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2600 K < Ters < 7200 K climate model
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0 Rin = Runaway greenhouse : net positif feedback of GH effect (Tsurt > 647 K), ocean evaporate entirely

[0 Rout = Maximum greenhouse : Rayleigh scattering by CO- reduce GH (Tsurf = 273 K)
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Habitable Zone

Impact of:

1) HZ prescriptions => small

2) Stellar models (i.e. Input micro-physics) => small
3) Stellar mass => dramatic effect on HZ

4) Metallicity => dramatic effect on HZ

9) Stellar rotation => marginal effect

6) Stellar activity => depends on the mass
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Stellar activity

dr
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High stellar
activity during the
early PMS
when HZL closest
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Magnetic protection

Minimum magnetic field required min A ...
. | > paco W iel VVidotto et al. (2013
for magnetic protection aabhbibihlah b

B BCool
‘A MaPP (T Tauri)r

N
Rossby number

B. = Ro™

But planet fixed at 1 AU! => orbital evolution?? Tides??
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With the courtesy of Dr Boimont

Tidal diSSipatiOn and Dr Mathis

Dissipation spectra
Sun, 10 days

Tidal formalism
currently too heavy
to be implemented
inside secular code!

Dissipation
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Excitation frequency

Order of magnitude of tidal dissipation along stellar evolution

=> frequency-averaged dissipation and equivalent tidal quality factor
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Grid of tidal qLuality
factor

(] Variation over several order of magnitude:

e amplitude on MS increases with mass (thickness of the CE)

¢ Importance of coupling structural and rotational evolution
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Grid of tidal qLuality
factor

(] Variation over several order of magnitude:

e amplitude on MS increases with mass (thickness of the CE)

¢ Importance of coupling structural and rotational evolution
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Tidal interaction modeling

with Q’ = cst
Standard tides model

Model Bolmont & Mathis
with averaged dissipation

Age - tinit (Yyr .
ge - tnk byD) non-rotating

stellar model

Bolmont & Mathis (2016)

Ad-hoc stellar rotation!

Tides will both affect rotation and internal structure
=> need to include a real retroaction of the rotation on
the internal structure due to tides!
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Conclusion/Perspective

Couple STAREVOL to secular orbital evolution code to get the impact
of tides on rotation and structure as well as planetary migration =>
collaboration with E. Bolmont and S. Mathis

Provide the community with stellar grids for HZ and tidal dissipation

Mass and metallicity control HZ evolution

® => require precise estimation of M« and Fe/H

Stellar models should be used to get HZ evolution

e estimation of CHZ / duration of planet inside HZ?

e tidal evolution?




obswww.unige.ch/Recherche/evol/starevol/HZcalculator.php

Please enter the stellar mass and chose your favorite HZ prescription
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Beta HZ online tool available

we will provide stellar grids A S
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http://obswww.unige.ch/Recherche/evol/starevol/HZcalculator.php

Tidal H-R diagram
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