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Planetesimal Accretion
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Shear dominated



Planetesimal Accretion is inefficient

Hill radius

Gravitational cross-section (capture radius)

Planetesimal scattered by protoplanet





From runaway growth to oligarchic growth

Low vrms (f >>1) High vrms (f ~ 1)
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Largest body grows fastest
Runaway growth

Largest body grows slowest
Oligarchic growth



Growth regimes
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Isolation Mass



Isolation Mass
Of the order of the Hill radius 

Protoplanet accretes all planetesimals in its feeding zone



Isolation Mass



Core Accretion and Oligarchic Growth



Core Accretion and Oligarchic Growth



Core Accretion and Oligarchic Growth



Problem

Planetesimal accretion is TOO SLOW in the outer solar system

Low growth rates for Uranus and Neptune

Pollack+ ’96

Isolation mass

Runaway Gas Accretion 

Core growth is too slow



Planetesimal Accretion is inefficient

Hill radius

Gravitational cross-section (capture radius)

Planetesimal scattered by protoplanet







Pebble Accretion

Klahr & Henning ’97, Klahr ‘06, Inaba & Barge ‘08, Lyra+ ‘08, ’09ab
Ormel & Klahr ‘10, Lambrechts & Johansen ’12,

See Johansen & Lambrechts ‘17 for a review
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