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CIRCUMSTELLAR   HABITABLE   ZONE (Huang 1959) 

Distance range from the central star corresponds to range of temperatures  allowing  

the presence of liquid water on planetary surface ( also: greenhouse effect) 

Since stellar luminosity increases (~2) on the Main Sequence, CHZ migrates outwards with time 





Which one of them (if any) are important `for  “Galactic habitability”  
(=conditions favouring formation of telluric planets  and survival  of life)? 

They may define a “belt of life in the Galaxy” 

(Maroshnik and Mukhin 1986; Balazs 1988) 

Or a Galactic Habitable Zone  
(Gonzalez , Brownlee and Ward  2001,  Icarus, Scientific American       

Lineweaver et al. 2004, Science) 

(Perhaps) metallicity, density of stars, frequency of supernova explosions… 

Several properties of the Milky Way disk vary with radius… and with time 



The Milky  Way disk   today 

quasi flat 

exponential  S~3 kpc 

exponential  S~10 kpc 

exponential  S~15-20 kpc 

Metals 

and SN 

How did those profiles 

evolve in the past ? 



Lineweaver et al. 2004 

Science 303, 59 



Fisher and Valenti 2005 

PROBABILITY   OF  FORMING  HOT   EXO-JUPITERS 

Metallicity dependent: 

fHJ = 0.03 (Fe/Feʘ)2 

(Fisher and Valenti 2005) 

But hot Jupiters destroy Earths 

in their migration inwards….. 

Sousa et al. 2008:  HARPS observations 

Host stars of Neptune-size planets 

PROBABILITY   OF   FORMING   EXO-EARTHS ? Probably less dependent on metallicity 

Mordasini  et al. 2007 

Models of planet formation 



Probability of having Earths 

not destroyed by Hot Jupiters 

 

PE = PFE x (1 – PHJ) 

NP 2008, 2012 



COSMIC  THREATS  (?) 

FOR  LIFE – AS – WE – KNOW -IT 

Supernovae 

Energy  

released : 

                    ~ 1047  ergs in UV (few hours) 

                    ~ 1048 ergs in X-γ (few months)  

                                ~1050 ergs in Cosmic rays (few 103 yr) 



Ionizing radiation 

on  

planetary atmospheres 

Induces chemical reactions 

producing  NOX  which destroy  

the protective O3 layer 

and increase the 

solar UV flux on surface 

Produces secondary  

energetic particles and UV  

 reaching the surface  

 

But :  

1) Mutations may accelerate 

       and even induce evolution 

 

2)  Marine life appears rather  

immune to such events 



SUPERNOVAE  AS  A   THREAT   FOR   LIFE  (?) 

SNII (core collapse of massive stars) are 

more frequent and closer to the Galactic plane than 

SNIa (thermonuclear explosions of white dwarfs) 

 

In Milky Way: fSN = 2-3 per century  

For depletion of O3 layer by ~2 

dSN < 8 pc    (Gehrels et al. 2003) 

 

Local recurrence time: ~2. Gyr 

1.5 Gyr 

5.5 Gyr 

13 Gyr 

BUT: they concern complex life on land, 

none of these  implies   

definitive sterilisation…  



Several major catastrophes  

occurred in the last  

500 million years  

of multi-cellular life  

on Earth  

But the planet  

was not sterilized.  

 

 

Life not only survived, 

but evolved 

to higher levels 

of complexity 



Local unit:               SNR(t) dt = 1   in Sun’s position 
8 Gyr 

12  Gyr 

How to quantify the SN threat for life ? 

Utterly arbitrary quantification 
(and even qualification)… 

∫ 
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THE   EVOLUTION   OF   THE   MILKY   WAY   DISK (Boissier and NP 1999) 



Yuan et al. 2011 

Observation of abundance profiles at high redshift in lensed galaxies 

High-z  abundance profiles appear to be much steeper than typical profiles of local disks 

SDSSJ120601.69+514227.8 

(“the Clone”)  

Jones et al. 2010 

SP1149 Z~1.5 Z~2 

Yuan et al. 2011 



Propabilities… 



Stars with Earths  having  survived  threat  from Supernovae 

Because the density of stars is higher in the inner disk,  the probability of finding  

a star with Earth-like planets inside a given volume is higher in the inner Galaxy  

Relative probability to have life  

around one star at a given position,  

9% 
3% 

Probability of having life  hosting planets  

per unit volume (or surface density) 

in a given position 

Similar results obtained in Gowanlock et al. (2011) 



Lineweaver et al. 2004 

Science 303, 59 
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Stellar orbits change through  

interactions  with inhomogeneities   

 of  gravitational potential 

(molecular clouds, spiral arms, bar)  

Wielen 1974, 1996 

Sellwood and Binney 2002 

Change of orbit through resonant 

interaction at corotation 

with spiral arms 

or CHURNING 

Orbital diffusion 

(epicyclic motion 

or BLURRING) 

Both effects :  

Radial mixing of stars 
(Churning much more 

important than blurring) 



Semi-analytical model 

for the evolution  

of the MW disk, 

inspired from 

N-body+SPH simulations 

(Kubryk, NP,  Athanassoula 

2013, 2015a,b)  



Radial migration 

affects a large fraction 

of the disk 

 

 

In the solar neighborhood 

it brings stars 

 

mostly from inner regions,, 

(on average, 1.5 kpc inwards) 

 

mostly older than  the  

locally formed ones (by 1.5 Gyr) 

 

and mostly more metallic than 

local ones (by 0.15 dex) 



SUMMARY : GALACTIC HABITABLE ZONE 

GHZ: impossible  to define either qualitatively  

(probability of creating vs. destroying habitability by various 

- time and position dependent -  factors in the MW disk) 

or quantitatively 

The concept of GHZ  definitively has no explanatory or predictive power  

Is it a useless concept? 

Perhaps not… it may allow us to structure our  

thoughts / educated guesses / knowledge 

about a very complex phenomenon 

Also, simple and sea life forms appear to be robust  

(quasi-immune to cosmic catastrophes)  

The more so, since radial migration of stars  

mixes stellar populations across the MW disk 



How philosophical preconceptions can affect physical “theories”. 

A case in study : G. Gonzalez (Ball State University, Muncia, Indiana and 
International Society for  Complexity, Information and Design  (Intelligent design movement) 




