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Advanced Lunar Imaging Spectrometer for the Next Japanese Lunar Mission SELENE-2
Present State and Science Objectives
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A future lunar landing mission SELENE-2 is being planned by Japan Aerospace Exploration Agency (JAXA). In the present
design, SELENE-2 consists of a lander, a rover, and a communication relay orbiter, but detailed configuration - landing site(s)
mission life etc. - is now under investigation. Advanced Lunar Imaging Spectrometer (ALIS) is an imaging spectrometer which
we are developing for SELENE-2 lander.

Scientific objectives of ALIS are geological investigation around the landing site by VIS/NIR (Visible and Near Infra-red light)
spectroscopy, making of the photometric model of the lunar surface by repeated observation with various photometric conditions
and production of an operation map for the rover to access sampling targets such as ejecta from central peaks. ALIS has be
miniaturized in order to reduce weight and electricity consumption. It has a VIS-NIR imaging spectrometer (700-1700 nm with 5
- 10 nm resolution) . The spectrometer is composed of an imaging sensor (InGaAs) and a diffraction grating unit. The spectrom
eters take '1-line spatial resolution’ x 'wavelength resolution’ image as one shot. Line images are assembled by scanning imag
on a slit of the spectrometer with rotating ALIS body. We conducted a concept design of new ALIS and computed its thermal
model and optical model to confirm its feasibility. The idea of scientific operation also will be presented.
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Development of gamma-ray spectrometer for in-situ observations of elemental composi

tion for SELENE-2
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Recent status of SELENE-2/VLBI instrument
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Lunar electromagnetic response to be observed by Lunar ElectroMagnetic Sounder (LENM
in the SELENE-2 mission
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The present status of lunar interior structure is a consequence of the thermal history of the Moon. Therefore information on it:
internal structure is a key issue to understand the lunar origin and evolution. The electrical conductivity structure, which is inde-
pendent of the seismic velocity structure, is important to estimate the thermal structure in the lunar interior, since the electrica
conductivity of silicates has a strong temperature dependence. Hence, we propose a lunar electromagnetic sounder (LEMS)
estimate the electrical conductivity structure of the Moon.

Temporal variations in the magnetic field of lunar external origin induce eddy currents in the lunar interior, which in turn
generates the magnetic field of lunar internal origin. In the SELENE-2 mission, the inducing magnetic field is to be measured by
two triaxial fluxgate magnetometers onboard a lunar orbiter, and the induced field as well as the inducing field is to be measure
by two triaxial fluxgate magnetometers onboard a lunar lander. We plan to use dual magnetometer technique as mentioned abc
to avoid strict electromagnetic compatibility requirements like those for the Kaguya spacecratt.

Here we present a current status of the LEMS mission. We also show electromagnetic response of the Moon by assuming ele
trical conductivity structures of the lunar interior. It turns out that the magnetic field date as obtained in the Apollo mission are
insufficient to estimate the electrical conductivity structure for the outermost few hundred kilometers of the Moon because of the
low sampling frequency. Estimation of lunar electromagnetic response was attempted by using the magnetic field data obtaine
by the lunar magnetometer (LMAG) onboard the Kaguya spacecraft. Although the magnetic field data at higher frequencies ar
available, it is difficult to estimate electromagnetic response only by the lunar orbiter. Thus it is very significant to measure the
magnetic field by both a lunar lander and a lunar orbiter in the SELENE-2 mission.
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On lunar broadband seismic observation in SELENE-2
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Development of a Small Digital Telescope for Observations of Lunar Rotation
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On the range measurement error of LALT aboard KAGUYA
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NODA, Hirotomo'*, ARAKI, Hiroshi®, TAZAWA, Seiichi', ISHIHARA, Yoshiaki

