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N-body simulations of planetary accretion
in the vicinity of M dwarf stars

OR B8 HH &R
FUR ARG TR

EEOBBIEM ORI, HREEE 2O EEEIC X > T 10My BEOEERRE (R—
NR=7—R) OFABEIML T3, 5%iF. Keplee R TESS D7 vy FERZAWERNERE
BEZHWE LFEHEEREIRL LT EFon 22y, Zho il X W HREEREOREL L S HA
ENTWERLIEEZLNS, KEDRVERTIE, "EY 7L —rsdubBIOEL . #Hi kDS D
MEEL CHREROHIRERENBRITRE L 72D, NEY TV T 7 2y OB EOBED» S
HEOROMEEMNEEZ2ED T3, SHOFHESEHBIICE W TCOMEEI NI VWD 7Yy
MECENLEMEES -DDORERY—T v b EBho>TV 3,

AHFETIZ. MBIEEZHH) TONEY IV T 52y FPOBRICER L., RLEEHERIC CREERDO N
Ry I ab—2ar®{To7, 20X ) ZEBTCIIMBREEIE . ¥ HERRERMABOHFMICHAT
REEERMEIENILDDH ), MBIV RAOHENBERRICEERRE 2R T LEZ NS, AR
Ei3M# s 0B NWHERRICE D hLEICAP>TETTS (¥4 71 XEBE) ». MBARE F
L7z Z2ATBENIEE N, 2 ZTEREVEHRT 2 Z £ N TVv 5%, Terquem & Papaloizou (2007)
WABHEDEH Y TYA 71 BEBH 2 EEICONTEHRE 10 FREOHEHE RV, BRI
P AT I BB O EEEE IR I A5 2 BEMEREINZ 2 LR R L, £ 25T, ZEBHHEEIL
FgEH 2 OWE (HZEEPZDAR) ICL>TEL., NEEBKEV, 22 TAMETIZ, REBEE
EEZEZTNHEBLIal—Yarzitv, XEEHZEST,

HEOME, REFZAICTFEESLRICHEINS Z LIk ABNED» S BRARNIIEA TR L
TS, ZOUWSMERIIBEREISESEEINT 2 2 Ehbh o7, MSREOEE DR vwE, Mk
A ARGESE D FHBIC A>T FFLEICFET DN T, MSBEOREBNE 3 LRI A
WEICHEALEICR ), RERELOBEARERZS SR I T, ZOEAIIRKNLGRE IZRBREFR» S 1
T, BLEELELREDICR S, 2%, BRENIOERT 2 HLERFREOWE (41 - LBEHE -
MEOR) 13, REBBHHEICL>TRELEFEENS L VZ S, INOFLEBEFOZREROMHIIZ, 5
BOBEITHS o THE, BRI SREEROS T A IZHIBE2T6NETHAS ),

o ol 0 oo

| NI T

EE_%)OIO(')dO(')"I'KY'I'”’IH'l

Eccentricity

E TR SRS S
£ 1000000 T,

3 S e L e

N O RS S P PRI B PP -

0.1 0.2 03 0.4 0.1 0.2 0.3 0.4
Semimajor Axis (AU)

B 1: N FEEOH, SR ER-BEORIC OV TERHDO R ;Y 7> ay b, MBEGEESAIIRER
RANEEEFLE L, MBI ZAEFEESHLRARICEG 2, ZEBEHEEILS A 7 1 REBRHORIVIEL
HbEi, R (~ 005 AU) fHEIcER L TEREMIERL T 5,



