Investigating planet formation by FIR and sub-mm
polarization observations of protoplanetary disks
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Millimeter Polarization

« Old and new theories for explaining
millimeter-wave polarization

1. Alignment with magnetic fields

3. Alignment with radiation fields

» Testing the theory with ALMA polarization
observations

HD 142527 - morphology of pol. vectors
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Dust is big in disks
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Light source of scattering
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selt-scattering in an inclined disk
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See also Kataoka et al. 2016a
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Conditions of dust grains for polarization
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Grain size constraints by polarization

Expected polarization degree (scalable)
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Multi-wave polarization — constraints on the grain size
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HL Tau - continuum

ALMA Partnership, 2015
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HL Tau pol. - prediction
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* The polarization vectors are parallel to the minor axis
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Total polarization fractio
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total polarization fraction [%]
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The maximum grain size is ~ 70 pm

Akimasa Kataoka (NAQOJ fellow)



What can we do at MIR?
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Science: scattering is efficient at MIR?
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Flux density [Jy]
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Conclusions

® \We have observed with ALMA
® 3.1 mm polarization vectors are dominated by explained by the grain
alignment, while 1.3 mm pol. vectors by the self-scattering.

® The maximum grain size is constrained to be ~70 um
(Kataoka et al. 2016a ApJ, Kataoka et al. 2017 ApJL)

® Possible science goals of MIR polarimetry of protoplanetary disks

e HL Tau
® Detection of MIR polarization of HL Tau -> porous dust aggregates
® Non-detection of MIR polarization of HL Tau -> compact dust aggregates

® Other disks
® |fscattering is observed, it would represents disks with small grains - may be

young. This is complementary with ALMA observations.

® |f we can detect polarization due to alignment of grains with B-fields, this

would be the unique way to study the magnetic fields in disks
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Dust opacity of protoplanetary disks

4.5 e Taurus o AR '
= / /
- 7/ -
40- // // /=
- 7/ p gup—
R - .’ ISM “d v ;O
[Ytupus __._ .13 M-dust_ _ - .
35-_+ Serpens L7 v E
* - B ONC // // rd
- / / /7
g - /. // // v -
/7
T300__ (/ // // __
S - I / . -
B : /// v o ’/ ° v
2.5 / o o ‘w @ —
I I p v e e
Y 2 B » o u _
i :// ° o o " o« ¥ .
e /7 7/ —
2.0 <l ® ) o! . |
B [
] ‘ |
1.5L . T . e
10 100 1000

Fu,)\=lmm [mJy’ diSt = 140 pC]

Grain size is ~ millimeter (or larger)
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