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Surface roughness effect on KAGUYA LRS surface echo observation and its calibration
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KAGUYA Lunar Radar Sounder (LRS) was an HF (5MHz) radar whose primary mission was to explore subsurface of the
Moon. Its footprint covered whole surface of the Moon in its operation period. All the data was processed by applying Synthetic
Aperture Radar (SAR) algorithm so that the signal-to-noise ratio of target echoes as well as the spatial resolution was improvec

The data was further processed to extract nadir surface echoes so that the surface property of the Moon was studied in a spec
range of the HF band. The physical property that can be known directly from the data was the apparent reflectivity of the lunal
surface in the frequency range of the HF band: The data contains scattering effect of surface roughness due to the surface terre
We need to separate this scattering effect from the data so that we can make quantitative evaluation of the surface reflectivity. |
order to meet this requirement, we carried out simulation of KAGUYA LRS observation to evaluate the surface scattering effect
due to the lunar surface terrain.

The simulation was based on Kirchhoff approximation method. The Lunar Imager/SpectroMeter (LISM) Digital Elevation
Model (DEM) data was utilized to simulate actual lunar surface terrain. Flat surface observation was simulated as the referenc
case before the simulation of actual LRS observation was carried out. We assumed that the dielectric constant of the lunar surfa
material was 4.0.

Our simulation revealed that even a mare surface where the surface is often regarded to be flat certainly behaved as a rou
surface which gave a rise to decrease of the nadir echo intensities for a few decibels in comparison to the flat surface reflectio
This effect gives a significant influence on estimation of regolith thickness in maria. Newly estimated regolith thickness was
approximately a meter smaller than previously estimated value: it turned out to be 6 - 7 m in Mare Imbrium.
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Determination of the dielectric constant of the lunar surface based on the radar echo in
tensity observed by the Kaguya
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In the planetary radar observation, echo power and delay time depend on the effective dielectric constant, or equivalent dielec
tric constant including the voids in the planetary uppermost media. As for the Moon, because there is almost no material whos
dielectric constant is far from the basalt rocks, the effective dielectric constant of the lunar uppermost media is considered t«
depend mainly on their porosity. So if we can determine the effective dielectric constant of the lunar uppermost media, we car
derive their bulk density, or density including the voids based on the empirical relation between the dielectric constant and bulk
density of the Apollo samples [Carrier et al., 1991].

If we are going to use echo power for determination of the permittivity, we should note that the radar echo intensity depends
not only on the dielectric constant but also on the roughness of the surface. Therefore, we have determined the permittivity ¢
the lunar surface with considering the surface roughness. In the analysis, the dielectric constant is determined by using the rad
echo intensity obtained by Kaguya Lunar Radar Sounder (LRS) [Ono et al, 2000; 2008; 2010], and the surface roughness parar
eters derived from Digital Terrain Model (DTM) based on Kaguya Terrain Camera (TC) observation [Haruyama et al., 2008].
The global distributions of the echo powers in a frequency range of 4-6 MHz were derived from the Kaguya/LRS dataset. We
have used the intensity of off-nadir echoes in an incident angle from 5 to 15 degree. The reason why nadir echoes are not us
in the analysis is because the echo intensity changes drastically in small incident angle range due to the poor range resoluti
from the spacecraft to the off-nadir reflection point. The echoes arrived after the arrival of the nadir surface echo were identifiec
as off-nadir echoes in this study. In addition, we have also derived the global distribution of the surface roughness parameter
The RMS height of the surface can be obtained<t{z(x+L)-z(x))"2>, where z(x) is height of the surface derived from the
Kaguya TC/DTM, L is baseline length, ant>denotes the average. If we assume the self-affine surface model, the roughness
parameters H and s can be obtained by the least square fitting of the RMS heights to s L"H. The off-nadir surface echo power ce
be calculated based on the radar equation. Assuming Kirchhoff Approximation (KA), the backscattering coefficient in the radar
equation can be obtained from the roughness parameters H and s, and assumed dielectric constant [cf. Bruzzone et al., 201
Using the backscattering coefficient, we can calculate the expected off-nadir surface echo powers. By performing the comparisc
between calculated and observed echo powers, we can determine most plausible dielectric constant. In the calculation of the ec
powers, the transmitting loss of LRS have to be determined, which are however difficult to measure in the ground tests. So w
estimated the transmitting loss to be 5.8 dB by assuming that the average dielectric constant is to be 5.3, which are derived froi
bulk density of 2.55 g/cm3 in the highlands reported based on GRAIL observations[Wieczorek et al., 2013].

The obtained Hurst exponent H is less than 0.5 in the maria, and about 0.9 in the highland. The parameter s is about 1 i
the maria, and about 0.3 in the highland. By applying the analysis method mentioned above, we could obtain the observed ar
calculated surface echo powers in the regions where H™0.5, and H™0.9. Based on them, we could estimate the average dielect
constant in the maria (H?0.5) to be 7, and that in the highland (H?0.9) to be 4. The bulk densities are therefore estimated to b
3.0g/cm3 in the maria (H™5), and 2.1g/cm3 in the highland. It suggests that there are more voids in the highland than in the mari
due to longer exposure to the meteorite impacts.

Keywords: Kaguya (SELENE), Lunar Radar Sounder (LRS), Terrain Camera (TC), Surface roughness, Bulk density, Dielectric
constant
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Tectonic evolution of Sinus Iridum and northwestern Imbrium regions
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UwDlk, Z2HEREBICER LT, Mz X2 fid 5 T &b SIEEHERER: O ffE TEREAKERME U 7o i
BeEZONTE. UL LUIESE, 1.0 GallFICH X iz lobate scarps (Watters et al., 2080) AAHERERICER X
Ny YOFANHRE TN TS (Ono et al., 2008) /AEHERERFOZIL DA OER & LT, HDBANCAY: S i
HEIES BN EZ 5N S. ﬁEi’éﬁH#ODEﬁ/T%hci MEETE RIS TA G KREEHRN E — T 513 TH5. ZC
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M, 2.1 GallfFi—HHEDARE L TWVWaB T bbb o7z,

F 7z, LROC NAC gz ffi> THDM > 7 1.0 GallED/ MG & 59 5.
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Evaluation of the horizontal shortening in the shallow part of the lunar crust
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HORJFEPLENL Z 13 5 7281, mare ridge(LL T, U w ) % lobate scargs & OHEMENFIH SN TWS. ZD
BR, SRR ENSMEZHEE L, TNZBA I RELIZEV S FmhiaSnNsDWN5ETHS. LrL, B
FRER X AL 3V RAEDIFAED 28, <78 A7 —)VOEBYIEOEEOHEE 13 H Ly, HERGED b B A& 72 5Tl
T 5 ITHERENED, SELENEXR EILHFEDT—X TENHAREIC KR > TE .

CNETIKEEHEDRBEDIID D, ol MHENTDS. 127V TILUBEOREKISHTHOFEEHH 1km
WOLIEEINEH, ZTHUIRNOHETS % MacDonald (1960w &lld™ 5. Apollo FHROHIE 7 —Zic s &0V
T, VyINHEHHGETHZ EDIEDE &1, Bryan (1973)d 1 DDV v VBRI X B /K a7 0.5% Lz, h
N VI KBEMBEERELTWVDE ET245, HOXFEDOWMDEIIRIED IkmBEETH .

AWFTIE, ORI XTI A D {LOMER;E%”, SELENE®D LISM T—Z 5 XU LROC H{§ k& L7, it
TicHF B ) v POFAEIIWER I (fault related fold)TH A 5 A%, ZOWKIEN HH 2 % 55 LIS RWIGED
H3. HiEES, WkEOZNE L ERA D SRR RS b5, %850, BOLXREZKEICHER U LK
EL, VU IR RY) 2R T OB OE X L BIfEOK 2 LT A2 & T, Fiier REE 52N TES.
HiZE DKL, WOMEILHEDOY v I TRDM -T2, ZT T, S00mBEO/KEERENH 5. L TAD, ZTOMmD) »IT
&, AmZWEDNE S ThaIice X, WiEic X2 EmREBIIC AN SRV SV hNEh o Tz, Tz, WiETIEEL<HE
ithic X 28z TCHh 5D 6Nz DTM THGT L7zfER, U v IBEOIEAIC X % T OO fE =X, Rryand
HEEDEXDT 5 E/hEL, 0.001%DMTIEERNT e oTz. TO/MhEEE, REEOBEEKOELTXOTL A,
DTM DOFEE T A SN WE EEMHEDN NS N L2 EKT 5.

LROC T Z DD ) PREEREE LIH, 7 L—20) v IR LUz & B L &gt s N3 FlldEid &
N3L0O0, WHIEIC X2 Y > ZFfEZRT 7 L—2IdA 5N aho 7z, Eikod so0omEfEEkc Liz) v I TE[H
FTHB. T i, ¥ 30EFAORREHERER, Wa TFRICKZT L—2hHFE D TEEW D HI 500mEfED
FET LT ERBENT S, EiEh Yty yayoRER)ICKD, TOMIBOTERY v I0bal & E 5% 10EEM E
DEHICHZ> THRELTERC e - 12h, ZOMOFE RS UTRIFEIT/NE oz VWi 5. Ol TS
6 LROCH{{RIC K D, TT b AT R ARA~ANNWZ I AHD T T—N2EFHA L., chbooT e, 20K 5K
IS ET, TOHIBAVKEME LKCERFROBERN IR D -7 L 2mgd 5. i, 30FEFETANSA
DERBIEZT > LA T, HOYRE IkmBEFM LIz VS, R LUTWAIBRICK T 245 RTH 5.
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Volcanic activity of lunar maria: Verification of super hot plume event at 2.0 Ga ago
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FNEERT BT20DFEE LT, HOWBOLXREZHANSEZ LIFAENTHS. HOXREDMHK EFEROBEN S,
< M IVORIREBVELICB T B IEMDME S NS AR D, 74— ¥ VOBEILET IV A Y MLOE{LE
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AW, AREIER THISR] IR ENTEZIVFNY RAA—I v IC X B0 T— 22 AV T EDREE TE
SNTFRVEARE, KAy FTlIcHBEEERLUTEEL, FREOMBEGRERNZ. ZOE, HHH
E {HiWiz Procellarum®® Imbrium & W o 721 Tld, # 23 EERIICF Z UV EAEEIRIICEM L Thb T eigho iz,
CDF2EAROEIIR TV —ANE LI EZRB L TWEDONE LR, £ T TAETIE, 23 4]
D7z TPhase WiE#H) ), 23{24-miLl%7%Z TPhase 2KiKiGE) ] EMERC LICT 5. INHDOHEND, FLlEU b
JVORHRY « HEEZLICEI L T, 20 FERTEIC A—/8—FKy b TIL— LA 5Tz & W0 AalEE 28RS 5.

