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ABSTRACT   

Space missions, as EChO, or ground based experiments, as SPHERE, have been proposed to measure the atmospheric 
transmission, reflection and emission spectra. In particular, EChO is foreseen to probe exoplanetary atmospheres over a 
wavelength range from 0.4 to 16 micron by measuring the combined spectra of the star, its transmission through the 
planet atmosphere and the emission of the planet. The planet atmosphere characteristics and possible biosignatures will 
be inferred by studying such composite spectrum in order to identify the emission/absorption lines/bands from 
atmospheric molecules such as water (H2O), carbon monoxide (CO), methane (CH4), ammonia (NH3) etc. The 
interpretation of the future EChO observations depends upon the understanding of how the planet atmosphere affects the 
stellar spectrum and how this last affects the planet emission/absorption. In particular, it is important to know in detail 
the optical characteristics of gases in the typical physical conditions of the planetary atmospheres and how those 
characteristics could be affected by radiation induced phenomena such as photochemical and biological one. Insights in 
this direction can be achieved from laboratory studies of simulated planetary atmosphere of different pressure and 
temperature conditions under the effects of radiation sources, used as proxies of different bands of the stellar emission. 
Keywords: Exoplanets, Exoplanets Characterization, Space IR Telescope 
 

1. INTRODUCTION  
EChO, the Exoplanet Characterisation Observatory, is a mission concept specifically geared for investigation of 
exoplanetary atmospheres. EChO will provide simultaneous, multi-wavelength spectroscopic observations on a stable 
platform that will allow very long exposures. The use of passive cooling, few moving parts and well established 
technology gives a low-risk and potentially long-lived mission. The baseline of EChO1 is a dispersive spectrograph 
design covering continuously the 0.4–16 μm spectral range in 6 channels (1 in the visible, 5 in the InfraRed), which 
allows the spectral resolution to be adapted from several tens to several hundreds, depending on the target brightness. 
The instrument will be mounted behind a 1.5 m class telescope, passively cooled to 50 K, with the instrument structure 
and optics passively cooled to about 45 K. Given the need to cool the payload and maintain a stable thermal environment 
the choice of orbit is limited to the Earth trailing type such as used by Spitzer or the second Lagrangian point (L2) 
Lissajous (PLANCK and Herschel) or the L2 halo orbits1. 
The main scientific objectives of EChO are the followings: 

1. Measure the atmospheric composition, temperature and albedo of a well defined sample of already known 
planets orbiting several type of bright host stars (A, F, G, K and M). 

2. Measure the variability, both in vertical and horizontal direction of thermal and chemical structure of 
atmospheres of hot jupiters, neptunes and super Earths into the sample. 
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3. Investigate and understand the planet star interaction. 
4. Accurate measure of primary transit depth in order to constrain the theoretical models on the internal structure 

of planets 
5. Gather important information on chemical constituents of planetary atmospheres in order to improve the 

understanding of planetary formation and evolution. 
6. Study non transiting exoplanets, especially those in high eccentric orbits in order to monitor and explore the 

thermal and chemical variability of the atmosphere in function of orbital phases. 
 
In order to achieve these purpose, EChO planned targets ranging from Jupiter-sized with equilibrium temperatures Teq up 
to 2,000 K, to those of a few Earth masses, with Teq about 300 K. The list will include planets with no Solar System 
analog, such as Super Earths and quirky planets like GJ1214b, whose density lies between that of terrestrial and gaseous 
planets, or the rocky-iron planet 55 Cnc e, with day-side temperature close to 3,000 K. 
EChO will probe the atmospheres of extrasolar planets combining three techniques, making use of planet transits, 
secondary eclipses, and planet phase-variations, which will also be used for non-transiting planets. In the first case it will 
perform measurement of the upper part of the planetary atmosphere by means of the transmission spectroscopy 
tecnique2,3. In the second case, evidence on the thermal structure of the planetary atmosphere and the emission/reflection 
properties of the planetary surface will be obtained by the emission spectroscopy4 or, in other words,  observing the daily 
hemisphere of the planet and exploiting its occultation during the secondary transit. Finally, during a planet’s orbit, 
varying parts of the planet’s day- and night-side are seen. By measuring the minute changes in brightness as a function of 
orbital phase, the longitudinal brightness distribution of a planet can be determined. 
The interpretation of the future EChO observations depends upon the understanding of how the stellar spectrum is 
affected by the planet atmosphere and how the planet emission/absorption is affected by the stellar spectrum. In 
particular it is important to know in detail the optical characteristics of gasses in the typical physical condition of the 
planetary atmospheres and how much those characteristics could be affected by radiation and non chemical equilibrium 
phenomena like photochemical and biological one. Insights in this direction can be achieved in laboratory from 
experimental exploration of both simulated planetary atmosphere undergoing variation of pressure and temperature and 
the effects of different radiation sources, used as proxies of different bands of the stellar emission, on these simulated 
atmospheres. These are the pursuits of the Italian project “Atmosphere in a Test Tube” that gather different laboratories 
in different Italian structures. In the following the project Atmosphere in a Test Tube will be outlined. 
 

