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Protoplanetary Disks

PP disk fact sheet

Density: 1013 – 1015 cm-3

(Air: 1021 cm-3)

Temperature: 10-1000 K

Scale: 0.1-100AU
(1 AU = 1.49 x 1013 cm)

Mass: 10-3 – 10-1 Msun
(1 Msun = 2 x 1033 g)



Planet-Disk Interaction ALMA observation: HL Tau



Elias 2-27



Planet-disk interaction: gaps, spirals, and vortices.



Observational evidence: Spirals

Muto et al. (2012)

SAO 206462 MWC 748

Benisty et al. (2015)



Spiral arm fitting leads to problems

Spirals are too wide, 
hotter (300K) than 
ambient gas (50K).

Spiral has little 
polarization. Must be 

thermal emission at 1000K.

Currie et al. (2014)

Rafikov (2002)
Muto et al. (2012)

Analytical spiral fit

Benisty et al. (2015)



L band (~3.5 µm) H band (~1.6 µm)

The strange case of thermal emission in HD 100546



Lyra et al. (2016)
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Shock bores



Hord et al. (2016, in prep)



Hord et al. (2016, in prep)

Radiative Transfer post-processing



Hord et al. (2016, in prep)



Hord et al. (2016, in prep)



Hord et al. (2016, in prep)



Hord et al. (2016, in prep)

Effect of shocks alone

1 µm 10 µm



Prediction for spectroscopy: Turbulent surf

Lyra et al. (2016)
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• Shocks due to high mass planets better fits to observed spirals.

• Shocks from high-mass planets (~> 5 Mjup) is a significant 
source of radiation in disks.

• Predictions: 
• Hot lobes next to high mass planets at high resolution
• High(er) turbulence around the orbit of a high-mass planet
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