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Key Theoretical Issues

1) What physical processes determine their mass-period
and size-period distribution?

2) How do dynamical architecture emerge around any
host star?

3) Why 1s there no super-Earth 1n the solar system?
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Populati

on synthesis model (PS1.1)

With planet formation & disk evolution
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Observable predictions: test
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Why do greater fraction of

metal-rich stars have gas giants
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Self-regulated clearing process
Restricted formation region
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Homogenous AF <5%G dwarfs

in Pleiaides stars (100 Myr old).



Paradox: building blocks are mobile

Hydrodynamic drag & drift towards the Sun
Snow Linebarrier during late evolution (PS 2.2)
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Back to the core accretion theory

Final stage in the accretion of the inner planets
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Corotation
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Type | migration in 1sothermal disks

I | The planet exchanges angular
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Type | migration in 1sothermal disks

BN | The planet exchanges angular
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Type I Migration
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Stellar Dipole
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Good conductivity on the planet’s
atmosphere 1s needed! Stellar UV
flux provides an 1onization source.
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Induced field drags the planet to co-rotate.
A planet’s orbit would decay/expand if
it 1s 1inside co-rotation radius.



HD 40307b,c,d
as failed cores
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Accretion onto cores

1. Phase 1: runaway solid accretion

2. Phase 2: solid and gas accretion rates
are small and time independent;
gas rate > solid rate

3. Phase 3: runaway gas accretion
4. Cooling and contraction

Cameron, Pollack, Bodenheimer:

10 M ¢+, cores needed to accrete gas
Lin, Papaloizou

M, needed to open gap& stop growth

Accrelion Timescale {Orbils)
g g 3

200 400 600

Challenge: how to retain 10 M., COr €S
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Env1ronmental 1mpact of gas giants
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Role of giant impacts: 1solated gas giants: PS3.1

Jupiter’s Clouds
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Secular resonances sweep .
during gas removal: PS3.3

Angular momentum
exchange, e-excitation,
damping & migration

Planets need initial
angular momentum deficit
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Formation of multiple planets: PopSyn3.4

THE UPSILON ANDROMEDAE SYSTEM

Wiater has been detected in the region around Upsilon Andromedae

Radial Velocities vs Phase
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Origin of eccentric planets: jumping jupiter: PS 3.5
Weidenschilling & Marzari (1996), Lin & Ida(1997),Zhou et al (2007)
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New version of population
synthesis models
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New population synthesis models I
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Comparison with observations
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Type | migration in radiative disks

Additional contribution to the corotation torque,

scalingwith theradial gradient of the gasentropy
Baruteau&Masset (2008), Paardekooper&Papaloizou (2008)

Radiative
Loc. isothermal

Additionalcorotatiéon

Torque on planet

50 100 150 200 250 300 350
. Time (orbits)

Depending on the gasentropy gradient (density and temperature gradients), and on
dissipation processes (viscosity and thermal diffusion), the additionalcorotation torque
canslow down, stall or even reversetype | migration! 32/37




New population synthesis 11
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New population synthesis 1.5
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Rocky versus 1cy worlds

.. Planet Mass™ vs "Planet rgldlus" (66)
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Some preliminary results
Prolific production of super & habitable Earths

Bimodal massdistribution: super-Earths mass less
than critical core mass.

Born again embryos have refractory composition
and tend to associate with gas giants

Failed cores have volatile composition and tend to
be by themselves

Super-Earths’ period distribution 1s less peaked due
to disk evolution and giant impacts

Very few resonant super-Earth systems

Bimodal period distribution signifies the extent of
type I migration 36/37



Outstanding 1ssues:

Fraction of stars with super-earths but no gas giants

Fraction of stars with gas giants but no super-earths
Eccentricities of gas giants in systems contain both
Eccentricity of super-Earth only systems

Long-term (non linear) stability and statistical
mechanics of multiple super-Earth systems

Stellar spin-orbit alignment for super-Earths
Tidal evolution, atmospheric circulation & evolution

Volatile retention during giant impacts
37/37



