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Introduction

HL Tauri: Pre-Main-Sequence star in the
Taurus molecular cloud

Surrounded by a protoplanetary disk,
embedded in a circumstellar nebulosity

i~ 47° PA ~ 138°

Credit: ALMA (ESO/NAOJ/NRAOQ)



Introduction
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ALMA at 1.3 mm JWST at 2um and 4 pm
(ALMA Partnership et al. 2015) (Mullin et al. 2024)




Polarization maps
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Polarization maps

HAWC+ Band D (155 pum) HAWC+ Band E (216 pm)
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Bands A,C, D
Polarization vectors parallel to
major disk axis

Band E
Polarization vectors parallel to
minor disk axis
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Radiative transfer modeling

3D Monte Carlo radiative transfer code POLARIS (Reiss! et al. 2016)’

Intensity and

Physical quantities Radiative Transfer N
Polarization maps

"publicly available at portia.astrophysik.uni-kiel.de/polaris/


portia.astrophysik.uni-kiel.de/polaris/

Radiative transfer modeling

Disk density distribution (Andrews et al. 2009): T g
100~ w7 4 12
« 24+a+p [ S I 10
Pdisk = pdiSk L eXp | — ; [ ] 10
isk — i 3 g o
0 R, Rg|sk I ] )
: ] 10*14 ‘g
1 z 2 L ] 2
xexp |—= | —— =53 £ 1 frwe2
"1 2 \mo(r/Rg)? 1 IR
[ 1Fre™rs
=501 = e
Envelope density distribution: w0
o _100 H 107
Y v [ 1
Perv = pg ﬂ exp | — i 0 % 0 5 200 350 107
env 0 Rin Rgnv Radius / au




Radiative transfer modeling

0.40 ———————1—7 .
3 ! 53 um
- 1 -
035 1 89 um  §
Astronomical silicate (Draine 2003) 0.30 F — 155 pum
F 216 um
0.25F \ 4
E N\ ]
Grain size distribution: 2020F \q =
3 o ]
dn(s) o« s3°ds 0 — ]
0.10 F 4
. o 0.05 F 4
Maximum grain size: 25 um :
0.00C el e
100 10! 10? 103

Maximum grain size / pm



Radiative transfer modeling

Relation between field strength and density f
(Crutcher 1999): A .
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Radiative transfer modeling

3D Monte Carlo radiative transfer code POLARIS (Reiss! et al. 2016)’

3. Self-scattered

[Dust properties} 1. Stellar heating { - } radiation { - }

2. Reemitted radiation
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"publicly available at portia.astrophysik.uni-kiel.de/polaris/
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Polarization maps

+ Simulations
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Polarization maps
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Bands A, C,D

Polarization due to emission of
aligned dust grains
— Magnetic field perpendicular
to disk midplane

Band E

Polarization due to self-scattering
of thermal radiation

— Dust grain size up to 25um
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ALMA polarization observations

HAWC+ Band E (216 pum) 870 um (ALMA Band 7)
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SOFIA/HAWC+: First polarimetric observations
of a protoplanetary disk in the far-infrared (HL Tau)

Bands A,C, D
Polarization due to emission of aligned dust grains
Magnetic field lines perpendicular to the disk midplane

Band E
Polarization due to self-scattering of thermal radiation
Dust grain size up to 25 um
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