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History

« 18" century, Swedenborg, Kant & Laplace
Nebular hypothesis

e 20t century, Chamberlin, Jeans & Schmidt

Planetesimal theory
Tidal model
Accretion model
Protoplanet theory

e Now, Safronov
Solar nebular disk model



Stellar system formation




Stellar system formation

Cloud collapse

Disk formation
Envelope dissipation
Planet formation
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Stellar system formation
Disk mass loss

M, ~0.01M,
M, = 0.3 M.

* Photo-evaporation
e Accretion

o Stellar winds

e Jets



Core growth

Planetesimal formation

o Sticking due to van der Waals interactions
e Growth to 1-100 kilometer sized objects

o Little gravitational influence

Oligarchic growth
* Planetesimals combine to protoplanets
e Gravitational force dominant



Core growth
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Two regimes
 Planetesimal growth €, = cCst M oc M*3
» Core growth el o MY M oc M2
M, >M,

d M, :; (M, /M) (MM —M¥3) >1
dt M, [(M,/M,)(M;"*-M,"*)<1

Runaway growth
Oligarchic growth



M = AM**(c, (0)—BM *?)
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Core growth

 Peak in mass at 5-10 AU
 Rapid decrease

1:earth = 108 y
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Proleplansl mass
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Core growth

Problems

« Incorrect for the outer
planets

« No radial migration N AV
considered

» Effects of gas simplified {2 I B
. Overestimation of mass (- \ AU =
* Numerlcal CaICUIatlonS -:l.-:":-11 ! "":"'1'0 ‘ 1c:| -:u.-:lc-11

yield improved results



The final step

errestrial planets:
Mars sized protoplanets merge

Gas giants:
The already big protoplanets accrete gas

lce glants:
“Failed” gas giant cores



After formation

" 101 Planets

 High eccentricities

for larger orbits .

» Due to planet ? o} SR
planet interactions % | S

o g * e

* Planet migration ok fBe St et
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Exoplanet detection
Star displacement

e Astrometry
(Hubble space
telescope)

 Radial velocity
(HARPS)




Exoplanet detection

Transits
e Spitzer telescope - sar
* COROI R Light_t:_:.we
Advantages Disadvantages
* Measures size * Piotec—0.47% at 1AU
« Atmospheric e Large chance of false

composition detections



Exoplanet detection
Spectrum analysis

Visible [NOAQO, HST inset) Infrared

wi

Embryonic Stars in the Trifid Nebula Spitzer Space Telescope * IRAC

NASA / JPL-Caltech / J. Rho [SSC/Caltech) ssc2005-02b




Exoplanet detection
Future programs

« Kepler mission, transit method, early 2009
« ESA's Darwin, direct imaging, 2015
» Terrestrial planet finder, direct imaging, --




Discussion
How typical is the solar system?

Features of the solar system
e 8 planets
e Circular orbits in plane

From observations

 Many single planet systems (bias)
* High eccentricities

 Many “hot jupiters”