lDpoooo
INational Astronomical Observatory of Japan

The Laser Altimeter (LALT) aboard lunar explorer KAGUYA (SELENE), which was launched in September 2007 and op-
erated until June 2009, measured the distance between the satellite and the lunar surface, and achieved the first accurate Iu
topographic map including polar regions (Araki et al 2009). Originally it was designed so that range measurements could be don
for slope terrain with 30 degrees from 100 km orbit with the laser energy of 100 mJ. However, decrease of the laser energy dow
to 70 mJ occurred in the beginning of the nominal mission phase. In addition, due to a sudden decrease in the laser energy on
April 2008, the observation was suspended for a while, and intermittent observation was carried out until the end of the nomina
mission phase (October 2008) for the investigation. In the nominal mission period, range measurement sometimes failed in th
slope regions because the light bounced on the surface was not detected with sufficient intensity. In this report we investigat
such situation by using laser energy telemetry, distance between the satellite and the lunar surface, slope, and reflectance of
surface.

references: Araki et al. (2009) Science 323, 897-900.
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the permittivity of the lunar basalt layer based on the Kaguya observation
data
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The layered structure of lunar maria: Identification of the HF-radar reflector in Mare

Serenitatis using optical images

0000 ™ 00000 YL%000hZo0oooo3200002,00003%,000040000¢4
OSHIGAMI, Shokd*, OKUNO, Shinya, YAMAGUCHI, Yasushi, OHTAKE, Makiko?, HARUYAMA, Junichi?, KOBAYASHI,
Takad, KUMAMOTO, Atsushit, ONO, Takayuki
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I'Nagoya University? JAXA/ISAS, 3Korean Institute of Geoscience and Mineral ResourtEshoku University

Comparison of the Lunar Radar Sounder (LRS) data to the Multiband Imager (MI) data is performed to identify the subsurface
reflectors in Mare Serenitatis. The LRS is FM-CW radar (4-6 MHz) and the 2 MHz bandwidth leads to the range resolution of 75
m in a vacuum vacuum, whereas the sampling interval in the flight direction is about 75 m when an altitude of the spacecraft witf
polar orbit is nominal (100 km). Horizontally continuous reflectors were clearly detected by LRS in limited areas that consist of
about 9% of the whole maria. The typical depth of the reflectors is estimated to be a few hundred meters. Layered structures ¢
mare basalts are also discernible on some crater walls in the M| data of the visible bands (VIS). The VIS range has 9 wavelengtt
of 415, 750, 900, 950, and 1000 nm, and their spatial resolution is 20 m/pixel at a nominal altitude. The stratigraphies arounc
Bessel and Bessel-H craters in Mare Serenitatis are examined in this paper. It was revealed that the subsurface reflectors lie
the boundaries between basalt units with different chemical compositions. In addition, model calculations using the simplified
radar equation indicate that the subsurface reflectors are not compositional interfaces but layer boundaries with a high-porosi
contrast. These results suggest that the detected reflectors in Mare Serenitatis are regolith accumulated during so long hiat
of mare volcanisms enough for chemical composition of magma to change, not instantaneously. Therefore combination of thi
LRS and MI data has a potential to reveal characteristics of a series of magmatism forming each lithostratigraphic unit in Mare
Serenitatis and other maira.

goooo:gogobooo,0og,ooo,0oooooa
Keywords: radar sounder, lunar maria, layered structure, crater wall
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Young Mare Volcanism in the Orientale Region Contemporary with 2 Ga PKT Peak Pe-

riod
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CHO, Yuichiro"*, MOROTA, Tomokats#, HARUYAMA, Junichi®, HIRATA, Naru*, YASUI, Minami®, SUGITA, Seijf
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I Department of Earth and Planetary Science, University of Tok@oaduate School of Environmental Studies, Nagoya Univer-
sity, 2Japan Aerospace Exploration Agency/Institute of Space and Astronautical Séerpaytment of Computer Science and
Engineering, Univ. of Aizu®Organization of Advanced Science and Technology, Kobe Univef&igpartment of Complexity
Science and Engineering, University of Tokyo

