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Cassini-Huygens was the first mission specifically dedicated to studying Saturn and its satellites. Launched in 1997, Cassini-Huygens was inserted into Saturn's orbit in 2004. Initially scheduled to last 4 years, the mission has been extended until 2017. The Cassini-Huygens mission was designed to explore the Saturn system, including its rings, magnetosphere and icy moons. Saturn's icy moons have been mapped at optical wavelengths by the Imaging Science Subsystem (ISS) and hyperspectral Visual and Infrared Mapping Spectrometer (VIMS) instruments during numerous flybys. Because of the highly variable flyby geometries, these data were acquired at very different spatial resolutions and under changing observation conditions. When the acquisition geometry is too extreme, for example for very high angles of incidence and/or emergence, the data are difficult to reconcile to form homogeneous mosaics, mainly because of the photometric properties of the surface and the strong atmospheric contributions in the particular case of Titan. This makes the complete fusion of all the images acquired, and the analysis of the resulting mosaics, very difficult.

Our research team has developed a new methodology for combining a large number of overlapping observations to increase the spatial resolution of icy satellite surface maps. This super-resolution method aims to merge highly variable data sets, which may come from different optical remote sensing instruments, and restore a higher resolution mosaic from several lower resolution images. This requires the implementation of a reliable map reprojection procedure and a precise and reliable correction algorithm for (1) the photometry of icy surfaces and (2) atmospheric scattering and absorption in the case of Titan. For Titan, we have also developed a radiative transfer algorithm that simulates the infrared spectra of Titan's atmosphere and surface. This algorithm uses inversion to extract physical information about the optical properties of Titan's atmospheric and surface components from infrared observations, in particular the surface albedo. This algorithm is very costly in terms of computing time, and has only been used very locally for a limited number of observations. More recently, we have developed a specific algorithm for the massive inversion of observations. This algorithm is still in the testing and validation phase.
In this context, the main goal of this thesis proposal is the realization of super-resolution maps and the investigation of the composition of Titan's surface at regional and global scales with Cassini and the JWST, with the possibility to prepare the Dragonfly mission. In particular, the aim of this work will be to use the radiative transfer and super-resolution mapping algorithms developed by our team (in Fortran90, C, IDL and Python languages) to produce a global super-resolved reflectance map of Titan's surface, corrected for atmospheric contributions (absorption and scattering by gases and aerosols), based on all the infrared hyperspectral images of Titan acquired by Cassini in the 0.8-5 µm spectral range (VIMS instrument) between 2004 and 2017. This represents several hundred million spectra to be processed and analysed. This reflectance map can then be used to identify candidate materials for surface composition. Combined with the high spatial resolution Cassini/RADAR observations of dunes, mountains, rivers and seas, knowledge of the materials present on the surface will help us to better constrain the geological and climatic history that led to the formation of these landscapes (by mechanical and/or chemical erosion by wind and/or methane rain?). Observations from the JWST's NIRSPEC instrument, in the same wavelength range as VIMS but with much higher spectral resolution, will make it possible to check, and correct if necessary, the atmospheric inputs to the radiative transfer model and help identify the composition of Titan's surface. It will also be possible to help prepare for future observations of Titan's lower atmosphere and surface by the cameras that will equip the Dragonfly drone, particularly of its landing site (Selk crater) and its immediate surroundings.
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Global mosaic of Titan's surface constructed from VIMS observations (cylindrical projection; RGB color composite with red = 5 µm, green = 2.03 µm, and blue = 1.27 µm). The three VIMS channels are empirically corrected for atmospheric contribution (Le Mouélic et al., 2019). The spatial resolution averages 15 km, reaching 0.5 to 1 km very locally. The atmospheric correction still needs improvement. Some seams still appear between individual observations, indicating that these VIMS maps still contain atmospheric contributions and are not yet capable of representing the "absolute" reflectivity of the surface.
Our team is associated with the VIMS and RADAR instrument science teams on the Cassini spacecraft and therefore has access to all the official data and processing chains. Our team is also involved in the JWST observation campaigns for Titan and collaborates closely with the Dragonfly science team.

Candidates for this PhD position are expected to have completed a Master's degree in planetary science, astrophysics, or fundamental physics and to have a strong understanding of radiative transfer in planetary atmospheres and surfaces, spectroscopic data and spectral image processing, and the Python programming language (knowledge of IDL, Fortran, and C would be an asset).

