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The circumstellar habitable zone
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Planet size: 1-2x Earth

Credits: NASA Kepler mission




The galactic habitable zone
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Credits: NASA/JPL-Caltech/ESO/R. Hurt
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Log(Star formation rate/ M, /yr)

Extension to galaxy populations

Dayal et al. 2015
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Ingredients: star formation histories and GMF
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Ingredients: the stellar initial mass function (IMF)

Planet-bearing SN la SN I
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Ingredients: the stellar initial mass function (IMF)

(M / L)stars/ (M / L)Salp
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But there is evidence that the IMF varies
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Ingredients: integrated galactic IMF (IGIMF)
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Ingredients: quenching and metal enrichment
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Ingredients: morphological evolution

(e.g., van der Wel+ 2014)
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Ingredients: supernovae
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Ingredients: planetary distribution function

04%x(Z/Z,)" case 1

f errestria (Z ) —
remest 04-0.03x(Z/Z_)* case 2

+ Cutoff at 0.1xZ. (e.g., Johnson & Li 15)

+ Habitable zone (Kopparapu+13)

+ main sequence stars with =1 Gyr (ate heavy bombardment, etc.)

+ Orbital period distribution T8, B = 0.74 (e.g.; Cumming+08, Bonavita+12)

+ stellar evolution prescription (Hurley, Pols & Tout 2000)

edges of the HZ

w,(m,Z,t) < f.(Z)H(.5—m) J P(r,m)ﬁpd—Pdr
dr

no(m,Z )

n,;(m,Zt)



Habitability 10g(Npes/N*))

Galaxy habitability
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Ages of habitable planets

Age distribution at z=0
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Comparison with observations
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Frequency of Occurrence

Ages of habitable planets

Occurence rate of Earth-analogues
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Frequency of Occurrence

Ages of habitable planets

Occurence rate of Earth-analogues
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Some numbers

(Gobat & Hong, A&A, 592, 96)
- 0.65-0.8% of stars can be expected to have a terrestrial planet
in their HZ = ~2x107 in the Milky Way

- most habitable planets orbit K & M stars (caveat)

- median age of stars hosting habitable planets: 6 Gyr in disks
9.5 Gyrin ETGs

- civilizations in the observable universe: Nywx10°-0-22(AUGyn)

~108 if we are representative

- if we are unique in the MW: Pys < 7x10°10
or
At > 8 Gyr
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