O[T;/begglo 0.25 0.30 0.0 0.3 0.6 . 0.9 1.2 1.5 .
E—— g e ® the vectors are parallel to the disk
2.0 .01
(c) polarization fraction . .
15 15, minor axis.
1.0 1.0 . . . .
- . _ ® Polarization fraction is ~0.2%
S 00 = oo = |® QOuter regions:
§_0_5 2-05 2 . :
» L ® the vectors are in the azimuthal
. -15 direction
-2.0 -20 ' : : :
20 1.5 1.0 %SRA([)é?cs_eng -1.0 —=1.5 =2.0 20 15 1.0 %SRA([)é?’cs_eng -1.0 -1.5 -2.0 ® Po\a riztation fra ction ~ 1 %

(beam size) : 0.94 x 0.762 (~114 x 75 au) .
Inner part: self-scattering

Ourter part: ??

Mori, Kataoka, et al. submitted
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Origin of azimuthal polarization

/ Grain alignment \

Linear polarization

Direction
- B-fields
- radiation
-gas flow

e.g., Cho and Lazarian 2007, Tazaki et al. 2017,
Lazarian and Hoang 2007

¢ B-field alignment
® Polarization vectors are perpendicular
to the B-field direction

® To reproduce the azimuthal

polarization, we need radial B-fields

Expected polarization
pattern from toroidal
(azimuthal) B-fields

1e+00 |

Bertrang et al. 2017




Origin of azimuthal polarization

Grain alignment

Linear polarization

Direction
-B-fields
-radiation
-gas flow

e.g., Cho and Lazarian 2007, Tazaki et al. 2017,

Lazarian and Hoang 2007

¢ radiation alignment
® Polarization vectors are perpendicular
to the radiation gradient
® Usually azimuthal (or circular)

polarization is expected

Expected polarization
pattern from radiation
alignment

Tazaki et al. 2017




Origin of azimuthal polarization

/ Grain alignment \

Direction
-B-fields
-radiation
-gas flow

Linear polarization

e.g., Cho and Lazarian 2007, Tazaki et al. 2017,
Lazarian and Hoang 2007

¢ Gas-flow alignment
® Polarization vectors are perpendicular
to the gas flow onto dust grains
® Usually azimuthal (or circular)

polarization is expected

Expected polarization
pattern from gas-flow
alignment

Kataoka et al. 2019




A DEC [arcsec]

Origin of azimuthal polarization

Observations Models
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How can we distinguish between radiation and gas-flow?



gas rotation Laboratory frame

- N
dust velocity
gas velocity

gas headwind (azimuthal)

10 au

Guzman et al. 2018
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Gas-flow alignment polarization

(a) St=0 (c) St=0.1

We would observe systematic rotation of polarization vectors from the azimuthal direction

Kataoka, et al. 2019
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- polarization from a ring
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Summary

« ALMA polarization observations of AS 209 disk
* Inner part: parallel to the minor axis
e likely due to seltf-scattering
e grain size would be ~50 pm - 500 pm
e Outer part: azimuthal pattern
e Alignment with gas-tflow is the most likely scenario

« Grains are being accumulated?
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