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The boulder size-frequency distribution derived from DART/DRACO images of
Dimorphos: First results
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Context: On 26 September 2022, the Double
Asteroid Redirection Test (DART) spacecraft impacted
the surface of Dimorphos, the ~150 m size satellite of
the near-Earth binary asteroid (NEA) (65803)
Didymos (~760 m-size, [1]). Numerical models of
asteroid disruption, the analyses of asteroids’ shapes,

scales, ranging from few meters to a best resolution of
5.5 cm. In order to identify and manually count all
boulders located in the illuminated surface of the
asteroid, we decided to use two DRACO images with a
phase angle of 59.4°, taken from target distances of
52.56 km and 40.73 km. The resulting illuminated

and in-situ observations, support the interpretation that
small asteroids (0.2-10 km size range) are
reaccumulated remnants from disrupted parent bodies,
also called rubble-piles (e.g. [2, 3]). Surface boulders
on rubble piles, therefore, represent directly the
fragments of those parent-body disruptions followed
by some evolutionary process such as cratering and
thermal breakdown, followed by the size-sorting and
migration of granular materials when an asteroid’s
regolith is mobilized. Hence, the observed size-
frequency distribution (SFD) of boulders on the
surface of a NEA and the corresponding fitting indices
is a powerful tool for understanding the initial
formation of boulders and their subsequent evolution.
The boulder SFD is also important in understanding
the conditions of the surface for any kinetic deflection
experiment such as DART.

Dataset: During the last minutes of the DART
mission, the DRACO scientific camera [4] imaged the
surface of Dimorphos at increasingly fine spatial

surface in these images was imaged at a spatial scale of
0.26 m and 0.20 m, hence all features larger than 0.6-
0.8 m in size can be identified (Fig.1).

Selected Area

Figure 1. The DRACO images projected onto the Dimorphos shape
model. The study area is within the light-blue polygon. The DART
impact location is indicated with a yellow dot.
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Figure 2. Frequency histogram of the Dimorphos identified boulders.

By using the Small Body Mapping Tool (SBMT,
[5]) we directly projected the DRACO images onto the
Dimorphos shape model [6] and then counted boulders
as ellipses from an area that is 0.0132 km? wide (this
area is the largest one identifiable where distorted
features are not present, Fig. 1). The value of an
ellipse’s major axis is then used as the maximum size
of the boulder. The total number of boulders identified
is 4757, with a maximum size of 16 m. The frequency
histogram of the counts is in Fig.2.

SFD fitting curves: To evaluate whether or not the
resulting SFD is fitted by a power-law or not we made
use of the Clauset et al. [7] method to validate the
existence of the power-law fitting model [8]. This
method allows the identification of the completeness
limit, Xmin, Which is the threshold value above which
the power-law exists. The estimation of Xmin is done
through the Kolmogorov-Smirnoff (KS) statistic and
allows to find the value minimizing it. Afterwards, the
power-law index (a) of the fitting curve is determined
through the maximum likelihood estimator (MLE).
The uncertainty for both a and Xmin is then derived
through a non-parametric bootstrap procedure that
generates a large number of synthetic datasets from a
power-law random generator and performs a number
of KS tests to verify if the generated and observed data
come from the same distribution. This technique
returns a p-value that can be used to quantify the
plausibility of the hypothesis.

The above methodology applied on our data return
an « value of -2.45 + 0.2 and an Xmin of 2.0 + 0.5 m.
Nevertheless, considering the significance level of
0.10, our preliminary p-value of 0.06 (computed from
2500 KS statistic tests) suggests that the Dimorphos

boulder SFD is not well fit by a single power law
distribution, but instead, from a different one.

Due to the 0.20-m spatial scale of the images used,
all boulders larger than 0.60 m, i.e., 3 pixels, can be
positively identified. To be conservative, we then
decided to use a lower limit of 1.0 m to compute the
exponential-law and Weibull parameters.

Through this preliminary work, we have identified
that the Weibull fitting curve better represents the
boulder SFD on Dimorphos in the 1.0-16.0 m size
range. While a single power-law SFD would indicate a
single-event fragmentation (for example during impact
cratering) that leads to a branching tree of cracks that
have a fractal character [9, 10], the Weibull
distribution is thought to result from sequential
fragmentation [11] and is often used to describe the
particle  distribution  resulting from  grinding
experiments [12]. This suggests that the boulders SFD
on Dimorphos might have originated from impacts, but
it was later modified by other processes (repeated
impacts, thermal fragmentation, reaccumulation related
processes, burial) that are still being debated and that
will be presented at the time of the conference.
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