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Planetesimal Accretion
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Shear dominated




Planetesimal Accretion is inefficient

Planetesimal scattered by protoplanet
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From runaway growth to oligarchic growth
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The growing embryo “heats” the planetesimal disk.
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Growth regimes

Orderly growth Runaway growth
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Oligarchic growth



Isolation Mass

a P

Feeding Zone 5

Planetesimal Swarm




Isolation Mass

Of the order of the Hill radius

Protoplanet accretes all planetesimals in its feeding zone
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Core Accretion and Oligarchic Growth
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Core Accretion and Oligarchic Growth
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Core Accretion and Oligarchic Growth
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Planetesimal accretion is TOO SLOW in the outer solar system

Jupiter
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Isolation mass
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Low growth rates for Uranus and Neptune
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Core growth is too slow




Planetesimal Accretion is inefficient

Planetesimal scattered by protoplanet
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Pebble Accretion

Rapid growth of gas-giant cores by pebble
accretion

Show affiliations

Lambrechts, M.; Johansen, A.

The observed lifetimes of gaseous protoplanetary discs place strong constraints
on gas and ice giant formation in the core accretion scenario. The approximately
10-Earth-mass solid core responsible for the attraction of the gaseous envelope
has to form before gas dissipation in the protoplanetary disc is completed within
1-10 million years. Building up the core by collisions between km-sized
planetesimals fails to meet this timescale constraint, especially at wide stellar
separations. Nonetheless, gas-giant planets are detected by direct imaging at
wide orbital distances. In this paper, we numerically study the growth of cores by
the accretion of cm-sized pebbles loosely coupled to the gas. We measure the
accretion rate onto seed masses ranging from a large planetesimal to a fully
grown 10-Earth-mass core and test different particle sizes. The numerical results
are in good agreement with our analytic expressions, indicating the existence of
two accretion regimes, one set by the azimuthal and radial particle drift for the
lower seed masses and the other, for higher masses, by the velocity at the edge
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Pebble Accretion
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Pebble definition

Geologist: particles 2 mm <d < 6.4 cm

Astrophysical: particles that drift

at 100 au for power-law disk
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A pebble disk
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No pebble accretion

(a) geometric (b) Safronov
Mp =107 Mp=5x107 _ _ _
7,=0.1 7,=0.1

* 1 au, solar-mass star, disk headwind 50 m sec!
Ormel (2017)




Onset pebble accretion

(b) Safronov (c) settling
Mpl =5%x1073 o Mpl =0.05
7,=0.1 7,=0.1

\“’

@ ~ _ ' 340 km

>
)

No Pebble accretion Pebble accretion



Onset pebble accretion
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The emerging paradigm of pebble accretion

Chris W. Ormel

Abstract Pebble accretion is the mechanism in which small particles (‘pebbles’)
accrete onto big bodies (planetesimals or planetary embryos) in gas-rich environ-
ments. In pebble accretion, accretion occurs by settling and depends only on the
mass of the gravitating body, not its radius. I give the conditions under which peb-
ble accretion operates and show that the collisional cross section can become much
larger than in the gas-free, ballistic, limit. In particular, pebble accretion requires
the pre-existence of a massive planetesimal seed. When pebbles experience strong
orbital decay by drift motions or are stirred by turbulence, the accretion efficiency
is low and a great number of pebbles are needed to form Earth-mass cores. Pebble
accretion is in many ways a more natural and versatile process than the classical,
planetesimal-driven paradigm, opening up avenues to understand planet formation
in solar and exoplanetary systems.

1 Introduction