A—I8—Kw N )= LMGRERRGET % 7zbic, AN T — 22 Wiz iT-> 7z, el /A4 RO
EEGIEL, v Mbkd B &, PKTOHEWEHOE & 5 MBI THIIROFEMNR b Nz, COEDHFIE, 1t
-5 1,000 km JEPE—FGE5MEIC 1,200 km EFEOHEN 5 O EEIZB X Z 700 mTHo7z. TNEHEES
L A=IR=FKY b TPIN—LO RIS TERE N8 D TH B EEZ NS, LT, TOREREFILE LT, Phase2
DOEHIC L 2 EREI =y FDERE Nz, ZA—/8—Ky hTIV—LD EED, H220EBENTHZLTHE, BBLE
DD DS T21%TH O, HBMEOZLIX, MENDIETHRENTVSIZT THS. AHETIE, Phase2D Hi
F 2 VB & A—8—FK Y b T IV— LOBREIC DOV T ORGEEETTS .
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Numerical models of mantle evolution in the moon
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DX S BN EVEE TRABIEH ORI A7 — VK ER E XD REREE X D ENMICE S BUREREICRS 2 DD
Molze TN, KOREFEEETE, ¥ MVHROBEAH T I WVERE NS L ZDIFDTD E 5IC T DA
MBEDEVSIRIT 4T T 4 — RN IR BN,. HIZTDT 4 —FNw IR BIE< Y MV LAY —8H
KT EB7DTHD, TORVEKAT —)IVIZHDWZIZK U Io KRB DR A 7 —)L 72 & <Fid %, X7z, 20
RIT 4T T 4= BN T ORINE, KETEFOBEANDE (T—EAX Y IR b 0HZ2EKT 2, bl
HTRZDEO LAY =D 7zDIRIC K % FEMADELENDFRE g\ esd, O klid, ADEEICE > Tkt &
LD, BILEIC K2R S DN TH B H 2R R 5, REER T A —2 v VORRZERE . KNI
ETIER Y Y X ATEICE LWL E WS PSRN S T LT P~ > MVEE(LOBIEY I 2 L —2 3 Y TR, &
IO K BIEENC & O < > B )V B ST DI IR U TR, < 7 ORPEH ORIEROIIGTR?~ > F V2RO
RN TCRDF R RGE ED/STRA—Z—DEICE 5, BIEHIC K2 Y VAT 27 DJEE OEINOER, KEGEHI K
IO 10EFRETEZ S L VO RRZIGTz, T ORERIZHOKBIEEE OIS %0, FRHC, BHEOHATRS
N% B ET 20(EFHT X THO TR SGE B Z B S 5 72DIcid, YT A—2 v Y OMRZEE/ T 20E DD %
HERET B,
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Identification of secondary craters based on the Voronoi diagram of the lunar craters
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We developed an automatic method for detecting crater clusters with crater spatial distribution based on the Area Vorono
tessellation technique. In the method based on the hierarchical cluster analysis, the evaluation of crater strongly depends on t
closest one crater (or one cluster). In the method based on Voronoi tessellation on the other hand, it depends on the adjace
all craters. Since, this approach does not misjudge the pair craters evaluated cluster by the method based on the hierarchi
cluster analysis. When a small crater is close adjacent a large crater, a boundary line of Voronoi tessellation is in the rim of the
crater. This is different from the line a person pulls by intuition. So, we select Area Voronoi tessellation. For estimate an area
of Voronoi, we adopted the wave front method (Watanabe and Murashima, 2006). We applied the Area Voronoi tessellation tc
observed crater spatial distribution. If the area of Voronoi cell is small, the crater becomes the candidate of the crater cluster. As
result, for the evaluation of crater spatial distribution, we propose that the Area Voronoi diagram is suitable to identify candidates
of secondary crater.

F—T—R:. R L—F— K /A EZAT T
Keywords: secondary crater, Voronoi diagram
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De?/elopment of a web application for dynamic analysis of the Kaguya Spectral Profiler
data
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Kaguya is a Japanese lunar orbiter launched on September 14, 2007 and observed the moon for about 2 years. The Spec
Profiler (SP) on board Kaguya was a spectrometer which provided global data set of visible-near infrared continuous reflectanc
spectra of the Moon. GEKKO is a web-application used to visualize the data observed by SP. GEKKO displays the graph of SF
spectra and tables of ancillary data with thumbnail images simultaneously taken by Kaguya imager/camera. The current versic
of GEKKO is very useful for viewing SP spectra, but does not include analysis functions.

The goal of this study is to develop a framework for implementing analysis functions of the SP data. For transferring the
data from the client, the original GEKKO connects to the server using MapServer. However, in case of MapServer, the client-
researchers can only analyze in a predetermined manner. Therefore, we prepared CGI scripts and incorporated them into GEKK

By using the new GEKKO system, the clients-researchers will be able to dynamically analyze the SP data. The clients cal
select, coordinate and add the functions according to their objectives. We prepared the basic functions commonly used for tt
spectral analysis, such as running average, normalization and also similarity measurement.
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Rock and mineral distribution of the lunar South Pole-Aitken basin

AR ZREE s KA BT 2 AL 2 AR BR 3 iR B 4 Ak (e 3 SRR 2
UEMOTO, Kisara* ;: OHTAKE, Makiko? ; HARUYAMA, Junichi? ;: YAMAMOTO, Satori® : NAKAMURA, Ryosuke4 ;
MATSUNAGA, Tsuned ; IWATA, Takahirc?

VEREURE, 2 S MIZe e FE s, 3 BN EREEIZT, ¢ B RN S IS
IThe University of Tokyo,2Japan Aerospace Exploration Agenéiational Institute for Environmental Studie$\ational
Institute of Advanced Industrial Science and Technology

B YU ARV - A My (LU SPA #hliid A =MD REHEERICIAD % H I K OfE2e it (IE£8K) 2200~2500
km) [1] THO., KEOHENIZE L HN, AV MVABEH LTS E0bNT N5 [2l, ZD7z8. SPAIZHNERD
R Z NS FCiRE BEATHEKD 1 DTH 2, SPAOHLERTIE, A~ Y MIVIEN M RS TR LIrE LT
B4 AV T=IVDERENTZEEZ BN TS [3le TOMRZIHET 2 Lid, REMHINTOWEVAY
Y PVHBIRICBIT 5N 2 L EZ B, Tl LBIE, SPARMONERIE. MM LCARRICEH Lidaim (LR~ —L1)
IC KB, EIREIFIC K B2ERMMDIERICED [4]. 42737 b AV b T —)V OB - L AHHRR. 1Al
B LI RIATH 5, 5. SPAHLLEBIZIE 7 — )V EEKT 21 2787 k AV b TSR 2 & DI (LA
TV =) DMFEET B[REMD D 5 L FEATIIZE TE DN TV B D [4]. AT TIEHIE R R SHERI E N
TWBDHTH2 i, LT —2ORGEMEL . ART MIVOFFTIE S BV 2o, SaE AR LOREFBEGRSR.
WY Z A ICIHE L TH 59, LB IXBERE WA 2,

Tk AW TR, AREEERED RIS K > TESNIAERTEH (LALT) &8 EHRD 58U E U7z g, 5530t —
2 (Ml - SP) I X2 @MINEROE A - SR Z T, A 287 F AV T —)VofiE e 34 X (B, BRUEHE
OHERZ B T 78> Tz,

FEA « 5 SPAGHINICHITEDEA DML L. ZOSMIIE AT, S5Y) - LA RE < B0 o AMUlT it
YrEeraaE Y EMEMEIC A D A TIFIES 2D L. NI &ALV LEGICEB G ONALFET 5 C
MRS T, E BICZ DU I A0 2 I AT L7/ R, XAV oD MEAICES A, @by LA
WKEGEA. X—LYWHEICH T bNTz, SPARMIEMIZICTE 7 L—2—DONERHREFOERZMES & T, =
FIE END, EEMEAIV Y LA ES KO~ — LWEE— S )V 2 LG JE— MKV > L g & #HEllE n
%o VD LA, & EEICOE L TW A EICnZ EMEA)V D LA EY < — LY EREIC—EEDbN T
WBHED B ERT B &, SIS LHIPHICAES 5 2 &, MEMEAIL Y D LEAEOHR R (R hDE ODRERE
60km 5 EEE 2 DA EEK 10kmIZBENEASbNS, TOHIBOST—L EHiRd % &, mE, BIE L LI
TREDENRDENDTz8d, 7V T =L EREZICV, Ko TEMVIY LEGEIEZA 287 8 X))V NS =)L T
b2 EHM Uz, EEMEAIV 2D LEOHRIGEMANAPO AR, IR DRI OREI EEZEZ S5NBD, T
RV LG EOHKIE. 4287 B AV b TV OMEFEEERIC O NRTNERS T, SHBOFETH S,

[1] Alexander,1978 [2] Spudis et al.,1994, [3]Lucey et al.,1997,[4] Pieters et al.,2000

F—TI—R: Y IAR—IVIA N, H, 50, 958
Keywords: South Pole-Aitken, lunar, rock, mineral
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INAIS—ARTZ RV B— he oA &3 HEHICEIT % Calc A D RER

AN

7]
Global Distribution Trend of High-Ca Pyroxene on the Lunar Highland by Satellite Hy-
perspectral Remote Sensing

LA R L Ay RS2 Mok fEsE L ANITEET 5 AR ST Y B RS P R R BT 4 B 0L O R
5 GINE IR

YAMAMOTO, Satoru* ; NAKAMURA, Ryosuke® ; MATSUNAGA, Tsuned ; OGAWA, Yoshikd® ; ISHIHARA, Yoshiaki*
: MOROTA, Tomokatstl ; HIRATA, Naru? ; OHTAKE, Makiko* ; HIROI, Takahird ; YOKOTA, Yasuhird ; HARUYAMA,
Junichit

LIEIERIE, 2 BERSTA, 3 K, 1IAXA, P HER, S T I K
INIES, 2AIST, 3Univ. of Aizu, *JAXA, Nagoya Univ. Brown Univ.

The studies using the spectral data obtained by Spectral Profiler (SP) and Multiband Imager (MI) onboard the Japanese lun
explorer SELENE/Kaguya revealed the global distributions of the purest anorthosite (PAN), olivine-rich materials, orthopyroxene:
rich, and spinel-rich materials over the entire Moon. However, the global distribution of high-Ca pyroxene (HCP)-rich sites has
been unclear so far. In addition to mare region, which is dominated by HCP, it has been reported that several ray craters o
highland regions show HCP-dominant spectra. Thus, the global distribution of HCP-rich sites, especially for the lunar highland
regions, would provide important information for the structure and evolution of the lunar crust and mantle. Thus, using the global
data set of the SP, we conducted the global survey to find HCP-rich sites on the Moon, especially for the lunar highland regions
Here, we report the global distribution trend of the HCP-rich sites based on this survey.

F—T =R VE—bPEIIUT NAIN—AXRT ML, ISR
Keywords: Remote-sensing, Hyperspectral, Kaguya
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H e 0)%?@&75\6?&%@“%7772‘—/«4 > DL R
Solldlflcatlon of the lunar magma ocean suggested by composition of the highland crust

KT Bl 1 1 /K RS 2 ECH 54 2 REH &l 4 Al S L Rk TEE S A BEEL O B R — L IR R S VI
S FEREL M AAT

OHTAKE, Makiko'* ; KOBAYASHI, Shingd ; TAKEDA, Hiroshi® ; MOROTA, Tomokatsti ; ISHIHARA, Yoshiaki ; MAT-
SUNAGA, Tsuneé ; YOKOTA, Yasuhir@ ; HARUYAMA, Junichi' ; YAMAMOTO, Satorw’ ; OGAWA, Yoshikd ; KAROUJI,
Yuzurd' ; SAIKI, Kazuto’

L2 SR RS, 2 ORI AREZEAT, 3 T3 TR, 4 2R K, ° ENZEREIHIZEAT, ¢ 2R, 7 KK
1Japan Aerospace Exploration Agentiational Institute of Radiological Sciencé€ hiba Inst. of TechnologyNagoya Uni-
versity,5National Institute for Environmental Studiéd;he University of Aizu,”Osaka University

WS & BN - TN E TIic A S iiiiRo Mg i (Mg/[Mg+Fe] DEILV%EL) D HOZERRAIK D HAITE <. SlZHERK
TE2EADHNEMED EXOAMEET T X ORBRIELIZFEIRETNTVS [1]. MgEDMICE S 1D ThiEEE
SR TOMUGHBEOEHRIRE L THETH S, ThIZEHEE TR TH O <7< OmALERE CHRHICIRE T 5 7ot
fi b L7 aaid X 0 ThiREDMEW, S8R0 H @RI 5 & H E= Mo @iihsid LN LT ThIB AR S
ENTHED [2]. Mg fi& ThIBEOMRIZEEMTIEES L T05, KIfFFETIE Mg fae ThiBEOHBEZHN5 HIc X
DEIIE NIz HER L E MO Mgl ThIREDBEWAY A —2 v VOBEULRICTE R LIRS RN E S D Z2s ML, X7z
HFREREF D~ T 4 — ¥ DS HEE ik H 5 o

WIZEFEL SR D y T — 22T ThiIRED 7V v R T — 22T %, D%, MSRPORFARY MLT—
272 FHWT ThBEISHINT B RIS 2D Mg T — X Z1FKT 5. —/7. X7 OMuEfy I 2 L—>arryny
L (A)LY) Bl ZHv. T FA—2 v VOFHRZRE LI HEICEE NS Mg d L ThiREOZ b ZEHRIC
Xk, TNEEZUDOLILEZTITS ., FHRICIEY T~ A — v OMBKIGHIBRO MR+~ > MV 2 N E TlcHEE
éhfv%ﬁvbvﬁ—yv/ﬁﬁ%&%ﬁ@@ﬁ&bf%mto

TR B Nz Mg i ThIBREICIZ = 7 ) O EBED ST SN B EOMBENH O . FMHBEE 2 KD RL YR

%\h’(b‘% KITBIREINDG, — ., YIal—ralicka<x IOt LY REeFNEZERT 5 &, Eid
2 DORLYRDSED 15 e HEROHGE A~ > MV BRE LT ED LY RABVEML, AR IS4 —2 v v
mﬁﬁ%%%bk%étdzo@hbyF&%mk%<ﬁ&%$ﬁ%oho

FERBNENT Mg EE ThiIBEZICEDOHBENSD 2Hd. TNH/INT A—2NHERC <A —2 v O EfEZ
KMUTWBHZRTEEZALNSED, 2DDF LY FORHRCOWTEIIRAHTH S, =T Ial—a Vi
REFMED I, RO A T <A — v VI HEE D BRI TH 5 H2mme U, FEHEZ 9 % 41013
TERKDE Mg EDEWHAS XA — v VHRDRE L X208 H 5, 72 LSRIOY I 2 L— 3 VIdaHES
HEOFHmMNTED TR, SR K DGR DRETH %,

[1] Ohtake, M. et al. (2012) Nature GeoSci. 5, 384-388. [2] Kobayashi, S. et al. (2012) Earth Planet. Sci. Lett. 337, 10?16.
[3] Ghiorso and Sack (1995) Contrib. Mineral. Petrol. 119, 197?212,

F—U—FH,0CR, 2 L—3 M, v A - v Y
Keywords: Moon, Kaguya, SELENE, Crust, Magma Ocean
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AEMPRERPEORE VY NEEOESOMEA
Plagioclase with High Ca Contents from the Central Farside Highland.

