PDC2023
Vienna, Austria

Ongoing and Upcoming Mission Highlights

DYNAMICAL INTERPRETATION OF OBSERVED EJECTA FEATURES
FOLLOWING NASA’S DART IMPACT ON DIMORPHOS

Fabio Ferrari®¥, Carmine Giordano®, Gianmario Merisio®, Paolo Panicucci®,
Mattia Pugliatti®, Francesco Topputo®, Stefania Soldini®, Sabina D.
Raducan®, Martin Jutzi®, Eugene G. Fahnestock®, Jian-Yang Li®, Andrew F.
Cheng®), J. D. Prasanna Deshapriya®, Tony L. Farnham®, Pedro H.
Hasselmann(, Masatoshi Hirabayashi®, Stavro lvanovskil®, Ryota Nakano®),
Alessandro Rossi®, Daniel J. Scheeres?, Adriano Campo Bagatin®3, Brent
W. Barbee®), Elisabetta Dotto(, Igor Gai®, Ludmilla Kolokolova®, Josh
Lyzhoft4), Elena Mazzotta Epifani(, Patrick Michel®®, Fernando Moreno7,
Derek C. Richardson®), Stephen R. Schwartz®, Gonzalo Tancredi®®, Cristina A.
Thomas®®, Yun Zhang®, Angelo Zinzi?®, Andrew S. Rivkin®, Nancy L.
Chabot® and the DART Investigation Team
(1) Department of Aerospace Science and Technology, Politecnico di Milano, Italy
@University of Liverpool, UK
() Space Research and Planetary Sciences, University of Bern, Switzerland
) Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, USA
®) Planetary Science Institute, Tucson, AZ, USA
®) Johns Hopkins University Applied Physics Laboratory, USA
(") INAF - Osservatorio Astronomico di Roma
() University of Maryland, College Park, MD, USA
©) Auburn University, Auburn, AL, USA
(10) INAF - Osservatorio Astronomico di Trieste
(11 IFAC-CNR, Sesto Fiorentino, Italy
(12) University of Colorado Boulder, CO, USA
(I3)|UFACYT-DFISTS, Universidad de Alicante, Spain
(14 NASA/Goddard Space Flight Center
(15) Universita di Bologna, Forli, Italy
(16) Université Cote d'Azur, Observatoire de la Cote d'Azur, CNRS, Nice, France
(17 Instituto de Astrofisica de Andalucia, CSIC, Spain
(18) Departamento de Astronomia, Facultad de Ciencias, Uruguay
(19) Northern Arizona University, Flagstaff, AZ, USA
(20) Agenzia Spaziale Italiana, Italy

Keywords: DART, Didymos, Dimorphos, ejecta, kinetic impact
ABSTRACT

On September 26", 2022, NASA’'s Double Asteroid Redirection Test (DART)
impacted at high speed the asteroid Dimorphos, the secondary component of the
binary asteroid system (65803) Didymos, to perform the first full-scale demonstration
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of kinetic impact for planetary defense purposes [1]. The DART kinetic impact
provides a unique opportunity to investigate the consequences of hypervelocity
impacts on asteroids, allowing direct observations of the formation and evolution of
the ejected material. The study of the dynamical processes following hypervelocity
impacts on asteroids is paramount to the understanding of the origin and evolution of
these celestial bodies. The effects of the DART Kkinetic impact were observed
extensively and at different spatial/time scales, both by ground-based and space-
based observatories [2], including the Hubble Space Telescope (HST) [3] and ASI’s
CubeSat LICIACube [4]. More detailed investigations on the long-term effects of the
impact on the binary system will be performed by ESA’s Hera spacecraft, which will
visit the Didymos system in 2027 [5].

We perform here a first dynamical assessment of ejecta features observed in a time
span ranging between a few hours and a few weeks after the DART impact. We
provide a dynamical interpretation of these features by comparing direct
observations with the results of numerical simulations. In particular, this work makes
reference to the observation campaign performed by the HST [2] but is not only
limited to this dataset.

We performed an extensive numerical simulation campaign, with a wide range of
parameters that are representative of the physical, dynamical and optical properties
of ejecta patrticles, including e.g., their size distribution, material density and velocity
distribution. Ejecta particles are propagated forward in time considering all major
gravity sources involved (Didymos, Dimorphos and the Sun), as well as the effects of
Solar Radiation Pressure (SRP). We set up an automated pipeline to extract features
from telescopic images and compare them with features appearing in numerical
simulations.

Preliminary results allow us to make a distinction between gravity-dominated and
SRP-dominated features, and to estimate the properties of ejecta particles that
contribute to each feature’s formation and evolution. Worth mentioning are features
identified in HST images [2], including the spiral feature, the asymmetry between
northern and southern features, the early tail, and the double tail. In particular, we
found that the binary nature of the system creates complex dynamical structures,
which are not expected for non-binary active asteroids and are needed to explain
some of the features observed in the present scenario [6,7].
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