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Study of lunar plasma environment using gyro-loss effect on electron velocity distribu-
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Solar wind proton scattering at lunar surface
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Theoretical study of the spectral formation of monochromatic whistler waves near the

Moon detected by Kaguya

0000 » 0000 hLooooh,0000hL00O0O032%,0002,00003,0000440000 32
Yasunori Tsugawd, Naoki Teradd, Yuto Katol, Takayuki Ono, Hideo Tsunakaw? Futoshi Takahashj Hidetoshi Shibuy?,
Hisayoshi Shimizti, Masaki Matsushinta

l0opgooo0ooO0o0o0oD,?00000000000o0o0on,3 0000000000000, *0000o0o0o0o
a
ITohoku University?Tokyo Institute of Technology Kumamoto University*University of Tokyo

We study the spectral formation mechanism of monochromatic whistler waves observed by the Lunar Magnetometer aboar
the Kaguya spacecraft orbiting at 100 km altitude above the Moon. The waves are observed as narrowband magnetic fluctuatio
with frequencies close to 1 Hz and are mostly left-hand polarized in the spacecraft frame.

Assuming whistler-mode waves in the solar wind frame propagating in the sunward direction with the group velocity com-
parable to the solar wind velocity, we find that, in the spacecraft frame, the Doppler-shifted frequency spectra of the waves ar
considerably modified making a peak at a certain frequency. The similar discussions have been made on the characteristics
upstream whistler waves observed near planetary bow shocks [e.g., Russell, 2007]. We suggest that the characteristics of t
spectra of monochromatic whistler waves are determined by the relation between the group velocity vector of the waves and th
solar wind velocity vector. By using the dispersion relation of whistler-mode waves in a cold plasma, we show that the factors
controlling the solution are the wave vector, the magnetic field directions, and the solar wind parameters. We investigate thes
parameter spaces and find that the wave vector angles with respect to the sunward and to the magnetic field directions change
solution considerably than the solar wind parameters do.

To confirm the theory described above, we compare the peak frequency distribution predicted by the theory with the observe
wave distribution. The consistency between the theoretical and observed wave distributions indicates that the frequency shift c
the waves is well explained by the theory and that the most important controlling factor is the angle between the group velocity
and solar wind velocity vectors.
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Data analysis of the causes of electrostatic solitary waves near the moon
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Electric wave absorptions in Reiner Gamma by lunar radar sounder (LRS) on Kaguye

orbiter
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Lunar space weathering dominantly induced by solar wind
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Space weathering causes the change in optical properties, such as darkening and reddening of the planetary surface. T
competing processes have been proposed so far as the main mechanism of such space weathering; hydrogen irradiation by s
wind and bombardment of micrometeorites. We use the new data set obtained by Spectral Profiler (SP) combined with Terrai
Camera (TC) onboard SELENE/Kaguya which observed the Moon, and approach the actual process of space weathering. V
investigated the optical characteristics of the so-called lunar swirls, which consist of bright/white parts and dark/black parts mak
ing enigmatic 'swirl’ patterns. We found such albedo markings of lunar swirls correspond to the extent of weathering and not
composition, which means some factors to induce space weathering is inhomogeneous connecting with the swirl patterns of tt
albedo contrast. We conclude space weathering on the Moon would be induced by hydrogen from solar winds dominantly an

the effect of the bombardment of micrometeorites may be minor.
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The Lunar Electrical Conductivity Structure using Magnetic Data Set of KAGUYA
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Modeling of lunar magnetic anomaly and paleomagnetic pole: Lunar dynamo in the past?
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Since findings in the Apollo era, the origin of magnetic anomaly is one of the biggest problems of the Moon. Whether or
not the anomalies are records of an ancient magnetic field of lunar core origin puts strong constraints on the thermal evolutior
internal structure and origin of the Moon. Magnetic field observations around the Moon by lunar-orbiting spacecrafts such as
Lunar Prospector and Kaguya provide us with data to examine if the Moon once had a dynamo-generated magnetic field. For th
purpose, we have conducted a study of modeling the lunar magnetic anomaly. A small-scale, relatively isolated anomaly can
modeled using point dipole sources, while more thorough modeling efforts are required for magnetic anomalies with complex
structure. In this study, we have modeled lunar magnetic anomalies, taking effects of magnetization source with finite spatial scal
into account. A rectangular prism is distributed in a bin of variable size as a magnetization source body. Depth of the bottom plan
of the prism is fixed, while height of the prism can vary. Thus, for each prism, the magnetization vector and the height of prism
are unknowns to be solved. Here, we report a preliminary modeling result using vector magnetic field data by Kaguya and Luna
Prospector low altitude observation. This technique will be applied to somewhat complicated anomalies, which are difficult to
be modeled using a dipole source, such as Crisium-Antipode, Hartwig, Keeler-Heaviside, Kolorev, Krasovsky, Mendel-Rydberg
Moscoviense and Rima-Sirsalis anomalies. After modeling them, the obtained magnetization directions are mapped into distri
bution of paleomagnetic poles to discuss the ancient lunar dynamo hypothesis.
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[1] Lawrence et al. (2002), 33rd LPSC, Abstract #1970.

[2]Gillis et al. (1999) in Workshop on New Views of the Moon I, LPI.
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Diverse crystallization trends in NWA 773 basalts

00 OO0 ', Fagan Timothy
Yuki WakabayasHi*, Timothy Fagah

lgoooo
'Waseda University

At least three distinct crystallization trends in mafic rocks from the Moon can be extracted based on
textural distinctions and pyroxene analyses from the Northwest Africa 773 (NWA 773) clan of lunar
meteorites. The NWA 773 clan consists of brecciated and unbrecciated meteorites with a characteristic
olivine gabbro cumulate lithology and other mafic rocks [1-5]. This study focuses on zoning trends in
pyroxene within the olivine cumulate, in more evolved co-magmatic rocks that occur as breccia clasts, and a
distinct mafic lithology characterized by fine-grained pyroxene+feldspar-rich groundmass [6,7]. Electron
microprobe analyses for this study are from NWA 773 and NWA 2727.