113
P005

BRI REREDFE-—HFRRODNRICL SMRELAL

MEEEF ', ERALES . FHEX'
| ERIEXEMBRREMFZER, 21SAS/IJAXA

Bm=

3 RIT CIP-MOCCT i%ICKBHMHD 2 ab—> 3 vICRFEMA. RIARERARICET
PHUEAEEIAREEE. TOERPTOFALDEIEVEFA, Iz, ¥R FHRE
[CHLE~AETLHMBRENMRSIAGCAESENS TFX FETHE] ICRY AT, A%
RIZHEIBENFET 5L &, MKEETREM (Magneto Rotational Instability; MRI) AR E %
ZERHMENTHEY., AEBHEREDAHD_XLLLTEEENTES (Balbus & Hawley,
191) » Ff=. EFETEMRIAGIZFEITERITHFR MHEREL. BMAEBRRZETET
BHERHLETETILVS (ohansen et al. 2007) . LA L. RIARERARO T A EBHEIL+
RIZEL BN ELTRBEINTEY (Gammie, 1996) . DK 5% EE MRITEREOE
BERBOXRZIICL>TRESHENRL D & Sano & Miyama(1999) DRI EHTH S
MoTWD, ECTAMRTI (1) —HKBHEDOL &, EEHIENE MRIDNEES (R
RE) A EEERIBENTE < MRI BRI 5S4V (RE) HBEEAFET B8 (2) —
BREBZEOL L. BHENEC MRINEED (FRE) B L EHEMNEC MRIASESEZL
(RTE) EEEAHFEETHEE IOV THES IS aL—2a0%fTo1. TOHRE. =
DOBEITHEVT, HREIFRERERNTHIARRELZ L. HIEETEYy TS5 —RERE
FYECEET S, EWIIRETEERICEDI I ENNbMotz, LEzA>T. A+ (F
A MHF) FARABEEOGEEANTEINU~ABELEGT. EOYAXDFRXLTHLES
ICETHABEIND, E5IC. FOEENBITHR MIBLLERBL, TOEBEIUTE
BEETDITRETEIEDTH >, F. TRE - REREOKRZTSICLIBRDED
P, FREOHEEREZZBRICANRFHEORRITOVTERBNTIFETH D,



114
PO06

AN BETZERBUCRERERAROEFEEE S HDOEL
O3 e, fIf 712 A &
AR KRR AL
* CHPEA (SR PEPIT

ER FARRERABONMER (FLEY> S O
B r < 50 AU) 0B 2 EHEEETHILREER
DS E U TEETH 35, BIRTIZOREEDRT
BB X 24 BHRETH S, ZD72dH, kb
SHADFEIBIC BV 3 ERRAEESAOBHERE, &
2 P OMBENEEEBOBGBE F L ER R HEED
DEER D,

B g, FABSMIESOBAREE A% r
DRFEETT7 4 v b LEEES, ZOXFHEEDOME
fliiz > —1 TH2 [1]. DB R OE LR R
i, BEEEEESADAH ADRMEE IS A LD
BRI DIREINZETEILDTHS. Thbb,
LR D a 87 X =D —E DG, U AH
BESAE r L ZIERBIL 0 LB (2] 2O
LEFRAFINILSARE X EEIT S %613, Bk
HEESHMORARORIFHERS. Lol, T0E
FUDHBENAER THLZDOEEMVIIDETS L,
ZDEBOEGHEEIERETROSRE 2 I1E LN
WZ RIS,

BY Lo FATIE, YR BT RAOEEIC X
CHEBITAILAREL T, Ll, ¥R NI
AEFRFECHOICEEEGEEBRIEL, 2L D
mm BEOY A XETIREREL T3 2 EEHB
WKWARBRINTLS [1]. YRR ZOBREORESF
THRETZ &, TABIAZRITZ I LICEFLE
HEANDIETHEE L 2 DIRD, BEREFEEDMHILA
20FNELIZBLZELLERITZEEZ NS, K
METIE, COENEBT OEFEEL 725 R HEXEE
EHEMICR R ABSRIC BT 3 BEEEEIRD
HELEFARS.

EFIN YR LOETHEEIZY R b4 ZITH L
KET 5. KR TIE, ¥ A - EEYE % F Vo 7 e
EEg (3] IcHEDE, FIBSMIEICBT 3 HEIRNS R F
P4 RDOREEELZRDE I ICEFMELE, H A
Amick iRz N2 5 A FREOEILHEIZY R+
DOREE EHITHEINT 5 [4]. P TEEEE N FER
sk S 7B (ERAEE) ICET B L, ¥
A+ DOBkIGR O PN EL, 2L ERESEE
(%23, A ORERBSHLEGTRAANDE T
Rl R3OS, ZOMEHEBRER Y A~ 4
A ABPRET B,

