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Summary (Abstract) of doctoral thesis contents

Asteroids and meteorites are thought to retain information on the early
solar system. In particular, planetesimals similar to C-type asteroids
and/or parent bodies of carbonaceous chondrites may have carried water and
organics to the earth. Carbonaceous chondrites are classified into many
types, which have different amounts of hydrated minerals and organic matter
and different composition of oxygen isotopes. These differences are thought
to be related to the environments that these meteorites had experienced.
Such record of environmental history is important to understand the solar
system. However, meteorites do not retain direct evidence for which parent
body they come from. Nevertheless, reflectance spectra suggest that
carbonaceous chondrites may be from C-type asteroids. More specifically,
C-type asteroids often exhibit spectral features for hydrated minerals and
organics found in carbonaceous chondrites

The surface of asteroids, however, exhibit spectra affected by space
weathering effect, which are caused by the bombardment of micrometeorites,
solar wind ions , and cosmic ions. Recent studies suggest that the influence
of solar wind implantation cannot be ignored in near earth asteroids.
However, space weathering effect of proton accounting for 95% of solar wind
have not understood well. The main purpose of this thesis is to investigate
the incorporation mechanism of solar wind protons into silicate minerals
and the rate of spectral change by solar wind protons on C-type asteroid
surface.

In this thesis, the spectral change by proton implantation on the airless
bodies is described. Introduction is described in Chapter 1. Chapter 2
describes the details of laboratory simulation of solar wind implantation
and analysis method of effect with respect to the reflectance spectra. Ion
implant experiments for anhydrous and hydrated minerals were conducted
using microwave ion source ion implantation device to simulate space
weathering. The energy of irradiated H2"beam using this device was 10keV
to emulate to solar wind. The reflectance spectra were measured from 1. 28um
to 27um. Among which the wavelength related to H20/0H absorption band is
focused.

In Chapter 3, the observation on difference of spectral change between
silicate minerals is discussed. The samples were olivine (San Carlos),
antigorite (Sangencyaya) and saponite (Kunimine Industries Co., Ltd.),
which are contained in carbonaceous chondrites. Olivine was used as a
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representative of anhydrous minerals and the others were used as a
representative of hydrous minerals. In this laboratory simulation, it was
detected that the absorption strength around 3um of reflectance spectra
was increased by irradiation of H2" ions. This change strongly suggests that
hydroxy!| group and/or H20 were created by H2" irradiation. Especially, the
spectral change of hydrated minerals clearly indicated existence of
hydrogen bonded hydroxyl with silanol. In consequence, the solar wind
protons would break the original hydroxyl| group and bonds of Si02 and create
hydroxy!| group and H20 in hydrated silicate minerals at the same time.

In Chapter 4, the spectral change of antigorite with respect to the amount
of H2" ions is discussed. This series of experiments revealed a relationship
between irradiated dose and change of reflectance spectra. The reflectance
spectra were changed with increase of the irradiation dose and the spectral
change of antigorite would saturate with about 10" ions/cm2. Furthermore,
the contribution of proton irradiation to the absorption strength around
dum is larger near 1AU in present compared with experiment simulating
micrometeorite impacts considering another cause of space weathering.

In Chapter 5, the estimation of spectral change on the surface of C-type
asteroids are described based on results in chapter 3. The reflectance
spectra of a mixture of several minerals can be described using average
of single scattering albedo weighted mineral abundance. The alteration
ratios of single scattering albedo of carbonaceous chondrites were
decreased after H2" irradiation. These results indicate that the surface
reflectance spectra of C-type asteroids at near earth region show a large
change due to space weathering effect. When we estimate carbonaceous
chondrite types using reflectance spectra of C-type asteroids, then, the
space weathering effect of solar wind protons must be considered.
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Summary of the results of the doctoral thesis screening
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