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ABSTRACT

On September 26", 2022, NASA’s Double Asteroid Redirection Test (DART)
performed the first full-scale demonstration of kinetic impact for planetary defense
purposes, by impacting at high speed the asteroid Dimorphos, the secondary
component of (65803) Didymos binary system. Before impact, DART provided
exceptional close-up images of both Didymos and Dimorphos, revealing that both
asteroids have oblate shapes and rocky surfaces [1].
We perform here a first assessment of formation and evolutionary paths that may
have led to the observed, pre-impact state of the Didymos system. We account for
asteroids’ internal structures that are consistent with their observed asteroid shapes
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and the geomorphological features appearing on their surfaces. Key parameters to
this analysis are the bulk densities of the two asteroids, which have a high
uncertainty and currently estimated in the range 2100-2700 kg/m? (one sigma) [1],
and their spin rate, which is directly constrained for the Didymos primary only (2.260
h) [2], and has not been measured for Dimorphos, for which is typically assumed to
equal its orbit period (11.92 h).

We use N-body discrete-element codes to reproduce the dynamical evolution of
Didymos and Dimorphos, which are modelled as loosely consolidated self-gravitating
(rubble-pile) aggregates [3]. We investigate evolutionary processes that may have
led to the formation of Dimorphos, such as major fission events, mass shedding or
transport within the binary system, and their possible causes, such as slow
reshaping due to YORP-driven spin change, or abrupt reshaping due to meteoritic
impacts [4,5,6].

Preliminary model results suggest that both Didymos and Dimorphos may have a
rubble-pile inner structure, as this appears consistent with both dynamical
simulations and preliminary geological assessments of their surfaces.

In particular, a rubble-pile Didymos is structurally stable when assuming a bulk
density of 2700 kg/m? (the higher-end of pre-impact density estimates), or for a
smaller density, in the presence of some structural coherence in the inner part of the
asteroid [7,8]. Such coherence might be provided by grain interlocking and/or a small
cohesion level (few Pa) between rubble-pile constituents, or by a small (30-50%
volume) inner rigid core. Also, numerical simulations show that reshaping processes
on Didymos imply mass movements from mid-latitudes to the equator, where
particles would be only tenuously bound to Didymos [9]. This appears consistent with
the equatorial region of Didymos, which, compared to the mid-latitude region,
appears smoother and less boulder-rich, suggesting materials might have been shed
from the equator due to Didymos’s high spin rate [10].

Under the assumption of tidally locked behavior, Dimorphos has a sensibly lower
spin rate compared to Didymos, and this makes Dimorphos’s shape stable at any
density value within the estimated one-sigma uncertainty range. From a dynamical
perspective, Dimorphos’s shape would be stable even with a fully-fragmented interior
and in the absence of cohesion/interlocking. A major source of dynamical
perturbation is provided by the presence of Didymos, which makes Dimorphos’s
shape unstable at distances smaller than 900-1000 m (depending on the bulk
density, and in absence of internal strength). A preliminary assessment shows that
Dimorphos would disrupt under Didymos-induced tides at distances closer than 500—
600 m, and would have a more elongated shape in the range 600-900 m. The ESA
Hera mission will provide detailed measurements of key properties, including internal
ones, during its rendezvous with Didymos through close proximity operations of the
spacecraft and its two Cubesats Milani and Juventas in 2027, allowing us to check
our predictions [11].
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