BCH 50 1 BRR U 2 AR GRS R Bl 4 IR A 0 b 2 ©
TAKEDA, Hiroshi'* : NAGAOKA, Hiroshi? ;: KAROUJI, Yuzurd ; OHTAKE, Makiko?* : YAZAWA, Yuuki® ; YAMAGUCHI,
Akirab

VHRRURSER AR AR SR, 2 BRRHHC A T4, 3 R ARSI, ¢ THRMAET, 5 T TRERZ T, ©
VLA T

IGraduate School of Sciences, The University of Tokwaseda Univ.2JAXA/ISAS, *JAXA/ISAS, °Faculty of Engineering,
Chiba Institute of Technolog§National Inst. of Polar Research

HEMP RS RS Ly LEEOBWRIEONFEET S &%, ARGE Th SR VE—EVI VT - F—
Z—RGE LT TIKEK I BEAIVY 29 LREADONVEREEICIAT 52 & XD, ZOEFEINFIA & HIBREREE D2
ICDERNRB,

F—U— R pHRA, A, Z00E, ZEAR]
Keywords: plagioclase, lunar crust, farside highland, resource utilization
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Hoik, HiBRDK

Volatile accretion on the Moon - A clue for the emergence of a habitable Earth.

RRITUE b5 AL i— 2
HASHIZUME, Ko'* ; HARUYAMA, Junichi?

VRBROR ALY, 2 A2 S e B FE b/ T R 2 ST AT
!Osaka University, Graduate School of Scientlapan Aerospace Exploration Agency / Institute of Space and Astronautical
Science

FIIRGMMES . AR LA ZFHNTEHKTH O, AR E L BB X ZHFaHE S TEEO L 51
RZ %, A EHBRIZKES 5 A CHEHC H 2 KIKFE A0, fREEEEVSBRPSRS &, 2O DEE i
a2 Y%, MBEREE S HFEMEYEIE RS, $45bb, KGREEZEZOED TR, HERICHERM L 2
BYHEICEENTOWIRDETH S EEZ DN TS, WOHIEKICHHGE NIzDD, W0 S VOB XX IERE
LT, MIERERE RIFICHHaE NI WIS BEZA T EH S U, EBRMNIRIETE T U BB CHIBRER IS I kg
ENFEVIEREH B, TITES—EMS, BEARRIUKICRASDIEAS ? H « MIBRRANOKEHFENEY)
HOMIGZ A I 2 JICBT %5E1E EOFPIL DN, FHCRE X 51X, HICHFEMYE Y 8RS L T TRERETE
BWERSDED, 855, HIZNEWREZDT, RaZKNIIREETERD, LW 5 OWBIED HiAEKIC
RAZREHERTHS 5, LML, ABEAIMICEN T, HFREREMEOEE FTREIEEINE N, HEROSE L
Akt HRMEMEIETSORICDEVEDN SR THIEEN TR T TH S, £le. Habkicid, Al L2 —RENICk
TeNTHFEIEED, KGR EMHEERZ LEDN SR EICA A ATBIAARENS, L0 HRMIYEORERE—FLH
%5 LW, HalFHc X, /KEEHERDOHHZH S NS T BIFMA LB SN TOTEARE TRV, 22, TCko& T
L. ZTOWERZG I EHTDICSEDLLVMRZ, MADNELEFICLTOARNETNE LA, #iETld, HE I
K 2 HEFEMME. Z DIEARSREE R, ZHWED SHisiR < BohDilsz /N5, TLUT. TTTHIF M
RADMERICTNT T, DNONDG BT NEAREAD IS DOV T & ifam L7z,

F—U—F: ALV R, fEFEEWE, RN, B
Keywords: Lunar Regolith, Volatile Compound, Isotope Composition, Accretion Rate
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HRIKZ OIS % 2 IRRER G [E (L U 72 BRI

Extraterrestrial solidified materials with multi-mixture on the Moon

VR PR L
MIURA, Yasunori*

VEINALRE

lIn & Out Universities
AHIEREIRDE S ICRHDEZ L T—RICEF LHENS,
1) HOMZEE, HERDFIAYIE D T E )5 L HERN KIAD T EHICHEERERZRZMIE L TIN5,

2) HOXEWE ., HBROE A G LR CHYPPTE R E BN TV A D, HIBROJES & A CAEi%2 5 O THAR
WONEE, U LHIERIL Tl E 2 SO 2 IREZ RS LR ETH %,

3) H DYEERIE RIKDMESEARIERIC K DB EN TV B DI, WEE A TE ARG L BN S HEETE
50

4) HOZRREEH EAYIE O NI ERMFR I KO . AFHNSR - PEZELNEBICTREE DR BIER T TV
2o

5) HDOEAMMERD G A LRI 5 T LA A VERIERTON S,  HWEROZREIC N2 EE0 (ZT<
HED YEE. DWW T A BBREREDERENTVW S DT, RINCA I VERTRETZDE7 IV AV A4 (NaK,Ca
FH)THb, LMLARDEAIE, BEADIEKD TS, Wigs/a7 A 8 (Si,A) BE A4 VERTHIE S hmWFEIc
5%

6) HERDEZEEMICBNTE, FHEDT A BEED D Io WO THIBRE [F] UA A V EHROEAZ/RT o

7) HOEABIERAK « HKRIATH % HHMWIE Tl S N7 2 IREEAE RSB AMHOBIRIZ T T < Wm2eLAan
SRFMERT 5., [EZGEYE) KOS RETHE T LEZRLTVS,

8) HIERAIRINE H & [/ ClZEIER T AHAIRMEAHERICHEAE L TV A0, WEROESTRIRADNRRICHIE L (FX

1H22) ., HEE U7k 2 TR 2 ARIC K > ThE D B3 - TRREE ORERE 2 /R g KIKE 72D . ZOPERRTY 71
FIEREDFEE LI EEZ BN,

F—U—F: A IEEY, B, WEIRRE, 7 1 Betiai&hhg, 4 > HR IR
Keywords: the Moon, mixture, solidified material, material state, ilicate framework, ion bombarment run
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HEZERMOIAIREE O FRET :
Re-examination of Excavation Cavity of the Impact Basins of the Moon based on GRAIL
based Crustal Thickness Model

A S Y HRE By 2
ISHIHARA, Yoshiaki'* ; NAKAMURA, Ryosuke?

b HITZE IR FERAE, 2 SRR S I ZEAT
LJAXA, 2AIST

Large impact features, whose diameters are more than hundreds of kilometers, are called impact basins. Large impact basi
can provide comparatively clear information of the cratering process and/or constrain the lunar thermal history. The internal ol
subsurface structures of basins can be assessed through an analysis of their associated gravitational and topographic signatt
The recently Kaguya/SELENE mission has improved the crustal thickness model not only for the nearside but also for the
farside based on the first direct farside gravity and global topography mapping. Moreover most recent GRAIL mission vastry
improved spatial resolution and overall accuracy of the lunar gravity models and lunar crustal thickness models. The GRAIL
crustal thickness model gives us the opportunity to re-analyse excavation depth and diameter of basin forming impact process
anywhere on the Moon with improved accuracy. This study uses the GRAIL crustal thickness model, to reconstruct the excavatio
cavity geometry of large impact basins on the Moon.

Our method of reconstructing the excavation cavity of large impact basins is fairly simple. We assume that the thinned crus
and uplifted Moho beneath features is a direct consequence of (1) the amount of crustal material excavated during the craterir
process and (2) the subsequent rebound of the crater (basin) floor. We first construct azimuthally averaged profiles for the surfa
topography, mare thickness and subsurface structure of the Moho for each basin. Next, we restored the uplifted Moho an
overlying crust to its pre-impact position. Estimating procedures of pre-impact position is almost the same as previous analysis
After removing mare fill, this process resulted in a roughly parabolic surface depression, that we interpret as being the first-orde
representation of the basin’s excavation cavity.

One of the most important values of understanding the large impact basin is the depth-to-diameter ratio of the excavatiol
cavity. We examine the depth versus the diameter of our reconstructed excavation cavities (excluding the Imbrium Basin an
the South Pole-Aitken Basin). It seems that up to 400 km cavity diameter, the depth (hex) and diameter (Dex) are linearly
related. Further more, the linear relationship (hex/Dex=0.079+/-0.006) is almost consistent with, though slightly smaller than,
the value for craters orders of magnitude smaller in size (hex/Dex=0.1), suggesting that proportional scaling is valid for basir
scale impact structures except the largest impact structures on the Moon. One of the reasons of smaller depth-to-diameter ra
are probably effects due to the post impact modifications. Impact basins which has excavation cavity diameter larger than 40
km show the different state. The average crustal thickness of GRAIL lunar crustal thickness model is 34 to 43 km. So excavatiol
cavity diameter of 400 km is located the ragime boundary between the excavation/melting cavity within crust ragime and the
excavation/melting cavity exeed the Moho interface ragime.

F—T— R EZEm i, Sk, AR, H

Keywords: Impact Basin, Excavation Cavity, Melting Cavity, Moon
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GRAIL @ Level-1b& Level-27— & % Nz H #1545 OHEE
Lunar gravity anomaly recovery with the GRAIL level-1b and level-2 data

RaA ger b Hilg 2 !
HASHIMOTO, Mina'* ; HEKI, Kosuké

VABHEE R ER AR AR F IR R A

!Department of Natural History Sciences, Faculty of Science, Hokkaido University

BIEE TICW L DO D ADRERENIGET IVHMELN TS D, 20114 9 AT B _EIF 5 N7z GRAIL (Gravity
Recovery and Interior Laboratonyd & % & OhY, k& ZE I RREN I ERHIERIR 0 5 A B RO v 7'5 —BREIC
Ko TROENTZADEMDENHIE, SELENEICEIT BV L—HREZH W= ER trackinglc X > TRERTHLN %
X912k o7, —J7 GRAIL I& GRACE & [d U"Tom and Jerry/T 22 LT D . W RO~ A 7 aiiliis— &
MO EIGEHEET 5, REKTH—ZMETEIRE MR LN, BIC ScienceD RS TZORPANBERMNEH E N
TW5, GRAIL IZ X 2HFEHOT—42 (Level-2 datayd + HICWNBHEAIZH. Sl Z US> TR E Nz Level-1b
T — % 72 WV CRRBRINIC A O E G OHEE 23 H 1o DT, ZORRZ R HICHRET %,

