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High permittivity regions in Oceanus Procelluram and Mare Imbrium found by SELENE
(Kaguya)
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Introduction: The effective permittivity of the lunar surface material is important for discussion of their composition and
porosity. Based on the Maxwell-Garnett mixing model, the bulk density of the lunar surface materials can be derived from their
effective permittivity by using the following equation [Fa and Wieczorek, 2022/m>®] = 4.61 ¢, - 1) / (¢, + 2). Bulk density
of the lunar surface material depends on the abundances of voids and heavy components such as ilmenite. The dataset obtai
by Lunar Radar Sounder (LRS) onboard SELENE (Kaguya) [Ono et al., 2010] enables us to perform global high-resolution
mapping of the lunar surface permittivity because the observation was performed from the polar orbiter at an altitude of abou
100 km, and in a frequency range around 5 MHz where thermal emissions is negligible. We should note that the echo power
from the lunar surface depends not only on the permittivity but also on the roughness of the lunar surface. As for the roughnes:
we can use SELENE Digital Terrain Model (DTM) based on Terrain Camera (TC) observation [Haruyama et al., 2008]. We can
therefore calculate expected echo powers by applying Kirchhoff Approximation (KA), and compare them with observed echo
powers in order to determine the effective permittivity.

Analyses Method: The global distributions of the intensity of the off-nadir surface echo in a frequency range of 4 - 6 MHz in an
incident angle range from 10 to 20 degrees were derived from the SELENE/LRS dataset. The median of off-nadir echo intensitie
were derived in 360 x 180 areas of 1 degree (longitude)x 1 degree (latitude). In addition, we have derived the global distributior
of the surface roughness parameters. The RMS heighh be derived from the SELENE TC/DTM. If we assume the self-affine
surface model, the roughness parameters H and s can be obtained by the least squarefigting?” in a baseline lengtihx
range from 30 m to 3 km. The off-nadir surface echo power was then calculated by using the radar equation. Assuming KA
the backscattering coefficient in the radar equation can be obtained from the roughness parameters H, s [Bruzzone et al., 201
In calculation of the expected echo powers, we have to assume some effective permittivity also. We compared the observed at
calculated echo powers with changing effective permittivity assumption, and determined the most plausible effective permittivity.

Results: By applying the analysis method mentioned above, we could obtain the observed and calculated off-nadir surface
echo powers. Based on them, we could estimate the effective permittivity of the lunar surface materials. The estimated effectiv
permittivity is 2 - 3 in the highland, 3 - 4 in the maria. In addition, it was found that there areas whose effective permittivity
reaching ”5 in the eastern part of Oceanus Procellarum and the western part of Mare Imbrium.

Discussion: By using the estimated effective permittivity of the lunar surface, we can derive the bulk density of the lunar
surface materials. The derived bulk density is 1.2 - 1.8 §/emhe highlands, 1.8 - 2.3 g/chin the maria, and approximately
2.6 g/cnt in the high-permittivity areas in Oceanus Procellarum and Mare Imbrium. The differences of estimated bulk density
among the previous studies [Wiezorek et al., 2013; Carrier et al., 1991] and this study could be explained by the depth dependen
of the bulk density of the lunar surface soils and rocks. The areas of high permittivity in the eastern part of Oceanus Procellarun
and western part of Mare Imbrium coincide with young lava flow units in PKT region. We can consider two possible reasons:
(i) The regolith layer is thinner than other mare regions due to short exposure to the meteorite impacts. (ii) The bulk density is
higher than other mare regions due to high abundance of the ilmenite.

F—7— F: SELENE(Kaguya)H L — &% > & (LRS),#AHE#, ROKIE, OW, 7 Z)VHITEE T )L (DTM)
Keywords: SELENE(Kaguya), Lunar Radar Sounder (LRS), permittivity, Oceanus Procelluram, Mare Imbrium, Digital terrain
model (DTM)
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Relationship between topography and latest mare volcanism at 2.0 Ga of the moon
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HDOX <A —2 % 2in b DE{LEFE Z DB ONFH O KB AMEZ L O B2 T 2 1T, HOHOXRED
HKZHRRZ Z E3ENTHS. ZREDOHKEFERE DBEERD 5 2 M IVDIK- « SAE /T OIS BET 2 EHAS
LNBZAEEMENH D, ZTHhICK>TAR Y MVOBILET IV ERIKITE S LHfFE N 5.

HOWZ T BTAATMOEHENR EF 2V EHEROBRZIHE LI NE TORL DN S, 1 23 @EFERiEBEIC
LTFRVEARMARICLERALTWSZ N> TS, TOFRVEHFROEWVIIR IV —ADENTHB L
Z 5, 23BEFILINGE [Phase-IkiGH) |, 23 EBEMLUL%E [Phase-2KiEH) | LPERZ & +9%. LT, Phase-2
NEIEENS RO KTE « OO MO CHIARNICET L TRETWHWR T &, BRNICBEWF R VEHERETHZ T L
Mo, AFESICEEZFEFDA—IS—FRYy hTI—LICEBEDTH B EVIIRGHZIRBL TS,

ELA—IN—FKy F TN —LWERT 72T % &, ZHRUES S HhOHENRIREMDIREN T2 RN H 5. Z
CTHR L /A REDEEL S THBE, RHOKEE « FOUFEEKOHLO TELSK 1000km &S 500mDHE DA
IROHIEDNBIIE Nz, Fiz T OEHIE Phase-2D AKIEEIOHLMIE K —H L TW5. Fiz, TOMFEHDY v PO/
KR ERDEIRITSETIE->E 0 L -7, SRR OME LS LhbETHB L, GHILKHEICBEGRL Th
HLTWABLEIRTES. DT e LEHIKHEOKIAZ Phase-35E) L BIfR L TWA T EAVREENS

CDX S BEMIRMENA—/S—Ky TNV —LIcE>TESN, BIESEZNDMRESNTVS EIRET S &, TD
iz 5> ZFLHHT2ETNVZHET ST L TTIV—LOYHENEETE 2D TIFERWVWhEER T, AIFETIE, 7
V=L OVFS Y Y AT 27 2 U CiE LM AR T3 WS E7)L2E Z, Solomon and Head [1979)Fi4%
EHWT, Bl nizGHRE 7 a7 7 £V OEHOEEOHERZE X SFHT 2 7 IV—L01F) « B8, stV ATz
TOREZRE L. TOEERDENTHEDY VY AT 27 DEXIE 20~ 30kmTH - 7z.

Solomon and Head [1980F E54PE Y Y AT 2 I W B REICK > TTE S AZEIR L, HOMOHI DIz I
AT AWV R T 2 TV OEEZEBMICEHE L. 2hick s &, Mare Imbrium®D FDY YV A7 = 7 Ouky v
AT 27 DEEIEB0- 75kmTH -7z ENTW5S. Kifn D~ 7 <E I Phase-IKBUEBEIFAICEEC > TWab 2 &2
EZBHE, TO50- 75kmEWVIFHIE) YV AT 2 7 DEEIF ~30EEFDY VAT 2T DESTHB EZ NS, —
T, AWETHESNE 20— 30kmDFEWGHEED Y 27 =7 DOE XX Phase- 2K iEEIIDE DTH D, ~20EERFIC
ZNLT K O BEEAED RN KE L Ko7 T e ZEMKT 5. U Phase- 2k iGEI D~ 7/ < DIEFICERTH
D, YVRATZ7 7D NHEDIREN FFRLUT, i)V AT 27 DEIWNEL KolzlzdlZbEZ25N%. Phase-2kil
O IINERTH 12T LIE, TOV—ADNEBLIRE T2 A—3—T)— LG L BEENTH 5.

