The Contribution of M-dwart Flares to the Thermal Escape
of Potentially Habitable Planet Atmospheres
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« Hypothetical planets
M,=02-0.6Mg, M, =0.5-5Mg, #IHIZKE=1-10 TO (terrestrial ocean)

« Known planets
Kepler-1229 b, K2-72 e, TOI-700 d, Kepler-1649 c
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1. Introduction - 1EE D &AL
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https://github.com/VirtualPlanetaryLaboratory/VPLanet

2. Method - 7 /LIFE
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https://github.com/VirtualPlanetaryLaboratory/VPLanet
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2. Method - E7 /JLLZE - AtmEsc - Envelope loss
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2. Method - E7 /JLLZE - AtmEsc - Envelope loss
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2. Method - ET7 JLHFZE - STELLAR
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2. Method - E57 JL#FZE - FLARE
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3. Results - Hypothetical planets
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3. Results - Hypothetical planets
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3. Results - Hypothetical planets
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3. Results - Known planets
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3. Results - Known planets
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Parameter Kepler-1229 b K2-72 e TOI-700 d Kepler-1649 c
Planet mass® (M) 2.93 2.55 1.63984 1.2389
Planet radius (R, 1.34 1.29 1.144 1.06
Planet density (g cm ) 6.69 6.52 6.018 5.715
Envelope mass (M) 1.0E-3 1.0E-3 1.0E-3 1.0E-3
Surface water (TO) 1,10 1,10 1,10 1,10
XUV water escape efficiency (Bolmont et al. 2017) (Bolmont et al. 2017) (Bolmont et al. 2017) (Bolmont et al. 2017)
XUV hydrogen escape efficiency 0.15 0.15 0.15 0.15
Thermosphere temperature (K) 400 400 400 400
Actual semimajor axis (AU) 0.3006 0.106 0.1633 0.0827
Modified semimajor axis® (AU) 0.19685 0.102468 0.16247 0.07643
Eccentricity 0.11 0 0.111 0
Stellar mass (M) 0.480 0.271365 0.415 0.1977
Saturated XUV luminosity fraction 1.0E-3 1.0E-3 1.0E-3 1.0E-3
XUV saturation time (Myr) 100 100 100 100

Initial stellar age (Myr)
Flare energy (ergs)
Simulation time (Myr)
Time step® (yr)
VPLanet modules

Source (planetary radius, stellar
mass and semimajor axis)

1
11.0E33-1.0E36
1.0E3
~4.8E-2-1.0E4
AtmEsc, STELLAR,
FLARE
Torres et al.(2017)

1
1.0E33-1.0E36
1.0E3
~6E-2-1.0E4
AtmEsc, STELLAR,
FLARE
Dressing et al.(2017)

1
1.0E33-1.0E36
1.0E3
~5E-2-1.0E4
AtmEsc, STELLAR,
FLARE
Rodriguez et al.(2020)

1
1.0E33-1.0E36
1.0E3
~6E-2-1.0E4

AtmEsc, STELLAR, FLARE

Vanderburg et al. (2020)
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