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It is natural that small airless bodies in planetary systems are major sources of dust in the zo-

diacal cloud and debris disks by mutual collisions and volatile sublimation. Conversely, every small

airless body in the zodiacal cloud and debris disks is struck on its surface with dust continuously

and such a steady bombardment of the airless body results in the formation of a so-called ejecta

cloud around it, the presence of which has been identified around Jovian satellites. The formation

of an ejecta cloud is directly linked to the mechanical properties of dust in the ejecta cloud, but

mesoscopic physics behind the ejecta cloud formation is poorly formulated. Instead, an empirical

law of macroscopic impact experiments is commonly applied to previous models of ejecta clouds,

whereas there is no justification for the validity of the law in mesoscopic physics. To overcome

this situation, we theoretically investigate the mechanical properties of dust in mesoscopic physics,

although based on Johnson-Kendall-Roberts theory of contact mechanics, Griffith theory of fracture

mechanics, and Weibull theory of flaw statistics. In this presentation, we will provide theoretical

formulae for the mechanical properties of dust that are applicable to both aggregates of small grains

and monoliths of any porosities. We will demonstrate how well our analytic expressions explain

experimental and numerical results of mechanical properties with icy, siliceous, and carbonaceous

materials in the size range from nanometers to meters.

The DESTINY+ (Demonstration and Experiment of Space Technology for INterplanetary voYage

with Phaethon fLyby and dUst Science) mission will fly by several Near-Earth Asteroids (NEAs),

the main target of which is the Geminid parent-body (3200) Phaethon. During their flybys, a dust

analyzer named DDA (DESTINY+ Dust Analyser) onboard DESTINY+ will measure the mass,

electric charge, velocity, and chemical composition of dust in the ejecta cloud around each NEA.

Therefore, the interpretation of DESTINY+/DDA in-situ data on dust in the ejecta clouds will

benefit from our theoretical study, which provides a better understanding of ejecta cloud formation.


