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Introduction:  The habitable zone (HZ) is the cir-

cular region around a star in which liquid water could 

exist on the surface of a rocky planet [1]. Previously 

established definitions of the habitable zone have as-

sumed that the main-sequence (MS) phase of stellar 

evolution, and the most common greenhouse gases on 

our planet – CO2 and H2O vapor – can be used to 

standardize habitability throughout the cosmos.  

However, some habitable worlds could  exist orbit-

ing stars undergoing their pre-MS and post-MS evolu-

tionary phases. Also, other greenhouse gases, such as 

H2 and CH4, can significantly extend the width of the 

traditional CO2-H2O habitable zone. We also discuss 

the potential habitability of Proxima Centauri b and the 

TRAPPIST-1 planets under our expanded HZ defini-

tions. 

Methods:  As in previous HZ studies [2 – 4], we 

used a 1-D radiative-convective climate model to com-

pute habitable zone boundaries for stars of stellar ef-

fective temperatures (Teff) ranging from 2,600K to 

10,000K  

Results: We compute the HZ boundaries for the 

pre- to post-MS HZ and also show how the addition of 

1 – 50% H2 and 1 – 10% CH4 can change the bounda-

ries of the traditional CO2-H2O HZ  (Figures 1 – 4) [3 - 

5]. 

 
Figure 1: Pre-MS HZ boundaries for TRAPPIST-1 (~ 

M8) star and the planets e,f,g, and h (in distance 

(Earth-sun distance units or AU) and stellar age (Myr). 

All four planets are well past the pre-MS inner edge 

and suffer a runaway greenhouse. 

  

 
Figure 2: Solar system Post-MS HZ boundaries. Stel-

lar winds completely erode atmospheres of Earth-sized 

planets located as far as Jupiter’s orbit.  

 
Figure 3: Orbital distance for the classical (blue) and 

volcanic hydrogen (red) habitable zone.  

Discussion:. The HZ is wide during the pre-MS and 

can last over 2 billion years for late M stars, making 

such systems prime targets for next-generation tele-

scopes [3]. However, many planets (e.g. TRAPPIST-1 

planets and Proxima Centauri b) around such stars 

could have undergone a runaway greenhouse during 

the pre-MS and may not be habitable today (Figure 1).   

In contrast, the HZ moves outward as the star expands 

during the post-MS phase, potentially providing a 

“second wind” of habitability (Figure 2) [4].  

Adding volcanic hydrogen also widens the classical 

HZ. At 50% H2, the outer edge of our solar system 

moves outward from 1.67 to ~2.4 AU (Fig 3) [5] 

Also, CO2-CH4 absorption has been shown to signifi-

cantly warm early Mars [6,7]. We apply that idea to the 

CO2-H2O HZ and discuss how it may extend or shrink 

it. 
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