Basic Theory
of Planet
Formation

« How can we explain with a single
theory how the varied kinds of objects
In the Solar System formed?
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Protoplanetary Disks: Proplyds

tars Forming in the Orion Neb
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Planetesimal Theory

Disk Mass = 1.0

t=10.0



t=15.0



t=-2.0 :



Movie



http://astronomyonline.org/Animations/SAO/SolarSystemFormation.mov�










Beta Pictoris ~19.3 pc away

 Rings in the Beta Pictoris Disk
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NASA and P. Kalas {STScl) » STSc-PACO0-02


http://astronomyonline.org/ViewImage.asp?Cate=Home&SubCate=Introduction&SubCate2=SS00&Img=%2FSolarSystem%2FImages%2FBetaPictoris%2Ejpg&Cpt=The+rings+of+Beta%2DPictoris%2E�
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Fig. 2. Aerial view of Gosses Bluff from the north. [Photograph by C. Zawartko]
1200 SCIENCE, VOL. 175






http://upload.wikimedia.org/wikipedia/commons/4/49/ISS007_Gosses_Bluff.jpg�

= Jupiter

Ateroids

II 3 [} . ..:I
.1 = | L-;I =
e T
- |LHJ#- k‘l II- I-.


http://en.wikipedia.org/wiki/File:InnerSolarSystem-en.png�










Comets — dirty snowballs of the outer solar system

/ _/
Shoemaker Basin



Comets Crashing on YouTube...

http://www.youtube.com/watch?v=161InQSY1ZQ



Terrestrial

planets
...Inner Solar System

Mars » Syrtis Major » March 10, 1997 HST « WFPC2



Jovian Planets Saturn

Jupiter
. ... different, why?

— Neptune

Desdemona

...outer Solar System



Temperature Profile in Solar
Nebula

SOLAR NEBULA TEMPERATURE GRADIENT

.
11
=
=
4
=
LLl
4
—J
-
=L
1 4
LLl
18
=
LLI
-

| —
0.5 1 2 3 10
DISTANCE FROM SUN (AU)




“Frost line”
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Common Planet forming materials

Gases Ices (condense @100-300K) Solids (condense ~1400K)
Hydrogen (H) Water (H,O) Iron (Fe)

Helium (He) Methane (CH,) Iron Sulfide (FeS)

Neon (Ne) Ammonia (NH,) Olivine ((MgFe)SiO,)

Carbon Dioxide (CO,) Pyroxine (CaMgSi,O,)



Formation of Jovian Planets

« Formation is similar to the smaller rocky
terrestrial planets, but they can also
accumulate ICE! (frost line)

« Once they get to ~15 times Earth's
mass, they can gravitationally attract
hydrogen and helium gas too!

« Thus we get massive gas-giant planets
INn the outer Solar System

. Leftovers are comets, asteroids (Kuiper
Belt and Oort Cloud)
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The Oort Cloud
(comprising many
billions of comets)

Oort Cloud cutaway
drawing adapted from
Donald K. Yeoman's
illustraton (NASA, JPL)

Oort cloud — pieces of the primordial Solar Nebula in a “Deep Freeze”... home

of most comets



How can we detect planets?

Direct Imaging

Astrometry

Doppler Spectroscopy
Transit Technique
Gravitational Microlensing



Direct Imaging: HR8799

Flarwel b



http://en.wikipedia.org/wiki/File:444226main_exoplanet20100414-a-full.jpg�

Direct Imaging: HR8799



http://en.wikipedia.org/wiki/File:444226main_exoplanet20100414-a-full.jpg�

Astrometry

Face-on
Good



http://upload.wikimedia.org/wikipedia/commons/2/2c/Planet_reflex_sm.gif�




Doppler Spectroscopy

Edge-on Face-on
Good... Bad....


http://en.wikipedia.org/wiki/File:Dopspec-inline.gif�
http://en.wikipedia.org/wiki/File:Doppspec-above.gif�

Transit Technique
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http://upload.wikimedia.org/wikipedia/commons/8/8a/Planetary_transit.svg�
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How many planets have been
discovered?



How many planets have been
discovered?

490!



Terrestrial Planet Finder



http://upload.wikimedia.org/wikipedia/commons/d/d0/Terrestrial_Planet_Finder_PIA04499.jpg�
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