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ALMA has truly revolutionized planet formation studies

Andrews et al. 2018



Continuum: 
- Dust mass, grain properties 
- Dust grain growth, migration, traps 
- Indirect detection of (proto)planets 

Gas lines: 
- Gas and stellar masses 
- Disk temperature and density structure 
- Disk chemistry 
- Indirect detection of (proto)planets



Continuum observations of protoplanetary disk 

trace thermal emission from mm/cm-sized grains

ALMA partnership et al. 2015

HL Tau



Dust radial migration

mm/cm grains feel a drag from 
the gas in the disk

They loose angular momentum and 
migrate inward 

Disk radii depend on wavelength, 
gas and dust radii are usually very 

different.

HD 163296
A. Isella & B. Saxton
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dust



A solution to radial migration: dust traps

van der Marel et al. 2013

Dust particles move toward pressure maxima in the disk

Oph IRS-48

VISIR

ALMA



A solution to radial migration: dust traps
Rings and gaps can stop dust migration and aid  grain growth
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Figure 1. Top left : 290 GHz continuum image of the TW Hya disk generated from combining Band 6 and Band 7 data. The
synthesized beam is shown in the lower left corner. Top right : The 290 GHz continuum emission deprojected and replotted as a
function of radius and azimuth, with the deprojected, azimuthally averaged radial surface brightness profile shown underneath.
The light blue ribbon shows the 1� scatter of each radial bin. Gray dashed lines mark the location of the continuum gaps at
25, 41, and 47 AU. The Gaussian profile shows the FWHM of the minor axis of the synthesized beam. Bottom left : Spectral
index map calculated from Band 6 and Band 7 data. Bottom right : The spectral index map deprojected and replotted as a
function of radius and azimuth, with its deprojected, azimuthally averaged radial profile shown underneath. The light purple
ribbon shows the 1� scatter in each radial bin. Values are only shown out to a radius of 55 AU because a substantial fraction
of pixels in the continuum image past this radius fall below the signal-to-noise threshold of 5�.

channels is ⇡ 1.7 mJy beam�1. A primary beam cor-
rection was applied to the image cube with the impbcor
task. An integrated intensity map was produced by sum-
ming emission above the 3� level in the velocity range
from �1.91 to 7.59 km s�1. This velocity range was
chosen based on where the emission in the line wings
exceeded the 3� level, but the map is robust to choice
of integration limits—truncating or extending the inte-
gration range by a few channels changed the integrated
flux by less than 0.1%.

3. OBSERVATIONAL RESULTS

3.1. The Spectral Index Between 1.3 mm and 870 µm

The 290 GHz (Band 6 + Band 7) continuum im-
age, spectral index (↵) map, and deprojected and az-
imuthally averaged radial profiles are shown in Figure 1.
The adopted position angle and inclination are 152 and
5 degrees, respectively, based on comparisons between
spectral line models and data (see Section 4). These
values are consistent within uncertainties with the ori-
entation derived by Andrews et al. (2016) from the 870
µm continuum. The inclination is slightly smaller than
the commonly used value of 7� from Qi et al. (2004), but

Huang et al. 2018
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Walsh et al. 2017

Gas kinematics: disk rotation
13CO(3-2) line

HD 100546

0th-moment: total intensity

1st-moment: velocity field



Gas and stellar masses, disk structure
With this type of data (+ models), you can derive… 

 

- stellar mass 

- disk gas mass 

- gas density profile 

- disk temperature structure

Figure 5. from The Architecture of the GW Ori Young Triple-star System and Its Disk: Dynamical Masses, Mutual Inclinations, and Recurrent
Eclipses
null 2017 APJ 851 132 doi:10.3847/1538-4357/aa9be7
http://dx.doi.org/10.3847/1538-4357/aa9be7
© 2017. The American Astronomical Society. All rights reserved.
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Figure 4. from The Architecture of the GW Ori Young Triple-star System and Its Disk: Dynamical Masses, Mutual Inclinations, and Recurrent
Eclipses
null 2017 APJ 851 132 doi:10.3847/1538-4357/aa9be7
http://dx.doi.org/10.3847/1538-4357/aa9be7
© 2017. The American Astronomical Society. All rights reserved.

C18O(2-1) line

GW Ori
Czekala et al. 2018
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Extremely rich chemistry, organic moleculesFigure 1. from A Subarcsecond ALMA Molecular Line Imaging Survey of the Circumbinary, Protoplanetary Disk Orbiting V4046 Sgr
null 2018 APJ 863 106 doi:10.3847/1538-4357/aacff7
http://dx.doi.org/10.3847/1538-4357/aacff7
© 2018. The American Astronomical Society.

V4046 Sgr
Kastner et al. 2018



Finding (proto)planetsFigure 1. from Detection of Continuum Submillimeter Emission Associated with Candidate Protoplanets
null 2019 APJL 879 L25 doi:10.3847/2041-8213/ab2a12
http://dx.doi.org/10.3847/2041-8213/ab2a12
© 2019. The American Astronomical Society. All rights reserved.

Isella et al. 2018

PDS 70



Figure 1. from Kinematic Evidence for an Embedded Protoplanet in a Circumstellar Disk
null 2018 APJL 860 L13 doi:10.3847/2041-8213/aac6dc
http://dx.doi.org/10.3847/2041-8213/aac6dc
© 2018. The American Astronomical Society. All rights reserved.

Pinte et al. 2018

Finding (proto)planets

HD 163296



Lee et al. 2018

Before and after protoplanetary disks
When do disks form? 

Class 0 disks, size, rotation

The remnants of planet formation: 
Debris disks, composition and structure

MacGregor et al. 2017

Fomalhaut

HH-221


