3D CHARACTERIZATION OF THE EJECTA PRODUCED BY THE DART IMPACT
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ABSTRACT

NASA'’s Double Asteroid Redirection Test (DART) was designed to demonstrate the
potential for using a kinetic impactor to deflect the trajectory of a potentially hazardous
object, and to investigate the momentum enhancement, beyond that of the spacecraft
itself, that is produced by the material ejected in the impact [1]. The DART spacecraft
impacted asteroid Dimorphos, the secondary component of the binary asteroid system
(65803) Didymos, on 26 September 2022, changing its orbital period by 32 minutes
[2,3]. The successful outcome of the experiment proved the feasibility of the kinetic
impactor concept, but to fully understand how the momentum imparted by the ejecta
contributed to the changes in Dimorphos’ orbit, it is necessary to ascertain the net
direction in which the material was expelled.

The LICIACube spacecraft, which was carried by DART and released on
11 September, altered its trajectory so as to fly by the asteroid at a distance of 58 km
167 seconds after DART’s impact, thus allowing it to observe the impact and the
resulting ejecta cloud [4]. During the flyby, LICIACube’s LUKE camera observed from
83 to 243 seconds after impact, capturing detailed images that show details of the
ejecta morphology, including a well-defined cone surrounded by intricate filamentary
structures and even what appear to be individual boulders (Figure 1). The changing
viewpoint over the course of these observations, produced by the spacecraft’s motion,
reveals the three-dimensional nature of the ejecta, and provides a means of accurately
deriving the positions and velocities of the features recorded in these images.



To investigate the morphology and evolution of the ejecta, we are using techniques
developed for studies of the large particles detected in the coma of comet
103P/Hartley 2 [5]. With this technique we use the parallax imparted by the
spacecraft's motion to derive the locations of features that are identifiable in multiple
images. With our measurements, we can map the general structure in inertial space
and derive velocities of individual features in the ejecta field. We can also evaluate
possible changes in velocity over the course of the observations, providing important
temporal information about the evolution of the impact event. With our results we will
also attempt to match the features observed in the LICIACube images to those
observed in the HST, JWST and ground-based observations [6].

Our map of the ejecta field will provide critical information about the direction in which
the bulk of the ejecta was emitted, which will, in turn, provide additional constraints on
the momentum of the ejecta and improve our ability to determine how it contributed to
the changes in Dimorphos’ orbit.

Figure 1. LUKE images of the ejecta cone arising from Dimorphos after the DART
impact, showing detailed filaments and clusters of ejecta. The left panel was obtained
160 sec after impact at a range of 74 km, when the spacecraft was inside the cone
and the ejecta lies in front of Dimorphos (which is partially obscured). The right panel
was obtained 176 sec after impact, at a range of 71 km, showing a side-on view of the
ejecta cone. The bright object at the top of each frame is Didymos in the background.
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