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Habitable zone 

X-rays and extreme 
UV flux Photoevaporation

Magnetised star 
rotates

Overview
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Rotation and Activity

Stellar 
Activity/Winds

Rotation   +   Convection

Rossby 
Number

= 
rotation period

convective turnover time

Stellar 
Dynamo Metallicity Mass
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Metallicity

Higher metallicity Increased opacity

Deeper convection zone

Convective turnover time increases

Rossby number decreases 

Stellar activity increases

Lower luminosity

Lower effective temperature

Habitable zone distance decreases



Metallicity

See et al. (in prep) 

Rotational 
Evolution 
(angular 
momentum)

XUV flux 
evolution 



LEAPS 2022 7

Atmospheric Mass Loss

See et al. (in prep) 

P0 = 1 
day

P0 = 10 
days
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Summary

At a given age, atmospheres of planets in the habitable zone 
around metal rich stars lose mass faster than metal poor stars.

Metallicity is important for:

• Stars with masses close
to solar mass

• Stars that were initial 
slow rotators 

The initial atmospheric 
mass of the planet 

determines whether stellar 
metallicity will be important 

in its evolution. 
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Atmosphere Mass Remaining 
at 100 Myr and 1 Gyr

See et al. (in prep) 
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Atmosphere Mass Remaining 
at 100 Myr and 1 Gyr

See et al. (in prep) 
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Atmosphere Mass Remaining 
at 100 Myr and 1 Gyr

See et al. (in prep) 
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Integrated XUV Luminosity
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Habitable Zone Midpoint
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Population of host stars

All confirmed exoplanets Planet Mass < 5 Earth Masses 


