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Observed Planetary Systems

1543: Copernicus: Revolutionibus
1576: Digges: Universe infinite?
1600: Bruno burned

1604: Kepler's Supernova

1609: Galileo's telescope

1618: Kepler's 3 law

1687: Newton: Principia
1698: Huygens: Distance to Sirius
1755: Kant on planet formation

1781: Herschel: Uranus
1796: Laplace on planet formation

1838: Parallax measured
1846: Adams & Le Verrier: Neptune

1925: Hubble: Cepheids in “nebulae”
1926: Eddington: Sun's energy
1930: Tombaugh: Pluto
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* First multiple planet system discoverec I aroun

sequence (F8V, 1.3 M., 3Gyr) star in ¢/

* Now have ~ 450 radial velocity observ.
precision limited by stellar jit er of ~

* v And ¢ & d have significan
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* Significant secular eccer
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Future Observationa
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Orbital Migration

* What causes hot-Jupiters to migrate?
* What halts migration? Survival?

® Clues from observed distributi

-

* Early pile-up of Hot Jupit //

* Recent detections of 1 / I T

w

P < 3d, suggestmg
* What is the theore



Roche Limit & Migratio

Mp

 Roche Limit (a,): 7= o462z ( M. ) '

* Theoretical limits on orbital migration:

— Slow 1nspiral: Predicts edge

® Gaseous disk

* Planetesimal scattering

bly e
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— Circularization of hig
pericenter distances

* Secula /
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Future Observati

* Smooth migratio
* But planets in re /
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Violence 1n the Solar Systemn:

* Mercury large density
* Mars-sized Earth-impactor crea
* (iant planet’s irregular sate
* Uranus’s obliquity //
* Neptune’s retro gra

* Excitation of Kui



Formation of Uranus & Neptune

-

* Problem: Standard timescale to accrete Ne

in situ at ~30 AU exceeds 4 Gyr /

* Possible Solutions:
a) Form Uranus and Neptune clo
(Thommes et al. 1999; Tsige /// 7

/// _

b) Majority ot disk mass
effective gravitationa / /////;//
rates (GLS = Goldre
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Outline of GLS Scenario

Thommes et al. 99, 02
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