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Definition of an habitable zone : 

water is required for life





Relating Mineral Physics and observables
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Large diversity of potential exoplanets

We need to refine the Mass/Radius ratio with

Mineral Physics tools



ESA

Exoplanets’ interiors

Pressure





Karakas et al, CoALa program, 2010

Fe
Si

C

Different star : different nucleosynthesis sequence



Graphite

Silicon carbide
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Presolar grains in the 

Murchinson meteorite



Possibility of high 

C/O ratio with

different condensation 

sequences

Madhusudhan et al., 2012 



Wilson et al, The Astro. Journal, 2014

Carbon-rich

exoplanets
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Phase diagram of SiC
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Phase diagram of 

Si-C binary system 



Thermal equation of state of of SiC

Possibility to reconstruct an hypothetic SiC based exoplanet
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Mass-radius relation for SiC-based planets

Earth-like and C-rich

planets present similar

M/R ratio

M/R plots are not 

sufficient to discuss the 

potential diversity of 

internal exoplanets

properties



Mineral physics approach Experimental petrology approach
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INTEGRATIVE MODELS FOR EXOPLANETS INTERIORS

Complex 

multi-phases 

systems.

Multiple 

mineral 

phases at 

specific P-T 

conditions.

Binary/ternary 

systems. 

Study of the 

physical 

properties in 

wide P-T 

range.

Miozzi et al. (2018)
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High Ca and Al planets formed
close to their stars

Planets without core



Garnet planets ????



Composition from the Hypatia Catalog

Resulting internal
structure

Sun Earth

After Spaargaren et al, Ast. & Ast., 2020

Earth’s twins and cousins
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Decaying shock

experiments on MgO



Reconstruire le diagramme de phase 

du MgO
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B1 
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Change of migration 

enthalpy of vacancies :

Change of viscosity in 

B2 structure?   
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MgSiO3 dissociation
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But even more 
complicated



Van den Berg et al, Icarus, 2019



Internal dynamic of a 15 Mearth planet
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Beta-pictoris: direct imaging



Young planets
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Ocean’s worlds

Future characterization of cryo-volcanism? 
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Final feeling for conclusion