— T, GHURHIE 2B AE T B EMEZ X 720 > TWiEW. BRURIIEELD FOGRET— 2 2R 5 L, 13y
FIRICHGBIEDEVGEIE N H % T Vb ot. 2T eh s, GHURHIEOM FE 7 AV A X —Midiz>T0b &
Z6N5%. UL LUENDS, FHCZEB iz B2 L R EWEEIEEHOFEAIC K-> TH D, HEETOZELRS
Nz ehs, BHIRHIEOEKR L IZFO O A THIFENIEL Ko e EZEZ bNS. GHURIEZBEICREL, H
ROERZFINT BETIVE LT, Phase- 2 RiGEBIORMRICIST %) A1) w F 5= 7 OHFRAN OO R R AT
bN%. ARETE, ENT—2 BT —2 EOMBTE THT, SHRHE O FFEEIC DOV T OMGRZITS &
&8I, Phase-2KliEH) & SHLRHIE OBIRIC OV TELET 3.

F—TU— R FRrUGHE, A—3—FKy N )—L, L /A R, AR, HX Y ML, PKT
Keywords: titanium content, super hot plume, selenoid, effective rlastic thickness, lunar mantle, the Procellarum KREEP Terrane
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Impact history in the last 3 billion years based on the lunar rayed craters
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% ECHEHERERTH S, RIEEIREOBFRIZ, 27 K0 &)V F OEAREOBEHER &3 > 7 VRt H D 7 L—
AL OERN BIFENTVED, AaatkHE 39 EE ~31EFEMICET LTV E 78, 5 30EEM O KEEZED
JERIZE o TWVERY, — T HOWEET L—2PHER 7 L — 2 OFEHIR R EN DS, T THIEERIC Y L—&
HERCERD EREZZRD L TOE WS WL LERGHDPMER SN TV,

EE. ABREDOBINC X 0 SREEOmEIGRT— 21 X 2 AmOFFMEGEIAER S N, 4 DY L—2OREZFRIE
MAREL R o Tz £ T Ty AL TITMEZE 10 BEROHEIEE DL T 2 MG 5 A, AREER [Hh <) OHifE )
A TEGERHNT, TR THEERD L RIE S NIZER 20kmEL LD 7 L—% 67 fiil 7z [ SIS HXHERZ TR E LTz,
FERGREIIE 7 L—REREER O, 7 L—2ERZE LR, HOHIIZE 7 L—2h2 < iz & xnen
IEZICHDNT, 7 L—RBEEED 5 ZOHIKDIEKERZ RIEL 2515 TH S, 7 L—% (D > 20 km) DIEKER
. 7 L—20OHEY EICH BN L—Z O ZFIT 5 2 L TRETE %,

ZORER, TV SFERMHEIL T % Copernicus? L—% (8.1{54F) KD #H W7 L—&2MW 27, HW\Wr L—%
W40 & x> 7z, % LT Wilhelms et al. [1978]CIAlE & 117z Eratosthenian (328 f=4F#7) + Copernican (8.154F ~ B
1E) 7 L—% L AWFE CRIE E 17z Copernicany L— X DEEEEN S| 8 32 fF4ER &2 8 BEM DD 7 L—2
BRI LTz, 507 L— 2 OfEED S 2 8. 1LEFEM D 7 L— 2R F (D > 10km)id, 3.77X 107 (km=2y~1)
ERBE 5Nz, —. Bk 32MEEM D7 L—2AER#E F (D> 10km)id, 5.69X 1076 (km=2y~1) L & 5N 5, C
DT M5, B 32 FBEMICLERTRE 8 (HFEMDT 7 L— 2 BRI 0.6665 & KN EBHL MM x5 fz, HiBK
- HRICHEZET % a[HEMED B % RAKIIHIER T 5/ NRIA L MEEN, ZO TRV —ANRERLEEZISNT VS, A%
THRLNE T L—2 L BEROEMN RN NKETD S DEEREOMEANM P L TVB T EEEKRLTED, /&
BN BT 2/ NKIRDOKEDH 30EFENF THRA L TNWB T L ZRBT %,

F—TU—K: H, 7 L—%, 7 L—RERE
Keywords: Moon, crater, cratering chronology
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Lunar surface areas with featureless reflectance spectra revealed by hyperspectral rem:
sensing
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Spectral Profiler (SP) onboard SELENE/Kaguya has obtained continuous spectral reflectance data (hyperspectral data) f
about 70 million points (0.5 by 0.5 km footprint) on the Moon in the visible and near-infrared wavelength ranges. Using a
data ming approach with all the SP data (SP data mining), we have revealed the global distributions of several-kilometer-wide
sites with exposed end members of various minerals on the lunar surface: olivine-rich sites, purest anorthosite (PAN) sites
orthopyroxene-rich sites, clinopyroxene-rich sites, and spinel-rich sites. These results are based on the analysis for the diagnos
absorption bands of = 1um and 2:m in the continuous reflectance data for the lunar major minerals. On the other hand, it has
also been reported that there are several sites on the Moon exhibiting no absorption baind &md12:m (hereafter, featureless
spectra or FL-spectra). However, it still remains unclear what is the origin for the FL spectra on the Moon. For the interpretations
of the origin of the FL spectra, we need to understand the global occurrence trends of FL sites on the Moon. In this study, we
conducted the global survey to reveal the global distribution of the FL sites using the SP data ming. From the global distribution
data, we will discuss the possible mechanisms and its implications for the lunar primordial crust.

F—T—RVE—bEII VT NAIS=AXRT MU, H, S
Keywords: remote sensing, hyperspectral, Moon, Kaguya/SELENE
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Mineralogy of the lunar highland crust based on the Kaguya reflectance spectra
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Introduction: The composition of the lunar highland crust is among the most important information for understanding the
formation mechanism of the lunar highland crust and the composition of the lunar magma ocean. Previously, the composition o
the lunar highland crust was estimated mainly based on measurements of the lunar returned samples. Measurements of returt
lunar samples and meteorites indicate that the lunar highland crust typically consists of plagioclase and low-Ca pyroxene witl
minor amounts of other mineral phases. However, it is not clear if the low-Ca pyroxene really is a major mafic silicate component
of the highland crust because the returned samples may not be a representative material of the entire highland crust. Therefo
this study investigated the mafic silicate phase and estimated its composition within the highland crust by using remote sensin
reflectance spectra of the lunar surface.

Method: We used reflectance spectra acquired by the Kaguya Spectral Profiler (SP), which has a spectral coverage of 500
2600 nm in 300 bands and a spatial resolution of 500 x 500 m. Among the global SP data, all of the 570 purest anorthosit
(PAN) [1] spectra identified and reported by [2] were analyzed by using the modified Gaussian model (MGM) [3]. Several MGM
parameters, a number of fitted peak and peak parameters (center wavelength, width, and strength) of each peak at the start
point were tried, and the results were cross evaluated. The compositions of silicate mafic minerals were estimated by comparir
the peak fit results and the known correlation between absorption center wavelength and mineral composition.

