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BACKGROUND AND MOTIVATION

Understanding the frequency and mechanisms of impact
crater events helps to mitigate civil [1] and exploration [2]
hazards, while understanding impact physics helps refine
crater scaling laws. Better impact prediction models are
crucial for effective design for planetary defense missions as
e.g., the DART kinetic impact test [3] shown in Fig. 1. Crater
formation has never been directly observed; current models

are informed by theory and impact experiments that . .
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decreasing impactor size, a constellation which
can resolve smaller sized craters has an improved
probability of capturing the impact in real time.
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Meteoroid flux: We scale the meteoroid flux at
the Earth to the Moon to obtain the number of
expected impacts per vyear. Fig. 7 shows
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The Lunar Reconnaissance Orbiter (LRO, [4]) and its camera
(LROC, [5]) have shaped our knowledge of impact processes

[6, 7], providing high-resolution, global imaging of the Moon. (impactor density 3 g/cc, Vinf 20km/s [17]). The Equation 1. Expected number N of impacts per year, given impactor
While LRO is anticipated to be operational until ~2030, it has result is Eg. 1, which gives the cumulative diameter D.
already exceeded its mission duration. As LRO is a single number of impacts per year. M
spacecraft and crater targets are manually selected, the same : : 2+ -
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: : : : 38.147°, 357.118¢. Successively zooming in on target properties [18] to find the size of the
years [7] The hlghGSt resolution IMages (Flg 3) come from the central crater in the boxed red region : : R — crater radius U - impactor velocity
_ . f i ¢ | resulting crater, which can then be used to , , ,
LROC Narrow Angle Camera (LROC NAC, [5]), the capabilities pi(fg‘lz;‘jgfnt:fer Ci;atter:e biil“drezlu!'s/' ueppe?tleft determine FOV for our desired pixels/crater a —impactor size g - gravity
of which we assume can be considered ‘off the shelf’. image. Credit LROC Quickmaps. . . P p ~target density K1~ scaling constant
resolution for a given CCD geometry. § —impactor density v, - power law exponents

OBJECTIVE: determine on orbit infrastructure needed for rapid Typical ‘impactor sizes ~(accounting for
uncertainty in scaling parameters) range

and automatic detection of crater formation from 16 to 70 cm.
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Equation 2. Crater size scaling laws from Holsapple et al. [18].
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Constellation architecture should maximize surface coverage while minimizing cost. We consider 2 \
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observing lunar far side impact flashes (Fig. 4) 35 B3 2 c
[8], is a 12U Cubesat (28 kg) with its primary by 20| 10" 2
payload an impact flash observing camera. ! 0% k=== ====-=-- v
We assume LUMIO can be used as-is but with - 10N, o, 107
an updated camera. LUMIO is approved for Figure 4. LUMIO Cubesat configuration, Toputo 2023 | — o 0. 7758 — /08 " e gl /o0
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10M for NRE development [9], Cs = €1M/N Satelites in constellation (#) Crater diameter (m)
: New ObservatiOn frame J Fig 8. Left) FOV vs number of satellites with contours of coverage. Right) FOV vs crater diameter with contours resolution in pixels per crater diameter.
construction [10]) [ ‘ Dashed lines show the baseline design
Payload: LROC NAC equivalent camera / ™ | Impact rate: Knowing the camera FOV sets the portion of the lunar surface covered by a single

(5000x5000 pixel CCD [5]). Development
costs assume half of the original LROC
contract (~S90M, [11]) can be allocated to the
NAC and 10% recurring costs for components

spacecraft and thus, the surface coverage for a given N.. Combined with the knowledge of the
expected flux to the surface (integrate Fig. 7 to get total impacts per year), and accounting for
half-time solar illumination, the time to record one impact is computed.

Assess site for impact, differencing new
frame with stored frames (accounting for
illumination conditions)

_ B ” \_ Y, Baseline design: With 10 m craters as a minimum resolvable target, we select a 15 deg FOV and
ana ’;sstmg Cnacpey = € 40M, Cnac = Impact/cratler detected? N, = 15, yielding surface coverage of 0.022%. This design yields a required mission duration to
€4M/Ns. | . ' observe 1 impact to be 10-20 yrs. Using the upper bound and the cost model from Fig. 6, we
Grounq segment an.d Ops-. Assume typical YES NO estimate such a mission would have a total program cost of €280M. Figure 9 illustrates how
operations consist primarily of health checks; - 4 ~ 4 ~ costs change depending on constellation configuration vs ESA and NASA mission budgets [19].
data is only offloaded in the event of impact 4 3
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Launch: Rideshare with translunar injection, result of large upfront development costs
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assume (C;, = 1M€ / satellite). Batch TOTAL = (Cygr + Cr) X (1 +R)

(Ground station and communications

translunar injection via Space-X equivalent infrastructure Satellites in constellation (#)
. Figure 9. Constellation costs vs number of satellites, colored by
launch system could reduce substantially Cp = (Cs + Cnac + CL + Y X Cops) X Ng ACKNOWLEDGEMENTS Jears until impact detected
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