Three trends can be distinguished based on Ti# (Ti/[Ti+Cr]) and Fe# (Fe/[Fe+Mg]) in pyroxene. (1)

The main olivine gabbro cumulate clast (OGC) of NWA 773 [see 6,7]; smaller clasts of OGC in the breccia;
co-magmatic, later-stage, coarse-grained, zoned pyroxene+feldspar-rich clasts, symplectite and extremely
ferroan clasts with fayalitic olivine and silica and/or feldspathic glass form common trend with Ti# and Fe#
both increasing in pyroxene. We refer to this as the "main trend” of NWA 773 breccia. The large clast of
OGC in NWA 773 was originally considered the most magnesian (most primitive) endmember of the main
trend [6,7], but we have identified a slightly more magnesian clast with abundanct Cr-rich spinel.

(2) Within the olivine cumulate, pyroxene shows a wide range of Ti# but little variation in Fe# [6]. In

this study, we collected pyroxene analyses along transects toward intercumulate K,Ba-feldspar-bearing
pockets. These pockets are rich in incompatible elements and are considered products of residual liquids
trapped between cumulate crystals (see Fig. 2B of [6]). We analyzed pyroxene adjacent to five pockets in
NWA 773. In 7 of 9 transects in pyroxene, Ti# increases with minimal change in Fe# ("pocket trend”).
Plagioclase feldspar adjacent to four of the five pockets showed a decrease in An-content (increase in Ab)
approaching the pocket. These results are consistent with the interpretation of the pockets as residual
liquids trapped in the cumulate.

(3) One group of texturally distinct clasts in the breccias of NWA 773 and NWA 2727 has a

groundmass of fine, elongate, parallel crystals of feldpsar and pyroxene (straw-texture, see Fig. 6D of [6]).
Pyroxene phenocrysts in the straw-textured clasts show complex zoning patterns. Fe-rich groundmass
pyroxene analyses are similar to the main trend, but several analyses from the pyroxene phenocrysts have
higher Ti# at a given Fe# than the main trend (straw-textured trend).

We infer that: (1) the main trend formed from fractional crystallization in the main body of NWA773

liquid; (2) the pocket trend formed from fractional crystallization as pyroxene grew toward trapped liquids in
the cumulate; (3) the straw-textured trend formed from a separate mafic liquid with higher Ti#.

References: [1] Bunch et al., 2006, LPSC 37, #1375; [2] Jolliff et al., 2007, LPSC 38, #1489; [3]

Zeigler et al., 2007, LPSC 38, #2109; [4] Zhang et al., 2010, MaPS 45, p. 1929-1947; [5] Nagaoka et al.,
2011, LPSC 42, #1864, [6] Fagan et al., 2003, MaPS 38, p. 529-554; [7] Jolliff et al., 2003, GCA 67, p.
4857-4879.
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Ground station for Lunar Laser Raging : condition and upgrade using present SLR statior
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The paper presents a study of the ground station for the LLR (Lunar Laser Ranging) experiment in Selene2. The science go:
of the LLR is to get better understanding of inner structure of the Moon and other principal physics through lunar orbit, lunar
solid tides, and lunar rotation.

The current SLR (Satellite Laser Ranging) network on the Earth has about 30 operational stations and they track regularl
about 30 earth orbiting satellite in which the most distant target is up to geosynchronous satellite(GEO) or about 40,000 km. A
few stations can track retro-reflector arrays on the Moon which has distance of 380,000 km from the Earth. The signal strengtl
from moon is as -40 dB weak as one from GEO because of space loss if all other conditions including the target cross section al
same.

We plan to range the Moon from a Japanese ground station in two major steps. The first step is to acquire returned photons fro
the lunar retro-reflectors by upgrade of the existing SLR station to assess technology used and figure out necessary requirem
for each subsystem and software. In the second step, full-scale development and installation in an ideal location will be plannec
As the first demonstration site, the SLR station in Koganei is selected which has 1.5 m diameter telescope but does not have go
atmospheric seeing.

The pointing stability of the telescope and the atmospheric seeing are the most important factors for LLR. We will monitor the
seeing during ranging, and the adaptive optics approach will be taken for basic development by using tip-tilt mirrors, wavefront
sensors and control software.

A tracking laser for long-distance target is to be introduced in a transmitting pass, which has 532nm wavelength, nominal
repetition rate of 2 kHz, energy per pulse of 5 mJ and pulse width of about 20 nanoseconds. The kHz ranging engine (KRE)
composed of a range gate generator and epoch timer (A033-ET) with newly developed control software, is capable of 2 kH:
operation to control the tracking laser and data I/O. It can also control the present 20 Hz picoseconds laser by triggering usin
1/100 divider. The requirements of LLR stations are investigated in terms of technology and site condition, and the upgrade o
the present SLR station will be discussed.

Oo0000:000000,0000000
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Development of a Telescope for In-situ Lunar Orientation Measurements (ILOM) in the

next Lunar Exploration - Evaluation
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[1] Hanada, H., Heki, H., Araki, H. et al., Application of PZT telescope to In-situ Lunar Orientation Measurement (ILOM),
International Association of Geodesy Symposia, 2004, 128, 163-168.
[2] Williams, J. G., Boggs, D. H., Yoder, C. F. et al., Lunar rotational dissipation in solid body and molten core. 2001, J.

Geophys. Res., 106, 27933-27968.
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Development of thermal control unit for scientific instruments on lunar surface
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