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But what about magnetic fields???

ESA, Planck Collaboration
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Cox et al. 2018
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Dust Polarization from Scattering

Kataoka et al. 2015
Kataoka et al. 2015, Stephens et al. 2017



Scattering in Inclined Disks

Yang et al. 2016



Measuring Dust Grain Sizes: Two Approaches
• Spectral index measurements  

• If dust is optically thin:  

• Opacity depends on frequency as 

 

•  

• Implies grain radii ~1 mm 

Fν ∝ να

κ(ν) ∝ νβ

α = 2 + β

• Scattering polarization measurements 

• Degree of polarization peaks when 

maximum grain radius  

• Polarization at mm and sub-mm 

wavelengths implies grain sizes ~0.1 mm

∼ λ/2π

Long et al. 2020 Kataoka et al. 2015
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Scattering Polarization and Optical Depth

Isotropic radiation 

environment: little 

net scattering

Anisotropic 

radiation 

environment: net 

scattering

Net polarization from scattering 

depends on the radiation field a 

grain “sees”:

Polarization 

fraction peaks 

at  τ ≈ 1

Yang et al. 2017
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Dual-wavelength Disk Survey

Harrison et al., submitted to ApJ



Scattering at Multiple Wavelengths

Harrison et al., submitted to ApJ



Optical Depth: Single-Population Model

Yang et al. 2017

Harrison et al., submitted



Vertical Dust Settling: Two-population Model

Harrison et al., 

submitted to ApJ



Scattering from Porous Dust Aggregates

Less porous More porous

Tazaki et al. 2019, 2022









Grand Unified Theory of Dust Polarization

Explain both 

polarization 

spectrum and 

spectral 

indices with 

one dust 

population


