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Life as we know it also needs other nutrients, such
as nitrogen — the nitrogen Habitable Zone
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Temperature and number density profiles of major neutral species in solar minimum and
maximum conditions. Dotted curves are the globally averaged profiles from the empirical MSIS-00
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Figure 4. Heating and cooling rate profiles in solar minimum and solar maximum conditions. Qy is the
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. 1an et al. 20084, b, 2009)

SRS0IVeS he-contlnwty momentum, and energy.
ﬁgl-l‘tbjt 3ok c"r eltiple MUMM
Molecu ‘ WEIght

SOIVES minor constituent diffusion equations in a

mwm, ackground for 16 long-lived species (O, O,,

N, 5, H., H, Hy, CO, CO,, C, NO, H,0O, OF, N*, H*, C*)

= ’Emlcal equilibrium for short-lived species (o,, Ho,, oH,
_..,—-—”“ 5 Hst, 0*(°P), 0*(*D), N,* , CO*, CO,*, O,* , NO*, OH* , N(°D), O('D),
et ‘J_|ZOZI OZ ( 2 g)l OZ (lAg))

e 200+ chemical reactions (include reactions in existing
3 thermosphere/ionosphere models for terrestrial

planets and hot Jupiters)

e N0 assumption on heating efficiency -- couple
energetic electron transport model to compute

lonization and ambient electron heating rates (Tian etal.
2008Db)
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Responses of an Earth-like atmoszphere to )strong XUV
Tian et al. 2008a
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NumberRDENSIERrofiles in a_N2-02 Upper Atmosphere
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Figure 6. The density profiles of atomic oxygen (solid curves) and atomic nitrogen (dashed curves)
under different solar EUV conditions.
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ghlimberDeNsiERrofiles in a_N2-CO2 Upper Atmosphere
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-rich Atmgsﬁheres are more stable under Strong XUV

Tian ApJ 2009
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TABLE 1
Critical Orbital Distances arounc r Different
Planetary Parame

Inner edge Outer edge

Runaway Water 1" CO, Maximum

- —Casc _Breenhouse loss condensation ___ greenhouse

| Standard model 0.84 0.95 1.37 1.67

—

B Mars-sized planet” 0.88 0.98 1.49 1.67

0.81 0.91 1.29 1.64
0.84 0.96 1.36 1.67
0.84 0.88 1.39 1.69
pCO, = 3 x 10 bar 0.84 0.94
pCO, = 3 x 107 bar 0.84 0.97

pCO, = 3 x 107 bar 0.84 0.99

pCO, = 0.3 bar 0.84 100 ¥
pCO, = 3 bar 0.84 Kasting et al. 1993
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