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Protoplanetary Disks
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Protoplanetary disks are the birthplaces
of planets.

Image credit: Image via University of Warwick/ Mark A. Garlick/ Royal Astronomical Society (CC BY 4.0).
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BASIC DISK PROPERTIES: AGE, SIZE, MASS, COMPOSITION

AGE ¥ size R B
1-10 Myr 10-100 au

AL AT 2 R ]

COMPOSITION ZH A%,

mass i 2 H,/He + dust
~ 0.1-10% of star BRI AU, ke T A
~ - (1)
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Image credit: ALMA DSHARP survey, Andrews et al.; ALMA (ESO/NAOJ/NRAO)
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HEATING AND COOLING
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SNOWLINE
Gas disk Pebble disk HoO snow line  CO snow line Gas disk
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Oberg et al. 2021
https://www.youtube.com/watch?v=57Vf5ApMlhU




Condensation Fronts
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ANGULAR MOMENTUM TRANSPORT AND ACCRETION

SHRERNE .
‘lME¥éM¢(ML&ﬁ)

SHRERNE
LA (EZE)

*/

'—->

ll&ﬂé!ﬂ’]?%%ﬁ —LWF]I’EI‘V;’J %BDEH%EA@




PLANET FORMATION - L02

'\\ [ j‘ , Drag canvas to rotate element

stress

® Radial () @® Circumferential () Axial (2)

Max Shear Stress

173.2 MPa

Von Mises Stress

300.0 MPa

Max Principal

298.7 MPa

Normal Stress Components

Radial Stress (or) 100 MPa

—_— 9

Hoop Stress (00) 100 MPa

Axial Stress (0z) 96 MPa
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Shear Stress Components

Shear (tro) 100 MPa
Shear (t62) 100 MPa

Shear (tzr) 100 MPa
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MAGNETIZED DISK WIND AND ANGULAR MOMENTUM LOSS / - | *ngﬁ
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Li et al. 2001
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Shear Instability

Vertical




Vertical Shear Instability

VSi

Shangjia Zhang’s talk; Zhang+2024

Liz Flores-Rivera’s talk; Flores-Rivera+2021




Vertical Shear Instability

VSi

Name 1y X Ng X Ny Rin, Rout n, XngXngper H  Tgpy(orbits at R=1)

LX 1288 x 400 x 2512 [1.0,25.0] 40 x 50 x 40 1500
HX 2576 x 800 x 5024  [1.0,25.0] 80 x 100 x 80 985
EX 3872 x 2000 x 12544 [1.0,7.0] 200 x 250 x 200 900

No vortices in Lesur+20257?

fast cooling -> short vortex lifetime (Richard+2016)?




Magnetorotational Instability

MRI
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Iwasaki+2024 (inner disk)

Cui & Bai 2021 (outer disk)
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Magnetorotational Instability

MRI




H-band image

Gravitational Instability
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r-scaled Y-band SPHERE Image
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Gravitational Instability
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Credit: Daniel Price
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ORIGINS OF RINGS AND GAPS
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ORIGINS OF RINGS AND GAPS

3 MHD / zonal flow
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*> YouTube protoplanetary disk
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e've Finally Seen How Planets Form
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