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Abstract

New numerical simulations of the formation of the giant planets are presented, in
which for the first time both the gas and planetesimal accretion rates are calculated
in a self-consistent, interactive fashion. The simulations combine three elements:
(1) three-body accretion cross sections of solids onto an isolated planetary embryo,
(2) a stellar evolution code for the planet's gaseous envelope, and (3) a planetesimal
dissolution code within the envelope, used to evaluate the planet's effective capture
radius and the energy deposition profile of accreted material. Major assumptions
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* Hill Dynamics (how cores grow)
« Growth rates (how fast cores grow)

* Isolation mass (how massive cores grow)



Problem

* Growing planets by planetesimal collisions.
 There are a trillion planetesimals.
e Statistical treatment needed

Aims

e Find collision rate for planetesimal distribution
 Determine outcome of collisions
e Putit all together in a model
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Collisions with Gravity

Vf'mS/Z

Impact parameter b

Vrm5/2



0.03 i T T T T T T T T T T

T T 1 I TYIIIII 1 I Illlll] 1 1 ITITIII 1 1

e 470121y

0.02 |- ] _ |
v i ]
0.01 |- 17 R AL R Sy TR 3 :
WL \'r '~_"’.-' i " Y ";: ‘,p‘w' v A. ‘ AR 100 - /// g
o L SR S R B e A e R A - : .
0.96 0.98 1 1.02 1.04 - ]
a (AU) Benzetal. | i
0.03 — — — P a : |
N ' ' t= 10969.1 y ' ” ;
[ ° ] % : 1
0.02 - o g K ‘.0 ] E :
- Q o ] H
o : ° i 0o o ° ° ? . 0.0 .oo 0 ‘ o -t E |argest bOdy
0.01 o "%8 . Q)Q o° : 1y ‘ 0 of ‘ [ ¢ T R — ........... o P SIS MU e i AR S IEACOAPORIRS oL - o N mEM -
SRR ¢ 3 : . :
i : 8o "
0

g ¢ * ' t= 208628 y . 3 )
002 | g % . o fe. e :
: ! 0 g o 0 o]
g ' %, B e  ecait! A average |
00 1 1 | N | I - LLLI l,ilf,lflfl,l,l,l,l 17LfL,L,LJ,Lli 171;
: 10 100 1000 104

time (yr)

Formation of a few Ta%)e bodies well The largest body is growing faster than the
separated (~ 5 Rhiis). Note their low average body. It decouples from the
eccentricity background planetesimals.
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Hill (local) approximationx




Hill (local) approximation

A !

Hill Radius U
Ry =a [Mplanet / (3Mstar ] s




Hill Sphere = Roche Lobe




Planetesimal Accretion is inefficient

Polanetesimal scattered by protoplanet

gross-section (capture radius)

Hill radius



Shear dominated
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Regimes of Accretion
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Core Accretion and Oligarchic Growth
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Core Accretion and Oligarchic Growth
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