The crater retention ages of the mare deposits within the Orientale multi-ring impact basin are investigated using 10 m resolu
tion images obtained by Selenological and Engineering Explorer (SELENE, nicknamed Kaguya) spacecraft, in order to constrail
the volcanic history of the Moon around the nearside-farside boundary. Precise crater-counting analyses reveal that mare depos
in the Orientale region are much younger than previously thought: 2.8 Ga mare basalt in the eastern part of Mare Oriental
and "1.7-2.2 Ga mare deposits in Lacus Veris and Lacus Autumni, maria along the northeastern rings of the basin. These resu
indicate that the central and periph-eral regions of the Orientale basin experienced volcanic activities "1 and 1.8 billion year:
after the basin-formation impact, respectively. The dominance of uniform surface age across the mare deposits in the peripher
regions strongly suggests that these volcanic eruptions are contempo-rary with the elevated volcanic activity episode propose
for the Procellarum KREEP Terrane (PKT) region on the lunar nearside at around "2 Ga and that this activity peak is much mor
widespread than previously estimated.

goooo:gogoobooooo,ooobog
Keywords: Orientale Basin, Mare volcanism
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Numerical thermal erosion model of lava flow coupling with evolution of ground slope

00 0o o000 !t,ooo!
HONDA, Chikatoshi*, Suguru Seinb Naru Hirata

loooo
1The University of Aizu

Schroter’s Valley is one of the largest sinuous rilles on the Moon, a meandering negative-relief feature. The Schroter’s Valley
is located on the Aristarchus Plateau (305 "3,22 ~ 30N), which is supposed to be an uplifted mare terrain. The rille appears
as a singular sinuous rille as meandering primary rille including a more meandering inner rille. Typical sinuous rilles are 20 to 40
km in length and less than 1 km in width (Schubert et al., 1970), however, the primary rille of Schroter’s Valley has been reportec
to be 125 km in length, up to 4.5 km in width, and 400 m in depth (Gornitz, 1973), and inner rille which is originated from the
cobra-head of primary rille is reported to be 170 km in length, 640 m of average width, and 95 m in depth (Garry et al., 2008).

The origin of sinuous rille is poorly understood. Previous researches have supposed that sinuous rilles are related to the basal
lava flow. In past research, Honda and Fujimura (2005) developed numerical model of the sinuous rille formation of lunar lava
flow. In this model, cooling rate of lava temperature as a function of distance from the lava source was calculated for estimation o
thermal erosion velocity. The variation of chemistry of lava, physical properties such as density and viscosity during solidification
of lava flow are incorporated in this model. They considered the effect of shifting from turbulent flow in initial phase to laminar
flow in the last stage in their model. This model assumes that the ground slope maintain constant with time. However, the slope ¢
floor of lava flow is changing with time, an erosion velocity of lava flow decreases along the downstream of lava flow following
the lava temperature decreasing along the downstream.

In this study, we constructed the numerical thermal erosion model of lava flow coupling with evolution of ground slope. By
using this numerical model, more large volume of lava flow is needed to originate the Schroter’s Valley, because the slope o
ground becomes shallower than initial one with time. If the maximum volume of eruptive volume on the Moon (Head et al.,
2000) constrains the formation of Schroter’s Valley, the eruptive temperature and thickness of lava flow which originate the rille
are more than 1600C and 30 ™ 40 m, respectively.

o0o000:000,000,0000
Keywords: Sinuous rille, thermal erosion, numerical simulation
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Detection and Visualization of the Absorption Features of the Reflectance Spectra on th

Moon based on Data from Spectra
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Composition and Crystallinity of Dark Mantle Deposits on the Moon
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10000,2000000000000000000
1The University of Tokyo?ISAS/JAXA

The lunar mantle makes up 90% of the lunar volume. Therefore, it is important to determine the mantle composition in order to
understand the lunar bulk composition including information about origin and evolution of the Moon. However, the composition
of the lunar mantle remains unclear.

