
Est-on sur le point de (pouvoir) trouver de la vie sur une exoplanète ? 

Le concept de biosignature atmosphérique 

Franck Selsis - Laboratoire d’astrophysique de Bordeaux - fselsis@gmail.com 
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Le concept de zone habitable est lié à celui de biosignature
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C’est la zone où une photosynthèse est possible 
(eau et rayonnement stellaire disponibles simultanément)

C’est la zone privilégiée pour une future recherche de 
signatures spectrales atmosphériques liées à la vie

HZ
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« In a world with a purely chemoautotrophic primary production, the
organic sequestration would cause no significant biological effect on the
global carbon cycle in the absence of photosynthesis »
(Rosing et al., 2006)
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A search for life on Earth from the Galileo spacecraft 
1993, Sagan et al. 

Survol de la Terre en décembre 1990.  

- atmosphère riche en oxygène 
- contient du méthane en déséquilibre thermodynamique extrême 
- couverture partielle des continents par un «pigment» absorbant le visible 
- signaux radios artificiels 
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• 4.5 Gyr 
• étoile G 
• M-R 
• architecture de système particulière 







- tout est à apprendre concernant la formation, l’évolution et la diversité 
des atmopshères de planètes telluriques 

- prérequis indispensable à l’éventuelle identification d’anomalies et de 
manifestations du vivant 
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(photo)chimie abiotique

UV UV

Vénus et Mars primitif
Satellites glacés

Mars 
Vénus
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K, G, F stars 
Selsis, 2000 
Segura et al., 2003 
Hedelt et al., 2013 
Rugheimer et al., 2013 
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H. Rauer et al.: Potential biosignatures in super-Earth atmospheres
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Fig. 2. Influence of gravity: Earth-sized (solid) vs. 3g super-Earth planet (dashed) around the Sun.

tive troposphere, and the temperature inversion and stratospheric temperature maximum caused by
ozone heating.

The surface temperature decreases for the 3g scenario. This is because we held the surface
pressure constant, which consequently lowered the vertical column mass. Less mass means less
absorption and therefore less greenhouse effect, hence lower surface temperatures. Furthermore,
effective ozone heating occurs at higher pressures, p, and the temperature maximum in the strato-
sphere accordingly decreases to higher p when increasing gravity. Overall increased stratospheric
ozone levels (see Sect. 4.1.2) lead to enhanced heating in these parts of the atmosphere.
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Fig. 3. Influence of stellar spectrum: Earth-sized planets around the Sun (black, solid), AD Leo
(dotted), M0 (dashed), M1 (dash-dot), M2 (dash-dot-dot-dot), M3 (long dashes), M4 (red), M5
(green), M6 (blue), and M7-type stars (magenta).

Figure 3 shows the influence of the stellar type on the temperature profile for the Earth control
case as well as 1g planets around AD Leo and the M0 to M7 stars from Table 1. Because unlike
in previous approaches, we did not fix the surface temperature of our modelled planets by different
stellar insolations at TOA, it is interesting to note that although Earth-like planets aroundM-dwarfs
show somewhat increased surface temperatures, they always remain well within the habitable range
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Fig. 7.Contrast spectrum of the 9.6 µm ozone band and the 15 µm carbon dioxide band for an Earth-
sized planet around the Sun (black), AD Leo (red), M0 (green), M5 (blue), andM7 (magenta). Blue
diamonds: binned to R=20, red: smoothed spectra at the same resolution.

M-dwarf stars, the contrast increases by about two orders of magnitude and eventually reaches
about 10−4 in the mid-IR, which illustrates the improved potential of detecting planets around M-
type dwarf stars.

Concerning molecular absorption bands, noticeable differences to the Earth-Sun system are
found in the 2.3, 3.3 and 7.7 µm methane bands and the 3.8 and 4.5 µm band of nitrous oxide.
These molecules show higher concentrations in the atmosphere of M dwarf planets compared with
Earth (see Fig. 5), therefore we would expect their spectral signatures to be more pronounced.
Additionally, the 4.7 µm band of CO becomes more prominent owing to its higher concentrations
in the atmosphere (not shown). This can indeed be observed for the planets that orbit the quiet
M0-M3 dwarfs stars. However, the absorption bands of N2O, CH4 become weaker for cooler M
stars and almost completely disappear for an Earth-sized planet around the M7 star, despite the
greatly enhanced abundances. This is caused by the temperature structure of these planets (see
Fig. 3). The emission in the CH4 and N2O bands originates in the middle atmosphere because
of the large concentrations of these gases, i.e. the atmosphere becomes transparent only at much
higher altitudes than for Earth around the Sun. At these altitudes, the temperature is almost as
high as the surface temperature, hence the contrast between continuum (transparent atmosphere)
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Une chimie hors équilibre est-elle une biosignature ?

Non, les atmosphères planétaires ne sont pas à l’équilibre chimique 

   - photochimie due aux UV stellaires 

   (- gradient thermiques et circulation) 

   - aux températures habitables, les réactions endothermiques sont extrêmement lentes 
   - échanges avec un intérieur chaud



“if information from other experiments […] had not been available this set of data 
would almost certainly have been interpreted as presumptive evidence for 
biology”  

Klein, H. P.: 1978, ‘The Viking Biological Experiments on Mars’, Icarus 34, 666–
674.

La clef : le contexte
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Faut-il  

chercher la vie  

ou 

explorer des environnements nouveaux 

? 
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TRAPPIST-1

Système solaire 
interne
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Faut-il chercher la vie - au risque d’annoncer/démentir maintes fois sa possible 
découverte ou réhabiliter l’exploration comme moteur légitime et enthousiasmant 
de la recherche ?



MERCI !

questions ?  
fselsis@gmail.com
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