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Abstract

Since the Moon has neither thick atmosphere nor global intrinsic magnetic field, lunar
surface is affected by both solar light and solar wind. The existence of lunar originating
ions, which are emitted from lunar solid surface, has been observed by plasma measure-
ments such as Apollo, Kaguya, and so on. Their generation processes have long been dis-
cussed and multiple generation processes - such as Photon Stimulated Desorption (PSD),
solar wind sputtering, ionization of neutral particles, etc. - have been proposed. However,
due to the absence of quantitative discussion based on direct observation of the lunar am-
bient plasma, understanding about production rates or contribution of each process is still
not enough. Understanding generation processes of lunar ions is very important espe-
cially from the two view points: that it helps us to understand microscopic interactions
between lunar solid surface and external input, and that it enables us to investigate the
origin of rarefied plasma environment around the Moon.

In order to quantitatively understand the generation processes of lunar originating ions,
we estimated and compared the amount of lunar originating ions generated at lunar surface
by PSD and solar wind sputtering using data obtained by plasma analyzer MAP-PACE on
“Kaguya”. MAP-PACE consisted of two electron analyzers and two ion analyzers, and
we used data of ion analyzers, IMA and IEA. Since “Kaguya” was a three-axis stabi-
lized spacecraft, one of the spacecraft panels on which IMA was installed always faced
the lunar surface, and another panel on which IEA was installed always looked opposite
direction. IMA, which was able to not only analyze energy and incident angle of de-
tected particles but also perform mass analysis, made it possible to indentify species of
the detected ions.

Ions detected by IMA consist of ions generated at the lunar surface by PSD/solar wind
sputtering and ionized neutrals. We established a method how to compare the amount of
ions generated by PSD and by solar wind sputtering. First, we excluded ionized neutrals
using the difference between the energy of ions generated at the lunar surface and that
of ionized neutrals. Second, we discriminated ions generated by PSD and solar wind
sputtering using both data obtained at magnetic anomaly regions and regions without
magnetic anomalies.

We estimated production rate of lunar originating ions by PSD and solar wind sputter-
ing using method we established. As a result, we found that 73% of the lunar originating
ions were generated by PSD and 27% by solar wind sputtering under a typical condition
in which solar wind flux was about 3 x 10® ions/cm? - s. We also found that production



rate of both PSD and solar wind sputtering varied as the square of cosine solar zenith
angle. We proposed the solar zenith angle dependence of PSD was due to dependence of
lunar surface temperature, while that of solar wind sputtering could be explained by the
solar wind gardening effects.

Both PSD and solar wind sputtering occur at all astronomical bodies where solar wind
ions directly interact with the surface, like the Moon. What we have showed in this
thesis not only gives us clues for understanding lunar exosphere and plasma environment
around the Moon, but also contributes to the understanding of plasma environment of
astronomical bodies that have neither thick atmosphere nor global intrinsic magnetic field.



