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Magma ocean exoplanet = Early Earth!?
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“Eta Earth”

Fraction of Sun-like stars with Earth-like planets on Earth-like orbits

larger Lthan Jupiter

|0-20% (Bergsten+22)
cf. 6-227% (Petigura+t| 3)

Jupiter

Neptune

technically an
extrapolation
from Kepler data
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 The Milky Way Galaxy (actually)
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. Hubble Space Telescope
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Protoplanetary Disks HST - WFPC2
Orion Nebula

PRC95-45b - ST Scl OPO - November 20, 1995
M. J. McCaughrean (MPIA), C. R. O'Dell (Rice University), NASA
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Atacama Large Millimeter Array

DoAr 25 Elias 24 Elias 27 DoAr 33 Andrews+18

WSB 52 WaOph 6 AS 209 HD 163296
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Sticky particles

Energy balance +
Hertz’s law of contact

,75/6

e Y
| Ustick E1/31/255/6
}) Blum J, Wurm G. 2008,
\ Annu. Rev. Astron. Astrophys. 46:21-56

~ 0.1 cm/s

for s ~ 1 mm

Sticking up to,
but not beyond,
cm sizes




Connelly+12
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.4:— Pre-stellar core phase

CHONDRITIC METEORITES

E Prote-Solar molecular
—
cloud collapse

® 0.1-1 mm igneous spheres
® > 30% volume fraction
® near-solar composition

- +— CAl condensation and melting

® 4.562-4.567 Gyr old

Impact-generated chondrules —» [}
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COMPLETE SLICE OF THE SINGULAR GUJBA METEORITE



Terrestrial planet formation
L BN BN L LR L
by giant impacts Oyr

o o
LAV I -

o

© o
[\ VI N

© o
o N »

© o
N p

of—. ,

ottt O

1 II.I 1 1 I 1 1 1 1
1 1.5

© o
o N » O

o Illlllllll

of
m-
it
o

0.2 -0100.1
Kokubo & Ida 12 a (AU) Z [au]




Formation of the Moon: the last giant impact

SwRI/Canup Barboni+17

Moon is 4.51 Gyr old
CAls (oldest meteorites) are 4.56 Gyr old (“t=0")

".Moon-forming impact occurred
4.56 - 4.51 Gyr = 0.05 Gyr = 50 Myr after CAls
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