2. ATMOSPHERE IN A TEST TUBE 
The project “Atmosphere in a Test Tube” (ATM_ITT), started one year ago aims at preparing a background of data in 
order to interpret the results that are going to come out from both ground and space based new generation instruments. A 
short list of these instruments comprises SPHERE4, the planet finder of VLT, that will be dedicated to study warm and 
young planets, GPI5 the same kind of instrument mounted to the Gemini Telescope, other future instruments like PCS, 
the evolution of SPHERE for E-ELT, and new space mission like JWST6,7, CHEOPS8, PLATO and, naturally, EChO9. 
The project associate several Italian structures of the “Istituto Nazionale di Astrofisica” (INAF) and of the “Istituto 
Nazionale di Fisica Nucleare” (INFN) leaded by the Astronomical Observatory of Padova (INAF- OAPD). 
The main aim of ATM_ITT is the study and the simulation of atmosphere of extrasolar planets both by means theoretical 
models and laboratory experiments in order to prepare a database of extrasolar planet atmosphere spectra. So, the 
activities of ATM_ITT are focalized in the followings: 

• applications of Solar System Planetary Atmospheres studies to exoplanets 
• planning of laboratory experiments to simulate planetary atmospheres with different thermodynamical 

parameters and star irradiation 
• use of the Virtual Atomic and Molecular Data Centre (VAMDC) to get atomic and molecular data and other 

spectroscopic databases (HITRAN, CSDS etc.) for planetary atmosphere spectra simulations 
• planning the development and use of codes in simulating “ad hoc” planetary atmospheres  
• exoplanets atmosphere formation simulations 
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Table 1: Grid of parameters for atmosphere simulation 

DN (AU) Teq (K) Mass (M⊕) Radius (R⊕) Kind P0 (kPa) 
Main 

atmospheric 
componets12 

0.05 1221 ≤10 ≤2 Hot Rocky 10-3÷10-2 Si/Mg 
gas/liquid? 

0.1 870 ≤10 ≤2 Warm Rocky 10-3÷10-2 CO2,N2, CO, 
H2O, O2 1.0 273 ≤10 ≤2 Temp. Rocky 10-3÷10-2 

5.0 122 ≤10 ≤2 Icy Planets 10-3÷10-2 N2, CH4, CO 20.0 61.0 ≤10 ≤2 10-3÷10-2 

0.05 1221 ≥10 ≥2 Hot Giants ≥10-3 H2, H2O, CO, 
N2 

0.1 870 ≥10 ≥2 
Warm Giants 

≥10-3 CH4, N2

1.0 273 ≥10 ≥2 ≥10-3 H2, CH4, NH3, 
H2O 

5.0 122 ≥10 ≥2 Cold Gaseous 
Giants ≥10-3 H2, CH4, NH3, 

H2O 
20.0 61.0 ≥10 ≥2 Icy Giants ≥102 H2, CH4 

 

3. GIANT PLANET ATMOSPHERES 
The simulation of a planetary atmosphere has been planned to be conducted in the laboratory with chemical composition, 
temperature and variable density in order to measure their optical characteristics. The preliminary laboratory 
measurements have been performed on the absorbance of mainly CO2 and SF6, by using the FTIR spectrometer and 
Cavity Ring Down (CRD) cell (see Figure 2). 
 

