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Science Goals of OPENS-0: Outer Planet Exploration by Novel Small Spacecraft
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Japan, being a latecomer in outer planet exploration, is planning a realistic approach to conduct missions under limited
resources. The OPENS (Outer Planet Exploration by Novel Small Spacecraft) program has been conceived to make use of
Japan’s heritage in ultra-small deep space probes and to enable outer planet exploration. The concept envisions the frequent
launch of small spacecraft in the 100 - 200 kg class, utilizing the Epsilon-S rocket and rideshare opportunities.

As its first step, a mission concept named the “Outer Planet Exploration by Novel Small Spacecraft — Experimental Mis-
sion (OPENS-0)” has been proposed under the ECO & FAST class of competitively selected small missions. In the original
proposal, OPENS-O0 is planned for launch in 2028 by an Epsilon-S rocket, to reach the Saturnian system in 2039 via Venus
and Earth swing-bys. OPENS-0 is currently under consideration as a pre-project candidate, with studies ongoing toward the
mission definition review.

While the primary goal of OPENS-0 is to demonstrate engineering technologies required for Japan’s independent outer
planet exploration, the mission also aims to produce scientific returns by making effective use of onboard instruments orig-
inally intended for spacecraft operations during the decade-long cruise to Saturn and the flyby within the Saturnian system.
Potential observations during the cruise include:

- Earth photometry as reference data for exoplanet observations

- Radio occultation of Venus’ atmosphere

- Radio occultation of the solar corona

- Observations of zodiacal light and cosmic background scattered light between 0.7 and 10 AU from the Sun

- In-situ measurement of interplanetary dust spatial distribution between 0.7 and 10 AU

- Asteroid flyby observations

During the Saturn system flyby, OPENS-0 plans to conduct integrated observations of the rings by combining multiple
methods across different physical parameters and spatial scales, aiming to advance understanding of ring formation and evo-
lution. Candidate observations include high-resolution imaging of ring fine structures and constituent particles with a visible
camera, large-scale and locally resolved studies of ring structures via radio occultation, and in-situ measurements of dust
distribution from the ring region outward to interplanetary space. Radio occultation of Saturn’s atmosphere may also be
conducted in addition to ring studies.

This presentation will outline the scientific objectives of OPENS-0, with emphasis on the planned observations, and report
on the current status of the mission.
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