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Definition Science Goals and Objectives Technology Gaps: Challenges and Opportunities
Rapid Response Mission: Conducting a mission to a recently discovered, Rapid resp issi may enable deploy of dedi d sp. ft to newly identified The technical challenges fall primarily into two categories:
non-recurring object or high interest/consequence event. If no timely action is targets that would otherwise not be possible via regular mission development timelines.
taken, future assessment, investigation, and exploration of the object is not . - s i EChall rodrapicimpl testinedandliatnchian
ible * Development of rapid response mission capabilities could be necessary to characterize a
posst . recently discovered NEO that may pose a near-term threat to Earth. Such in situ 2. Challenges related to hypervelocity flybys of small targets and/or active bodies (i.e.,
characterization is necessary to adequately assess the physical characteristics of the NEO, comets).
TargEtS determine the potential magnitude of the impact hazard, and ascertain whether a

subsequent mitigation mission(s) to deflect or disrupt the NEO is warranted.
Over the last several years there has been growing recognition that detailed knowledge of specific
classes of small bodies can only be attained through rapid response missions. Specifically, these Rapid response would enable planetary science missions to fascinating objects such as LPCs
classes consist of the following objects: and ISOs that are typically challenging to investigate via in-situ spacecraft. Data from these
objects could revolutionize understanding of early solar system formation and evolution.

» Interstellar Objects (ISOs) — Active or inactive objects that originate outside
the solar system and are traveling on hyperbolic trajectories (e.g.
11/‘Oumuamua and 2I/Borisov)

Traditional Mission Architecture

» Traditional paradigm for missions —

v

Long Period Comets (LPCs) — Comets with periods of >200 years, as opposed
to short period comets (like Halley’s Comet). These foundational objects are
generally extremely active and contain volatiles from the early formation of

the solar system (e.g., C/2022 E3 (ZTF)). . Launch

@ y

» Near-Earth Objects (NEOs) — Near-Earth asteroids (or comets) that pose a l’
significant impact hazard to Earth and have short warning times. Desn ‘r

Rapid Response & the Decadal Survey

Rapid Response Mission Architectures

More recently one of the primary recommendations from the National Academies Planetary and
Astrobiology Decadal Survey 2023 - 2032 highlighted the need for developing a rapid response
mission capability for planetary defense.

» New alternatives based on rapid response paradigm —

1. Ground Storage — Partial or Complete Build —

Launch

& 8

Design Detection

The response to this recommendation from the NASA Science Mission Directorate Planetary Science
Division stated that:
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% “NASA concurs with this rec ion and recognizes that the ability to determine the key
characteristics of an imminently dangerous NEO quickly and accurately may be critical to the 2. In Space Storage — Parking Orbit —
success of any future mitigation efforts. Moreover, developing a rapid-response capability may
significantly enhance Planetary Science opportunities for the study of long-period comets and
interstellar objects, which are unpredictable targets of opportunity”[2].
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Design Detection

One of the key factors for furthering knowledge of these small body populations are the emerging
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appropriate targets of opportunity which would enable NASA and the international community to Hajimé Yano (JAXA). g ‘ ‘
quickly discover and respond to an emerging target. Architecture | Pros Cons Applicability '

q eSCin o Minimal + Wide range of missions
KISS Rapid Response Study — sy o Neetrid aeemedioneh i oo
» Variety of mission classes setup launcl

 Can aim for specific target

In response to these developments, subject matter experts from around the world gathered at the

California Institute of Technology W. M. Keck Institute for Space Studies (KISS) for a one-week ;‘35’:’ :ﬁnwn{mh:lmdum; — .ws/.;g,m:mmm..) e LA
workshop in October 2022 to address the challenges and opportunities for developing rapid response & ¥ ! HIEWAE i R
mission capabilities. (Note: Final report in progress.) © Less energy left to reach target
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