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The 2023 National Academy of Sciences, Engineering, and Medicine Decadal Survey on Planetary
Science and Astrobiology lists several key questions regarding the collisional, dynamical, and physical
evolution of small body populations in the solar system. Among those objects are Temporarily Captured
Orbiters (TCOs), a subset of near-Earth objects (NEOs) that enter the Earth-Moon system and be-
come temporarily captured by Earth’s gravitational field, orbiting as a natural satellite or “mini moon” of
the Earth before exiting the Earth-Moon system sometime thereafter. TCOs remain largely unstudied,
in part due to a lack of data from both ground- and space-based telescopes. TCOs present a unique
opportunity for studying bodies external to our Earth-Moon system without the need for expensive deep-
space missions to investigate them. This paper will present the mission concept of Mini-Luna, a cislunar
mission designed by students from Cornell University’s Smallsat Mission Design School (SMDS), tai-
lored for NASA’s Small Innovative Mission for Planetary Exploration (SIMPLEXx) program. The Mini-Luna
mission concept, with its 12U TCO Rendezvous Explorer (TREx) CubeSat, aims to demonstrate the vi-
ability of smallsat form factors for traveling to, rendezvousing with, and in-situ characterization of TCOs,
thereby also addressing gaps in our knowledge about the TCO population. Historically, no spacecraft
has visited a TCO, highlighting the Mini-Luna mission as a novel scientific and technological pursuit.
The TREXx technology demonstration can also be a potential minimum viable product (MVP) for future
small body targets.

After the commissioning of the Vera C. Rubin Observatory in August 2025, its nightly surveys are
expected to discover one TCO every two to three months, on average, yielding a total of approximately
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75 TCOs during the ten year lifetime of the Legacy Survey of Space and Time (LSST) [1]. At the same
time, the total number of known small bodies in The Solar System is expected to increase by a factor
of ten to 100 [2]. Our mission will begin with a rideshare in the 3rd quarter of 2030, where TREXx will be
transported via a Falcon Heavy rocket and released into a Near-Rectilinear Halo Orbit (NRHO) about
the Earth-Moon L2 Lagrange point. TREx will stay in an L2 parking orbit until a suitable TCO is detected
by ground-based observations and deemed reachable by the mission operations team. Once the TCO
is selected, the spacecraft will leave its parking orbit and rendezvous with the TCO to collect images
of it and characterize its size, shape, and surface composition. The instrument payload will include
two cameras: one with a wide field of view that operates in the visible spectrum, and another based
on the specifications of an ESA Hera mission instrument, which is a visible-near-infrared multispectral
imager [3]. During End-of-Life operations, TREx will be injected into a disposal orbit that leaves the
Earth—Moon system, complying with NASA Procedural Requirements for Limiting Orbital Debris.

SIMPLEx program constraints include a maximum allowable budget of $55 million, a mass limit
of 180 kg, and a volume restriction of 12U. The final estimates for the proposed two year mission are
calculated to be ~$24 million cost, 27 kg mass, and 11.8U volume. The proposed Mini-Luna mission
concept will provide more information on small body populations and pave the way for future TCO tech-
nology demonstrations.

Comments:
Alternative session: NEO Characterization. Oral Presentation is preferred; Poster presentation de-
sired as alternate.

References

[1] Fedorets, G., Granvik M., and Jedicke, R., Orbit and size distributions for asteroids temporarily captured by the Earth-Moon
system, Icarus 285 (2017) 83-94. https://doi.org/10.1016/j.icarus.2016.12.022,

[2] Jones, R.L. and Jurié, M. and Ivezi¢, Z., Asteroid discovery and characterization with the large synoptic survey telescope,
arXiv preprint (2024). https://arxiv.org/pdf/1511.03199 [retrieved 11 July 2024].

[3] European Space Agency, Hera mission milani instruments, 2021. |https://www.heramission.space/
hera-mission-milani-cubesat|[retrieved 5 November 2024].


https://doi.org/10.1016/j.icarus.2016.12.022
https://arxiv.org/pdf/1511.03199
https://www.heramission.space/hera-mission-milani-cubesat
https://www.heramission.space/hera-mission-milani-cubesat

	PDC2025: \376\377\000M


