SMiLE-Space Missions through Laboratory Experiments
Riccardo G. Urso1, R. Brunetto1 & the Astrochemistry and Origins Team
1Institut

d’Astrophysique Spatiale (IAS), Orsay, France
email: rurso@ias.u-psud.fr

Introduction

The main aims of the SMiLE project

Solar system small bodies such as comets and Kuiper-belt objects are remnants of
planetesimals and could have trapped and preserved matter from the pre-solar cloud.

• To improve the knowledge on the solar system small bodies composition gathering
astronomical observations, space mission data and laboratory experiments.

They are rich in frozen volatiles such as water, methanol and other carbon and nitrogenbearing species. They could have delivered organic matter to the early Earth,
contributing to the emergence of life on our planet 1, 2.

• To study the effects of energetic processing (interaction with UV photons, cosmic
rays and solar wind ions) on ices, such as reddening3 and synthesis of new
compounds4.

Experimental methods
We perform macro- and micro-scale characterizations with the facilities available at IAS and SMIS - SOLEIL
synchrotron.
The INGMAR setup (IAS-CSNSM, Orsay, France) allows to simulate the formation of ices in astrophysical
environments. Gaseous mixtures are introduced in the vacuum chamber, where they condense on a cold
substrate.
The frozen films are bombarded with 40 keV ions using the SIDONIE ion accelerator. They are analyzed by means
of VIS-NIR reflectance and VIS-MIR transmittance spectroscopy (0.4 and 14 µm, 25000-700 cm-1).

Space mission data, observations and laboratory experiments
In January 2019, the New Horizon spacecraft (NASA) performed a flyby of the KBO 2014 MU69, also known as Ultima
Thule, the farthest object ever visited by a spacecraft.
New Horizons revealed its red colour and the presence of water and methanol ice5.
Both species were also detected on the centaur 5145 Pholus6 and in other KBOs by ground-based telescopes.
Two main hypotesis for the red colour:
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• Accretion of red matter from the pre-solar cloud
• Post-accretional energetic processing of methanol

A spectroscopic probe of the energetic processing of a KBO surface?
Experimental spectra of methanol reveal two absorption bands centred at 2.27 and 2.34 µm.
These bands show a different sensitivity to irradiation dose7.
We estimated the 2.34/2.27 µm band ratio in 2014 MU69 and 5145 Pholus and we compared
these values with the experimental ones.
We use the 2.34/2.27 µm band ratio as a probe of energetic processing of methanol rich ices.
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Conclusions and perspectives
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• Despite they absorbed different irradiation doses, both objects exhibit a red surface.
We suggest that the origin of their color is due to the accretion of red matter from
the solar nebula rather then post-accretional processing.
• Work in progress: characterization of the irradiation by-producs through micro-FTIR,
micro-Raman spectroscopy and Very High Resolution Mass Spectrometry in
collaboration with IPAG (Grenoble) and PIIM (Marseille).
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