7 — &% PDS Geosciences Node (http://wwwpds.wustl.edvu X7 > 01— R L7z, GNVIB 7—ZZ—73EDEED
i L HENGEZ 5N TWVWA, X7z KBRIB 7—ZICIZ BRI ORiE, B2 (bR, HEAbOREN 5 BEIC 5 2
ENTWVS, SN FHEOT—2T7 7 )XY ra— KL, HEEEOWOEY ko2 0 LT, B
EKMEE%EM?*Q&LTHEL®EEQE%N5X—7%ELkO7D75Aﬁ\#OTmemeam®@§
REE S Yy Y a ORRRIGEE 7 — 205 AO&E S FE 2K % 7175 L (Sugano & Heki, EPS 2004; Sugano & Heki,
GRL 2005)7Z & L THW 2,

SEIOFE TIE 201245 3 A 2-15 HOXRMD T —2 & 5 A 25-29H OEMOFREZ LR E Oz, W HEoHh
RONMEZHNTHIK R ay FLict DERE %, EEGEN 25 kmLLFOEDOHZED LTz, Z OGS
ZALDONRENRRICE A 2RO T (ADHEZE->T) B0, ZhUd7T oy b UFEENN T MO &1 A SR T
HB1DTH5, IS, ELLILDWTNOSIICHEMRATHNTE, 77 I5—DFE JEANC K O RISED
I ONTHIEMNH S 2 0 f 2 MERRENIE 2 | SEH 2R E 5 LHREENRAD T %, DF O EREEE L DN 1338 H s
ETIEAaLES,

HANIARP OO E TA LT AICR AT, TNIFHREOEJRFEICHS IHETH 5, Kl & E {2 g
T5E, DoRD LIHTEICHANTHREDO A DM ILHEZ(L 2R DIR L THhE T b o Tz, BHICERMO—ERIC
Ob\“( g7 — 22 AT HE EOEEHZ2HEE LIzt DE SR T HEEHRIE TV —2 7 H /IR,

B0 DOWEDIEOENEY (X RaY) BHIEAST ENTER,

T GRAIL @ Level-2 dataz N TEZ DY L—X—DEJREZHET 2 TETH D, 7L —2—DHE/JEFE.
7 L— 2 —NEOYIE NI O RN THEFICHERET 2 2 L TR E NS, ERIZT L—2—DEFEPHESIEIEARED
EHEMADHBEPLPAE—RTCIRE S LENTVWE, HOERETE AT TEHBMNRZLEMHIENTVS (A - Hif,
2014 M, JL—Z—DREEIVERIELRHNICEZ S LENT WD, ZITIIREDRENDEBRLTED ., —fRICEA
BOEVOFRD—DE UTHRTE %, FaLDOWZETid. B~ Y MVOIREZ & DRMNCAE Urelzeaitid, [T
KE X OYERNERNCEZE U THE U T BB IR TR E L XS T AR E Nz (Milikovi?, K. etal., 2013) AR5t
TiE. ThHSZHALMCT ST Lz HIEL L. GRAIL OFIAE 15T — X THA DI L—2—DEJRFEOREE %2
REETHRZAH S,
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Ve BOMIEE — A >/ 1 i & A VERIEIC IS % 25
Ctonstlderatlon of the seismic moment dlstrlbutlon of deep moonquake and the lunar dee
structure

(L & B ER L oK R Y
YAMADA, Ryuhei'* ; NODA, Hirotomo' ; ARAKI, Hiroshi!

VEN7RSCE RISE H 8B HRE M=
!National Astronomical Observatory of Japan / RISE Project

NASA @ Apollo = v ¥ g Y TRIESNIAMEG v U —7 (Apollol2 5, 145, 155, 16 5) Ic X b, HHHE
700-1200kmDIE T 2 K& DREREN S AHIEE (GRHE) MEVIRURET 2 EM MRS NI, BHAER. &8
IR C H -HER- KR ONTERI R, 9 7B HINEIC/ERTd 2l B S U CREIICRE T 2 2 &> TV 5 (e.g.,
Lammlein, 1977, Bulow et al., 2007 %<& H EZ OEJRAE BT 106{H[EE N TH D (Nakamura, 2008) &< DERIC
%L\T%O)?E@Jﬁ?’@a%‘i’é“é/f’\/ FREX, XIHEANZALD IR ZHERE SN TS (Araki, 2001),

Yamada et al., (2013F (. $#IC Apollo BRI IEFRE CRIEMEN K SR E > TV 25 HETR 151725380, Apollol12
?Téﬂiﬁﬂéﬁhﬁ_gh’%@;ﬁ(ﬁb\B@%ﬁ%ﬂ EA NV FOMEE—X Y FOEHZITo T, HIEEE— XY FOEMICIE,
BIAE NI HIEE A N b ORIEMED 5. Apollo HIEEFTF DKL, MR L 7o RRES O NS G DRFIE. STk = DRI
EIRIEIC B ZWE OGS 2 — 2T 2 008EhH % (Goins et al., 1981) T DN T, D H NG T TV
VPREMOON (Garciaetal.,201 B #H Lz & A, BRI LIcHIEE— R F DI ER D | RRCEMIOEER, K

FVHEE— XV DAY M REL, BEMTRAT INEE, T XY FDOREIICERDNDZENTH T

AWZE TR, TORROZ U ZMGET %7201, [FA—EJiA N2 kT Apollol5%5, 16 5 THlE Nz T — %20 5
EHIFEE— AV FOFHIiZ T o /2o TORER, AKFI U TH 2 I TOHEE—RAY FOED, FIZFE—~ANY N THo
TERAT—va VT —2NEROENHHMEE—A Y MUTERELEZ/RTEN DN >z FHT, 2y FT—I 5
BN OBFETH SR, HIET—XV FOERENKEIWVVHADH 57280, B— A2 28T % DI LN
WEEETIVICHIEN D 2 FA/RB E NS, FHCHIEEEHC B 2 MBI OIRIEMEIC T 2 58N K WO HIEE R T
WEF—DWEDOIEEEZRT QETH 5, TN TOWFETIX (e.9., Nakamura and Koyama 1982#I1C RO Q fllc N
EMDEOEN R ENTED, VPREMOONTHEADKEWEEEH LTV, ZT T, z&mn“cci§7\—r—ya
VT —ADERDIHEET—A Y FOEERIPRE/NELEDZ X% QEOEHEHAT, TDE X, BFREICHITF B
82— NSRS, HIEBE—A Y FOEICHEEE5Z 50T, G0E2HEN2— OB EE LT,
WiZiTolce ARKRTIEINSHMZBL TR STERABOMBE—A Y ML AX Y MIVHOHH LW QHICD
WIS LR 217D TETH 5,

F—U— R GRAE, MEE— X b, AEE#E, A~ b, A QfE, HEREE
Keywords: Deep Moonquake Seismic Moment, Lunar Seismic Activity, Lunar Mantle, Lunar Seismic Quality Factor, Lunar
Deep Structure
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HD7 V71 IV OkiE & 228 :
Variation of the ionized lunar sodium and potassium exosphere

REEH 5 — B8 7 2t R MIsE ! ; Nishino Masaki N ; #1175k
YOKOTA, Shoichird* ; SAITO, Yoshifumi ; ASAMURA, Kazusht ; NISHINO, Masaki 1 ; TSUNAKAWA, Hideo®

LS, 2 SRR EREREE R ST, 3 SRR
LISAS/IAXA, 2STE Lab. >Tokyo Institute of Tech.

Lunar exosphere has been observed and studied on many occasions by ground-based telescopes since the discovery of surf
bounded alkali exosphere. The observed exospheric components were alkali atoms such as Na and K because the emiss
lines are much brighter than for other conceivable components. The structure, source, and the transport mechanisms of the lur
exosphere have been discussed based on these ground-based observations of the alkali atoms. As for the source mechanism o
thin lunar alkali exosphere, five processes were proposed as follows: thermal desorption, electron-stimulated desorption (ESD
photon-stimulated desorption (PSD), ion-induced desorption (sputtering), and vaporization by micrometeoroid impacts. Structur
of the lunar exosphere gives us the key parameters to investigate the source mechanism. The observed Na exosphere distribut
suggested that PSD and/or sputtering do not simply release the exospheric particles. Since PSD is capable of releasing alk
atoms only out of very shallow region in the lunar soils, PSD has relatively limited store of the exospheric particles in the lunar
surface. If there was no replenishing process, PSD would deplete surface alkalis. We present latitude and longitude distributior
of Na+ and K+ fluxes from the Moon derived from the Kaguya low-energy ion data. Although the latitude distribution agrees
with the previous ground-based telescope observations, dawn-dusk asymmetry has been found in the longitude distribution. O
model of the lunar surface abundance and yield of Na and K demonstrates that the abundance decreases to around 50%, at d
compared to that at dawn due to the emission of the exospheric particles. It is also implicated that the surface abundance of N
and K need to be supplied during the night in order to explain the observed lunar exosphere with the dawn-dusk asymmetry.

F—T—F: A0, 7V ) R EH &
Keywords: Moon, Exosphere, Alkali atmosphere, Mass analyses
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H DO IKBGEAF TN E NS RA v AT —F— FIEBIOR R K IEEE
Various appearances of whistler-mode waves observed near the Moon in the solar wind

F EEL T i MEN Y SEH pEASE L M) TSR 2 SRR K 2 B B WK AT Y S B
TSUGAWA, Yasunoﬁ* : KATOH, Yuto' ; TERADA, Naoki' ; TSUNAKAWA, Hldeo2 TAKAHASHI, Futosh? SHIBUYA,
Hidetosh? ; SHIMIZU, Hisayosht ; MATSUSHIMA, Masak?

VUL R A HP AR BRI B 2 T, 2 O T3 R 2B L2 R ER R B AR I, 3 BRAR AR 2R B IRRE
WHFER, 4 SRR A BT ST

IDepartment of Geophysics, Tohoku Universitidepartment of Earth and Planetary Sciences, Tokyo Institute of Technology,
3Department of Earth and Environmental Sciences, Kumamoto UnivelBiythquake Research Institute, University of Tokyo

Narrowband whistler-mode waves whose frequencies close to 1 Hz have been observed near the Moon [Farrell et al., 199
Nakagawa et al., 2003; Halekas et al., 2006; Tsugawa et al., 2011]. Broadband whistler-mode waves in the frequencies up
about 10 Hz with no preferred polarity have also been observed near the Moon [Halekas et al., 2008; Nakagawa et al., 201
Tsugawa et al., 2012]. In addition, the lunar magnetometer (LMAG) aboard Kaguya detected right-hand polarized broadban
waves, which is relatively weak and appears in the frequency range of several Hz. Since the angle between the wave vector al
the sunward direction is large, the waves are not significantly Doppler shifted, indicating that they are whistler-mode waves. We
also reveal the existence of harmonic waves whose fundamental waves appear in the frequencies near 1-2 Hz. The fundamer
waves resemble the narrowband whistler-mode waves.

We construct criteria to select these waves and perform statistical analyses. Based on the statistical properties, we sugge
possible scenarios of the generation and propagation of the four types of waves around the Moon. Whistler-mode waves in tt
frequency near the lower hybrid frequency generated through the reflection of ions by the Moon would be observed as (1) th
narrowband waves in the spacecraft frame when the group velocity vector points to the sunward and is cancelled by the sol:
wind velocity, as (2) the broadband waves in the interaction region with various wave components, as (3) the right-hand polarize
broadband waves when the wave vector points perpendicular to the sunward, and as (4) the harmonic waves in the same conditi
with NR with a large compressional component enough to be steepened.

1/1



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]ggg;gim

Union

PPS23-20 215413 FF:5 A 2 H 15:30-15:45

K-Ar FECGHIE D=8 D, LIBS 7 Wz Ar RO 325
Detection experiment of Ar emission lines for K-Ar dating using Laser-Induced Break-

down Spectroscopy

BURF 1 2R AR L K R D R SRR 2 Bl BE L =EBERA 2 =0l onE 2 2 K] 2
OKUMURA, Yu'* ; SHIBASAKI, Kazud ; OISHI, Takahird ; CHO, Yuichird® ; KAMEDA, Shingo' ; MIBE, Keniji? ;
MIURA, Yayoi N.2 ; SUGITA, Seij?

