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|) Planet formation models

Planet growth
Disk structure and evolution
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2) First generation population synthesis models

Initial conditions

Reproducing planet observations
3) Second generation population synthesis models

Using disk observations
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Planet formation
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The core accretion paradigm
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Extended models

1) “standard” core-accretion model predict formation in few Myr
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not possible
2) disk evolution

3) type I and type Il migration

The model is kept as simple as possible: No tricks,
everything is “standard” but considered together...
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Models overview
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Planet’s solids accretion rate
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Planet’s solids accretion rate
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Planet’s internal structure

Internal structure equations

1) dr” L mass conservation

oo 2 .

dm  47mp
dP G Meore . cep

2) — = — (m + ) hydrostatic equilibrium
dm 4mrrd
dl’

3) = Vaq Or V,uq energy transfer

dP
L = Lplanetesimals

Envelope mass derives from the condition Rpjanet = Rails

Gas accretion rate limited by disk properties
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Planet’s internal structure
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Models overview

Migration
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Disk model: gas

r r + dr photoevaporation
# hydrostatic equilibrium
|
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| | l(;—P = —0?%2
| l p oz
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photoevaporation o —l6roT?0T

l » diffusion equation for radiative flux

3kp 0z

B = o pL/2 3.,
dt r or g 6’7°V g * (r)

Photoevaporation model from Veras and Armitage 2004
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Disk model: gas
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Disk model: gas
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Disk model: gas
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Disk model: planetesimals
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Models overview

Migration
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Migration - type |
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Migration - type |
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Migration - type |

B Type | (low mass planets):
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Extrasolar planets

#® Huge diversity resulting probably 7 Foortiaris  cangtr
. - ﬁ‘,? Dlﬂ:oEOb .’IDIM 62 0
from different ICs: b . :
g@ -
® Protoplanetary disk g 102 & =
o o £ 'v“ N Tonan @s5Cnet ]
» Met.aII|C|ty " *:ﬂ*ﬁ:ﬂ . el
® Environement o 101 | Sl °
E .Gnesetz%dbﬁ.%f;:gc e 3
#® To explain the observations, P e o
need to take into account oL 10!
a A

) the ICs, with the correct probability laws
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= Monte-Carlo approach
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Initial conditions
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Evolutionary tracks: the full population
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Bias (radial velocities)
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Influence of disk M
e -

an “observed” disk...
—>» Disk lifetime ?
—>» Disk mass ?
—> Heating sources ?
—> SED and evolution ?

Consequences on
planetary population
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Disk lifetime ?

2.0 Msun
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Alibert, Mordasini, Benz, in prep
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Disk lifetime ?
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Taisk o< MY Taisk < Myt ™ for M > 1.5Mg
Kennedy & Kenyon (2009)

T | T T T T T T T | T |

10* l e, * 10*

E ] . ® 0..' E

I . o LY -

L %% 0 ..? "". 2 le i

A 0|

— e L 4 d =

1000 ¢ . .‘;r‘f., () Bty 1000
? C 3 o. X % C s

I g [
B B ! : _U

g . 5

100 £ * 5100 |

3] - = C

= [ A = [

10 | g 3

12 a ]

0.1 1

no Hot Planets

few warm planets
statistical comparison with obs ?

Alibert, Mordasini, Benz, in prep
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Disk lifetime ?

on Haisch et al. 2001 Mamajek 2009
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Disk mass ? AL L

e Muzerolle et al. 2003
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Disk mass ?

Mdisk x Mstaro

Mdisk x Ivlstar2

Alibert, Mordasini, Benz, in prep
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Heating sources

|) viscous heating

9 2
Iyise = ZPVQ ~ali viscosity oj—

2) irradiation

\ eq. value: 9/7

irradiation flux added to the surface flux (due to mass accretion)
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Heating sources !

10* | ° .
: ] * '..
L . Sog’ ....: .
: [ 3 ':oo . ‘...'::
. ® e - .'..'ﬂ: o.
1000 . PR Y
7 : ¢ ..: t \":-
o : o [ . 0. ‘:
E | .. o.~' -:
< .
"s'_" .
£100 |
= e
=
10

0.1

0.08

1on

0.06

Norm. Fract
©
o
o~

0.02

L1 1111

0 1 llllllll 1 llllllll 1 llllllll

10 100 1000
M [Earth Masses]

—

10*

M [Earth mass]
o
Y

10

0.1

0.08

1on

0.06

Norm. Fract
©
o
o~

0.02

Fouchet, Alibert, Mordasini, Benz, in prep

Friday, December 4, 2009

1 llllllll 1 llllllll 1 llllllll 1

—

10 100 1000
M [Earth Masses]

10*

1000

—

M [Earth mass]
o
S

0.08

Norm. Fraction

0.02

o
o
ey

o
(=]
=~

=0.1

ki

10

o
=

0.1

11 lllllll

10*

o 1 llllllll 1 llllllll 1 llllllll

10 100 1000
M [Earth Masses]

—



Heating sources ?

f1=0.001 f1=0.1 o
jO‘j‘ ‘ | '.C‘;“ ' -
1000 | | 1000 |

Irradiated dis

Ks are hotter o (3]

H/R larger than non irradiated

type |l for larger masses

I

need larger type | migration to collect mass
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SED and evolution ?

No inclination, gas and dust in equilibrium, etc...

Sicilia-Aguilar et al. 2006
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Friday, December 4, 2009



SED and evolution ?
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Many thanks to Luisa Rebull and collaborators for providing the
unpublished Spitzer photometry

Friday, December 4, 2009



Conclusions

efirst generation extended models allow quantitative predictions and can:

- reproduce the diversity of the exoplanets
- fit RV data for G stars, with high KS values

e disk structure and evolution is a key ingredient for these models

esecond generation of models will focus on comparison with disks:

- disk properties for different stellar type
- disk evolution / SED

WE NEED YOU
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