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hallenges to Theory

From the Solar System with circular orbits...

Terrestrial Gas Giants [ce Glants

...to the diverse population of exoplanets.
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Olanetesimal Formation

—> Idust = 1 CMm

 Dust and ices in disk condense, coagulate, settle

Collisional
growth

Meter barrier?
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Johansen & Youdin (2007)

“(...) the current SFD of the asteroids requires that the

minimal size of the tnitial planetesimals was (...) 100 km.”

Gravoturbulent
formation

Planetesimals born big?

Johansen et al. (2011)

Ceres, v ~ 470 km

> Morbidelli ef al. (2009)




Gormation of Protoplanetary Embryos
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Further growth by migration, more massive disk, ...?
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orming Terrestrial & Low-Mass Planets
| After gas dispersall

""" — [ Veo—Vesc

l.e. after gtant planet formation!

Strong radial mixtng!

. Orderly * Tiom ~ 108 yr
Mf:o

* M<30M.orR< 4R, with P <50 d planets occurrence
Fringes = 40 76 fhepler = 30 70 Often multiple systems! Up to 30 7 n HARPS!

Formation of close-in dynamically packed systems?

lda <t al. (20713)
 Mutual capture in MMR & migration
-» Disk dispersal: Orderly growth

Chiang & (:aughfl'w (2013), .Hawsew & Murray (2013)
* |n-situ formation? MMEN ~ -8 x MMSN

m| Distinguish using
Haunds <t al. (ZO'I‘(’). . _ SPQCtr.a, IV,I;R
e Inward migration of final system? relation’




&iant Formation: Gravitational Instability

* Planet formation by partial collapse of selt-gravitating disk:
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* Unlikely inside 40 AU!

From analytical arquments.

Toomre (1964%)

e Needs massive disk!

Early, durtng disk formation?

e NoO consensus so far!

Boss of al., Mayer <f al., Nelson <f al., Boley <f al.
Cai ot al., Stamatellos & Whitworth, ...

 Possibly atr > 100 AU!
Boley (2009)
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Gammie (2007): Collapse on timescale Q7.
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flant Formation: Core Accretion c.o. vollack <t al. (1990)

Attached Phase Detached Phase
| Tenuous envelope I11
Embryo — Miso ~ 10 Me Menv = Meore: ~ “Collapse”
outside, close to iceline Misuwo (1980 steverson (982) g asi-static
11 Rol ~ RHil v |
Mgas from contraction Disk-limited Mgas
[ncreases solid feeding zone! _
Accretion shock!
Gas drag: Reapture ./~
| lot Start? [
Planetesimal break-up Cold Start?

“Core-assisted gas capture tustability’ another possible method? — Sergei Nayakshin's talk!



ciigration Important right from the start: 51 Peg b |
Co-rotating frame

* From simple model (impulse approximation)

 Low Mpi: Type-| migration

sothermal disk: Tmig ~ 104 yrs

Too short!
Isothermal & adiabatic torques?
[wward! Outward! Covergence zones?

* High Mpi: Type-ll: Gap opens!

p
i > H (Tmig = Tvisc )
Slow! For high My even slower!

kTgap < Tvisc y

Other processes for close tn planets are possible: Planet-planet interaction, Kozai migration!



Observed

statistical properties

Explain / Predict
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heory — Observation: Connection

Population
synthesis

lda & Lin (2004)
Alibert <f al.
Mordasint <f al.
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Oneory — Observation: Comparison

(v') - Giant planet frequency - [Fe/H]star
(v') - Giant planet frequency - semi major axis

- Giant planet mass distribution

v
/7 - Formation of close-in packed systems

*~NJ

Origin of planetary atmospheres

From uebula? From collisions? Outgassing? Evaporation?

*~NJ

Large eccentricities of planetary systems

Sautos <t al. (200%), Fischer & Valenti (2005), Udry & Santos (2007), Marcy <t al. (2005), Mayor <t al. (2011), lda <t al. (2013),
Chiang & Laughlin (2013), Hausen & Murray (2013) Hands ot al. (201%), Fabrycky & Tremaine (200%3), Adibekyan <t al. (2013),
Mordasini et al., Alibert <t al., Schlaufmann (2014), Dawson & Murray-Clay (20713)



lanetary Spectra from Formation?

Formation k d\ Composition k d\ Evolution k \D Atg;ﬁiﬁﬁreerlc m Spectrum

van Boekel of al. (in prep.)

Molliére et al., in prep.
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* Planet formation models encompass many pProcesses

Collapse e Formation of the disk e Disk chemistry e Disk evolution e
Planetesimal formation e Grain & planetesimal drift & migration e
Planetesimal dynamics e Dynamical coupling of EGP and planetesimals
e Planet formation mode e Planetary migration e Evaporation e Planetary
structure evolution e Planetary atmospheres, atmospheric dynamics e ...

Many individual processes and their coupling have to be
understood better and in a qualitative & quantitative way!

Thanks for your attention!