VTR, 2 TR
IRikkyo University,2The University of Tokyo

BIE JAXA Tl HJEA# 2 SELENER <) D%k L LT SELENE-20FTH EiF 2 #at LT\, SELENE-2TIX
BAEO—N—Z HICEES Y, ERHOZ2VHRAMEORERAEZITS PETH S, HEWEIC DOV TOERIE
7 RaFtE T B S NI RHC R E IRIEL TW AN, ASROR M KL TWARWATEEEDH 5,

Z T, HREHDIHEZTT S 10— =BT 2 oAk - EURAEAHIESERE & U T LIBS(Laser Induced Breakdown
Spectroscopyl— Y —iElifiR i ) e E) 2R L TWVWb, LIBS ST kI)LF—D/ VA L—H—ZHlE ST
FUT T AN EREZ S, TONEDNT ST LK > TTEHRON 21T 8EETH S, LIBS Z Wiz cRillE
NASA OISR T —/3— [Curiosity] IZ K> THHCHREE N T WS, T, BEEERRENEF K-Ar FERHEIC K > TT
I T MRt LTV, K-Ar FERIIIE X K OREHEZ ZFIH LT RIEETH 5. K ZZELOEAIMICEENTE
0. ZORSERINAATH S 0K &, HidH 12.56EF T VAr ICHE L T, LED>THEAIKEENS K ITHd
% OAr OEIGERET BT LIcKD, ZOAEADEILUTZERERET ST N TES, HIE, LIBS ZHWT K Off
BTN TS D Ar OFEFRIIMRIE T N TRV, BHCZ DT K-Ar FGEZTTS 72, K 7% LIBS TERL Ar
ZPUEME ESHTEE (QMS) ZHWTERT 5. &0 FEMBGIENTWS, TOHIETIE LIBS & QMSD 2 DD
HEEMDREL 7%, FRADPKGEEL T3 T, LIBSICE > T Ar ORI EITS T & T LIBS OATHEILERNE
IS5 eEEEELTEDY, EHITNIEEL/NULT B ENAEEE K,

LIBSIC X > TARAHTEREI NG T A DIEIZB X Z 1eV(11600K)TH 5 L HISN TN %, ZTDZRM N THRIIT
= Z0[HEMEDYE Ar FEFRO P EIL 104.8nmE 106.7nmTH %, T DOPHEDHIICIE F B eEOFE, 1AM A > DR
Wiz Nz Ar FERRORHIZTTRETH 2 EE X Tz TOWREDIEI KK OERREBRICKINENTLE S H KA
HFTRINERTHETH B, Z T THRAIGELEN G HEEE T VTR0 Ar BEfRORMH 2 Hi5 LTz, FExiT-o 7z
R, EREINE I AROREMIEL TV 1eVE D E@0WEL St eV ETIAINTED .. Ar OFEFRICH L
THIDMEDE A A (e.g. SilV), Fe(ll)) DEERRDTHEL ZRo T3 T ehbhotz, TDS, Ar fiiREMt T %7z
DI T T AR DIREZ RS E 208D D 5, BAGHEFZRIIF ENE /7 OVA L —P—D T 1)V F—HE /N E
T3 LICE>TTIARDIEER FIF, 104.8nmé& 106.7nmD Ar FifROMIHEER #1751z, T2 T T A DIREN
1eV D & MM NEETH 2 & & 2 TV EZEEEN — /RN D Ar RIS DWW T B RGE Lz,

F—7U— F: LIBS, JeAHL, K-Ar FEGHE, 22 E, H
Keywords: LIBS, elemental compositions, K-Ar dating, Planetary Explora, Moon
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HOREAL « i RZREE _
Unprecedented Zipangu Underworld of the Moon Exploration (UZUME)

A fi— T R D L AR 2 K L L PR B L A BRI L Al EA L R s L R B L B
Hh RIS 3 K TS 4 RE e S b A O R JeER T AR EIE 4 VK FELE 2 5 AR BR 8 B BEEL 8 KRR G
SR A AN 9 /v EER 10

HARUYAMA, Junichi'* ; KAWANO, Isao' ; KUBOTA, Takashl ; OTSUKI, Masatsugli; NISHIBORI, Toshiyuki ; IWATA,

Takahird ; ISHIHARA, Yoshiaki' ; YAMAMOTO, Yukio! ; NAGAMATSU, Aiko! ; HASENAKA, Toshiak? ; SHIMIZU,

Hisayosh‘? : MOROTA, Tomokats# ;: MICHIKAMI, Tatsuhiro® ; SHIRAO, Motomard ; MIYAMOTO, Hideaki* ; KOBAYASHI,
Kenset ; YAMAMOTO, Satortf ; YOKOTA, Yasuhird ; HASHIZUME, Ko? ; SAIKI, Kazutd® ; KOMATSU, Gorot?

PHNATBAEN TR, 2 BURENTRE, 3 BEACREE, 4 UK, ° A RERE, O IR, T Rk I ETE,
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1Japan Aerospace Exploration Agentypkohama National University Kumamoto University; University of Tokyo,”Nagoya
University, ®Kinki University, “Planetary Geology Instituté National Institute for Environmental Studie¥)saka University,
OyUniversita d’Annunzio

20074FICED EDNT S LT Tz HEEERE SELENE (O S0 IS NZMIEA AT OTF =205, AD<XY 7 X,
wroOME, BHEOWHC, EE, RE & BIT, 50~100mI M SERGEHEHF USSR R E N, ch bk, AMTRICAFEIES 2
KERZHARGED LISV D EEZ 5Nt, Z0O%, TNHORFLESEZ. B S RO N 4G I 8h >
TV EDMHEREND K BRT—ZHPERMENT VS, T LI FOZEfEEIE. #ERD S OMEHET, IAEF 21—
TR, RTIMED ., HORMEEEOZEREENEZ NS, TNEOMAL - HI FZERIE, ML BRI R s & Bl
BB, AT T UTeMEFLE I R28id, MBICEFEET %o MNEOH RZERICE > TiX, B R - #
Fi kI 201, AELTERBAGEEOBVTITHS EFZ 5. H « KEDOHEL - HI FZEE, HRERZOBISD
St BEGHEENZEDO—DTH 5,

UL UEDS, HEESE10mEL IC s RS LZRE R L. £ 10ecm~% m I & R SEROTIET 2 HfLEZEfR L.
IS SHEM B BN REZED B FHIE, FERICF Yy LIV T THB, LM LIENSTE, HBLE. TNSHHL -
HREROBREZI Yy a Y - BEVATL - 7Y M) —FRE, HAGEBIRMbEHZET, [Unprecedented Zipangu
Underworld of the Moon ExploratiofUZUME) G| & LT, S&EZFHIL K S & LTWD, A TIE. BIfED UZUME
FHHE ORI 25T B,

F—"7—R: H, SELENE #tL, Hi ~ 25
Keywords: Moon, SELENE, hole, cavern
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DOE 7 W 7z H ISR 1@ 5D el 7 M O DOE ad /BT _
Development of ILOM using DOE and situation of trial manufacturing of DOE

JEEES s b SRR G L JE S L BB ROl U SRR IS 2 2 o 3 e B3
KASHIMA, Shingol* : ARAKI, Hiroshi! ;: HANADA, Hideo! : TSURUTA, Seiitsti ; SUZUKI, Hirofumi? : YASUDA,
Susumd ; UTSUNOMIYA, Shin®

VENZRSCE RISE HER B IREMGETE, 2 il T2 T22 R, ° i 2o it e i FEpss
IRISE Project Office, National Astronomical Observatory of Jagadechanical Engg.,Chubu UniversityJapan Aerospace
Exploration Agency

€3=)

I SELENEGTHO—ERE LT, HIEIC KPR ZHRIET 2 e 2EZT WD, THUTKD . HOMIY IR
B RS ICRE - T L. H ONEBREE>Z ORFZIAS M T 5 T ENHNTH 5, AFETIE, HliL W9 kT
REEREOPTE, BEOIETERE Imask W D @lkReZRBI9 5 C LW ATREREEFNYIL > XD L. ZTDF—
77 /1Y —7T&% % DOE(DIff ractive Optical ElementDFHE-CERESMRMTHE R, HE RSN & HFFF L T\ DO E
DOELETTE N O EMOIRNE ZHit 3 5,

[(DOE]

DOEZZDH DD M T ZMIT 2 EDTH S, HEROL ¥ XFJEHTTRZIT 20, a1 & JEHTd G 8w ¢
BB, INSZHAEDLESRT LT, BIMICBIGEZRIETS 2 2 EDA[REE R D [ERIZHHETH > K0 E =
AERE L T2 %, HERIZETH > 72 T DD ET T G EITROREZENIERICKE L. H2IRETIEEREDOHT
WABIEERD, IREND UL T % & BN E S HTHRED NG 755728, JEFITHOIREHIPA T UAMER 20
EWVSRENB 5Tz — /5 DOEIIEZZ AR MRS, DLARENZ L L T EkiEZF— T TE 570, HHEWS
WL 7RI ERBE Dt C O RN RIREHIPA T A 2R ETHT EMAREL 5 5,

7272 DOEICIE. EHTAIREMNEREICKT TS5 WO Rk, EREERE DXEWENIEFICREE L WS MER L H 5. il
FCBL T, ILOM O &SI, [BZERS | 2&TWEERL, [ BBOELZIEMICHET 2 | &) BIITRW T,
DRAREREBOUC K ZREDNEE LU TERHBEISEEN W L2 TR X bR U, Fz, ShEICRE LT
. SR DA ELE OMER T H 5 K T 5B O SR & i I ge kil 2 8 E . s k2 E R L THS 2 &
KXo, ML % DOEZELET % T EWNA[EEE In o Tz,

(S D]

DOE D&L&EHMN L > Tz e 8, ZNEMAEDRE BT L > A0gifE 2t U, i FaBE C¥Eii & LTy 2 ie
RS B T EMNGRBETH D, £z, DOELIMC & KTARI ORI £ H R /KERT GRERIN) 47 0 ihid 7 ) XL (A
IARZTYAL) EvofeF—ayR—x 2 &b 57D, TNHICHLTEHRIEL, PR LB EDE TOMEREMERR
ZITHOTLLRETHZLEEX TS,

F—U— R HIRASEEE, mHr AT
Keywords: ILOM, DOE, SELENE
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Angle, deformation and DAO (Dihedral Angle Off-set) Analysys of the corner cube mir-

ror for LL

JEEISs (vl 1 s B B T ROR B L JEH SR L BIAR A 2 ORI g B
KASHIMA, Shmgol* : NODA, Hirotomd ARAKI, Hiroshi' ; HANADA, Hideo! ; KUNIMORI, Hiroo? ; OTSUBO, Toshimichi

VENIRSCE RISE HEERERGETE, 2 [FHOBE VTN, ° —BRA A 222TR
IRISE Project Office, National Astronomical Observatory of Jag&ational Institute of Information and Communications
Technology?Social Sciences, Hitotsubashi University

(#E]

] SELENEGHEO—ERE LT, HIIC £ 20em Y Z ADH /a2 —F— :\:1—7 I7— (CCM) ZRET B &7z
EZTWD, THUCKD, Bk - AROERZ cmA—X—THllL. ZOMWEZEE) 7z mEICRTd 28T, HO
NEBHEE®Z DRI ZIASMNICT 5 T e ARELE 55, TDEKSD &%*%JEUD?EUE%EJE‘ELC’&%LC . BIT—DOEMAK
&£ 0.1%), KSR 10/A LAT. DAO f 0.6+ 0.1 L\ o T IFHIC @RS L - 7 R OEDHREE 755,

(g R AT )

FERZEHMN TR EA I E N CCM A H ISRV TERRIRELE NI D EOXSICEKTHM, TLTZED
KA LGB ONEASEN E S5 MICB L TIRIMEFHATH M, T T E7ERE T HPe ICEAINT
T ERBAARETH DD, INSOPMTT I L TLH L THREDNDH S,

TXIE CCM D 3MDET D 21 0.1 KM T 0.3MWDMAETL T — 2 G X THBONACE TH %, HIBRH IO,
NUOZDEOE—LOHND EEELTWS, AELT—DN0.1MMN5 0.3MICR>TEIT T, RELHELTVEB I L
MHRTINS,

(FDERM]
FRTESEE TR E LTWEA, RENCIFELERE - B - ENZENEET 572, TNLEZETEEL
Tl 729 2 RENH %o 7D BHEE DRI DM LWl L 75 20, REHDEELMNTTH Y, TROBETH %,

F—U—F: HL—YE, a—F—F2—7 I 57— IS
Keywords: LLR, CCM, SELENE
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H L —9IEE FH A 1 — B8 1 S SRR D B 7 :
Development of the Retroreflector on the Moon for the Future Lunar Laser Ranging

FOR R T BES G L BPE R L BIAR M 2 THEMSOR S KPR 4 TEE B AR IR ©
ARAKI, Hiroshi'* ; KASHIMA, Shingo' ; NODA, Hirotoma' ; KUNIMORI, Hiroo? ; CHIBA, Kouta® ; OTSUBO, ToshimicHi
; UTSUNOMIYA, Makotd® ; MATSUMOTO, Yoshiakf

VERNIRX G, 2 HH0EEMIERNS, 3 BT R, 4 —R0E, ° TEHRRAZ, ¢ (D) 79 x v b
INational Astronomical Observatory of JapaNational Institute of Communication and Technolotjyate University;*Hitotsubashi
University,?Japan Aerospace Exploration AgentyLANET Co. Ltd.

