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One of the aims of astrobiology is exploring
the (potential) distribution of life in the universe

This particular aspect of astrobiology has lead to the definition of 

The Galactic Habitable Zone (GHZ)



Galactic habitable zone vs circumstellar habitable zone

Important differences

1) The habitability criteria of the GHZ are based on statistical distributions of 
Galactic properties and yield probability distributions

The results are purely statistical

2) Some habitability criteria used to define the GHZ refer to macroscopic life
Comparable to animal or plant life on Earth

The time scales of life evolution enter in the calculation of GHZ
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Mapping astrophysical quantities 
related to Galactic evolution into 
probabilities of astrobiological interest

In the original formulation

Metallicity & probability of planet 
formation
Z(xi,t)    ➔ πPF(xi,t)

Supernova rates & probability of life 
destruction
RSN(xi,t) ➔ πLD(xi,t)

General concept of the Galactic habitable zone

Gonzalez et al. 2001, Icarus,152,185

Lineweaver et al. 2004, Science 303, 59



Tools for GHZ calculations

• Models of Galactic chemical evolution
– Radial distribution of metallicities and supernova rates at different 

epochs of galactic evolution
– In the original formulation, semi-analytical models have been used
– More realistic models are also employed: 

Spitoni, Matteucci & Sozzetti, 2014, MNRAS  440, 2588
Carigi et al. 2013, Rev. Mex. Astron. Astrof., 49, 253

• Galaxy simulations
– Generation of space-time evolutionary maps of Galactic habitability by 

means of N-body simulations of galaxies
– Example:

Forgan et al., 2015, arXiv:1511.01786

Both tools start to be applied also to nearby galaxies
– M31, M33  



Open issues in GHZ calculations

• Probability of existence of terrestrial-
type planets as a function of stellar 
metallicity
– This probability is related to the 

metallicity-dependence of the 
frequency of hot jupiters 

– Hot jupiters, which are frequent at 
high metallicity, tend to inhibit the 
formation of terrestrial-type planets

– In addition, the process of rocky 
planet formation would be inhibited 
at low metallicity

– The resulting probability of 
harboring terrestrial-type planets 
would experience a rise followed 
by a decrease with metallicity Lineweaver (2001)



Open issues in the definition of the GHZ

• Still not clear the relationship between metallicity and probability of 
formation of terrestrial-type planets
Exoplanet statistics will clarify this point in the future, when more data 
will be available for terrestrial planets at very low metallicities

• Ambiguous role of supernovae explosions in the context of life evolution
Only extremely close supernovae can sterilize a planet
Supernovae may trigger life evolution, leading to the formation of new 
species

• The classic criteria that define the GHZ need to be refined and it is 
desirable to find new criteria



On the role of SN explosions

• Resetting the evolution to intelligent life at each SN destructive event
Even if SNe do not fully sterilize the planet, one can assumed that the evolution is 
resetted (e.g., restarting from unicellular life) at each critical SN event
Then the probability of forming intelligent life is calculated, using Monte Carlo 
methods, only during the time intervals devoid of SN destructive events

Morrison & Gowanlock (2015)



Habitability in the Galaxy
Habitable zones in binary stellar systems

Simonetti et al. (2020)

Limits of dynamical stability 
Limits of insolation



Habitability in the Galaxy
Habitable zones in binary stellar systems

Simonetti et al. (2020)



SKA & Life in the Galaxy
SKA (Square Kilometer Array)

https://www.skaobservatory.org/



SETI
Search for extraterrestrial intelligence with new astronomical facilities: 

SKA (Square Kilometer Array)

Siemion et al. (2015)

EIRP:
equivalent

isotropically
radiated power

sensitivity to a 
transmitter at 15 pc


