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Abstract

We present the main results obtained of a study of
the size-frequency distributions (SFDs) from impact
simulations. We systematically studied a complete
grid of rubble-pile and monolithic impact simulations
and compared their SFD with actual asteroid families
to decide if for some cases rubble-pile SFDs achieve
a better match.

1. Introduction

As a natural consequence of collisional evolution in
the main asteroid belt, many asteroids have
undergone a series of battering impacts that likely
have left their interiors substantially fractured, if not
completely rubblized. Evidence supporting the
existence of objects with a rubble-pile internal
structure in the main-belt and near-Earth asteroid
populations comes from observations, experiments
and simulations [11].

Understanding the formation mechanisms of asteroid
families can lead to a better understanding of the
collisional evolution of the main-belt. Recent
simulations of collisional destruction of asteroids
reproduce quite well the main features of the size-
frequency distributions (SFDs) of some asteroid
families [6,7,9]. However some families remain
poorly represented, as pointed out [3] (e.g., the Eos
and Astrid families).

Smoothed-Particle Hydrodynamics/N-body codes
have become the techniques of choice to study large-
scale impact outcomes, including both the
fragmentation of the parent body and the
gravitational interactions between fragments. It is
now possible to apply this technique to targets with
either monolithic or rubble-pile internal structures.

Significant debate and examples can be found in the
literature about matching the size distribution of
asteroid families with modeled SFDs by means of
computer simulations. Most of the studied cases
consider different internal structures (solid, shattered
or porous targets) but for limited impact conditions,
restricted to reproduce the SFD of a specific family
[3,4,5].

Here, we report our systematic study of a set of 175
new impact simulations considering a rubble-pile
target. Simulations cover a range of collision speeds,
impact angles, and impactor sizes. A more extended
description of this work can be found in [1].

2. Impact simulations

First, the SPH code is used to model the actual
impact [2]. Then, when the impact simulations are
sufficiently complete the outcomes of the SPH
models are handed off as the initial conditions for N-
body simulations, which follow the trajectories of the
ejecta fragments for an extended time to search for
the formation of bound satellite systems [10]. This is
essentially the same numerical scheme utilized by
[4,5,6] to study the formation of asteroid families.

3. Results and Discussion

First we compared rubbe-pile and monolithic
modelled SFD. For rubble-pile targets, as was true
for monolithic targets, low-energy impacts (produced
by small impactors and/or oblique impacts) result in
sub-catastrophic events, while high-energy impacts
(mainly large impactors) result in catastrophic or
super-catastrophic events. No significant changes are
observed in the general morphology of the SFDs by
varying the impact speed for a given size impactor
and angle (except for a minor features discussed
below). In particular, for an impact angle of 75°, the



shape of rubble-pile SFDs remains quite similar even
varying the impact speed and impactor size,
becoming steeper and more continuous (smaller size
ratio between the two largest remnants) than the
monolithic ones. This implies that at some point,
more energy does not translate into a significantly
different fragment SFD.

Our results show that low-energy impacts into
rubble-pile and monolithic targets produce different
features in the resulting SFDs and that these are
potentially diagnostic of the initial conditions for the
impact and the internal structure of the parent bodies
of asteroid families. In contrast, super-catastrophic
events (i.e., high-energy impacts with large
specific impact energy) result in SFDs that are
similar each other.

Second, compared the modeled SFD with actual
families. We considered the same families
studied by [3] (see their Table 1), who applied
the procedure detailed in [8] to determine
families. Some of the families analyzed are
suspected to have interlopers among the larger
members, which can affect the shape of the
observed family SFDs. When possible, such
interlopers have been removed from the SFD
before comparison with the modeled SFDs (see
Table 1 in Durda et al. for more details about
interlopers).

Our results suggest that some families in the
asteroid belt could come from a rubble-pile
parent body. The asteroid families that best fit
with a rubble-pile parent body are Meliboea,
Erigone, Misa, Agnia, Gefion and Rafita. In
general, the parent-body size estimated for these
families is smaller than the one previously
estimated from monolithic targets. All of theses
families (except Gefion) were produced by sub-
catastrophic impacts. According to the results of
the comparison of SFDs, the impact conditions
for these families are in the parameter space that
allows us to infer physical properties of the
parent body. In contrast, Gefion is a family
produced by a catastrophic disruption event. For
this kind of high-energy impact, the monolithic
and rubble-pile SFDs are usually similar, but in
this case the SFD of a rubble-pile parent body
leads to a better match than the monolithic one.

Note that [3] showed that they could not find a
good fit for this family with monolithic parent
bodies.
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