HL—9IE (LLR) &8 402 Bichizb ., AomlfiE, My, BXUWNEMEZ T 2 ER T — 2 Z e Ut
T3, LLR ORIEEAEEIZEE 20 M TlX, H FRHICEH T 2 L—PHORIE - ZEV AT LHEBR L —YHOKRK
BIET T IVORBEIEAL D, 2cmLL Ficik> T, UL Liah b A OGS GRfka T OFES « U4 X - IR,
RV MIVOIEHNEZ L) OXLEBMAEDIZHICIE. THICO MU EOERERRENINEEINTVS, T THL
WFFR O A TR E 2 BRI, FEFRAICHIBERE S 2 34 S B TH—2F R o —RGY 5 (Corner Cube Mirror; CCM)
DR EED TS, CCMIFA T T4V aAY 27 N TINOFZBEE L IMmBETHO, 780 11 SHiLIcHE
PNz LLR Ha—F—F 2 —7 % LO S KEIRER 28 5728, 18 20emZ HIZIC LTV, 2 T—DOMEIZDW
TIE. TBZRRIEBILRCR ) NURHIMERZ & LICHEE SRR ATy 7 () 71T L Z-EX(CCZ-EX); A /\F)
MHEAER T OV EEME Uiz, E5HIC CCM DI T —E721 T < CFRPEIY VNV LA G DB AT 7))L & /S
L. HEORBEEREICB I 2D CIGEY I a L—a vy R2{Tolz, ZTORR. I T—DREENTECBETIEH S
M (D) 2 TITEMPOTIREED TERTWVHIASEM TE RO RHLIZ T/ N ELTEZ T L, 2 A ZDbTh
TRHZN7 V7T L Z-EX & & HEER SiOSHDWRER TENTWS T b o T,
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Keywords: LLR, corner cube mirror, hollow, single crystal Si, deformation, optical performance
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Lunar Laser Ranging Trial at Koganei SLR station
Lunar Laser Ranging Trial at Koganei SLR station

TP B BlAR v 2 ok k!
NODA, Hirotomo'* ; KUNIMORI, Hiroo? ; ARAKI, Hiroshi*

VENLRXCA, 2 TG iE S oG
I'National Astronomical Observatory of JapdNational Institute of Information and Communications Technology

Introduction: The Lunar Laser Ranging (LLR) is a technique to measure the distance between laser stations on the Earth ar
retroreflectors on the Moon, by detecting the time of flight of high-powered laser emitted from the ground station. Since the
Earth-Moon distance contains information of lunar orbit, lunar solid tides, and lunar orientation and rotation, observation data of
LLR have contributed to the lunar science, especially for the estimation of the inner structure of the Moon through orientation,
rotation and tide. There are five refroreflectors on the Moon, Apollo 11, 14, 15 (U. S. A.), Lunokhod 1 and 2 (french-made,
carried by former U. S. S. R.). The Apollo 15 has largest aperture among them, and almost 75 % of the total LLR data are fron
Apollo 15 site.

System Description: Since there is no Japanese station which can range the Moon so far, a precursor ranging experiment |
using the Satellite Laser Ranging (SLR) facility in the NICT Koganei campus in Tokyo is ongoing. The SLR station hasa 1.5 m
Cassegrain telescope with Coude focus. Normally it is equipped with a laser with 20mJ, 20Hz repetition rate, and 35 picoseconc
pulse width for satellite ranging. In addition to it, a wide-pulse width laser (3 nanoseconds, which corresponds to 45 cm in 2-way
range) with energy of about 350 mJ per shot, repetition rate of 10Hz, wavelength of 532 nm is introduced to detect photons fron
the lunar retroreflectors for demonstration. As the pulse width is broad, the high accuracy ranging is not expected, therefore |
is solely used for the confirmation of the optical link budget between the ground station and retroreflectors on the Moon. As
the photon detector, we use a SPAD (Single Photon Avalanche Diode) and also an MCP (Micro Channel Plate) photo multiplie
whose quantum efficiency is twice as much as that of the SPAD in use. For the pointing, a CCD imager is also available in the
same detector box. They can be switched by reflecting mirrors. To suppress the background noise, a bandpass filter (0.3 n
FWHM, 50 % transparency) and spatial filter (pinhole) with diameter of 400 microns are installed and checked. For better link
budget, the contamination of optical elements of the telescope and on the optical bench was checked. The alignment of the las
emission path with respect to the laser receiving path and laser beam divergence has been adjusted to maximize the efficiency
the laser emission.

Pointing: Because the retroreflectors are small and they are not visible from ground telescopes, we point the telescope |
known small-sized craters ("10 km in diameter) whose positions are known in selenographic coordinate and thus in topocentri
coordinate at the observation site. Then the offset angles in azimuth and elevation direction from the predicted pointing directior
are determined so that the center of the crater comes to the center of the CCD images which are coalligned with the SPAD ar
the MCP. This procedure confirms the pointing of the telescope.

Observations: Trials for the lunar return have been conducted since autumn 2013. As of the date of submission, the ranging
the Moon is not successful. Therefore we need to detect the return from the Apollo 15 site by using the nanosecond laser puls
for the first step. As the next step, we need to know the condition on which lunar ranging is successful in Koganei, for example,
lunar phase, distance to the retroreflectors, libration angles, and atmospheric conditions.

Keywords: Lunar Laser Ranging, Satellite Laser Ranging, Moon, internal structure
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SELENE-2H EHHFEELEE (LEMS): 7 2/3— 3 DT A b
SELENE-2/Lunar ElectroMagnetic Sounder (LEMS): a test of inversion

MRS BOE 1 1K 5 2 0k VSR 3 R R ke R T T R B RS AR 2 O /N R T /NI R
{i 6 . EE][:I:[ %III 6

MATSUSHIMA, Masaki* ; SHIMIZU, Hisayosht ; TOH, Hiroak? ; YOSHIMURA, Ryokei* ; TAKAHASHI, Futoshi' ;
TSUNAKAWA, Hideo' ; SHIBUYA, Hidetosh? ; MATSUOKA, Ayaka® ; ODA, Hirokuni” ; OGAWA, Kazunorf ; TANAKA,
SatosHt
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1Tokyo Institute of Technology’ERI, University of Tokyo,>Kyoto University,*DPRI, Kyoto University,” Kumamoto Univer-
sity, ©ISAS/JAXA, TAIST

Understanding of lunar origin and evolution can be advanced through investigation of the lunar interior structure. The presen
thermal state of the Moon can be clues to the Moon’s thermal history. In the SELENE-2 mission, we propose a lunar electro-
magnetic sounder (LEMS) to estimate the electrical conductivity structure of the Moon, which can be used to deduce the therms

structure of the Moon.

Temporal variations in the magnetic field of lunar external origin induce eddy currents in the lunar interior depending on the
electrical conductivity structure and frequencies of the temporal variations. The eddy currents, in turn, generate temporal varig
tions in the magnetic field of lunar internal origin. Therefore electromagnetic response of the Moon is obtained from magnetic
field measurements by magnetometers onboard a lunar orbiter and a lunar lander. The response function is then used to estim
the electrical conductivity structure by solving an inverse problem. Here we assume a one-dimensional structure for electrica

conductivity distribution. We show some results for a test of inversion.
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AN b L—2 1 REREIC K B HERH & H NGRS _
Moonquake observation and lunar interior exploration by one penetrator station
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YAMADA, Ryuhei'* ; ISHIHARA, Yoshiak? ; KOBAYASHI, Naoki? ; MURAKAMI, Hideki® ; SHIRAISHI, Hiroak? ;
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INational Astronomical Observatory of Japan / RISE Projaldpan Aerospace Exploration Agengigochi University

HAD HHAEE TLUNAR-A | Zil LU CHIFES NeXR b L—RIZ AN THED S O EHE M & b RIARHEISNFIC
B U BB A RET 2V AT L TH B, X% b L— RIS M7 VERRS & B0 2 B 8 LW eod, fEk
OEFER L i U ONERETH D, KIEKRMEICERI AR Yy NY—V ZMEET 20BNV AT LTH 5D, —). &
HAN\DOEZEE ARFICHROERNIND 5728, X% b L— 2 NE ORI & Z OMEBRICTT A TIEREZHERFT 5 721 D}
EEN 2T 20 ENDH D, TNETONFETIE, X% L—2BHAOMEFHIARBEARICTHENS XD &5
WERZINZTE. ABZBINCHRELMREZHFF TCZ 2 H2/RLTHED (Yamada et al., 2009) £ 7z 7 — X ASICfEH
B3 b L—Z - OEEHKEE S IERICEIEY 2 H2 Ml TE T\ 5 (HP15,2010)

R b L—Z ORI S N7c—)7. LUNAR-A GHEO PRI & D X% b L—2Z DO HREANDREIFARTZFH
TETVWAEY, 2T, BHERL B A T rary b U R NERERTEIC B W THEANDRR S L—2 0
RiE BN OIGEEZTT S F2atl L TWa, IVEEERTEICS WO T, Z O LWEEGIRO7ZDICHERDO R F L—
RYAT LTRE IAUNMERT 2ENTE R, TDHIC, AKX L—2 1 H{TORICENTED XS &R
ERDMGFEND OGS Z17> T 5%,

9, XK L— 2B ARERTIE NASA O Apollo 2 v 3 > Cakill L7zHEFHS X O B NI ERAE. 1
FAE, BOHEHEOBRMIMRETH S, ThbABANY FOFEHEEZ 7 R Yk & g U TRGES 2 FHEE R T —
R E5B, FHCPBEAOERICBN TR, FOEZEROFR 2 M L aiih S8 L, H2e0E 7z miEE TIRE TE UL, 1
FTH HHIRYE DR NS O WSS 2 FNARF T E 5, ARETIZ, ThSABAANY S OBRHIARHEEC HE
T—AMBHREFENZ BT DONT, M LI RZHME T 5 L 4tic, REORPERENMISNE XK ML —& 1 &
ERICDWTE MG LIt R 2N S, £z, INVEERSTEORICHEEDARFE NS * v b T — 7 BIINCHE LG,
ENFEFOREEREMEENDZ KSR biEmT 2T ETH S,

F—U—F: X% b =%, HEB, HNEEGHRE, NURRE, BROEZ2EROE

Keywords: Penetrator, Moonquake Observation, Lunar Interior Exploration, Small Satellite Exploration, Meteoroid Impact Flash
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On the attenuation of reflected echoes of Lunar Radar Sounder onboard Kaguya

o TR 1 BEA B 2
TOH, Hiroaki'* ; KUMAMOTO, Atsush?

P RUSRA R ABEEAITTERE, 2 R AR AR B AT e R

!Graduate School of Science, Kyoto Universfi@raduate School of Science, Tohoku University

The successful Japanese Moon probe, KAGUYA, was equipped with a variety of state-of-the-art scientific instruments includ-
ing the Lunar Radar Sounder (LRS; Ono et al., 2010). LRS is a frequency modulated continuous wave (FMCW) radar with
carrier frequencies from 4 to 6 MHz, and succeeded in observing distribution of reflectors beneath almost all the Moon'’s surface
(Ono et al., 2009). Pommerol et al. (2010) further pointed out that the presence of the reflectors in lunar maria is negatively
correlated with abundance of TiO2 because of its high electrical conductivity.

Loss tangent is defined as a ratio of the conduction to displacement current within an electric medium and hence an indicatc
of high electrical conductivity. If loss tangent is small enough, the permittivity and the electrical conductivity of the Moon'’s
surface can be determined at the same time by comparing the reflected echo of LRS with its source pulse. Namely, by estimatir
the complex ratio of the received signal to the transmitted pulse, the dielectric constant can be known from the phase differenc
while the electrical conductivity can be derived by the observed amplitude attenuation and the permittivity obtained from the
phase difference.

