PDC2023
Vienna, Austria

Please submit your abstract at https://atpi.eventsair.com/23a01---8th-planetary-
defense-conference/abstractsubmission

You may visit https://iaaspace.org/pdc for more information

(please select the topic that best fits your abstract from the list below)
(you may also add a general comment - see end of this document)

[ ] Key International and Political Developments
[ ] Advancements and Progress in NEO Discovery
[ ] NEO Characterization Results

X Deflection and Disruption Models & Testing

[ ] Mission & Campaign Designs

[ ] Impact Consequences

[ ] Disaster Response

[] Decision to Act

[_] Public Education & Communication

MEASURABILITY OF THE HELIOCENTRIC MOMENTUM ENHANCEMENT OF
THE DIDYMOS SYSTEM FROM THE DART IMPACT

Rahil Makadia @, Sabina Raducan @, Eugene Fahnestock @), Steven Chesley ©),
Siegfried Eggl ¥
() Department of Aerospace Engineering, University of Illinois at Urbana-Champaign,
104 S. Wright St, Urbana, IL 61801, USA
(2) Space Research and Planetary Sciences, Physics Institute, University of Bern,
Bern, 3012, Switzerland
(3) Jet Propulsion Laboratory, California Institute of Technology, 4800 Oak Grove Dr,
Pasadena, CA 91109, USA

Keywords: DART, kinetic impactor, asteroid deflection, impact risk
ABSTRACT

The Double Asteroid Redirection Test (DART) spacecraft impacted Dimorphos, the
secondary asteroid in the (65803) Didymos binary asteroid system on 26 September
2022. The impact altered the momentum of Dimorphos and reduced its mutual orbit
period by about 33 minutes. This change in the momentum of Dimorphos is not
simply the result of a linear momentum exchange between the asteroid and the
DART spacecraft. This is because ejecta fly off the surface due to the impact and
impart additional momentum change onto Dimorphos. This overall momentum
transfer is characterized by the binary system momentum enhancement factor, (3.
However, this change in Dimorphos’s orbit that is characterized by 8 is not the only
consequence of the DART impact.
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The ejecta generated by the impact can also escape the gravitational pull of the
Didymos system and change its heliocentric orbit. This corresponding change is
modeled by the heliocentric momentum enhancement factor, Bo. Understanding the
heliocentric momentum enhancement is important because it quantifies how the
binary asteroid system’s motion in the solar system changed because of this kinetic
impactor technology demonstration. This change in the heliocentric orbit of the
binary system characterized by Bo is yet to be measured. This work explores the
measurability of the heliocentric momentum under various observation scenarios in
the next few years. Different combinations of ground-based radar, stellar occultation
and pseudo-range measurements using ESA’s Hera spacecraft are considered here.
The possibility of estimating the heliocentric momentum enhancement parameter
and the accuracy of the corresponding estimates is presented for each observation
scenario. Specifically, observation scenarios that allow a measurement of Bo before
the arrival of the Hera spacecraft will be explored. This is possible because a
heliocentric beta estimate uses the system mass, which is known, rather than the
Dimorphos mass, which is (so far) unknown.
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