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Exoplanets’ atmospheres
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Since the discovery of the first 

exoplanet orbiting around a solar-like 

star in 1995, this scientific field has 

been constantly evolving. 

One of the more interesting research 

topic in the field is the study and 

characterization of the exoplanetary 

atmospheres. 

Sing et al., 2016, Nature



Exoplanets’ atmospheres
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Image credits: Gao et al., 2020, JGR Planets



Spectral resolution
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Birkby, 2018, Nature

While the first atmospheric 

studies were done with low 

resolution spectroscopy, many 

interesting results are now 

obtained with high resolution 

optical and near-infrared 

spectroscopy.



Cross-correlation method
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Birkby, 2018, Nature

Birkby, 2017, AJ



Detection of molecules
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Giacobbe et al., 2021, Nature



Variability
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Rainer et al., 2021, A&A



From giants to telluric planets

 8

The next generation of high resolution spectrographs on the 40-m class 

telescopes (e.g. ANDES@E-ELT) will look for the reflected light of telluric 

planets, enabling us to study the atmospheres of Earth-like planets.

Image credits: ESO/M. Kornmesser



Observing Mars
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Image credits: JPL/NASA



Observing Mars
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High-resolution, near-infrared spectrum of Mars taken with GIANO-B@TNG. 

Public archival data of program OPT20A_37



Observing Mars
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Solar spectrum: Reiners et al., 2016, A&A



Observing Mars
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Strategy

 13

We will perform a cross-correlation between the martian spectra and a 

CO2 and/or N2 model to isolate the planetary atmospheric signal. The 

regions most affected by the telluric lines and bands will be excluded 

a priori to reduce the noise. 

The purely solar component must be removed: in principle this may 

be done either before or after the cross-correlation, so we will test 

both procedures to obtain the best results.



Strategy
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If possible, we will observe the polar and 

equatorial regions separately. We are still 

doing a feasibility study on GIANO-B ability of 

doing so: we are limited by the pointing and 

guiding capability of the telescope and the 

instrument. 

This observational strategy would allow us to 

link the variability of the atmospheric signal to 

specific surface characteristics.

Image credits: David Crisp and the WFPC2 Science Team 
(Jet Propulsion Laboratory/California Institute of Technology)

GIANO-B slit



Conclusions
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We plan to observe the atmosphere of Mars using the techniques 

developed to study exoplanets’ atmospheres in reflected light. 

We will link the strength and variability of the atmospheric signal to the 

geophysical and tectonics characteristics of the planet, with the twofold 

goal of improving both our understanding of the exoplanetary 

atmospheric signals and of Mars itself.