However, determination of the complex ratios is not straightforward because the reflected echoes are the product of a puls
compression technique and thus needs deconvolution to restore the true amplitude and phase of the echoes. Preliminary analy
of the LRS waveform data collected at the end of the fast down-link (21.3 Gbpd) mode [Jun. - Sep. 2008] showed that quality of
the data is sufficient enough to perform necessary deconvolution. This implies that LRS can also be used as a ground penetrati
radar.

In this presentation, the principle and the method for estimating the permittivity and electrical conductivity are first described
in addition to the data used. Interpretation of the derived complex ratios and its spatial distribution on the Moon’s surface is
finally discussed and summarized.

REFERENCES

Ono, T. et al., Lunar Radar Sounder Observations of Subsurface Layers Under the Nearside Maria of the Moon, Science, 32
909-912 doi:10.1126/science.1165988, 2009.

Ono, T. et al., The Lunar Radar Sounder (LRS) onboard the KAGUYA (SELENE) spacecraft, Space Sci. Rev., 154, 145-192
doi:10.1007/s11214-010-9673-8, 2010.

Pommerol, A. et al., Detectability of subsurface interfaces in lunar maria by the LRS/SELENE sounding radar: Influence of
mineralogical composition, Geophys. Res. Lett., 37, L03201, doi:10.1029/2009GL041681, 2010.

F—TU— R i L — X — BRUSEE, FER, G VVA, KT a—, iR
Keywords: Ground penetrating radar, Electrical conductivity, Permittivity, Source pulse, Reflected echo, Loss tangent
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The accmulation ages of subsurface layer in Mare Imbrium based on the SELENE obsel
vation data

Al 3 REAR R L ok B
ISHIYAMA, Ken* ; KUMAMOTO, Atsushi' ; NAKAMURA, Norihiro!

VRRAER AR AR

!Graduate School of Science, Tohoku University

MORFHRICHEREINIAL—Z—F Y 2 — (LRS) &, EICADEOF 2 EHEMIWVGEE T, I FEE mH S
DB DO REH 2B % T LI L7z [Ono et al., 2009; Pommerol et al., 2010k 7z, SR EICEH T Nz
e HE A AT (M- TO) 12K > T, HOXEMEMK [e.g., Otake et al., 2012p. H DHFDOAE DL [e.g., Morota et
al., 2011]DFEHMHS M TN TS, EHIC, SR LRS- Ml TC OEBIHIT— 2 ElABFDLEZ LT, 71—
Z—D O RS HEE S5 & & &1 [Oshigami et al., 2012] FAEROHEEIC K > THEEOME N EAEZEIC
o TE L D4R G AR RE & N7z [Ishiyama et al., 2013] AWFZE Tld. MOHEOILERICHIT 1A= k
(=w k12 & 8[Bugiolacchi and Guest, 200BliC 5\ T, LRS THIHIE Nzl FEOERMEEZTT> Tz HIFED
FARWER, WEOEHR - EiHEZHAS ML, HOKITEBIOEREZ #Hind % L CIFHICHEETH %,

LRST—% &b, 2=w bk 8O FICIZ, 3OO FZa—AH % EMNFETEENT, TOMFTI—m51F, HiFD
a1 =y FORICL IV REHMMFET 5 T AR ENS [e.g., Ono etal., 2009] ik & FEN T FTa—Id, 2= k 12
E8DERE—HLTNEDH, 2=y M 12D Fica=y F 8MWHERIL TV 5 T EWFRIEE Nz, EITZETIE. 2=y
k12 8DEXEFENIE, ZL—2—hT 2T TZHANT, WhEE 3.3140.19 Gat #iE T T /z [Bugiolacchi and
Guest, 2008] L Lah 5, i 51& TC DZERfRfE uowmmb&b%ﬁw S fRAED T — % (60~150 m/pixe)
AL TWS S, REERHECICBOTEERZECTWEARENNSH 5, ZT T, AWK TIE TCT—X2 2L
T, 2=y b 1220OXHENREHEE LIzL T A, 3.58(+0.04/-0.06) Ga& #iE ENize THiE LRST—XhHEh Nz
Zv h12L 8DEFHFREE KWV —HZRL TS,

F7o. LRSTHLMCENIM FEOEF ERENR - 8k - FRAUOETHRS Y T2 LIFERI= Y Oz
ToTlefiR, 2=y b 8T SICHEBORZZTAATRLI= Y McBIENE T Wb otz, #BETIE. ZJ1L—%—%
T UT 4 Y7 KBEHNENTAAR L= Y FORIEFEROPE, LRS TRIE S NI TG & Oxfiiiat DR 2R
L. INHDORETI=y b DD S KTEEDEEICOWTiEGmZTT -
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Experimental evidence for the deep high-Ti basalt magma in the lunar mantle

Tt 2 BRI RS RGP AR T s et
IGARASHI, Mako'* ; SUZUKI, Akio" ; OHTANI, Eiji' ; ASAHARA, Yuki! ; SAKAMAKI, Tatsuyal

LIRIER AR AR AT SR 2

! Division of Earth and Planetary Materials Science, School of Science, Tohoku University

The existence of high seismic attenuation zone at the depths greater than about 800 km implies that the lower mantle of th
Moon could be partially molten (Nakamura et al., 1973; 1974). There is a longstanding hypothesis that the last fraction of
the lunar magma ocean crystallized into a layer of dense Ti-rich cumulates at the shallow depths (100 km) early in the luna
history. It has been suggested that the cumulates subsequently sank into the deep interior of the moon because of its gravitatiol
instability (e.g., Ringwood and Kesson, 1976). It is necessary to investigate the melting relations of the high-Ti basalt that may
be erupted from the depths at high pressuré GPa).In this study, melting relations of Apollo 14 black glass (Delano, 1986),
the most Ti-rich lunar ultramafic glasses, were experimentally determined at the pressure of 4 GPa and the temperature ran
from 1300 C to 1450 C.

The high-pressure and high-temperature experiments were performed by using 3000 ton Kawai-type multi-anvil apparatus ¢
Tohoku University. The samples were packed into graphite capsules and the experimental temperatures were measured by us
W-Re thermocouples. The compositions of run products were analyzed by using FE-SEM (Field Emission Scanning Electror
Microscopy). Our experiments depicted that the liquidus and solidus temperatures were determined to be 1450 C and 1325
respectively at 4 GPa.

The liquidus phase is garnet, and the first consuming phase is ilmenite. Estimated temperature profile of the Moon at depth
of 700 km -1200 km are between 1100 C and 1400 C (e.g., Gagnepain-Beyneix et al., 2006). The densities of partial melts an
total melt were calculated by using the partial molar volume of the oxide components at one atmosphere (Lange and Carmichae
1987) and the Birch-Murnaghan equation of state (Sakamaki et al., 2010). The densities of the melts formed by partial anc
total melting of the Apollo 14 black glass were heavier than those of the lunar deep mantle. Crystal-liquid density crossover is
inevitable at the depth around 800 km, the pressure corresponding to 4 GPa. Therefore, the high-Ti basalt magma can exist stal
if the lunar temperature profile is close to the upper bound of the estimated lunar temperature profile, suggesting existence of tf
low-velocity and low attenuation anomalies caused by chemical heterogeneities in the lunar deep mantle.

F—U—R: @AY MY, AR Ti KA, IV Mt —nN—2—>
Keywords: high pressure, lunar mantle, high-Ti basalt, mantle over turn
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History of heavenly bodies collision of the solar system inside of the past one billion years

studing from a lunar crate

IR JFRSE 1 GEMH R e 1
KATO, Mami'* ; MOROTA, Tomokatsu

U R ER AR B AT R BRER A 2 e
I'Nagoya University Graduate School of Environmental Studies

HIEZE A0 EAEDRIKEZRDREZ 7 L—2 L LTIRIFEL TH D, THKRIGRNKRIKDMEZE « B 2 i i <
FTHELERIETH 2, RKEZLOML, 7 Ra0)LF OEAAROBGHER E 7 L—2EEEEOBIR) B 5N
TWBH, 7 RaOEAREHE 39 EE~BLEFICEP L TR, X 30EFEMORIAEZELDORELIE X Do
TV, —J7 T HOYSE7 L— X DRFGEHIZEN Had B OEiZe 7 5 ADWgE, Bk L— X OfFEHIRG EN S, T
CHRURARIC 7 L— 2R D ER LT E WS RFIAER SN TV S,

A7 L— 2580 5 RKIKEZEHZRIHd 2 FE L L THA D7 L—XDIBRERZRET 2 C LIZIFRICAENTH
%o RIMEZRICEK >TI L—2WERENSERIC, MHEOHRIC K> TZDMEOMIEN ) £y XN, TDi%, I
7z DieDN, 7 L—2Mit) EIC KO /NE T L—2DERT %, 7 L—XOMFERIZZ DRICHRINT L—
ZO(AREEED HYGES 5 T ENARETH %,

EFED AREDINC K D @RREOES T — X1 K % A OFHHEHRDER E W i< DY L— X DR D @
REDNFREL TR o T2, £ T Ty AWFZETE. ARFREE [ SR] T—2ZHNT, MR L—ZZ2/RIc s L—&
FRREAC K - TEERZRD 2 T LT @R 10EEM D 7 L— 2B BSHE QR ZELIC DV TR S %o

F—T—FR H, 7 L—%, 7 L—R2ERF
Keywords: Moon, crater, cratering chronology
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H ORLIRE T FLH O ol & 2tk _ _
Formation process of linear gravity anomalies and thermal evolution of the Moon

BRI Z2DF 1 GlHT B0 T sl T 7 P B P
SAWADA, Natsuki* ; MOROTA, Tomokatsti; ISHIHARA, Yoshiak? ; HIRAMATSU, Yoshihiro®

U R R ERET SE R H BRER BT R A, 2 iz TR RS, ° UK E AR LR
!Graduate School of the Enviromental studies, Nagoya UnivetSityXA, 3Graduate School of Natural Science and Technology,
Kanazawa University

1. IC®IC

FHHIC K B HWNEROREREE ORI A OWIHE LA Z HEE T 2 728 D—DD TR TH %, Andrew-Hanna et al.
(2013)1% GRAIL OFE 17— R Zfi#t U, KERRZFRIROE B 2 EEGE R Uz, 185132 OFIROE SR Ok KN 7%
HOPMAICHBIF 3 REEOE L IROBEAICKL DD EHELTWVWDS, ZTOX S T KRR TIBEAANY b
WRET—2LIINC & Z DIRBIZFRT T L B S NS, AWIROEINIE, HIE T — 2 & FeORE D % WV THIRE
HEFEITHIGT 2 BRI O L < VB AHKROER ZHE L, AOMIRENEE OFBEBEZRG T2 & T
H5,

2. R —2 LTk

F5EFTIE Andrew-Hanna et al. (2013F [A)iE & 117z 20 DFRIRE I HH TH %, T 57— %X LOLA D 1/1024
* OFAmHE ) v K7 —% & ClementinaD 10pix/” @ Al FeOEENTRXThH %, LT —XZ DN Tl FRIKES
FLH 2 OIS 300kmELNDEEZTIO L. 7 4 )b 2 —MBIC K O /NEER 7 L— 2 —IC K 3B ORRZRET %,
FRAREE ) BRI U C A R IRR IR ) S L oofSie 2 5 & U CHIRREm U 72 Ikt - BEE (R 2 - T 4)id
FEE L, WX ZER Uz, TRORENEEDE ) 7+ 50km A O & U, [JEN5EE % 100kmbL E#Eh 7z
THIEK & BE UTeo VERK U 7N R Z -V, TRURE I SEE AR & TERATEE) OHfE & OHRIc K b #HIRES
SH B OME A RE S FE, . L, RX OB DO NHE. 21757z, FeOREN MO Tld. FeOWRED
1z HWT THRRIRENREALE ) OV FeOlRE & BHERAZFE LT,

3. iR
7 — 2 DfRFT N 5. FRKE I BE O MIEEHIE & K HET 5 T EDNHLMNICE ST, TDT EMS, FRIR
A SEEE AR B %5 [5RIGTI5IC K 2 iSRRI E iz IS N S,
FeOUREN i Z2 it L7cREIR, mlcAFES 2 THURE IR ANL ) O FeOREIX 6.72+ 1.62wt%] £ 72D, H
D HER (<6[wtde]) LR L TaW T AL R o Tc, TN Y L—Z2—HIIiC X 2 B S ORI O RTREM: 271
%9 %,

4, EBEEiE

_ERdOBIHEETE & Head and Wilson (1992pEAH /) 5 RRIRE 1 55 O JRIK T H % SRIRMEE DI BGEFZEIC DWW T RO
2T %, HOWIAIEREIED 265 [IRRISIREETH - 720 ~4.0Gal 5 [RIG 1 & D BN U141,
SOIDEA LT & THRIREEMES NI EEZ BN, 4.0~3.0GalCiiEZEIEK L2~ 7 <IEENC X > TRURHEED
EEniz, Z0%0OHAREROWHNCHES Ehgio 15, F 23 @zemthiEm A o FiEis e X v, 3.86~3.0GalcifF Tl v
UWNERE NIz, VU VREART BBRICKRRIRESE R TR U A ZRIH Lz L HEIE NS,

F—U— R ITEAANY b, PR, Vv Y, FeOlRE, HItE T — %
Keywords: magmatism intrusions event, expansion, ridge, FeO concentration, Lunar topography data
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Source of the lunar magnetic anomalies estimated with the prism model

L= CAR 1 N P S
YOKOYAMA, Takashi* ; TAKAHASHI, Futoshi' ; TSUNAKAWA, Hideo!

