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Mars satellite(s) sample return mission and its sciences

# Kiyoshi Kuramoto[1]; Kiyoshi Kuramoto Mars Satellite Sample Return mission science team[2]
[1] Cosmosciences, Hokkaido Univ.; [2] -

A mars satellite(s) sample return mission has been rapidly crystallized as the next strategic middle class space science missi
of ISAS. This mission is planned to approach the Mars system, not yet reached by our country, by extending the heritage o
asteroid sample return missions that have brought a unique advantage to Japanese space exploration. Mars has been recogn
as a main target of future Japanese space exploration because its Earth-like surface environment provides us irreplaceable rese:
field for the origin and evolution of habitable environment in the solar system. The mars satellite sample return mission has ¢
position as a door for future successive Mars exploration programs to be promoted in our country.

Origin of the Mars satellites Phobos and Deimos is still an enigma. The available surface reflectance spectra of them ar
similar to those of D-type asteroids, suggesting their capture origin from the outermost population of the main asteroid belt. Or
the other hand, both bodies have near-circular orbits above the equator of Mars. Such an orbit is difficult to be explained by th
capture origin, but favors the formation from a circum-planetary disk created by a giant impact. If the giant impact origin is the
case, each satellite is expected to be composed from igneous rocks due to impact shock heating. However, the reflectance spe
lack any signatures supporting such composition.

Since the composition of building material of a satellite depends on its source and satellite formation mechanism, compositione
analyses of samples originated from bed rock may clarify the satellite origin. If a satellite is captured asteroid origin, it can be
regarded as a survivor of building blocks of Mars, allowing us to deduce cosmochemical constraints for the starting condition of
Mars through sample analysis. If giant impact origin is correct, satellite material likely contains components not only from the
impactor but also from the crust and mantle of proto-Mars, which would provide geochemical constraints for the initial condition
of Mars evolution. Application of isotopic chronology would reveal the timing of satellite formation, which would shed light also
on the large scale evolution of the early solar system. The inner satellite Phobos is possibly contaminated by ejecta from larg
impact craters on Mars. If such materials are picked up from the returned sample, they may provide geochemical constraints ft
the evolution of the Martian surface environment.

In-situ observations are also important to constrain the origin of both satellites. If abundant structural water and/or organics
are identified on fresh outcrops or boulders, captured origin becomes very favorable. Since both satellites are trapped by Mar
they have been kept cold enough to possibly preserve abundant water ice in their interiors. The presence of ice is likely if the!
are captured asteroids originated from the outer main belt. Such an ice rich satellite possibly has density profile concentrate
with depth and also releases a small flux of water vapor. Thus measurements of density and compositional profile and also tho
of gas density, composition and motion around the satellite orbit are clue to diagnose the internal ice. Those gas measuremet
may also reveal the influence of gas flux to the satellite surface material and also the outflow mechanism of the Martian uppe
atmosphere.

Observations of the Martian atmosphere from the vicinity of a satellite are also valuable. Successive full disk imaging from
the equatorial orbit at multiple wavelengths may provide unique data to clarify the global transport of water vapor and dust in the
Martian atmosphere.

This mission covers broad scientific areas and is significant as the step toward the successive future Mars missions. We ho|
that many researchers, especially of young generations, will participate this attractive mission.
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