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Introduction:  The years 2016-2017 have been 

incredibly fruitful in discoveries of nearby temperate 

Earth-size exoplanets, with the detection  of Proxima 

b [1] - the closest exoplanet from us - and the seven 

planets of the TRAPPIST-1 system [2-4]. These are 

our best potentially habitable candidates for future 

atmospheric characterization by either transit 

spectroscopy, direct imaging, or thermal phase curve 

with the forthcoming astronomical ground (e.g. E-

ELT) or space-based (e.g. JWST) observatories [5,6].  

Habitability:  Despite a hotter past and an active host 

star, the planets could have retained enough volatiles 

to sustain surface habitability [7,8]. We use here the 3-

D LMD Generic Global Climate Model (GCM) to 

explore the possible climate regimes of Proxima b and 

TRAPPIST-1e, depending on the surface + 

atmosphere content of water and greenhouse gases 

(see Figure 1). We find that a broad range of 

atmospheric compositions allow surface liquid water 

on these two planets [6]. Remarkably, we find that if 

Proxima Cen b / TRAPPIST-1e are 1) in synchronous 

rotation and possess 2) a sufficient H2O reservoir 

covering the whole surface (i.e. that cannot be fully 

trapped on the nightside), then the planets should 

always have a patch of liquid water at least at their 

substellar point, whatever their atmosphere (as thick 

or thin as wanted) [6,9].  

Observability: For each of the climate regimes 

obtained in our analysis, we produce synthetic 

observables that could be used to prepare future 

observations of the planets by either JWST or ELT-

class telescopes. In the case of Proxima Cen b, we 

produced reflection and emission spectra, and phase 

curves for the simulated climates. We find that 

atmospheric characterization of the planet will be 

possible via direct imaging with forthcoming large 

telescopes. The angular separation of 7λ/D at 1 μm 

(with the E-ELT) and a contrast of ∼10−7 will enable 

high-resolution spectroscopy and the search for 

molecular signatures, including H2O, O2, CO2 [6] ... 

The observation of thermal phase curves can be 

attempted with JWST, thanks to a contrast of 2 × 10−5 

at 10 μm [6].   

 

Figure 1: Schematic diagrams of the possible climate 

regimes reached by Proxima Cen b (and TRAPPIST-1e, 

by extension) as function of the available CO2 and H2O 

contents. More details can be found in [6]. 
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