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1. Overview
1. Including the definition of a planet

2. Extrasolar planets
1. Detection methods and associated biases
2. Populations and archietcture of exosystems
3. Comparison with Solar System

3. Extrasolar planets physics
1. How to go beyond «detection»
2. Physical characteristics of extrasolar planets
3. Atmospheres
4. Comparison with Solar System

4. Planet formation
1. From Star Formation to protoplanetary disks
2. Protoplanetary disks physics and chemistry
3. Planet formation and disk-planet interaction

5. Astrophysical consitions for the emergence of life

What we will cover
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Planets and Dwarf Planets
“Major” bodies of the Solar System, 
NB. Some satellites are larger than Mercury and some Dwarf 
Planets are smaller than our Moon

Solar System

Rocky Planets Giant Planets

Gas Giants Ice Giants

Dwarf Planets



Stable population of Minor Bodies
Stable means that their orbits have a high probability to be stable on 
the timescale of the age of the Solar System

Solar System

Dwarf Planets

Asteroids Belt
Kuiper Belt

Oort Cloud

Scattered Disk
Jupyter and Neptune
Trojans and Greeks

Regular and Irregular satellites



First generally accepted 
exoplanets discovered in 
1992 around a pulsar

Rapidly rotating neutron star

Subsequent searches show
that this type of system is 
not common



51 Peg b announced in 1995

First exoplanet found around a 
main sequence star, indirectly
by measuring stellar Doppler shift

Gas giant, 0.5 MJup, in 4 day orbit



1995 – discovery of 51 Peg b

2019 Nobel Prize in PhysicsMichel Mayor & Didier Queloz



Exoplanets



Exoplanets



Exoplanets populations
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1. Planet populations by detection method
1. Red: transit (mostly Kepler)

“Mini-Neptunes” and
“Super-Earths”

“Hot-Jupiters”

Solar System

Jupiter analogs



1. Most known planetary systems have a very different
architecture than the Solar System
Reality or bias?

Planetary architectures
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Weiss et al. (2018)



A common type
of planet has (M,R)
intermediate 
between the Solar
System’s terrestrial
and giant planets

“super-Earths”,
“mini-Neptunes”

Zeng et al. (2019)

Ineternal structure of planets



HL Tau, ALMA image

Planet formation



HL Tau, ALMA image

Planet formation



What makes a planet habitable?

Difficult and contentious question!

Define habitable zone as range of orbital distances
where liquid water can be stable on the surface

• Few if any “Earth analogs” (Earth mass, Earth
orbital radius, Sun-like star) have been found

• Possibly habitable planets are known around
lower mass stars

Habitability



Long-term goal: observe potentially habitable exoplanet atmospheres and 
search for presence / absence of 
biomarkers – constituents that on Earth are only present because of life 

O2 and O3 are generally considered best candidates

Habitability



Atmospheres evolution
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