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Escape rate (gs—!)

Author

Comments

5 x 10!

4.5 % 1010
3.5 x 1010
4.8 x 1010
3.5 x 1010

Lecavelier des Etangs
et al. (2004)

Lammer et al. (2003)
Yelle (2004)

Tian et al. (2005)
Mufioz (2007)

Penz et al. (2008)

Assumed T, used Jeans formula

Watson et al. (1981) approximation

Navier-Stokes equations with variable composition
Navier-Stokes equations with constant composition
Navier-Stokes equations with variable composition
Navier-Stokes equations with constant composition

Yelle et al. (2008)
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Figure 4.15 Stellar activity lifetimes for M stars. While solar-type stars (not shown) are
active for at most a few hundred million years, M stars can be active for billions
of years. The strong EUV radiation during the active phase can drive thermal
atmospheric escape on exoplanets. Adapted from [241].
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Earth’s temperature profile showing the thermosphere and the exosphere. The
exosphere extends to an altitude SO0 km above Earth’s surface. The ionosphert
is a layer within the thermosphere. The temperature profile is from Earth’s
standard reference atmosphere and is based on measurements.



Process " Examples

Planet (gas) example

Charge exchange H+H™ > HT +H”
O+H™ ->0T +H*

Dissociative Of +e—- 0"+ 0

recombination OHT +e— O+ H"

Impact dissociation N +e* — N* + Nx
Photodissociation Oy + hv — O* 4 O*
lon-Neutral reaction OQ7Hy; — OH™ 4 I*
Sputtering or Na -+ 8t — Na* 4+ St*
knockon O*+H— O +H"
Solar-wind pickup O+ hv — Ot +e

| then O picked up
Ion escape H** escapes

" Earth (H, D)

Venus (He)

Mars (0), E, G, C (O)
Venus (H), Mars (N),
Titan (Hz)

Mars (N), Titan (N)

o (Na, K)
Venus (H)

Mercury (He, Ar)

Earth (H, D, He)

Jeans escape

Earth (H, D), Mars (H, Hy),
Titan (H, Hg_), Pluto (CHy)

The * represents excess kinetic energy. The Jeans escape is a thermal process but is
included in this table for completion. Adapted {rom [16].
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