Results: Most (93%) of peak, which corresponds to the mafic silicate phase, has a center wavelength shorter than 980 nr
suggesting that these mafic silicates in the PAN rocks are low-Ca pyroxene (65% are shorter than 950 nm). Note that the low-C
pyrox-ene in this study implies pyroxene having less than a 0.2 molar ratio of Ca/(Ca+Mg+Fe) smaller than 0.2. Data points
having a center wavelength shorter than 980 nm had a strong absorption band and were not a product of weak ambiguol
absorption spectra. Six percent of the data have center wavelengths between 980 nm and 1040 nm, which correspond to the hig
Ca pyroxene composition. The remaining 1% of the data with longer center wavelengths around 1050 hm possibly corresponc
to olivine or glass. No apparent phase difference (low-Ca and high-Ca pyroxene difference) is observed between the nearsic
and the farside.

Discussion: Our results indicate that the majority of the PAN layer in the lunar highland crust globally consists of anorthite and
small amounts of low-Ca pyroxene, the major mafic silicate component, rather than high-Ca pyroxene or olivine. This result is
consistent with the previous work based on measurements of the lunar material from the lunar surface mixing layer with limited
global coverage and confirms the homogeneous modal abundance within the lunar highland crust. The short center wavelengt
of the PAN rocks at Jackson crater, which located at the farside highland suggest relatively higher Mg# (Mg/(Mg + Fe) in mole
per cent) (around 70) in this region than the near side. This evidence is in good agreement with previous work [4], which suggest
the presence of magnesian anorthosite in the farside highland.

References: [1] Ohtake, M. et al. (2009) Nature, 461, 236-240. [2] Yamamoto, S. et al. (2012) Geophys. Res. Let., 39,
L13201. [3] Sunshine, J. et al. (1990) J. Geophys. Res. 95, 6955-6966. [4] Ohtake, M. et al. (2012) Nature GeoSci. 5, 384-38¢

F—T—R: <P, A, Mk, KA T B
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Unsupervised Classification of the Moon’s Surface Reflectance Spectra and Geologice

Significance (1)
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Great successes of recent lunar missions provide vast amount of varieties of remote sensing data. Analysis of those ne
data provide some new key evidences, such as pure-plagioclase rocks (e.g., Ohtake et al., 2009) and olivine rich rocks (e.t
Yamamoto et al., 2010), for studying solidification process of the Lunar Magma Ocean (LMO) and following lunar evolutions.
Those key evidences require us to reconsider the LMO solidification process. One approach to study this problem is requirin
following step, reconstruction of compositions and structures for primitive crust by removing influences of volcanisms, impact
cratering, and other geological effects. For reconstructing primitive crust, we have to generate a global geological map cover
recent findings, so we started a project to build a new lunar geological map to reconstruct structures and composition of the lune
primitive crust. Because of huge volume of recent data set, fully manual classify by expert researchers is not realistic, and thet
we have been trying to use some data mining methods for basic unit candidate estimation.

In this study, we show some classification results of SELENE Multiband Imager (MI) data and Spectral Profiler (SP) data
applied data mining methods, and compare them with a fully manual classification result for a limited area. Our classification
procedure consists of two steps; Independent Component Analysis (ICA) and lterative Self-Organizing Data Analysis (ISO-
DATA). Detail strategy of our procedure is presented by Hareyama et al. in this meeting.

Our procedure generally works well. The classification results in mare region indicate that could detect some types of mare
basalt flows. Especially high-Ti basalt in Oceanus Procellarum and the Mare Tranquillitatis are clearly identified. Ejecta deposit:
of fresh ray craters are also clearly identified. In addition, we compare classification results our procedure around the Aristarchu
region with that of fully manual classification result by a researcher (M.0.). These two agrees each other generally. Then, we
consider our procedure capture the lunar geological context and useful for the first step of building lunar geological map.

F—TU—F: H, WX, Bh7s Lok
Keywords: Moon, Geological Map, Unsupervised Classification
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Study of carbon-bearing materials formed by impact process on the Moon
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FCHIC:

KER GERISSERIR) ICBNT. RAAARKZRDBE L A7 EORKE 2R 12720 RIK T O REZ
BHTDYEZH TN T 5 EDRETH S, FalFEHEIE. REPIKKEOFRE TN S DRAESENEDN S
D~V BRI Z1T> TV 5 [1-4], AIF TR, RESEMOEISHEE K2, KB 2R ROKE (H - /)
BUE KB IZBWT, FRHCHmIIC DWW THE T S [3].

HOHFEMETR:
Wil 7s X A MR B B RRE UTRIEY o X172 %88 T, #HFEMTRIEHICE —RINCEREFET 5, LALHIK
BEEY A XIEWD, FRAEZEROE R CHTEMEE DN LRI T A o7 EEZ BN S [1-3],

JR e 7 AR SGUE DR AL

IRFEEUIITATS 2 EHIRBIAMICE D, U UREH ARG H L TEHIRTOXMIRNETH 57280, @i Rx %z
FERZ2ATV [2,3) MDA IZVRD ZDE X TH B Db, TOEKT, KERBREORIEN AL RIAH
DIHE BH?) DEiHICAS & RERIKEOIZ RIS L K5 [3] L7chi> THIE, WEBICBREE SRRV ERAF
LTWBRIETHS [3]o

HAHOBRGEFEVEDIEK

KRG ZFF IR VKRR IR DT, RIS H TN BRERYVE AR SIS & R EZRIC K 2 “BYRREA AN T E RV
B, TBERERIT OEERO EREREMNTEIC W [Bl, WERICRTEY 5 (FIER & RAEREIRIED) Mimmias
AR EZE TR BN TIRETH 5. HHDRESEYIE., TRV G LckAmaamY (4
TR, RER. ALY, REERRE) THADMBRELIZLDOZKRET % EWNSEARETH S [1-3]

A Diig/KRE ORI

KRKE DD HHE CKE - ©8) THKEZIEKT % C Id RERNIC—MRINICIREETDH 20, FEMRINICIE B
EINUSHRETH B [Bl, TAUCLHLNT, RAEOENHm OKE, /NEE) TOMpKEIZRIZ EERANCIZEICE > &N
HETH DM, IRNETTE OREANTLH) TRXEZ LB T E GBI TPRINCATREZIZREN TE S 3],

XLy

1) A7 EORKITRAERWKEZTER T 2 T L2, IRAESHWEIERIEDORBR RN 5EL LT,

2) IR AT ARG ERIKEE T H I £ /2 3MRIE S 2 T &, BNFERATRET H 5,

3) Hili Cld 7l LIc iR B ER AT AL B3k, ALY, BREEt7Z EIca TN, BOHEZEOME T~ 7 nlEH ]
RETH %,

HEHR ¢ [1] Miura Y. (2011): LPSC 42(2011), #2817.

[2] Miura Y. et. al. (1996) Antarctic Meteorites XX1(Tokyo), 107-110.
[3] Miura Y. (2015): LPSC2016 (LPI), #1811, #1666.

