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Bern Planet Formation and
Evolution Model - Next Generahon

(Emsenhuber+ 2020, in prep)
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» 1D viscous accretion disk (Hueso&Guillot 2005)

» Planetary growth by accrefion of planetesimals (Fortier+
2013)

» Migration (Dittkrist+ 2014)

» Concurrent 1D Envelope Model and Planet evolution

and formation
(Mordasini+ 2012; 2015; Jin+ 2014)

» N-Body interactions (Alibert+ 2013)
» Many embryos per disk (up to 100) integrated for 20 Myr
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Initial Disk Conditions
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» Metdllicity: fz, = 0.0149X%
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10[Fe/H] [ Class
» Gaussian Distribution for .
[Fe/H] with 1~0.0,0~0.2 (e.g. Class II: 5-15 M-
Santos+ 2003) — Class 0: 248 M-

Disk lifetime Class |I: 96 M.

Disk Gas Mass
Disk Solid Mass

Inner Radius at corotation
radius (NGC 2264, Venuti+
2017)

» Dependencies with stellar 0.0 >
e 1.0 0.0 1.0 2.0 4.0

> Mgisi < M, log [Mdust](M@> Tychoniec+ 2018
» Lifetime independent lOg [Ml -, ] (M@>
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» Rotation rate independent 4/11
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Results: Mass — Semi-Major AXIS
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Results: Mass - Radius

» Observed planets for

CompOriSOH (NASA Exoplanet Archive
Nov. 2019)

» Relative error smaller than 15%
in M, R and M,

» No density spread for giants

» Inherent to model by using
fixed envelope-metallicity

» Less bloated hot jupiters in
population

Ice mass fraction
0.2 0.3 0.4

Synthetic Planets
s Trappist-1
+ Observed Planets

—— K2-19b
—— K2-19 ¢
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Results: Mass — Luminosity

160 Time: 1.0e+03 yr
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Results: Efficiency

» Conversion of solids to
planetary cores
decreases with stellar
mMass
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» Ejection of planets
» Ejection of planetesimals

» Eccentricity and
inclination distribution of
planetesimals
de? M
R G ey « VARVl

dt M,

1071
Mcore,sys/Mini
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Results: Dynamics
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» More resonant systems than 8
o X
observed 5
. Q)
» Cuts at 0.1 earth mass and periods e
of 1 year !
» Time evolution leads to larger I
period ratios HE
» More pairs in wider resonances for i | j
lower stellar masses e ;
. L i | :
» Sensitive to inifial humber and 3 / i — oam,
placement embryos 1] ; A
‘ i == 0.1 Mg, at disk dispersal
' E == 0.5 Mg, at disk dispersal
:. : == 1.0 My, at disk dispersal
i i = Observed pairs
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Conclusions

» Already at 0.5 M, giant planets are rare
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» Habitable planets are most common around non-ultra-late M dwarfs

» Conversion and conservation of solids in planets is more efficient
around lower mass stars

» More planets are in resonance around lower mass stars

» Trappist-1 system can be reproduced

» Requires a disk with a relatively high solid mass



Outlook

» Planetesimal and embryo formation model
» O. Volkel, H. Klahr, C. Mordasini

» Detailed comparison to CARMENES survey
» M. Schlecker
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» Pattern recognition using machine lecrning
approaches —

» L. Mishra, Y. Alibert, M. Schlecker, D. Pham
» Hybrid planetesimal and pebble accretion
» N. Brugger, Y. Shibaike, Y. Alibert
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