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…yet only one strong direct detection of a moon-forming circumplanetary disk exists.
The birthplaces of exoplanets and exomoons are now at the reach of modern observations
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young disk structures, still embedded in their natal core material, can reveal much about the star-
formation process: Their sizes help distinguish the roles that magnetic fields have in regulating
core collapse; their masses help constrain protostellar accretion rates; and their density distribu-
tions encode the angular momentum transport that ultimately determines the stellar mass (see the
review by Li et al. 2014).

Disks are also the material reservoirs and birthplaces of planetary systems. The prevalence,
formation modes, masses, orbital architectures, and compositions of planets depend intimately on
the physical conditions in the disk at their formation sites, the evolution of that disk structure
(locally and globally), and the planetary migration driven by dynamical interactions with the disk
material.Measurements of the disk mass, its spatial distribution, and its demographic dependences
offer crucial boundary conditions for models of planet formation. Combined with the properties
observed in the mature exoplanet population, that information can help develop and refine a pre-
dictive formation theory despite the considerable complexity of the associated physical processes
(e.g., Benz et al. 2014).

1.2. Observational Primer
In these and many other ways, disk structures offer profound insights on how the properties of
stars and planetary systems are shaped by their origins. This review focuses on the recent land-
scape of observational constraints on disk structures: how relevant measurements are made, what
they suggest about disk properties, and how those properties are connected to star and planet for-
mation. The most valuable measurements employ data with high angular resolution, as the typical
nearby (d ≈ 150 pc) disk subtends !1 arcsec on the sky. Most of any given disk is cool enough
(<100 K) that it emits efficiently at (sub-)mm wavelengths. Coupling these small angular sizes
and cool temperatures, this review emphasizes radio interferometry as an essential tool. Indeed,
progress over the past decade has largely been driven by the commissioning of the transforma-
tional Atacama Large Millimeter/submillimeter Array (ALMA) facility.

Three categories of observational tracers are used to study disk structures: scattered light, ther-
mal continuum emission, and (primarily molecular) spectral line emission. The first two are sen-
sitive to the physical conditions and distribution of the solids, and the third is used to measure the
properties of the gas.Figure 1 shows a schematic diagram that highlights the basic aspects of disk
structure and the (two-dimensional) locations where these tracers originate. Each of these probes
is sensitive to different materials and physical conditions, ensuring considerable diversity in the
disk appearance when viewed in different tracers. An illustrative example is shown in Figure 2.

Emission lines (e.g., CO)

IR scattered light

(Sub-)mm/cm continuum
(+ optically thin lines; e.g., C18O)

Midplane
gas + larger solids

Atmosphere
gas + small dust grains 

Figure 1
A diagram of a disk structure viewed in cross-section. The gas is denoted in grayscale, and solids are marked
with exaggerated sizes and colors. The left side highlights the approximate locations of emission tracers; the
right side defines some structure and contents terminology.
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ν → v[km/s]Example gaseous disk 
inclination ~20 deg



Our original prediction from Perez et al. (2015).

Simulation Prediction

Gas observations with 
ALMA are similar to a 

“tomography” of the disk. 
But instead of looking for 

tumors, we look for planets.

A method to reveal young exoplanets via their dynamical interaction with their protoplanetary disk.

Young exoplanet detection via kinematics



Young exoplanet with a 
circumplanetary disk



These are now called disk kinematic detections

HD 97048 (Pinte et al. (2019), Nature Astronomy), see also AS209 by Fedele et al. (2023), Bae et al. (2022)

Our predictions were confirmed in 2018 and 2019



Overview
Demografía de discos y Estructuras (2023)

• Hay 479 YSOs en regiones de formación 
estelar


• 355 discos con medición de su masa y 
radio


• Todos los discos masivos tienen estructuras


• 62 discos tienen anillos (y gaps)


• 22 discos tienen espirales


• 13 discos tienen vórtices/crecientes


• 19 vórtices en total


• 19 discos tienen otro tipo de subestructura