[4] Miura Y. (2009): Patent application.
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Solar wind-regolith interaction in space: Observations at Moon and Phobos
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ICEZ BN AREEEB X CAEREREERA A Y HED TSRO T — 2 imE R 2 v, H &7 4+ RAD K
RZEI L 5 3R 21775 D o

KBGO L TV A5 DRSTEV S BIgIE, HADAERERE Kaguyaf5# D 7S X< ki f5Hillds MAP/PACEIC
o T TG SNz, D%, WL OLOHNZRB (B Z 13 FE#E Chandrayaan-## 0 &l Bk « 75
A RFaHIR SARA) I &> TEMERREN TV, AFHTE XTI LHICTNITICMEETN TV S AXRIAN 5D
57T X DRSOV T L E 2 —%1775 9,

BNT, BEHOREMZFHHICHR S 5720, KEDH, T4 RAEHETOA A 2 A B2 T RIS DWW TS
50 WINDNBIRERE Mars Expressh’ 7 #+ R AICHGE UTeBRICHUR UTe, [AIBEERA A > EHE 70 Hrds ASPERA-3/IMA
DT =R — A LIl A, 5T TN (REGEHEHIH 60km) 1RR RN EE PRSI O 7 CIEFIT &
OB R o Tl 2 i Ui, SO EGE TlRE SN TV 2 R T IR RV Rz R > Twa T &
. WHBEBHOMRZ E2E LT, ML INZ T + RAKMICIT 5 KGR DG T T dH % PIHEMED m & fbdm
DI Te, AWZLIE. AUSNDOL TV ZAEKED S EKFA AV DERIE Nz VS BYOHZIERLIZEDT, LIdVY X
S DKRIFEBE E VS BHRIZEDORKICBNTEREI D 55— RINHETH S LZRET 5,

F—U— R KBA, v b VRS, LIV X H, TR A
Keywords: solar wind, proton reflection, regolith, Moon, Phobos, backscattering
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/NI L—ZIC K % A NERE IR & RO
Exploration of the lunar internal structure using a small-sized penetrator and its perspec

tive

LE B8 s A B 2 /RK R 2 R R 3 TR 2 e TR 2 Hrh R 2 RN HEE 2
YAMADA, Ryuhei'* ; ISHIHARA, Yoshiak? ; KOBAYASHI, Naoki? ; MURAKAMI, Hideki? ; GOTO, Ker ;
SHIRAISHI, Hiroak? ; TANAKA, Satosh? ; HAYAKAWA, Masahiko2

VENIRSCE RISE H BB IREMGTE, 2 FHIIZEVIFBHFERM, 3 mHIRY
I'National Astronomical Observatory of Japan / RISE Projakapan Aerospace Exploration Agenggochi University

CNET. HOWEKESEIZ Apollo TORIERES., 7. GRAIL TOENGHEE. T L—Y —EEZSORIHIEIC
KO ZDIHEHRMEFENTE 2, LA L. ﬁ%@f—ﬁ@&#%TQHV/Fw%ﬁ% HLOZIC DWW T il 2 5
Z 59, HESOYERELIRERIEIC OV TR AHEIREETH 5, £z, HOHRE I RZORLEICE L TH,
WEEARMEEEZER L TN S, HEFESOHEROMEZIH ST SIcid, HEFHT X O ZOMEEZ 7% U 72 i % &
FEEECHINT 2 HEDRERTRTH %, LUNAR-A v g Y THIRESNIEN—RS VT2 7 7Ta—T7THs %k
L— I3 EEE OB MER SN TE D, I TH LWIERRZ RS 57200y —)IV e LTHATE %,

TR L—ZDOHE TOREME. BRI ZTTS FzdIc, 20144 2 Hic A 7om Yy 3 SIS %/ VR
EEADRI R L—& 1 ARKOBIREIEZR LTz (Approach v ¥ 3 ), TORETIE. BOOEIEFCxH ETEiflg
5T &T, PBAEZEA XY FONBERERERE TITO, ZOERT—2h bHREI ZIEd 53, BIEOHEZEAN
Y N OIEEE 2T RO YR L R U TGRS 2 C Lz HREBIIO BN E LT\, £z, HEtiiiis T oy O£ = E
HEEERT—<ThHolze LHELEDNS, XA L—& 1 ARIET ZERIBOLOMREEN 9 Thho ezl 2
FLAWKTIERIRE 72 o 72,

ZT T, HLGBIE, IR N L—2 2R LT, INUERIC 2 8B# T 5 2 L THIOTEN 2T s &
ERHFLTWS, /AR I L—& Tld LUNAR-A THET UT-IE MR 2K L DD, 2/38 A4 XXX FL—% %
NI 2HREEZHIEL TV, ARETIE. T3, BEZ TR LR N L—2/NMED 53 L. BIANOFEICD
WTHRET %, T LT, /INERIX L —Z 2AKZHWT, HEBN, BEEBEIIICK > T, EDXS TR ENE
S5NZ G LTS RICDW TR S, Hic, /IR I N L—Z TOBMEED®ZIC, X% s L—ZZHH LIz AHliE
BN X > T, EOXSITHOELREIFICOWT Y 7a—F LTV hiERdT A TETH 5,

F—TU— R R b =&, HNEMGEERE, HEelill, 2una e, NUPRE s
Keywords: Penetrator, Lunar intarnal exploration, Moonquake observation, Heat flow observation, Small-sized exploration
satelite
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HAERELRENC V) 7o BEENRIADE X #Rop ) EaT D RIFERTR _ _
Present status of the active X-ray spectrometer development for future lunar landing mis
sion

it g EWREBASTT L Hy L NS L ek oE L R A R T L

Fagan Timothy

NAGAOKA, Hiroshi'* ; HASEBE, Nobuyuki ; KUSANO, Hiroki' ; NAITO, Masayuki ; SHIBAMURA, Eido' ;
AMANO, Yoshihard ; OHTA, Tohru* ; FAGAN, Timothy!

! RRRH R
'Waseda University

The Active X-ray Spectrometer (AXS) consisting of an active X-ray generator and a silicon drift detector (SDD) has been
developed for future lunar landing missions. The AXS can determine the elemental composition of rock samples by X-Ray Fluo-
rescence spectroscopy which provides the geochemical data of rock samples. The AXS has each outstanding features as excel
energy resolution, compact and light weight, low power consumption, and no high voltage power supply and no radioisotopes
The X-ray generator is made of some pyroelectric crystals, peltier device and thin metal target. The instrument of the AXS anc
the present status of its development are presented and discussed.

F—T— R HOE X #0Hr, BEENRIHOE X #RO1EGET, HASMERE, o0
Keywords: X-ray fluorescence spectroscopy, active X-ray spectrometer, lunar landing mission, elemental analysis
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TN H 22 PR AR TN (A T2 308 X R ATEORGET —alRl ORI & &R X
BRoR AL b DBY (R —

Study on X-ray Fluorescence for Future Lunar Landing Mission - Surface Roughness ant
Ratios of Characteristic X-ray -

N HEz 1 RIS T L B S L REEY R L Rl B KL feE L SRR E

Ky 524& 1, KM = 1 ; Matias Lopes Jose A.

NAITO, Masayuki* ; HASEBE, Nobuyuki ; NAGAOKA, Hiroshi' ; KUSANO, Hiroki' ; KUWAKO, Masaki' ;
OYAMA, Yuki! ; SHIBAMURA, Eido' ; AMANO, Yoshihard ; OHTA, Toru' ; MATIAS LOPES, Jose A

1 FLRRH K22, 2University of Coimbra
lwaseda University? University of Coimbra

AXRBEOICERBEDMZH S 2k, HORJEEELZRIIT 2 L THEETH S, HADHREHFEL LTIE. 2007
9 AIZH SR (SELENE)YDT B EIF BN, S NIz <imtGHc X > T AXEOEM D HEENTE T,
INETHLNIHSROERZHIC, BICFHRRAMNRIERZ1S5 20, Rz HETm e U THERERE & REHIC
KZEIHEDARFEN TV S [1]. BEHIC X 2 FPEHSE LD TER AT EDE X #1908 (XRF) Dl L T 5,

XRF i, HBRERTEI S HVOENS X aRitlis Lt FiETH %, FBMERTIE., K EmbE S nizalkl s
XMEZHNTHR L, tEoM b s, — 4T, HEOBEREIMINEGOKREE, B FHREEICEI>T
FUEDHEA TS, DT, RO EL LT R ZHERKIC K > THID S, 72 TAMZ TR, FkER
DI, JHESNDHRHE X SROBELIIC ED K S B 52 2MICDONT, Eif - I al—Ya YOl sz Hv
THE 211> 72 [2, 36

