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Some reflections




Some anecdotes
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Density waves in rings




Protoplanetary migration

The results obtained here can be used to study the dynamics
of both planetary rings and solar system formation. It may be
of interest to investigate the dynamical evolution of several

protoplanets in a disk. It may also be of interest to examine the
possibility that there may have been, at some stage of solar
system formation, a protogiant planet interior to the orbit of
Jupiter that has evolved into the protosun. Finally, the results

presented here may be relevant to the evolution of fragments

according to the fission hypothesis. We shall consider these
1ssues elsewhere.
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Progress on the observational front
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Gas giants: some key issues

* Did most gas giant form through core accretion or
gravitational instability?

Yi Feng 2/42



Planet Mass (M;)

Long-period massive planets
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Core accretion paradigm




From dust to protoplanetary embryos

o At the snow line, local conditions are
such that the drag force reverses
direction. Graims tend to accumulate

1 Small graims are swe ‘the gas, but
D crains cullide, clump and grow. [ 2] ek mim“:“h"!ﬂ' !m
2 drarg force and spiral in.

Bipolar
outflow

Infalling dust

KEY

“-* interstellar dust
B nebula dust The embryes nunowt of raw material and stop growing.

..+ ChAls and refractory materials
+ %+ chondrules

planetesimals Zhang Yuan

Hulbirt,



BN . The planet exchanges angular
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Gas giants: some key issues

e |s there a prefer location for gas giant formation?
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Planet-disk tidal interaction

Total tidal torque: f
=T+ =f(p,a,p,,d,P,,aJ
Iy = (q/hY i,

p and q depend on disk structure &
P,,4.,P., and g, also depend on m,
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Gas giants: some key issues
e Can cores form prolifically?
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Gas giants: some key issues
Is there a threshold mass for gas accretion?
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Disk frequency (%)

Gas giants: some key issues
e |sthere enough time for gas giant to form?
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Gas giants’ asymptotic mass

"ENLARGING THE FAMILY

The first gas glant paves J A
the way for others. The' T
gap it clears out acts as
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Gas giants: some key issues

e How did multiple gas giant system form?

Zhang Xiaojia
:a;
("

Orbital Eccentricity

Liu BeiBei
Astrometry, microlensing, direct imaging
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Gas giants: some key issues

* How did gas giants acquire their eccentricity?

Il. Gap Formation

1. Initial Disk

f Bryden

IV. Resonant Configuration

VI. Disk Evaporation

V. Inward Migration

Jilin Zhou
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giant gap in the disk

140 astronomical units

‘l'.rh .

20 4

0.3"

LkCa 15 disk

LkCa 15

W
/11AU

(76 mas)



Multiple embryo’s type | migration
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Multiple embryo’s type | migration

4 planets of 10 Earth mass
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Semi-axis

Eccentricity

Five planets' convergent migration in un-uniform disk structure
Consider planets merging when separation < 6 Earth radius
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Semimajor axis (Ald)
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Gas giants: some key issues
e How prevalent is gas giants’ migration?

e How do lone gas giants migrate?
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Smoking gun for core accretion (KOl 94)
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Mass Accretion Rate (A7 /year)

Stalling of planets inside & at the
magnetospheric truncation radius
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Planet Fraction, f(M,F)

Paucity of hot Jupiters around hot stars
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Super Earths: some key issues

Did super Earths assemble in situ or form at large a and migrate?

@ Jun 2010 © Feb 2011 @ Feb 2012
L ]

Size Relative to Earth (Radius)
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Orbital Period in Days

The embryss run out of raw material and stop growing.




]

Super Earths: some key issues
* How to identify in situ assembly?
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Super Earths: some key issues
e What determines the period distribution?

@ Jun 2010 © Feb 2011 @ Feb 2012
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Type | migration with evolving disk

» Transiting location move inward
»Mass region corresponds to
outward decrease slightly
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Super Earths: some key issues
How to differentiate type | and Il migration?

0.5 ==
.
A

0.0 | Sub/warm Earths
70> Neptunes
= SuperEarths
< &4
D .
o Gas giants

QOO0 OC

rstar
_20 E
235 8.0

Hot Jupiters park
Closer than
Super Earths

Kretke

31/42



20

» One: 1425

Two: 490

| = Three: 252

Four: 108
Five: 40

| ® S

011] { | IERRERITI, Jiifd
T T T T T T L | T T T T T T T L |

10 100

radius / Rstar
Migration of a Super Earth in protostellar disk around a

magnetized T Tauri star. The Super Earth: (a) grows &
migrate inward to inner-edge; (b) migrates slightly outwards
with the expanding disk inner edge; (c) halts migrating after
gas is mostly depleted. (Ju et al 2012 in preparation)
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New Candidate Catalog (Batalha et al. 2012)
What can we learn from Multiple systems !!!
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Super earths: some Key Issues

* Did planets capture each other and parted their ways?
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Super earths: some Key Issues

Can tidal dissipation really cause orbital evolution at large a”?
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Super Earths: some key issues

 Can type | migration be resurrected at the late stages?
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Other issues

Late-stage evolution in debris disks

Post formation dynamical evolution

Non planar planetary systems

Planets around different mass stars

The role of elemental differentiation in natal disks

Planets in binary stars

Planets around stars in clusters

Planets’ magnetic and tidal interaction with their host stars
Planets’ consumption by their host stars

Planets’ survival around evolved stars

Planets’ internal structural evolution

Planets’ atmospheric dynamics

How is habitability affected by dynamical interaction between planets
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Summary

Theory is an useful exercise for the interpretation
of data and planning of exploration strategy.

Planetary astrophysics is a rich discipline which can be
tackle at all levels.

Planet formation is a robust process and their
dynamical architecture is diverse.

Migration played a big role in their final destiny.

Theory of planetary astrophysics is relevant to many
other astrophysical contexts.
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