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 Summary

1) Overview of current knowledge on exoplanet population

2) Galactic habitability: the Galactic Habitable Zone (GHZ)

3) PhD work & goals

1



● First detection of an exoplanet around a Sun-like star: Nobel Prize 2019

● 5572 confirmed detections since 1995 (https://exoplanetarchive.ipac.caltech.edu/)
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● Different methods of detection:
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● Classified in ≠ categories:
– super-Earths

– hot / cold Jupiters

– and others...
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● Classified in ≠ categories:
– super-Earths

– hot / cold Jupiters

– and others...

● Detection of only a small 
fraction of all exoplanets:

– Instrumental limitations

– Systems configuration

● Where are habitable planets?
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  1) Overview of current knowledge on exoplanet population

● Definition of an “habitable” planet: 
– rocky planet

– can host liquid water (depend on star’s 
properties and distance)

– definition of the HZ, atmosphere, etc...

(HZ)
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X+Y +Z=1

Hypothesis: minimal amount of metals needed 
to form rocky planets

ALMA (ESO/NAOJ/NRAO)

Probability of forming rocky planets 
related to the star metallicity.
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● Can we find rocky planets everywhere in the 
galaxy?

– Metallicity is not uniform in the MW 

~ 8 kpc

From ESA/Gaia/DPAC; CC BY-SA 3.0 IGO, Stefan Payne-Wardenaar/MPIA.
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~ 8 kpc

From ESA/Gaia/DPAC; CC BY-SA 3.0 IGO, Stefan Payne-Wardenaar/MPIA.

Hayden+15

GHZ: the Galactic Habitable Zone
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~ 8 kpc

From ESA/Gaia/DPAC; CC BY-SA 3.0 IGO, Stefan Payne-Wardenaar/MPIA.
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SFR: Star Formation Rate

~ 8 kpc

From ESA/Gaia/DPAC; CC BY-SA 3.0 IGO, Stefan Payne-Wardenaar/MPIA.
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P_metal = probability of having a rocky 
planet around a star given its metallicity 

~ 8 kpc

From ESA/Gaia/DPAC; CC BY-SA 3.0 IGO, Stefan Payne-Wardenaar/MPIA.
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P_SN = survival probability of life given the 
local SN rate 

~ 8 kpc

From ESA/Gaia/DPAC; CC BY-SA 3.0 IGO, Stefan Payne-Wardenaar/MPIA.
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Lineweaver+04

Prantzos+08
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● Challenges: radial mixing induces a blurring of the GHZ boundaries
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Kubryk+13

simulations needed to integrate radial 
migration in the GHZ study
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● Simulate a realistic exoplanet population (ongoing)
– Solar neighbourhood 

– Kepler’s field

– entire Galaxy...

● Compare with actual observations (future)

● Study the radial mixing influence (future)
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● Simulate the Solar neighbourhood exoplanet population
– Simulation of a Galaxy similar to the MW

  3) PhD work & goals

Buck+20
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● Simulate the Solar neighbourhood exoplanet population
– Simulation of a Galaxy similar to the MW 4.556.857 

“stellar particles”

Buck+20
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Buck+20

● Simulate the Solar neighbourhood exoplanet population
– Simulation of a Galaxy similar to the MW

– Selection of the solar neighbourhood (SN)
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● Simulate the Solar neighbourhood exoplanet population
– Simulation of a Galaxy similar to the MW

– Selection of the solar neighbourhood (SN)

– “creation” of a population of stars

55.998 stars
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● Simulate the Solar neighbourhood exoplanet population
– Simulation of a Galaxy similar to the MW

– Selection of the solar neighbourhood (SN)

– “creation” of a population of stars

● Exclusion of stars too young/old

● Exclusion of binaries

40.605 
stars 
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40.605
● Simulate the Solar neighbourhood exoplanet population

– Simulation of a Galaxy similar to the MW

– Selection of the solar neighbourhood (SN)

– “creation” of a population of stars

– “creation” of 1 exoplanet per star
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● Simulate the Solar neighbourhood exoplanet population
– Simulation of a Galaxy similar to the MW

– Selection of the solar neighbourhood (SN)

– “creation” of a population of stars

– “creation” of 1 exoplanet per star:
● Semi-mayor axis: uniform distribution from relative                 to 
● Radius: uniform distributions from                    to    
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Main goals:

● Complexify exoplanet simulation
– more realistic radius and distance distributions

– multi-planetary systems

– others: include all types of exoplanets, include binaries, ...

● Apply an observational selection function to the simulated exoplanet population: compare the 
result with actually observed population 

● Extend the simulation to the entire galaxy

● Study stellar migration and its influence on the (past & present) GHZ boundaries
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Radial Velocity (RV)

Spectroscopy: ELODIE (OHP), HARPS (ESO), etc.

Credit: Las Cumbres Observatory
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Mayor & Queloz, 1995

K ≈ 60 m/s



  additional



~ 8 kpc

From ESA/Gaia/DPAC; CC BY-SA 3.0 IGO, Stefan Payne-Wardenaar/MPIA.

Chiappini, 2001
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Prantzos+08
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