EERTIE. 2 O AIEESR (IGb-1, IP-1Yr @l FEE & B, —RR TR FORE S & L2 JH T 2585
K7z & DH T ZIROFGEZER Uiz, ZNOZMEOBELZZMAZHNTEmEL, X MEZHWTEET S, H
MO E N B R X S22 E Uiz,

I alb—¥ 32 Tld. PENELOPE(ver. 2008k fiH L. &kl & FikcIRIC DWW TIX IR & [FSRMD & D2 v
Teo RIMOMMMZIINT A—2—L UTHRERROMEZHEL., WRERHMDEFHZGESEEDETYI2L—va %
(ANEE: (5t Palnd PN

ARETE, TNEDOFEHREY I aLl—y 3 VORERES LT, REEE THOE X BOHNETS 5 2 TRELRIED
EAWCDOWTHRET S,

[1] T. Hashimoto et al., 2011, Acta Astronautica 68, 1386-1391. [2] H. Kusano et al., 2013, Proc. SPIE 8852, 88520B. [3] M.
Naito et al., Nucl. Instrum. Methods Phys. A, to be published.

F—U— R HERL, 206 X #00Hr, BEEIY X #opeet, K &
Keywords: Lunar sample, X-ray fluorescence, Active X-ray Spectrometer, Surface roughness
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TR IR ERE O RFELEN R EZ i % SIFTZ Wl ED SARANDE T 2 7))V k
A
Visual Tracking using SIFT to Solve Time-Delay Problem in Remote Operation

PEIL R P K BIER 2 R R R R 517 2
NISHIYAMA, Hiroyuki 1* ; SHIMIZU, Sot& ; NAGAOKA, Hiroshi! ; HASEBE, Nobuyuki

U RRRHA A HPIER AR, 2 BRI 2B T A eka S 22T
IDept. of Applied Physics, Waseda UniversitgRISE, Waseda University

This paper proposes and describes a method to solve a time-delay problem when a direction of a camera in the wide ang
fovea vision system (WAFVS) equipped on a lunar exploring rover is contorlled remotely from the ground control station on the
earch. That is, we need to control the camera view direction acculately in order to obtain visible ray band images of a target ir
detail using WAFVS, but the time-delay often causes WAFVS to fail to capture the target in the central field of view of the input
image when the rover is moving around. The authors acheive correct camera view direction control by applying SIFT operato
to track a target candidate from past images to future images storaged temporarily in the computer on the rover. Experiment:

results show this implementation is successfully done and indicate how to apply WAFVS for this task.

F—U— R AT — = @R, © a7V NSy R0 T, T b JRATRLE R Y, KRN
Keywords: Exploring Rover, Remote Operation, Visual Tracking, SIFT, Wide Angle Fovea Sensor, Time Delay
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HDO= Y N IVIHRD =G eski e TV > J _
Toward a 3D spherical modeling of lunar mantle convection

AN DB T MinER 22 2 Al B3
OGAWA, Masaki* ; YANAGISAWA, Takatosht ; KAMEYAMA, Masanori®

VHRUREER AR O S ERFERY, 2 BT ERAS, 3 IR ARG X 1 X v 7 Aot v 2 —
!Graduate School of Arts and Sciences, Univ. of Tokdapan Agency for Marine-Earth Science and Technofé@godynamic
Research Center, Univ. of Ehime

Earlier two-dimensional models of coupled magmatism-mantle convection system raise two issues concerning the evolution c
the lunar mantle. One is to understand why lunar magmatism continuously occurs with a characteristic time of several hundre
million years. When the Rayleigh number of the lunar mantle Ra exceeds the critical value for the onset of thermal convectior
Rc, earlier two-dimensional models suggest that a positive feedback, called the magmatism-mantle upwelling (MMU) feedback
operates to make magmatism episodic and vigorous; magmatism occurs continuously and mildly as observed on the Moon on
when Ra<Rc. Another issue is to understand why mare magmatism continued until as recent as about a billion years ago
Magmatism extracts heat producing elements (HPEs) and earlier two-dimensional models predicts that lunar magmatism shou
have waned much earlier because of this HPEs extraction. A possible solution to this issue is that the lunar mantle contains
reservoir that is enriched in HPEs and compositionally dense at depth. The nature of thermal convection in a basally heate
mantle with a small core, however, has not been investigated enough to resolve these issues. To estimate Rc and to underst:
the nature of thermal convection in the lunar mantle, we are carrying out a linear perturbation analyses and numerical simulatio
of thermal convection in a spherical shell with a small core.

F—U—F: H, ¥ MViEL, 320k, < 2 BV, BiiE 2 a b—y 3 v
Keywords: the Moon, mantle evolution, 3D spherical shell, mantle convection, numerical simulation
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NEN DT ERFOBGRT > ML TR S8 — > L RIS RO
Flow patterns in spherical mantles with small size of core; the effect of temperature de-
pendent viscosity

W 2255 b el IEHRE 2 faly B 3
YANAGISAWA, Takatoshi* ;: OGAWA, Masak? ; KAMEYAMA, Masanori®

LGRS TR, 2 RO R BT & U EIZER, 3 B AHIERIREE X 1 X v 7 et o 2 —
1Japan Agency for Marine-Earth Science and Technof@yaduate School of Arts and Sciences, Univ. of Toky@eodynamic
Research Center, Univ. of Ehime

Clarifying the effects of three-dimensional spherical geometry on mantle convection is a major issue of mantle dynamics in
terrestrial planets. We study in detail the nature of thermal convection of a variable viscosity fluid in the basally heated spherica
mantle of small planets with a small core, keeping in mind the application of our numerical models to the Moon. Spherical
geometry affects mantle convection mildly when the ratio of the core-radius to the planetaryrnagigsakes an Earth-like
value of 0.55, while it is thought to affect strongly when, s is small like Moon around 0.2. Here, we investigate the flow
pattern systematically farg,, g from 0.1 to 0.6 with small to large viscosity dependence on temperature. We first estimate the
critical Rayleigh numbeRc for the onset of convective motion at varios,,; g and the magnitude of temperature-dependence
of viscosity by a linear perturbation analysis. Then, we study the convective flow pattern of thermal convectioRalbgve
numerical simulation. The result of our simulation is in good agreement with the linear analysis. The nature of convective flow
pattern considerably changesras,;g smaller than about 0.4. The flow pattern has smaller number of up- and down-wellings.
We established regime diagrams of convection pattern in relation to the Rayleigh number and the temperature dependence
viscosity, for various value ofcy,5. Stronger temperature dependence of viscosity is necessary for realizing the stagnant-lid
regime of convection for smalleg /. It is due to the relatively smaller volume of high temperature region near the CMB. The
horizontally averaged temperature at mid mantle remains low despite the strong temperature variation of viscosigymshen
is small.