 
Figure 2: The cavity Ring Down (CRD) Cell 

 
This is a really sensitive technique able to measure absorption coefficient up to about 10-8 cm-1 in the spectral range of 1-
12 µm. The Cavity Ring Down (CRD) technique is able to reproduce an optical path of some tens of km into a cell of 50 
cm of length. In order to reproduce the different condition of a real atmosphere, it is possible to vary the temperature of 
the cell in both direction  and insert gasses with pressure in the range between 0 and 50 bar. The CRD cell will be 
mounted inside a vacuum chamber and it will operate with cooling or warming system and illuminated by a tunable laser 
with appropriate optics and detectors. To evaluate the sensibility of the experimental, just before to simulate complex 
giant planet atmosphere, we try to simulate the Venus atmosphere. The experiment investigated the optical properties of 
a CO2 atmosphere with traces of other gasses like water vapor, CO, O2 and other gasses. We found that with this 
technique, exploiting a tunable laser at 1.18 µm, it is possible to detect 50 ppm of water vapor in a CO2 atmosphere at 40 
bar of pressure.  
In the mean time some radiative transport codes (LibRadTran13, SASKTRAN14, TAU-CODE15 just to mention some) 
have been analyzed and compared in order to reproduce Hot Jupiter atmospheres. These codes require absorption 
coefficients as input that it is possible to evaluate by some “line by line” numerical codes (e.g. RFM16) starting from data 
available in atomic and molecular database like HITRAN17 (HITEMP18 for higher temperature), GEISA19 and 
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spectroscopically22. In order to maximize the finding of habitable planets with transit search, a lot of surveys have been 
dedicated to search for Earth size (super Earths) planets around M stars. Due to a more favorable ratio between the radii, 
some small rocky companion have been discovered in the Habitable zone of these red and cold stars.  In this framework 
it is interesting to search for biosignatures in the atmosphere of these new worlds. In particular it seems interesting to 
explore how the irradiation quality of a M star modifies (if it does it) the oxygen production of photosynthetic bacteria. 
This could be done using a environmental simulator which can control the temperature and the pressure of a mixture of 
gasses in order to carry out photobiology experiments by irradiating organic samples like photosynthetic bacteria. This 
would highlight the effects of the interaction among organics, atmospheres and radiation, allowing the identification of 
biomarkers and biosignatures in the atmospheric spectra. The experimental investigation23 make use of environmental 
chamber with dedicated atmospheric cells in which the gas mixture as well as the organic materials will be confined in 
order to be irradiated and analyzed. Eventually the related effects will analyzed off line in a hermetic cell for measuring 
the absorption spectra in order to measure the optical constants and then the gas spectrum. The instrument that will be 
used to carry out the experiment is LISA-SAM (see Figure 5). It is composed of a steel cylinder inside which are located 
six aluminum cells (volume=0.250 l) topped by a suprasil glass window transparent from UV to NIR. Inside the cells, 
biological samples can be placed onto a Petri dish. Cells are connected with the outer part by pipes with mechanical 
filters to let the gas to course and avoid biological material to go inside the cryostat chamber.  
 

 
Figure 6: Simulation of the O2 Production rate of Chroococcidiopsis and Acharyochloris 

Marina under the reported irradiation rate. 
 
Depending by the necessity, the temperature in the chamber could be raised (up to 100° C) acting on a resistance or 
lowered down to -25°C by means a closed circuit with liquid nitrogen (or glycol). As biological samples should be kept 
at a mean temperature of 20°C (the ”life friendly” temperature), a Peltier cell could be used instead. The experiment will 
aim to measure the abundance of gaseous bioproducts (O2) of photosynthetic bacteria placed in a simulated environment 
of a planet orbiting around an M star. The bacteria (Chroococcidiopsis and Acharyochloris Marina) have been selected 
on the basis of the know absorbance properties out of a lot of specie. A simulation of the production rate of both bacteria 
has been performed (see Figure 6). 
In a parallel experiment, the study of spectral biomarkers or biosignatures on the gas mixtures induced mainly by UV 
irradiation has been performed at the DAφNE-L laboratory at the LNF-INFN. DAφNE-Light is a synchrotron facility 
operating with synchrotron and standard sources in the infrared and UV-VIS energy range is open to external users. 
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