SAMPLE RETURN AND SCIENCE BY MUSES-C
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Great number and diversity of asteroids make us difficult to grasp the whole picture of the asteroids. A breakthrough will be given by assigning, to each taxonomic type of asteroids, the true material or meteorite species. Acquisition of samples from a representative asteroid selected from each fundamental taxonomic type is of great importance. After this assignment we can draw the gross material map in the asteroid belt based on the spectral type obtained by ground-based observations. Toward this goal sample returns from several asteroids each of which belongs to differing taxonomic class are required. To complete this program series of several sample return missions to asteroids are required, and inevitably international collaboration and/or coordination are strongly desired. As a first step we are sending the world-first sample return mission MUSES-C to one of near-earth asteroids. This presentation is focused on the scientific aspect of the mission 

Mission scenario: MUSES-C is a near-earth asteroid sample-return mission whose primary object is to develop technologies requisite for the future advanced sample return mission. The targeted asteroid is 1998SF36, whose orbital parameters are a=1.32AU, e=0.28, i=1.63deg, and physical parameters such as rotational period, spectral type, and albedo are now being observed by several groups, and the details will be presented in the conference. The spacecraft is launched by MV-5 rocket from Kagoshima in Nov. to Dec. 2002. After swing-by the earth in May 2004, it flies toward the asteroid with the assist of the ion propulsion engine. It arrives near the asteroid in Sept. 2005, and hovers at 10km above the asteroid surface. During about three-month stay near the asteroid it determines topographical, mineralogical, chemical abundance map and gravity using a camera(AMICA), a laser altimeter(LIDAR), a near-infrared spectrometer(NIRS), and an X-ray spectrometer(XRS). After the reconnaissance observations, the spacecraft approaches toward the asteroid and touches for an instant with the surface for sampling the material. After the observation and sampling the spacecraft leaves the asteroid and cruises toward the earth again with the assist of the ion engines, and arrives at the earth in June 2007. The reentry capsule, inside which the sample is contained, removed from the main spacecraft directly plunges into the atmosphere from the interplanetary trajectory at velocity as high as 12.5km/sec.During the descent of the capsule the sample container is removed from the ablator and finally retrieved on the ground. The experienced temperature of the sample in the container is about 100degC.

Spacecraft and Science payload:  The spacecraft dry weight is 390kg, and weight for the scientific remote sensing instruments is 12kg, including AMICA, LIDAR, NIRS,  XRS. NIRS is composed of InGaAs array of 0.85-2.1 micron wave length, and XRS using CCD detects fluorescent X-ray from the asteroid surface in energy range of 0.7-10keV.The sampling mechanism are attached to the basement of the spacecraft and consists of a funnel-shaped horn, a sample containing canister, and a transfer mechanism, and projectors. After launch of the spacecraft the folded horn is stretched to the full size of 1m. Immediately after the end of the horn touches on the asteroid surface a projectile of mass 5g is shot at velocity 300m/sec by a small projector onto the asteroid surface. Impact of the projectile produces asteroid ejecta, which are concentrated through the horn toward the canister. The canister is finally transferred into the reentry capsule and tightly sealed The expected amount of the sample captured strongly depends on the physical property of the asteroid surface material, but the nominal amount for the rock of weak strength is about 1g.

Sample analysis: The curatorial and initial analysis of the returned sample will be carried out in several key facilities in Japan for less than a year, and after this period the announcement of opportunity for detailed analysis will be released to all over the world.

