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Basic Motivation

1 To provide a scenario foapid gas & ice giant formation
2 To infer thedynamical structure origin in the Solar System
3 To extrapolate the existence of extrasolar Eartle-planets

Core Accretion Scenario: Relevant Processes

1. Planetesimals dynamics

2. Gas accretion onto cores

3. Planet-disk interaction

4. Secular interaction between planets

Main ingredients:

1. Gas, 2. Grain, 3) Planetesimals, 4) Embryos, 5ptes
Slight departure from minimum mass nebula
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Avallable planet building material
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Observational limit: Weak gas depletion
2 X minimum mass time constraints: 10My
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Formation of the first aas mant
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~ Requirements:)
(1)— 1) Local enrichment or

2) Erosion of massive cores
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Limited Accretion onto Cores
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Time interval between successive gas-giant formation
is comparable to the migration time scale
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Sweeping secular resonances

Precession due to
planets’ interaction
with disk and planets- ...

. Resonant [ %4, | 1. -
secular ©r o
. T fperturbation -
Tof M gisi My, ¢
(Ward, Ida,
L ] Nagasawa)
S Ups And fime
Tidal dlsruptlon of hot Juplters
f P.=3day E_— : :
el i

(Bodenhelmer Mardling, Gu)

(o) Mo tieemn {d) observation .
g 10° geem S Observation:
~ aim%,q,ga;’él) No pile up
& 107 E e gs:;ﬁa@’,,ig 2) 3-day cut
5 w4 of
=] b = L 3
3 oty -7 = "
= E -~ 3 Proposition:
IIII| 1 IIIIIII 1 IIIIIIII N N -
— I .o+ Tidal disruption
a [au]

Douglas Lin, UCSC (KITP Planet Formation Conference 3/19/04)




DYNAMICAL SHAKE-UP DURING DISK DEPLETION

Dynamical shake up (Nagasawa, Ward)
Bode’s law: dynamically porous terrestrial planets

orbits with low eccentricities with wide separatio

Evolution of protoplaneis

Making e~0 terrestrial planetary system

Next stage of the oligarchic growth
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Transition to Metastable Systems
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Gos, dust(x100) density

Gas, dust(x100) density

Clearing of debris(Takeuchi. Clarke
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Post Depletion Dynamical Stability
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Post fas-gas-depletion embryo evolution
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Stellar pollutlon & Iate bombardment

Reduction of damping & precessi
Long time scales for clearing of
residual planetesimals [
Retraction of stellar convection zcz ;
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Summary & Propositions ﬁﬁ

|) Protoplanetary cores formed through enhanced coradem
of heavy elements at the sublimation fronts.

P) Gas damping & higl leads to rapid growth & large
isolation masses. Jupiter formed prior to the fasdemiagy
of terrestrial planets within a few Myrs.

B) Emergence of the first gas giants enhances passitil
sibling-gas giant planet formation.

1) Saturn & Ice giants formed prior to gas depletidaptune
orbital evolution is due to type Il gas migration.

b) Gas depletion cleared out the dust. Sweeping aecul
resonance + gas damping cleared the planetesimals.
h) Shake un led to the dvnamicallv norous confiaurmtibthe
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