
OKEANOS：ソーラー電力セイルによる木星トロヤ群小惑星の探査とさら

なる遠方への挑戦

OKEANOS –Jupiter Trojan Asteroid Rendezvous and Landing

Experiments Using a Solar Power Sail
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The OKEANOS (Oversize Kite-craft for Exploration and AstroNautics in the Outer Solar system) is a mission

under study to rendezvous with and land on a Jupiter Trojan asteroid [1]. The target is a Jupiter Trojan but

will be the Saturnian system in the future. It is an engineering mission to demonstrate advanced

technologies such as the hybrid thrusting with the enhanced ion engine powered by a 40 x 40 m class

large area solar cells to explore the outer solar system cost-effectively. With the new technology, the

mission will conduct in-depth scientific measurements for understanding the origin and evolution of the

solar system and life. The concept is complementary to NASA Lucy mission [2], multi-flybys to six Jupiter

Trojans for understanding the variation of Jupiter Trojans. 

 

Jupiter Trojans are D/P-types enriched in volatiles. They might have experienced almost no or only a low

degree of alteration. Their origin and evolution, as well as chemical and physical state still remain

unknown. Jupiter Trojans should be a missing link of materials that originate from the inner or the outer

solar system by gravity scattering due to migration of giant planets [3]. They are key targets to understand
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the evolution of astromaterials and the radial distribution of elements and isotopes in the early solar

system. 

 

The OKEANOS has been downscaled from the previous proposal [4] due to the severe cost cap. The

spacecraft of 1400 kg including a 40 kg lander will be launched in 2027 or later, assisted by gravity of

Earth and Jupiter. It will arrive at the target asteroid after a 13-year cruise. 30 kg is allocated for science,

12 kg of which is reserved for international collaboration. Bus instruments such as the optical navigation

cameras (ONC-T and -W), LIDAR, and radio science are used for scientific purposes. The lander is like

Mascot with uprighting capability on the asteroid surface and 12 kg is allocated for science mission. 

 

During the cruise, science experiments will be carried out from the “deep-space platform”.

Measurements of IDPs and magnetic fields will continuously monitor their radial distribution in the solar

system and sudden events. The gamma-ray polarimeter will be used for precise positioning of gamma-ray

bursts using a very long baseline. Visible to near-infrared telescope will map the zodiacal lights and

observe the deep sky under a dust-free condition from outside of the asteroid main belt. 

 

After arrival, global mapping is carried out to characterize the asteroid and select the landing site. The

asteroid shape, size, rotation state, and geologic features are imaged by ONC. Gravity is measured by

radio tracking and LIDAR. Near-infrared spectroscopy characterizes red or less red patterns, the degree of

hydration, mineralogy, and abundance of ices, organics, and brines. Thermal infrared multi-bands inform

on thermophysical properties, mineralogy and amorphous phases. A radar probes the surface physical

state and also contributes to altimetry. In situ experiments with the lander will characterize the footprint

and surrounding area by imaging and spectroscopy, followed by measurements of mineralogical,

elemental, and organic composition as well as physical, thermal, and magnetic properties at the site. The

asteroid surface sample is collected to conduct high-resolution mass spectroscopy (HRMS) based on

MULTUM system (infi-TOF type mass spectrometer [5]), especially to determine the isotopic ratios of δD

and δ15N and the volatile species contained in the sample. Details will be decided during the critical joint

study in 2019. Those experiences will be inherited to future missions. 
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