Expected geological assessments at Didymos and Dimorphos from DART and LICIACube
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ABSTRACT

Asteroid (65803) Didymos is a binary Near Earth S-type asteroid of the Apollo group. It consists of a primary, called Didymos (780(30 m size), and a secondary, called Dimorphos (164(18 m size) orbiting at a distance of (1.19 km. This asteroid is the target of the NASA Double Asteroid Redirection Test mission (DART), whose main goal is to impact Dimorphos at a speed of (6.5 km/s in September/October 2022, hence demonstrating the kinetic impactor deflection technique for planetary protection. The DART camera, called DRACO, will acquire images of Didymos with a maximum resolution of 3.5 m and images of Dimorphos with a maximum scale of 50 cm/pixel (it is possible that one or more images taken few seconds before the impact will have higher resolution). A complementary dataset will be acquired by the LICIACube cubesat, which will be released by DART ten days before the impact, and autonomously guided through a flyby with closest approach (CA) distance of (55 km from the target. This spacecraft will witness the redirection test in-situ, while the crater, ejecta and plume are being formed. During CA, the LICIACube high resolution camera, called LEIA, will observe the surface of Dimorphos, getting images with a resolution between 1.4 and 2 m/px. Moreover, LEIA will image the non-impacted side of Dimorphos (not observed by DRACO) with resolutions ranging from 1.5 to 5 m.

The multi-scale DRACO-LEIA dataset will be characterised by different geometry and viewing angles. Such images will allow assessment of surface geology, not only of the DART impact site, but also of the observed surfaces as a whole. The DART images of Didymos will be pivotal to distinguish possible morphological units of the surface, characterised by different texture, roughness and albedo, and provide boulders and crater size-frequency distributions (SFDs). The DRACO-LEIA dataset will provide a geological map of the illuminated side of Dimorphos body, highlighting texture (including boulders SFDs, spatial densities, presence of dusty deposits and lineaments) that are critical for accurate models of the DART impact. But beyond addressing these DART impact specific issues, the DART-LICIACube data and the resulting geological assessments will be key to update our understanding of the relationships between a primary asteroid and its moon, including how the moon formed (if it is a rubble pile or just a monolithic body). It will also provide a great starting point for understanding the details of the consequences of the DART impact when the ESA HERA mission will visit the Didymos system.