VU LSRR AR L2 2R
!Department of Earth and Planetary Sciences, Tokyo Institute of Technology

ARBHE 70— VR EE RS2 R a0, 7 RaHm LR, B 1RHPEFRHFIOBIINC X © AICIEUERHE D
ZRIET 5 EMFIENTVD, THIHBRO SO DREMILICK 28D TH S, LI L, ZOEBAAZ XL,
RUERL TV AR, 9b BREAUERE OERFICIZFEHD D ERHOLNMICE > TVARY, FICEALNTVARFELE LT
&, Hood et al. (2001) Hood et al. (2013)x £, Reiner Gamma Rima Sirsalidif % 5 7z & O FRKE 2L b S i
RISHA - FELTVDE KSICRAZHAEEDY =L LT, 1237 N TIRELL Tz ejectaDHERI 2 7R-E LTV %,
OGS, MAEE Y —ARERHTLICHHLTWE EEZS5NS, £z, Purucker etal. (2012)%. South-Pole Aitken
RIS D WNW-ESEICE T 2 A BEROY — A & L TEIRZEE Z . 18K 30km D 2 Kook €7V TG i
ZHHAL TWS, GIRETIVOGE. KT ICHIE < SiE /TSRO Y — A L%, TOX S ICH DRI
WIEHHTROERL « #ALOERE FH, HKERE Y — ADEE IR, BLOERZ1G5 C LI3IFRICEETH %,
V—ZET)VE LT, Hemingway&Garrick-Bethell (2012% Nicholas et al. (2007). dipole D> T A €T
WEL T3, Fi-. F7-. Hood (2011)® Richmond et al. (2003¢13. HEMICE W 2 Y — A THAEE ZET )V
LT3, LU, TNHEDETIVTIRY —ADBIRPEE MICB L THRICEHRZHE 5 NRV, £ 2 TABILT
. BESEE Y — A& LT—RRICHIE L2 7 RLZRGE L, (i « A X - BEERZ B)L2 Tl < Ll - FHOHES
EISTA=RELUTEOIW., REDOY —A, HFRNEOY — AL 0[RERET IUEEIT> T,

CNE TITETIVIRNI 217> o, 22N TR E N 2 &S & LT Crisium, Mendel-RydbergD 2 i,
EZesth & ORHED RS Nin T U7z iE& B H & LT Reiner Gamma Rima Sirsalis Descartes Airy., Abel O 5 f&Ff
TH 3. MRHTICIE Lunar Prospectok Kaguyad g I5Hc & 2 Km Rl 7 — 2 (RE& BN, Wake[IEHD 7 i
UTzo WESULH Y — A & UT—RICHb L7eShE T MO E TR ZGE U, DO « #EE, /KT mORREY 1 X
b - FHEOBEE ., M{EOKREX - Jifiizk/8T A—=2 & LTz, Dipole ET7)IVOFERESEICHIAMZ TS, KEMIC/S
FA—REEECE R B RIELEE UTRE., 7 )VIES: L BIRLS: & OAENIORT 235 A— 27z kiz, ThzK
EINCZ LS T+ T — Rike LT E. BT )VESE LIRS & O—BDE 752 X513 T A— Xk iz, UL
WEZR DB, HKEEE Y — A Z . Bz /g s A% (AIC) Z VW TEIRL 7,

BIRE L TOMMTRERD 5, ZEALEDY—AETIVCIHLET 2R E LT RO 3DW%IF 6N 5, (1) LmFEEE
K~ km TH O, FHIEEZIZE km~20kmILE L x5 7z, (2) KEHBDOY A XL LT, MRS 2 LEOHIEW,
BIRE D, I km DEDHZ, (3) REEIX 1 AmZBZ, A Z—29 2 7)IVOREEE X b —HiL Bk
XL xolz, FHIEEDORERMN S, SR LIzK R Y — AL LT, HHRNEOMEZE 2 % ETIVDTH ejecta
ETNEDERYEEZDBND, —F. —HBDY —AROACHIE A& Imbrium 2 5 SRR R >Tnad L g
fRINCE. BERBARHIER & BT 2 A[ReE L H D 5 % (Hood et al., 2001

St BRI E IS O & 6, BRA GRS Y — AR RS 2 2 & T BB AR A =X L
ICE > THERHRZGONS LRI NG, THIC, MK Y —ADME L &7 IV RHE (swirl) 774 & OBt
KDV EMETT 2 TETH S,

F—U— R A, BREE, TV ALY —ZAET)I, AT—)
Keywords: moon, magnetic anomaly, prism source model, swirl
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Lunar Electromagnetic responses to the stepwise changes in the IMF

Pbsg Bt U 5AF RN 2 RGBT BN 2 TR 2 RS BGE 4 ke R4 e S I R A
HIGA, Tetsuyé* : YOSHIMURA, Ryoke? : OSHIMAN, Naot@ : SHIMIZU, Hisayoshi*' : MATSUSHIMA, Masaki* : TAKA-
HASHI, Futosht ; SHIBUYA, Hidetosh? ; TSUNAKAWA, Hideo*

L RO KRG BRI TR, 2 SRS E G ST, 3 SO AR, 4 B TSR RARE I T2k, 5 REAK
et

LGraduate School of Science, Kyoto Universtijsaster Prevention Reseach Institdtearthquake Research Institute, Univer-
sity of Tokyo,*Department of Earth and Planetary Sciences, Tokyo Institute of TechnéDggartment of Earth and Environ-
mental Sciences, Kumamoto University

HOEEE - (RIS T 2 Mgz %D 5 T, ADBESUZEEME (WS ZIHSMCT 2 2 LIIREARRTH
Bo I SNHIEDOWHBITIEE LMAG THUS S N7ciil; 7 — ZICBIL T, 20074 12 F 21 HA5 20084 10 H 31 HD
B (R ETE 100 km OFT—X2ZHWT, EXUREEOHEEZIT> TWV5, HICBW CEMBEHENFEE L6,
BHAEDY — A L x B2 . AOBWGHFEIC X2 KRGO E UTHSGZEDBIIIE N TWS C LA E
N, ERBIITH 5 Apollo12 5 TR ZD XK 5 mHBINHE SN TS (il Z1E Dyal and Parkin, 1971 AfFETid. H
DT KRN AE S % ACE 2 & L < I& WIND 2 TEIN E Nz BEEHR O BE 2 M 2 IicE H L. ANDF|
KRNI T 2K D LMAG T—ZIC ., AR ERGFEH S L # 2 b N balerz il Ui,

FREDD RIS HBIF BBHUFHN LT, HZ—HEAKR L E U TEXUREE 2K % Dyal and Parkin (1971DF
E2HH T2 L. FEBUIRBIGZE D F 72 % I d 2 BROGE D CE . —HRE(ABRE A7 UTc H DEXUIZEEE .
1x1074~4x10~% S/Im L HEE E Nz, 15 LMAG 7—2ITid. ASIREGOWUNENTH LT, ETVEEN S ETHIE
NEVWESHEFENTVE T ENHL MR >z, Apollo, Lunar ProspectoD 7 — X IC DWW T EREELIAEHR, TOX
I Ixf551F. FEBLRREGALBEPRIFICHGAT 28D TH D L b o Tz, AFEELTIE. 7<%, Apollo. Lunar Prospector
DT — 2 2 O T EXUREEOE T IVEITROMR E . Fill B LIERRZESICOVTRET 5 TETH %,

F—T— R H, R, LMAG, BRGAL, FEAURTL
Keywords: Moon, KAGUYA, SELENE, LMAG, induction, conductivity
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Plasma observations above strong lunar crustal fields in the solar-wind wake
Plasma observations above strong lunar crustal fields in the solar-wind wake

NISHINO, Masaki i* ; SAITO, Yoshifum? ; TSUNAKAWA, Hideo® ; TAKAHASHI, Futosh? ; YOKOTA, Shoichir@ ;
MATSUSHIMA, Masak? ; SHIBUYA, Hidetosht ; SHIMIZU, Hisayosh? ; FUJIMOTO, Masald
NISHINO, Masaki A* ; SAITO, Yoshifum? ; TSUNAKAWA, Hideo® ; TAKAHASHI, Futosh? ; YOKOTA, Shoichir@ ;
MATSUSHIMA, Masak? ; SHIBUYA, Hidetosht ; SHIMIZU, Hisayosh? ; FUJIMOTO, Masaki

INagoya University?ISAS/JAXA, 3Tokyo TECH,*Kumamoto University? Earthquake Research Institute, The University of

Tokyo
INagoya University2ISAS/JAXA, 3Tokyo TECH,*Kumamoto University? Earthquake Research Institute, The University of

Tokyo

Plasma signature around crustal magnetic fields is one of the most important topics of the lunar plasma sciences. Althoug
recent spacecraft measurements are revealing solar-wind interaction with the lunar crustal fields on the dayside, plasma signatu
around crustal fields on the night side have not been fully studied yet. Here we show evidence of plasma trapping on the close
field lines of the lunar crustal fields in the solar-wind wake, using SELENE (KAGUYA) plasma and magnetic field data at 15 km
altitude. In contrast to expectation on plasma cavity formation at the strong crustal fields, electron flux is enhanced above one ¢
the strongest crustal fields, Crisium Antipode (CA), where the magnetic field along the spacecraft orbit is as strong as 80 nT. Th
enhanced electron fluxes above CA are characterized by bidirectional beams in the lower energy range (typically lower than 10
eV), which shows that these electrons are trapped on the closed field lines of the crustal magnetic fields, although a possibilit
of opened field configuration with cusps is not totally excluded. The observed electrons on the closed field lines may come fron
the lunar night side surface, while the mechanism of electron supply onto the closed field line remains to be solved.
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The Moon possesses long tail of neutral sodium atoms that are emitted from the lunar surface and transported anti-sunward |
the solar radiation pressure. Since the earth crosses the lunar sodium tail for a few days around the new moon, the resonant lic
emission from sodium atoms can be detected from the ground. Although it has been reported that bright emissions from sodiur
atoms of the tail is observed during the Leonids meteor shower, only few events without meteor shower have been investigated ¢
far. Here we show a long-term (over 15 years) observation of the lunar sodium tail using all-sky imager at Shigaraki Observatory
(35N, 136E), Japan. We have surveyed our database of all-sky sodium images at a wavelength of 589.3 nm to find that a brig|
spot emerges around the anti-lunar point for a few days around the new moon. Although the sodium spot is the brightest durin
the Leonids meteor shower, a weaker sodium spot is detected in the period without meteor shower as well. The sodium sp
gradually moves eastward (roughly, 0.2 hours a day), which shows that the sodium tail is strongly affected by the earth’s gravity
We will present the latest results of our data analysis to discuss signatures of the lunar sodium tail as well as the origin of the
lunar sodium exosphere.

F—7— F: Lunar sodium tail, Lunar exosphere, All-sky imager observation
Keywords: Lunar sodium tail, Lunar exosphere, All-sky imager observation

1/1