F—T— R H, 3R, ¥ ¥ MVRR, 37T A X, i Sk —
Keywords: Moon, 3D spherical shell, mantle convection, size of the core, flow pattern
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SIS F— v Ui X B ARES DOE K
Formation of anorthosite on the Moon through magma ocean fractional crystallization

bt sz 1 LR 502 Ul el
ARAI, Tatsuyuki* ; TSUCHIYA, TakL? ; MARUYAMA, Shigenor’

VU LR AR E B R R R A K, 2 R ARV 5 1 - X 7 AWt > 22—, 3 BT L3R A R A a2 i
!Department of Earth and Planetary Sciences, Tokyo Institute of Techné®ggdynamics Research Center, Ehime University,
3Earth-Life Science Institute, Tokyo Institute of Technology

Geological records of the moon have a potential to reveal early evolution of the earth. 4.4Ga anorthosite on the Moon formec
as by fractional crystallization of the lunar magma ocean (LMO). It has been generally accepted that the lunar bulk composition i
enriched in FeO compared with the bulk silicate earth, which is critical to make large plagioclase/melt density difference enougt
to form the anorthosite. However, the bulk moon composition likely has the same composition of the earth, which is supported by
isotopic similarities for the two bodies and recent giant impact modeling. In this study, critical condition of fractional crystalliza-
tion of plagioclase is assessed for the BSE composition by taking into account crystal/melt density difference, viscosity of melt,
crystal size, and Rayleigh number of the magma ocean. This study modeled solidification process of the LMO and calculate
change of melt composition by use of MELTS/pMELTS. Density and viscosity of melt were calculated by use of first-principles
simulations.

Results of thermodynamic calculations indicate that melt is basaltic (Mg# = 0.59) when plagioclase starts to crystalize. Viscos:
ity of the basaltic melt ranges 20 10 Pa s whereas density ranges 2.6R.71 g/cc for 0 1 GPa where plagioclase crystallizes.
Comparison between critical crystal diameter calculated from the viscosity and density and crystal diameter of plagioclase (5
18mm) of anorthosite suggests that crystal fraction of magn=0).55 is required to make convection of magma ocean moderate
enough that plagioclase could separate from the melt. Results of critical crystal diameter for olivine/pyroxene indicate that the
crystallized mafic minerals would also be entrained in the viscous basaltic meltount.55 is attained. In that case, large
amount of mafic minerals are entrained in the magma along with plagioclase, which is enough to account f00t58 in the
magma. For the melt composition when crystal fractips 0.55 is attained, the basaltic melt is enriched in FeO enough that
plagioclase could float to the surface of the moon. Application of the discussion to the terrestrial magma ocean has insight int
the surface evolution of the Hadean Earth, which would be related to the evolution of life.

F—U—F: A, MRS, XU —T v v, A0 MEERTE, B
Keywords: Moon, Anorthosite, Magma ocean, Density and viscosity of melt, Hadean Earth
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IS BT B8k = v 7 IVERZR DOHBIRZ - T2 H OB OREG
High pressure phase relationships of the Fe-Ni-C system and its implications to the luna

core structure

FEA R\ b )
KISHIMOTO, ShumpacHi* ; URAKAWA, Satoru'

R ILIREER AR F IRR AT TR

LGraduate schol of natural science and technology, Okayama University

7 R OHIEEN 7 — X OFENTA S H ONERRSE T T IV ERGT E N T 5, Weberd (2011) I3 BB OMIEZ Fe-S
AV b OB & HE T — RO W THEE L, #IERK owtoDiisEZz 5 LTWa, ¥ A7 b1 287 Mok
B HADIED S IFHEFEO BV CEDFEEIRESNTL 2T EDNFREINSED, ADRKICREZBZTIGEZ/HGE LTz,
AWZETIE, HOKDIEINCHY T % 5 GPaT Fe-Ni-CROMHBIRIC BT % EERIIIHZE 21TV, H OOMEEZE L LTz,

EREERBRIE<IVTF 7 > C)VEEE W TIT> 12, Fe-CRid 5 GPall B\ T Fe & Fe;C DILHER & 7% b Highi 1
1425+ 25 K TH > 1z, RIS DOREGHEIZ 18 at%C, AV FDREFZHEN T DMK D /NS FHUIIBENIE N y -Fe
MERE UTHTH T %,y -Feld RIEE TRAME 8 atvDIREZ VAT %, TOX S RIARBIRIE Ni OFINC X > TE
bl o, FizrhbaYr (Fe,NixC & (Fe,Ni),Cs IEEICE B TLETH D, (Fe,NixCid Ni Zi A 10 atvsd
89 % DIR LT (Fe,Niy,Cs 1 Ni 21T & A ERETE LRV,

Weber5$ (2011) 13 HZE O FARHTHERICH BN A —DOKSHAA LN &5, HORKIE “EEETH 2 EHREL
Too ARWZETIEM D OB OMHFEFRICHEDINT, KICEENAZBITREMDIKERL T THHLEEOREIC DOV TELRL
7o Fe-CROVARIBATRK D A OMIFIKHRICE ATCTIADIL EFERONKO “JE@iETH D, RORZZTHARIZRAT
8atwk HEE I ND, Fiz, MIMEZIITRE L TEBETIVELNRT, ADOWNKEIMLOEEZITZIEFITNE KD,

F—"7— N &, HOR, Fe-Ni-C&, tHE %
Keywords: high pressure, lunar core, Fe-Ni-C system, phase relationships
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ARHALELID 75 X< « XA MRBICHET AR+ I al—

Particle simulations on plasma and dust environment near Iunar vertlcal holes

=% P 1* : Nishino Masaki N
MIYAKE, Yoheil* : NISHINO, Masaki R’

P REER RS AT L IREAIFER, 2 20 R KRGt BRERES 52
!Graduate School of System Informatics, Kobe Univeréithe Solar-Terrestrial Environment Laboratory, Nagoya University

(IR HRICKDHE A X SBIINC K D AR R EDN A I N TV 5, MEHfLoY A XdERE, %S
EHIC, 50~100 IR U, lH D Y7 L—R2—ICLNKERES S ERER DD, ZORITIIRRR TS XA §E
kﬁbmﬁémfw%&vmém% T DX D IS G O N 24 2 R A 9 5 UZUME GBI RZE N TV S H,
PEROTO—N—FENOFER NS FTCEMILEIL T S A BLURHERL A M REZ RS 2 C LI3EETH S,

ﬁm%fﬁ\zhifklﬁ% TS5 AMEAEH ORISR HNBNTERTIARKFY I al—y g U
fizISH Uy AmBNC & 2 ARHLEL 72 A BRSO E s/ i 21795 o BRI LG 2RI L7z HEZ 38 32X
TCRTRZERINIC L2500 B KIGIR TS A k&R 754 1S TAS T 2 KN Z2ET %, KTz Al SIER RS OF 0.,
ZD NSNS ER UTDOCE R RS S, ARETE., COVIal—yavick>s TELNIHFLELOZE

%%ﬁt%@ﬁ%ﬂn7x 2T BINE. T L TELNEERER TORERX X N OZEFI DOV T OYHHLEH

N9 %,

F—TU—F: A HHL, 7S X<, A, XA Ry Ial—ya Y
Keywords: Moon, vertical hole, space plasma, lunar surface charging, dust grain, PIC simulation
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HHf SR F2RICEST 2 K RIGED 3Tt eh 2 2 b— g v
Full Particle-In-Cell 3D simulation on the solar wind response to a lunar magnetic anomal

FIH 552 s s 6k~ 1, =% F°F 1 ; Nishino Masaki N ; = FEfF 3
USUI, Hideyukit* ; UMEZAWA, Misako! ; MIYAKE, Yohei' ; NISHINO, Masaki i ; ASHIDA, Yasumasé

VR REAREERE Y AT IS IREATIER], 2 2 ERE KRB BRER IR Z95T, 3 5URRRSE A7
!Graduate school of system informatiéSTELAB Nagoya University’RISH Kyoto University

