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Planetesimal Formation

How?
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Dust evolution – Barriers to Growth
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Grain collision outcomes

Bouncing Sticking Fragmentation
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The gas has some pressure support.

The grains have none.
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The Goldreich-Ward scenario



Roche Limit

Solar tide vs selfgravity



A trillion planetesimals



Cuzzi+’93, Johansen+ ‘06



Dust: Diffusion-supported



Dust: Diffusion-supported



Two-species sedimentation

Canas et al. in prep



Streaming Instability

The dust drift is hydrodynamically unstable

Youdin & Goodman ‘05, 
Johansen & Youdin ‘07, 
Youdin & Johansen ‘07



Streaming Instability

The dust drift is hydrodynamically unstable

Kowalik+ ‘13



The Nakagawa-Sekiya-Hayashi solution for dust drift

Gas is pushed outward

Dust drifts inward



Streaming Instability

The dust drift is hydrodynamically unstable





Yang & Johansen (2014); Schäfer, Yang, & Johansen (2017)

Planetesimal Formation

W. Lyra

Initial mass function consistent with mass 
distribution of asteroid belt. Slope 1.6



Nesvorny+’19, model by Rixin Li

Planetesimal Formation



In the lookout for binaries

W. Lyra Nesvorny+’19; model by Rixin Li



Angular Momentum: Prograde vs Retrograde 
distribution of Kuiper Belt objects

~80% of TNO binaries are prograde
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W. Lyra Grundy+19, Nesvorny+19
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Observational evidence: Preference for Prograde (~80%)

Nesvorny+19

SI Model (solid)
KBOs (dashed)


