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... including Panspermia?
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• Lethal radii & Times for life & sterilization recovery

➢ Habitability : 𝑟Ia, 𝑟II, 𝑡min, 𝑡rec = (0.3 pc, 0.5 pc, 0.5 Gyr, ∞)

➢ Cradle of life (source of panspermia) : (8 pc, 8 pc, 4.5 Gyr, 50 Myr)

➢ Target of panspermia : (8 pc, 8 pc, 1 Gyr, 1 Myr)
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Galactic Habitability

Galaxy center
• More stars & planets
• More supernovae, etc

Galaxy outskirts
• Less stars
• Less earth-like planets

Models have ambiguities on
• How metallicity affects earth-like 

planet probability
• How much harmful supernovae 

are to life
(Lineweaver+ 2004, Prantzos 2008, Gowanlock+ 
2011, Vukotic+ 2016)

• Habitable stellar mass: 0.1 ~ 1.5 M⊙ (Kopparapu+ 2013)

• Fraction of terrestrial planets:

𝑓T = 1 − 0.012 𝑍/𝑍⊙
2
𝑍 > 0.1𝑍⊙

(Prantzos 2008, Zackrisson+ 2016, He+ 2016)

• Probability of planets within habitable zone:
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(Petiguara+ 2013)
Orbital Period

• Sources of sterilization: SN Ia & II (AGN : only a few kpc around the galaxy center)

.. in a Milky Way-like Galaxy

Input : MUGS g15784 (Stinson+ 2010, Nickerson+ 2013)

One of 16 mock galaxies from McMaster 
Unbiased Galaxy Simulations (MUGS)

➢ 𝑀tot = 1.5 × 1012M⊙

➢ 𝑀∗ = 1.14 × 1011M⊙

➢ 𝑚∗ = 6.3 × 106M⊙

➢ Last major merger @ 𝑧lmm = 3.42

Central Disk : High SN Efficiency → Low Habitability
Satellite Spheroids

Habitability

• Escape fraction of life spores

(Hughes 2003, Housen & Holsapple 2011, Simon+ 2013)

• Traveling distance scale before the damage

➢ Typically 15 ~ 30 pc (Grimaldi+ 2021); varying between 1 pc ~ 10 kpc
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How Many Places are Panspermia-dominant?
Unlike natural habitability with 
weak dependency on 𝑅,
panspermia probabilities are high 
around galaxy center.

Panspermia-based life could 
dominate the life
only within planets inside 2 kpc
from the galaxy center!


