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Development of the Retroreflector on the Moon for the Future Lunar Laser Ranging
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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-2/Lunar ElectroMagnetic Sounder (LEMS): a test of inversion
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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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Moonquake observation and lunar interior exploration by one penetrator station
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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}
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F—U—F: X% b =%, HEB, HNEEGHRE, NURRE, BROEZ2EROE

Keywords: Penetrator, Moonquake Observation, Lunar Interior Exploration, Small Satellite Exploration, Meteoroid Impact Flash

1/1



Japan Geoscience Union Meeting 2014 /0 d ;

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

PPS23-P0O7 23 R AR —2 FRFRE:5 A 2 H 16:30-17:30

(AR A L—H— T a0 — DR
On the attenuation of reflected echoes of Lunar Radar Sounder onboard Kaguya
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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.
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The accmulation ages of subsurface layer in Mare Imbrium based on the SELENE obsel
vation data
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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,
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T UT 4 Y7 KBEHNENTAAR L= Y FORIEFEROPE, LRS TRIE S NI TG & Oxfiiiat DR 2R
L. INHDORETI=y b DD S KTEEDEEICOWTiEGmZTT -

1/1



Japan Geoscience Union Meeting 2014 /0 d ;

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

PPS23-P09 S3RER A Z—21 FRFRE:5 A 2 H 16:30-17:30

H~ > BIVIREBIC 3503 B i Ti AiE < 7 < DT D FERAVATE L
Experimental evidence for the deep high-Ti basalt magma in the lunar mantle
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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
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HIGA, Tetsuyé* : YOSHIMURA, Ryoke? : OSHIMAN, Naot@ : SHIMIZU, Hisayoshi*' : MATSUSHIMA, Masaki* : TAKA-
HASHI, Futosht ; SHIBUYA, Hidetosh? ; TSUNAKAWA, Hideo*
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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.

F—"77— F: Lunar crustal field, Lunar plasma environment, Lunar wake, SELENE (KAGUYA)
Keywords: Lunar crustal field, Lunar plasma environment, Lunar wake, SELENE (KAGUYA)
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A long-term all-sky imager observation of lunar sodium tail
A long-term all-sky imager observation of lunar sodium tail

NISHINO, Masaki n* ; SHIOKAWA, Kazud' ; OTSUKA, Yuichi
NISHINO, Masaki A* ; SHIOKAWA, Kazud' : OTSUKA, Yuichi

!Solar-Terrestrial Environment Laboratory, Nagoya University
!Solar-Terrestrial Environment Laboratory, Nagoya University

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
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