
PRIMITIVE BODY EXPLORATION IN THE SOLAR SYSTEM AND ASTROBIOLOGY

Hajime YANO

Planetary Science Division, Institute of Space and Astronautical Science
3-1-1 Yoshinodai, Sagamihara, Kanagawa 229-8510  JAPAN

Fax: 042-759-8457 E-mail: yano@planeta.sci.isas.ac.jp
(Received 20 August 2002, Accepted 21 August 2002)

Key Words: Asteroids, Astrobiology, Comets, Leonids, Meteors, Meteorites, Micrometeoroids, MUSES-C, Solar
System Minor Bodies, Planetary Exploration,

Abstract
Origins of planetary systems and life are common goals among astronomers, biologists and planetary scientists.

In the context of planetary exploration, astrobiology can be defined an interdisciplinary subject which answers fp, ne
and fl parameters for the Drake-Sagan equation. The new concept of habitable zones also demands better understanding
of primitive bodies of the solar system while “cosmic dust” is one of the key components that relates all the
evolutionary stages (from the birth to the death) of the planetary systems and terrestrial life, for both the panspermina
theory and the Urey-Miller paradigm. In particular, it is essential for us to properly conduct optical and spectroscopic
observations of meteor showers such as the Leonid MAC and in-situ measurement and sample return missions to minor
bodies such as MUSES-C, in order to connect between ground observation data of asteroids and comets and analytical
data of cosmic dust and meteorite samples. For the latter, organic and prebiotic material analyses are important for both
scientific outputs and space quarantine issues. Thus the primitive body exploration program should seek more
collaboration with the astrobioloy community not only within the current program but also for new missions in the
coming decade.
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Fig. 1.Concept of circumstellar and galactic habitable zones
proposed by the “Rare Earth Hypothesis”. (Courtesy: Scientific
American) [3]
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Fig. 2.Star birth, disk formation and death of old stars within
one image by the Hubble space telescope. (Courtesy:
NASA/STScI)

Fig. 3.Idea of the current state of the solar system.�Modified
from D. Yeomans (JPL)�
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Fig. 4. Extraterrestrial material influx to the Earth
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Fig. 5. Nuclei of comet Halley imaged by Giotto spacecraft.

(Courtesy: ESA) [6]

Fig. 6. Murchison meteorite. [10]

Fig. 7. Tagish Lake meteorite. [11]
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Fig. 8. Extraterrestrial liquid water in halite found inside the
Monahan H5 ordinary chondrite. (Courtesy: M. Zolensky
(NASA/JSC)) [12]

Fig. 9. Visible-UV spectroscopy of the Leonid fireball in 2001
imaged at the Subaru site, Mauna Kea, Hawai’I.  (Courtesy: S.
Abe, H. Yano, et al.,) [13]
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Fig. 10. Examples for precursor organics of life. (Courtesy: ESA)

Fig. 11. A 10-micron chondritic porous interplanetary dust
particle captured in the stratosphere. (Courtesy: NASA/JSC)

Fig. 12. Greenberg model of the shell structure of cosmic dust
monomer grains. (Courtesy: M. Greenberg (Leiden
University) )[14]
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Fig. 14. An artist’s impression of a 10-km sized asteroid
impacting on the Earth. (Courtesy: NASA/ARC)
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Fig. 15. Connecting between spectroscopy of minor bodies and analyses of meteorite and cosmic dust samples.
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All other comets
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