Pyroclastic beads are a direct clue to lunar mantle composition. These very low-albedo beads on the lunar surface are F
bearing volcanic glass or partially crystallized spheres. The color variation of volcanic glass corresponds to its composition,
in the order of higher TiO2 content (e.g., orange glass, yellow glass, green glass). It is believed that if the erupted magma i
guenched slowly, the magma of intermediate to high TiO2 content can be small crystallized ilmenite grains and generate blac
beads, instead of generating orange and yellow glass. Thus, the TiO2 content of the beads and the quenching speed of the erur
magma correlate with the colors and crystallinities of the pyroclastic beads. Chemical studies of pyroclastic beads acquired b
Apollo missions indicate that the beads were formed from erupted magma from deeper (300 to 400km) in the mantle than basalti
magma. It is also assumed that the beads retain the original composition of the magma.

Dark Mantle Deposits (DMDs) are one of the darkest and smoothest areas on the Moon and are believed to contain pyroclast
beads, as were found in the Taurus-Littrow region near Apollo 17 site. However, detailed spectral analysis of the DMDs is lacking
because of the limited wavelength coverage and spatial resolution of the previous remote-sensing data.

This study focused on DMDs on the Aristarchus Plateau and used spectral data obtained by the Multiband Imager (M) on the
SELenological and ENgineering Explorer (SELENE). We chose this region because DMDs on the Aristarchus Plateau are th
largest regional DMDs and because volcanic activity has lasted longer there than in other areas up to the Eratosthenian in th
region. Previous studies reported that the crystallinity of this region is the lowest of all DMDs and that its composition is orange
glass, indicating high TiO2 content.

This study re-evaluates composition and crystallinity of this region in more detail, using data with wider spectral coverage.
The Ml is a high-resolution (20m x 20m per pixel) spectral imager with both visible and near-infrared coverages at spectral 9
bands. Using MI spectral data, we can distinguish minerals and glass from the absorption features after removing the continuur

In order to select locations representing DMDs suitable for checking their compositions, we mapped the Aristarchus Plateal
area using the reflectance data at 750nm and then selected locations where reflectance is lower than 5.5%. We also produ
an Ml color-composite mosaic based on differences in absorption features, in order to distinguish pyroclastic beads from the
surrounding mare. We then estimated the TiO2 content of pyroclastic beads by comparing the wavelength of the absorptio
center in the MI data with that of the laboratory-measured data of Apollo pyroclastic beads from the RELAB database. By
comparing the spectra of different mixing ratios of glass (orange, yellow) and black beads from Apollo samples as endmembers
we estimated the crystallinity (estimated content of black beads) of the DMD.

The derived wavelength of the absorption center of the DMD spectra was 1050nm, which is similar to that of yellow glass.
Thus, the pyroclastic beads of the DMD are assumed to be yellow glass, which has inter-mediate TiO2 content. Our result
suggest that the crystallinity of the pyroclastic beads was 20%, and 40 to 50% of this region comprised materials ejected by th
Aristarchus crater.

The result of low crystallinity of the beads possibly shows that only small volatile materials were contained in the magma
source in this region because magma with higher volatile content cools more slowly and is likely to have higher crystal content.

gooobo:0obo0o,0bbooboooo0o, bbb ooobooboo,o0, 000,000
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Vertical trend of modal mineralogy and Mg# of the lunar highland crust estimated from
Kaguya spectral data
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GEOLOGICAL STRUCTURE OF THE LUNAR SOUTH POLE-AITKEN BASIN BASED
ON DATA DERIVED FROM SELENE MULTIBAND IMAGER
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Lithological variations in the Nearside of the Moon
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Procellarum KREEP Terrane (PKT) that is characterized by high-Th concentration has been recognized to be one of importar
crustal constituents. However spatial distribution of the PKT materials has not been precisely understood since most of the PK
area is covered by maria. High-Th concentration area in the PKT shows complex irregular shape and apparently seen as me
constituents of Imbrium basin rims. Therefore origin of the high-Th area in the PKT have been considered to result from Imbrium
forming impact. However the highest Th concentration is observed in Fra Mauro area where includes the Apollo 14 landing site
but not in the Imbrium basin rims and interior of the Imbrium basin though some high-Th spots in Imbrium basin are observed in
some small craters (e.g., Aristillus). Mineralogical and petrological characteristics of some regions in the PKT are investigated tc
make sure distribution of the Th-rich PKT materials. In this presentation, variations of petrological characteristics in and around
the PKT are compared and addressed issue on distribution of the PKT materials.