CTNETELEZ. FH T I AOEHGRHRNIEEEZRBLUIZ 3RTT I ARFY I 2 L— 3 VI KD RBEmE & /N
Rt R A R—)Vigs & O BERICDOWTHIZE 2 {T> TETEH, AEFETIE. HE oA F—4 Y <A F22icE
2 KGR TS ARIGEICET 2y I aL—a UERZHRET %, T4 7 —H K EE ORSGREEIX. ZOHuD
EKBFEEEDH D BV & DFFEENKEGEA A > OEEER D &N DEFI Y A EREKDIE O REWL, 0
DB AV R — )V 5D, HERIIRD X A R—)UG L&, AV AT —)IVISG D% A, Eﬂ%bd}“@“é*?&/ﬁf
YDREAFT I ADENDELEERSRZNUCEEHT % 7T ARHRICKELSFET R LTINS, Thbb. W
RN LB TFEAF VDR =)y T IhEEE S,

INETOYI2L—ya VR TE, 7427 —<ERKX O/ OVHSGREEIC BN TE AV A7 — )V ORI EIDE K
ENBTENDIS TS, KRBT EHEOH D EVESEFEICENT, S—ERORENA AV et Eni-E
T DR TEMDENET, ZORBEL S, MKEY L2 TORMERBICKD ., AR DA —)VTIRIERIE & Az
ENZBAZF VIO RESHEEZT B AT Uiz, £l 22N E A R—)IVIEGED RS NS m. B&X
U, ZOSGEMEEN CE O R 7 MEIC X 3R EERDHENZTOHEBOEZ IE DT — 74@@%&?’(&3% =}
LRI al—a KOS Uic, FHICHSERTMERE I A4 > EETFOIEICKREIZENNDHD, £
D 3RTTHEEZ NN T %, T4 F—H VAR TIE. KBEISH UTE A R— VG EREICNBET S
7z&b, M FZETO T XA BIUREGEEOEINMAS NS A, BEMZENS (IMF) O mH A EIEKIC & D&
I IR e G Z BN DN T EERZITWVIZ, RIS U FEN KRR A A > T A F— A > < fE AN O A i
FEALELEVAREE S RBE N, CNODOHBICOWTATFETO TS AR A F I 7 AREFEEZZE L
DOk 9 o

F—7— R: A EHE, Reiner Gammay V A — )L & A R— U5, KIGEISE, 75 A<kifyIal—ya Yy
Keywords: Magnetic anomaly, Reiner Gamma, Meso-scale magnetic dipole, Solar wind response, Plasma particle simulation

1/1



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

PPS23-19 £3-A02 FFR9:5 5 26 H 10:30-10:45

D SRERIC K B MRS O — 7 D HEAD A A YA 71 a2 O
lon cyclotron waves observed by Kaguya/LMAG around the moon in the Earth’s magne-
tosphere

HTT AT 5 M 75K 2
NAKAGAWA, Tomoko!* ; TSUNAKAWA, Hideo?

VAL TSR A a0l E ToAR), 2 U LSRRG AR R B 2
Hinformation and Communication Engineering, Tohoku Institute of Technokiggparment of Earth and Planetary Sciences,
Tokyo Institute of Technology

KiHEE HOMBEAERIC &K > TE XX RREE OB LD HOE DICRET 2T EMHIOENE K IICE>TER
M. AHIERGE OO —THich HRHCE . Hili BT, 9 10 EIHORGAEMN B E N T Wiz Ehbh> T,
THUE 19704 D7 R 15, 1652w ¥ 3 > THI LICERE S NIZRIGT (LSM) I X > TR SN 7 — X Zfifghr LIE
U THAINEPAREOWE T, SRUEGBICEEGZEZHRODEBLTED, /1Ay r/abnrEeEIohT03
(Chietal., PSS, 2013) Z Dt & LT, HETOWINIC KD IS A DRERAGENEE > T A 70 bo VA%
ERECLIEEVI Y FIAE, v o T vl At oA 7aba gL nd U FUADNRBENTOHEH, FH
WEAMRIHTH %,

COFRITAE FICEE SNz 2 DDORIIGHC K > Titbhizlzd, EDX 5% ME, EDX SRRSO & T
BTN O WS THRNDIZN, Z T TARZETIE. AN D O EE 100kmO#isE bz 0 L Tnizh < ofE O
RSB 2 O TR DR SR Z A Uiz, ZTOFE, 0 kY4 70 o v EE0.1H)ISEWE IO A, HoD
B (HIERED T, 1w WEEPERESMED <, BRiER Fzeca N, Him BICEE Uz BETRTEREL i
FICEIIEN TS T &, T, WD AHE SR EDRNTWNEEEL, FHITHEVEZLEHIEN TS L
Wboholz, Hili ECORBMER E BA0 | SREIBITHTRAMOEFK T ERKEL, MOERTHE T ehnEh o
7zo CTOWIHEE S IRAROMEERAEEZEZ S ZATHLWHIRZEEZS LTINS EHFEENS,

F=U—R AF YA rayg, SRR, B, U 71 b o R WA E), R S
Keywords: ion cyclotron wave, Kaguya, LMAG, moon, cyclotron frequency, lobe
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A L2235 KGR 70 k> &7V T 7 K1 O _ _
Observation of the solar wind protons and alpha particles over lunar magnetic anomalies

hniE KSR 1 ; 25 #5652 2 ; Nishino Masaki N ; B5HT BE—ER 2 ; )1 FHk 4
KATO, Daibd* : SAITO, Yoshifum? : NISHINO, Masaki ri ; YOKOTA, Shoichird : TSUNAKAWA, Hideo*

VOO E R AR A R SRR R R AR, 2 2 2 R T i R 25T, 3 i R R R R ER B i
28, 4 U LR AR B LA R R S B R 2 I

!Department of Earth and Planetary Science, The University of Tokystitite of Space and Astronautical Science, Japan
Aerospace Exploration AgenciSolar-Terrestrial Environment Laboratory, Nagoya UniveréiBgpartment of Earth and Plan-
etary Sciences, Tokyo Institute of Technology

HICIFEWRK S KRN EERS S FE Ls0 iz, ARG KGROPEZEEZ TS, LHrLans, Amicid
JRFTIICRESU S & PEEN S RESG ORI EE LU, H R OO T OFFFEIC K o T KBEE A mic &z 4
T Wi ENG, KGR E ARSET OMEERICE T 2078, A X ORG EH EE R & Nz 19604F181L
B, NTHRICKZBMS0EHKS S 2 L—r a3y, HREBOHBKERLR & TMAEMTON T W5, RIS XK
RALT T X~ OFE) & ERBRICEEHT 5720, BAERE LB 57T A BREEOMITIEE R ZE 2D,

WH. ANRRLTL BARBRAA A DOERINE TR THD, ROTTIVT 7hi B IREEEN TV 5,

HORGSAEE K E22 Tl KIBEA A 2 O+ % REDNRSGIC X > TSNS T SN Tw5s, UL, H
BRI K 2 KGR A A > DG DONWT, A4 > 2RI L TOMEmIEZ T NE TIrbNTWaERy, KA
FUEERKTDOTO R OBEGNOEITHE T b, B & KEEA A > OHBEBERICOVWTOZNE TORIA
. AN VORZEDICKEMBELIFERTH D L 525, Tabb, 71 bV UNOKIGEA A > TlEBHZO
THERE —H T BIRB BN E L TCOEDEIARHTH B, BT IVT 7R, ASKRISEA 4 > HIclEEd 5 & 1E
MEICTERETE SN, Ta b 38R D KA A 228 U758 I X EE DR R SN TV, Lz
MoT, Ta by TETIVI 7R FICOWVWTEZOAME SO THRITZITS T 2k, HKEY EZckir 57
T AKEED X D FHHR RN E DN B T AR TE 5,

