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Introduction: Ejecta in small body systems
modifies the surface in ways that are influenced by the
conditions of the system. Recent missions to explore
the dynamics in small body systems include the
OSIRIS-Rex investigation on Bennu (which
discovered frequent particle ejection from the surface
[1]), the Deep Impact experiments [2, 3], and the
Double Asteroid Redirection Test (DART) [4]. Studies
of ejecta processes and post-impact debris clouds such
as those by [5], [6], and [7] benefit planning for
retrieval missions to small bodies as well as
investigations into ring formation, resurfacing,
cometary jets, and solar system formation; however,
few studies examine the consequences of a secondary
object on ejecta outcomes. With the number of
observed small body binary systems rapidly increasing
(the number of known binary NEAs quadrupled
between 2005 and 2015 [8]), our understanding of
ejecta dynamics must adapt to include multiple body
systems.

In this study, we examine the influences of rotation
period and primary/secondary separation on ejecta
resurfacing in small body binary systems. Due to the
relevance of the upcoming DART impact on
Dimorphos, we use the Didymos system as our
primary case study. Here, we outline the types of
simulations required to complete our objective and our
methods for analyzing and comparing simulation
outcomes. Finally, we discuss the implications of these
results and propose future directions for this study.

Methodology: For our simulations, we use the
Rebound Ejecta Dynamics (RED) package [9], a
Python package that uses the N-body integrator
Rebound [10] to examine post-impact debris dynamics
along short, medium, and long timescales. Due to the
N-body nature, RED allows for individual particle
trajectories and interactions to be mapped.
Additionally, Rebound performs high level calculations
at a lower performance cost than other N-body
integrators [11], making it ideal for the simulations in
this study.

Since our objective is to examine ejecta
distributions in small body binary systems and the
DART mission will be impacting Dimorphos in fall
2022, we establish the Didymos system as the
canonical test for our study. Future studies will expand
to include other NEO binary systems as well as some
outer solar system binaries. For the purpose of this
study, all simulations feature a direct impact on
Dimorphos and include effects such as radiation

pressure, rotation, influence from the primary body
Didymos, and a particle size distribution. We vary
rotation period and binary separation individually to
examine how each affects ejecta distributions on both
the primary and secondary bodies.

First, we examine the influence of the target body
rotation speed on resurfacing outcomes. Dimorphos is
tidally locked with Didymos and thus has an 11.9 hour
rotation period on average [12]. While this can be
assumed to be a fairly slow rotator, we test this
assumption by establishing a control simulation in
which Dimorphos does not rotate at all. Subsequent
rotation tests include a moderate rotation period of 6
hours and a rapid rotation period of 2 hours.

Secondly, we vary the separation between the
primary and secondary bodies and map the ejecta
outcomes with a particular interest in debris fallback
on the non-target body (Didymos in this case). In order
to make this scenario more applicable to other binary
systems, rather than defining the separation by a
specific distance we place the secondary at some
percentage of the Hill radius away from the primary
body. For the Didymos system, we calculate a Hill
radius of 3.2km with a measured separation of
approximately 1.2km (roughly 37% of the Hill radius)
between Didymos and Dimorphos [12]. We test
scenarios in which the separation is 20%, 50%, and
80% of the Hill radius.

Results: We first test the influence of rotation
period on resurfacing patterns by testing a slowly,
moderately, and rapidly rotating target body. In the
slow rotator case, the ejecta acts most similarly to a
scenario in which the target is not rotating at all. The
final distribution of particles on the surface forms a
roughly circular distribution about the impact site. For
the moderate and rapid rotator cases, particles are
greatly influenced by the rotation and do not re-impact
the surface as quickly. The faster rotation causes
particles to remain in orbit much longer before
encountering one of the two bodies in the system.

Next we vary the separation between the primary
and secondary. The larger separation (80% Hill radius)
causes less of an influence from the binary system than
the 50% and 20% Hill radius cases. Figure 1a shows
how the current Didymos system separation of 1.2 km
causes the ejecta distribution to look similar to an
oblique impact along the equator. Larger separation
decreases the influence of the secondary body on
ejecta outcomes as is demonstrated by the 80% Hill
radius case shown in Fig. 1b. Here the particles
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distribute roughly in a circular pattern about the impact
site with ~60% of the particles re-impacting the target
body and ~15% of particles impacting the binary
component. Approximately 25% of particles remain in
orbit in the system around Didymos. This is similar to
the percentages of particles that impacted each body in
the 1.2km separation case; however, the configuration
of landed particles differs based on the influence of the
binary component.

Discussion and Future Work: From our
preliminary results we can determine that a binary
component can influence the shape of the final ejecta
distribution, but not necessarily change the percentage
of material landing on each body. Similarly, the
increased rotation speed of a target body decreases the
number of particles impacting the surface, increases
the area of resurfacing, and takes longer for particles to
encounter a surface. Analysis of these binary systems
in conjunction with observations can help determine
the dynamical history of the system. Observing certain
patterns of ejecta on a body that do not quite align with
the orbital parameters of the system may suggest that
over time the system’s parameters have changed.

Further investigations into ejecta dynamics in small
body binary systems beyond the DART mission to
main belt systems and the outer solar system. Sampling
a wide variety of known systems throughout the solar
system will provide extensive coverage of possible
impact scenarios that would be impossible to observe
or analyze with a mission due to resource constraints.
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Figure 1. Provenance maps of the landed ejecta on
Dimorphos and their corresponding xy-projections of
the system for an approximation of the DART impact
where Dimorphos and Didymos have rotational
periods of 11.9 hours and 2.26 hours respectively. We
vary the system separation from (a) the observed
separation of 1.2km (37% Hill radius) and (b) 2.56km
(80% Hill radius). On the provenance maps, the impact
site is depicted by the red star and particles are

represented as blue points. On the system plots,
particles that landed on Dimorphos are red, particles
that landed on Didymous are green, and unlanded
particles are black.
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