00000:0,00,00000000,000,0000000020, Procellarum KREEP Terrane
Keywords: The Moon, Crust, Magma ocean, Kaguya, Remote-sensing, Procellarum KREEP Terrane
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Eva%luatlon of spatial distribution of craters on lunar surface for detection of secondary
craters.
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Secondary craters are impact craters formed by ejecta that were thrown out of a primary crater. Secondary craters give a bias
spatial distribution of craters. Researchers extract craters excluding a surface that contains secondary craters from lunar ima
based on his or her subjective views.

The purpose of this research is to develop an algorithm for evaluating spatial distribution of craters on lunar images. The algo
rithm applies to ideal spatial distribution of craters and real spatial distribution of craters, and evaluates whether a non-randor
portion in real area by comparing a single-linkage hierarchical clustering parameter.

We demonstrated for two regions on Mare Crisium. As a result of visual inspection, one region contains a lot of clustered sec
ondary craters, and another region contains few clustered secondary craters. The clustered secondary craters could be evalu:
non-random spatial distribution of craters quantitatively by our clustering analysis.

Keywords: moon, secondary crater, spatial distribution, clustering analysis
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Observation of surface locality on the Moon for production of lunar sodium exosphere

with a 40cm telescope at Haleakala
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Sprague et al., 1998, Icarus, 135, 60-68, Mercury: sodium atmospheric enhancements, radar bright spots, and visible surfa
features.

Kagitani et al., 2010, Planetary and Space Science, 58, 1660-1664, Variation in lunar sodium exosphere measured from lun
orbiter SELENE (Kaguya)
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Angular dependence of the solar wind protons scattered at the lunar surface
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Broadband whistler-mode waves detected by Kaguya near the lunar crustal magneti
anomalies
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TSUGAWA, Yasunori*, TERADA, Naoki', KATOH, Yuto', ONO, Takayuki, TSUNAKAWA, Hideo?, TAKAHASHI, Futosh?,
SHIBUYA, Hidetosh#, SHIMIZU, Hisayosht, MATSUSHIMA, Masakt
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! Department of Geophysics, Tohoku UnRDQeparment of Earth and Planetary Sciences, Tokyo Institute of Technéeggartment
of Earth and Environmental Sciences, Graduate School of Science and Technology, Kuni&athnuake Research Institute,
University of Tokyo

Broadband magnetic waves with frequency range of 0.03-10 Hz in the spacecraft frame were observed by Kaguya near tt
Moon [Nakagawa et al., 2011]. The waves were not propagating parallel to the ambient magnetic ?eld direction and had a con
pressional component. There was neither peak frequency nor preferred polarization. Nakagawa et al. [2011] identified them &
whistler-mode waves because of their large group velocity compared with the solar wind velocity as well as the observed fre:
guency range. Although the generation mechanisms of the waves were suggested to be associated with ions reflected by t
Moon, precise process has not been clarified yet.

Recently we have revealed the statistical properties of narrowband whistler-mode waves near the Moon [Tsugawa et al., 2011
There would be a link in the generation mechanism of narrowband and broadband whistler-mode waves. In the present study, w
perform statistical analyses to reveal the properties of the broadband whistler-mode waves near the Moon. The results reveal tr
the waves are mostly observed just near the lunar crustal magnetic anomalies in dayside. It suggests that most of the waves
generated by the solar wind interaction with the magnetic anomalies. Furthermore, we investigate the velocity distributions ant
fluxes of reflected ions by the magnetic anomalies and lunar surface. We also discuss other possible generation mechanisms
the waves based on the measured plasma parameters around the Moon.
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Estimates of lunar crustal magnetic field distributions using plasma sheet electrons
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