AT, BEEERE ThH SR ICHEH I N VT — A1 4 VEESHTEE MAP-PACE-IMA I & » TEIIE T iz
T—=AREHV, WAET L2 TREENA T DO TEREDN T — Z DN 21T > Teo BRNTOFER, WA fElK
FZRCEBNT, KEBICI > T EN=Ta b e 7V T 7 RiFRRR 20 E RS T ENALM IR - T2, BER
BEHICK > TRHENE A VIZZ L OHE, EHHIT R VF—2DLE>TMAEI NS, Ta bk eXRTT7IVT 7
B 3EH TRV F—DRDBEDIRENC EWNDh o Tz, TV T 7RiFDAFRFT 5 v 7 AN % Rk
FT7 5w 7 ABEOLRIZ, S0k O ASRIFT T 7 AT B AR T Ty 7 ARE DRI T E /N
TNV ENHSDE o Tz, HEROIRNT TR E NI T IV T 7 hiFOERDINEETH > 7= Did. 1) sROEEIC X 0 Bl
EN3 Elq (B EH T3 )VF—, q: B DAS KRR T IV T 7R RET7IVT 7R FTRELLEIT BT L. 2) x4t
INTETIVT 7RITFDT Ty 7 ZREINNE N EHFER EERDOT BN, TNOOMERIE, AMKETICX S K
JE\A A ORGSR ERER R T — R Tld 7 <. IEMBNZ L Z > Te K TH B T L ZRL TV,

F—I—R: H, TIAX, Kb, w5t
Keywords: Moon, plasma, solar wind, magnetic anomaly
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Early global expansion of ‘the Moon: constraints from topographic characteristics on lin-
ear gravity anomalies

B 72 D78 U GEM B L Ik G L i S 2 A B 8
SAWADA, Natsuki* ; MOROTA, Tomokats%u KATO, Shinsukeé ; ISHIHARA, Yoshiak? ;
HIRAMATSU, YOShihil’O3

VR RARPERBPAIORL, 2 SEHIZE IR FERA, 3 R B AR AR
INagoya University Graduate School of Environmental studig¢apan Aerospace Exploration Agenéianazawa University
Graduate School of Natural Science and Technology

7 ARAWFEB IS IEE AR O STICHED & AR T A— v VOIRENSIEE D ZFO% 2 MVETRRINC X
5)\5&@373\3@9 eEZONTVWS, AEOBIEFEICK D L. <V MUEARIC X 2 BWENFER T, <7<+ —
¥y VENED S BURETHEROEIMN E—71C72 % L0 9 M5 h 8 % [Solomon and Head, 1979] L L, H DK
X Z DBOREEIIC L > TRELSE(EL TV Tz8, RERREOHIEINIERNE RO > TE 53, 2ERIFRO 2
A 2V TRBRERBIIMICH E N Tz, —J5 T, Andrew-Hanna et al. [2013F GRAIL O & fR{REE 17— Z OfiE
HHiC K O KEIIAARIRE B2 (DU, LGA) ZR A Uiz, 5 1&Z ORI HERIHOEERIZRIC K2~ 7~ DHEA
THaHEHELTVS

HK4IE LGA L:%E LT, AWIHOERERIZE &L~ 7~ HAGIORGEEZT1T> T &7z, 20D LGA Zifzexig et LT,
LGA JEADOHITEEIFRITIC DN T, REED LGA(20 7 i 18 7 i) & XD K 5 7akitiZz /g C & 2B ST Uz [15%
HIEA, 2014}, TDOIT M5 LGA EOMIBIEAEAIIAD 2EKEZRICER T 2 Mk TR E N EEZ BN 5,

EHICRERRD 2 A X 2 72T 2 70ic, MEOXRMFRZRET 57515 LTHMNE YV L—2EREZ VT,
LGA DIERUFREHEE Uiz, RATIC W ZHIE 7T — 21347 0.00L [EIFRD LOLA D5 v K7 —X [http:/fimbrium.mit.edu/LOLA.htm
LOLA _GDR (LRO-L-LOLA-4-GDR-V1.0)] Td% %, LGA bh S EEE /51 50kmLLIAIC 513 % 7 L— Z BUEEREIC Neukum
[1983) DFEMRET IV ZNEA U, REFEAZTE LTz, TORER. LGA LOFENIL 4.1 Galc E— 7 25, 4.373.9 GaD#i
FNICH 2 T EDHS MRSz, TOERIEBEAGRESR 7 RabFEb - o O LA R O 4R (4.374.1 Ga)
[e.g.,TeradaetaI.,200%1?0;%&% I %,

DL EosEFIC D & AR L RO DKt ik Tz, Z OB, REIFIRIC X > TIEKE N fEIE I LGA
ELTETHRDD > TS EE LTz, RERIFRIC K > TIERE Nz LGA LOMEZ —DOIEWEMN 5 K5 i A i7a e
gl U, WiEERAZ2eEE, ARECEEFR Lz, ZOME. AEE 515 A ERELRIERA 2.5kmEL T
IZ72% T EMHSMCIED . ABETIVC K SHEEMH [Zhang et al., 2014 FJE L7IRWC EWVh 5Tz,

F—U— R RE ) 5H, IR, HRICTT, g, 052

Keywords: linear gravity anomaly, early global expansion, tensile stress, topography, crater chronology
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HOWISEE & XA FE, misH)
Magnetic anomalies, dynamo and true polar wander of the Moon

R M TR 2K AT S s FC AR B 2
TAKAHASHI, Futoshi* ; TSUNAKAWA, Hideo? ; SHIMIZU, Hisayosht ; SHIBUYA, Hidetoshf ;
MATSUSHIMA, Masak?

VIR AR AL e R R B ARE, 2 SO L3R AR AR LA RHER R B BT I, 3 ORI RIS T, 4
HEARZE R AR F AR A e R

IDepartment of Earth and Planetary Sciences, Kyushu UnivetBigpartment of Earth and Planetary Sciences, Tokyo Institute
of Technology,>Earthquake Research Institute, University of Tok§Dgpartment of Earth and Environmental Sciences, Ku-
mamoto University

Applying the latest advanced paleomagnetic technique to the Apollo samples, it is now well established that the Moon once
had an ancient core dynamo operated from 4.2 to 3.56 billion years ago, or even younger age. Because these results are ba
on paleointensity retrieved from unoriented samples, any directional information cannot be obtained. Instead, we focus on th
magnetic anomalies on the Moon. Since the magnetization of the lunar crust in the magnetic anomalies could be records of ¢
early core dynamo of the Moon, the magnetic anomalies may yield directional information of the lunar paleomagnetic field. Here
we present results of our global survey of magnetic anomalies on the lunar surface using magnetometer data acquired by the L
nar Prospector and Kaguya spacecraft. Using an iterative inversion method, we extract magnetization vectors from well-isolate
magnetic anomalies and derive the positions of paleomagnetic poles. We find two distinct clusters of the resultant paleomagnet
poles: one near the present rotation axis and the other at mid-latitude (Takahashi et al., 2014). The result is consistent with
dipole-dominated lunar magnetic field generated by a core dynamo that was reversing the polarity. It is also implied that the
Moon experienced a polar wander event. Additional inversion results for well-isolated central magnetic anomalies based on th
surface vector mapping method (Tsunakawa et al., 2014) suggest existence of the third cluster of the lunar magnetic pole.
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