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Stages of Planet Formation

. Micron-sized dust grains coagulate into 1-
1000 km planetesimals.

. Runaway & oligarchic growth of largest
planetesimals to form planetary embryos.

. Embryos merge via giant impacts to form
terrestrial planets.

Stellar abundances and planet formation



Planetesimal Formation



Classical Models for
Planetesimal Formation
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Turbulence and Streaming
Instability
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Turbulent Concentration

Turbulent Concentration
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Turbulent Cascade Model
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Stable Clump Formation
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Turbulent Concentration
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Big Planetesimals Reproduce
Asteroid Size Distribution
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Runaway and Oligarchic
Growth



Runaway and Oligarchic Growth

Dynamical Friction
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LOG CUMULATIVE NUMBER OF BODIES
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e Collisions lead to

mergers and a
fragmentation tail.

Fragments swept
up easily, speeding
up growth.
Discontinuity In
mass distribution at
largest masses.
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Oligarchic Growth
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Late Stage Growth
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Oligarchic growth
ends when
embryos contain
about ¥2 mass.

Dynamical friction
becomes weak.

Embryo orbits
become crossing.



Late Stage Growth
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e Growth is
slow.

* Punctuated

by giant
Impacts.
 Dynamical
friction still
operates.



Hit and Run Collisions

Asphaug 2009
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Hit and Run Collisions
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Eccentricity Eccentricity

Eccentricity
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Pristine

Hit and run

 Most embryos
undergo hit &
run collisions.

Growth Is
slowed further.



< |
(]

semimajor axis

Artymowicz

McNeil et al. 2005 time [Myr]



Effect of Glant Planets



Clearing the Asteroid Belt

Sun \ / Juplter

N L

Credit: J.E.Chambers Resonances



al:

10*

¥,

-
- -
.
L]
-
.
. /
. / 7
>

Jupiter

Clearing the Asteroid Belt

— 20 Myr
o

- -~
et e
,/) ¥
, \
- \
AN
L] \\
. L] Y
. . i
. \
. . \
e s " \
. \
. : e . \
. - |
- - 'Y
© @
& R .
LI } . . |
. . . [ |
o
2 . o 5
. s .
/
.y . L

P
. -
A M N R [ g,
— / M x7v
/ 400 Myr
~
/ =
\\\
™
.\

Chambers & Wetherill 2001



exp(—/7,)

0.01

0.001

0.0001 ==

Nagasawa et al. 2005

Sweeping Secular Resonances:
“'Dynamical Shake-Up” Model
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Orbits of Jupiter + Saturn
Affect Terrestrial Planets

Current Giant Planet Orbits
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Glants Destabilize Nearby
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Giant Planet
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Stellar Elemental Abundances
and Terrestrial Planets



<solar twins>)
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[X / Fe] (Sun - Augmented Sun)

Signature of Terrestrial Planets?
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Abundance Slope
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Missing Mass of Rock
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e Mass of rock
missing from
stellar CZ can be
estimated given
slope + metallicity.

e Missing rock is
upper limit to
mass of terrestrial
planets.



Planetesimal Formation
Depends on Metallicity Z

Formation Formation
Independent of Z Increases with Z
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Planet Metallicity Connection
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The End

Chambers 2001
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