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Planet Formation 
is an active and evolving field of research



Planet Formation

Solar System Constraints

Theory

Exoplanet Observations

Given initial conditions, 
putting pen to paper 

(plus computer simulations) 
goes a long way

Very detailed,
but only one system

Comprehensive statistics,
but limited scope of information



What is a planet?
• The IAU planet definition
• Upper limit – Deuterium fusion. 
• Lower limit – Combination of 

• Mass (enough to assume hydrostatic equilibrium – planets and dwarf planets).
• Orbital dominance (not dwarf planets).
• Dwarf planets are not planets (“pineapples are not apples”).   

• The Geophysical definition 
• Upper limit – Deuterium fusion. 
• Lower limit – Mass (enough to assume hydrostatic equilibrium – planets and dwarf planets).

• Dwarf planets are planets













Deuterium Fusion - Brown Dwarfs

Brown dwarfs are objects with mass 
below the Hydrogen Burning Limit of 0.08 M⊙



Mass Range

Hydrogen Burning Limit (80 MJ)
Deuterium Burning Limit (13 MJ)

13 MJ 80 MJ

Brown dwarfs StarsPlanets

DBL HBL
Deuterium Fusion Hydrogen FusionNo Fusion



Brown dwarf evolution
Deuterium fusion only lasts for 107 years !!

Irrelevant for structure



Brown dwarf evolution
Deuterium fusion only lasts for 107 years !!

Irrelevant for structure

M dwarf star

Brown dwarfs

Luminosity Surface Temperature

Core Temperature Radius

Planet



Solar System Planets

Any formation model of Solar System must 
explain:

• All the orbits of the planets are prograde

• All the planets have orbital planes that are 
roughly in the same plane (inclined by less 
than 6 degrees with respect to each other).

• Inner/outer planets dichotomy
• Inner planets are terrestrial: dense, 

rocky and small, 
• Outer planets are jovian: gaseous/icy 

and large.

Evidence from the Solar System



Evidence from the Solar System



The Solar Nebula

Nebular hypothesis – planets form in disks of gas and dust 
(Kant 1755, Laplace 1794) 

Evidence from the Solar System





The chemical composition of the Sun

Chemical Composition

Most abundant elements, in order: 
H (71%) He (27%) 
0 (1.04%) C (0.46%) 

Ne (0.13%) Fe (0.11%) N (0.1%)
Si (0.06%), Mg (0.05%), S (0.04%)

Evidence from the Solar System



Chemistry

H (71%) 
He (27%)

0 (1.04%) 
C (0.46%) 
Ne (0.13%)
Fe (0.11%) 
N (0.1%)
Si (0.06%)

Volatiles

Refractory

Evidence from the Solar System



Chemistry
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Evidence from the Solar System



H (71%) 
He (27%) 
0 (1.04%) 
C (0.46%) 
Ne (0.13%) 
Fe (0.11%) 
N (0.1%)
Si (0.06%)

H2 He 
H20 - Water  

CH4 - Methane
Ne 

NH3 - Ammonia
Fe, Si – Rocks (metals and silicates)

What will the chemistry of the mixture be?

Rock

Ices

Gas

Evidence from the Solar System



Classes of planets

Earth
Jupiter SaturnUranus/Neptune

Rocky Planets Gas GiantsIce Giants

Rock GasIce

Evidence from the Solar System



Snowline
Evidence from the Solar System



New Developments since the 1980s and 1990s

• Observations of Protoplanetary Disks 
(initial conditions)

• Discovery of the Kuiper Belt 
(frozen leftovers of formations)

• Discovery of extrasolar planets 
(confirm earlier ideas but also points to diversity of outcomes)



Evidence from the Solar System



Kuiper Belt
Evidence from the Solar System



Comets
Evidence from the Solar System



A majority of comets have parabolic orbits
Evidence from the Solar System



Inclination

Longitude of
Ascending Node

Argument of 
Perihelion

Evidence from the Solar System



Evidence from the Solar System



Chondrules
Evidence from the Solar System



Chondrules and CAIs

Slice of the Allende meteorite

Chondrules

CAIs

Evidence from the Solar System



FulguriteNebular Lightning?

Evidence from the Solar System