BER HANLZHBREET COREFEORE, I
T &) RBEEREEESAOELOHHENE SN,
MEANEERTIZ Y 2 P ORERRB»IERICEL, ¥
AMIENERAEEICL BT S ERBY A XF TR
BT5%. 2OV A XERAKT ~cm TH 5%, ms?
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[1] Pieters et al. (1993) JGR 98, 20,817-20,824.
[2] Hapke (2001) JGR 106, 10,039-10,073.
[3] Sunshine et al. (1990) JGR 95, 6,955-6,966.
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DIRE2 ARICIEMRINIZTD, RERABELBMLELZ2oTWD, IR0y [TREICIE
BRELZAEVR T LA ORBNCE R L TERIA KT T 5 FETH D,
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TWD, ERERLVBEOEMERER SRR TET L L 2BHILH LW ARZDO R
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7 RZDOWTORERAL, RRBFEETHS THOEIRE L ELORER) ICE Lo
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AR MILINTGX—=F L HITR(BD2WNWEERL - hALAR)ICHFETZ 1 umiREORE, &
ER. ¥EE. continuumDIBEZETH B, £, TICHRERICHEITZHDEBHbN31.25u
MORIFD HBEFICHAENTED T umRINEANOHEIEE LT/ XA —=51T %, 5.
LeMouelic et al., 200207 )L TY AL ESPEFHANRY ML TF—7 ICHEAL., HEBHLHAEI 3,
INSDINGA=F7ZNY I TV RBOHEDERBE L, £F{TUFETOELEETEEN
ICEEU T
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EBRIHINBEEZEICEBRDZIETIINRRELNE UVTRATWR YA TIT, Z<DIL—F—HTh
[cHlcd, —AH. Giordano BrunoE&E&HW D DI L —F—lcEWTIE. NwooS5oy
RELRTHSNCHBENERDZLAPAI I IVINRENTWDS, INSETZILRROZEIC,
BULEDHDETIREL ., WEOEBWHIFE LU TWAIHEEEZRLTWS, ZIRROVKESX
EOSDEMIULEICRIEZR T TWS (FERERDP LD HWATREENH D, MEICLDELE
DEVNDODRABMNETH B, X200 TOBHFDTIFHTEELEEL TOLWSAEEELE L,
EREDZANRT NMVRBOBENS B ZMID BRI, SES, BAMROIEMDIHBEHRTE L. B
ERICHWEESEZ 225 H D,
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OX#’IE%E%‘)f HKAZh?, WHMF Y, MER ", wkEHEY. Flm—"
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ETHIONESHEHRLMNZT D,

Ml F—48 : TILFNY FA A= Multiband Imager; MI) (& 2007 EIZ$iTb EFon, 1§
EEAAGITONTWAARERBEN CXO (SELENE) (2B S TS LISM (AERE/ 5 EH
22) ERIBBRD1DOTHD. M IZEE 100km=+=30km DERED 5. 415nm~1550nm D AR - EFo+
REEICEVWTARE I NV FOARBAAERZRGL. XBXAFICHT SAED R EE
BqHT 5, JREFRNERBOABRFLICIRBICHEET SUMEICER L - HE80N5RILE
NEAET S, ChoYORIRFERMNTLEMTERELLZN O I N FoXEBREAL., £
[ZhizY BRBOGYSTEMY . S5 o ADILFEEM S ELBRERSLIZEAM 2K
DBROEMTHS, CNETICRHFOAEBARAEBRZIMGLIZILAE2 A2 UWIS BASIC
K HEAELE LT M TEHIHEVAEZEHESEEEE (ATR1849 20m/pixel JEFRsME# 60m/pixel)
EEUL S/N(ATRE 100 LLE. EFRSME 300 A E) . /Y FREREZEZAVZHBETILERES LU
RATEMTBENTREL 525 SABENTINS, 2008 €9 B 14 BOH COITE EFUE, M OF
BHGHRAE 2009 F1 A 18 BLYBBRLTVLS, BEFTICHRAMESICKEILHMERLELT
BT, FELTW/ZSFILEIvdaobOBAIN55880%ERTLTLS,

YT . SEORI T, EXOMRICLYRLHMARGAMBBMELNFET SEEAONT
WS AZEROIHEHKIZHHT S4EE (FHT: Feldspathic Highlands Terrain) & TH. I8
[2Z LUVEE (30°N~20°N., 185°E~210°E) #:&FE L. :#E LB T O VLWTHEBILYDOBRILA
HB31unfHEDRF AR MILBKREFHBICHAN, TRV LICECHBEYIFELES
. Tum HEORIVIHKICECHBEDEDICHRTEERAIZO I TR EMN/HMONATEY.
HEEHEPTRIERRAIZHIRFRARY MLIZETZRIOPLERERODET. %L~
SRV LDTELEHTET I N EKRD, BERTEIAoEBTERET7ROY L Tiiha FAN
EDHMELEBRERIZODVWTRNT S,



120

#Cbﬁﬁh@M&mﬂm&rE$OT%6#E@OF
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Influence of the specular reflection on spectroscopic identification of the lithologies of
central peaks of lunar craters revealed by Multi-band Imager onboard SELENE

ORZE@E— ' JIBER' KEMA' XWELF’ HERLS FL#—7 wkign’
AHEF HFHER®
'KERKE, CFEMZEMRMRSE CEIRREHWRHR

AEhEFLHRMNICHTET D78, ChETAIFBEOHABRAT 2L, ERETOH
MBEDSNBET—F ENBREShTE. PR RORIE, HEREOHEHTEEIN
FARMICKEIRFARART FILOBIZCELRITGVWEEZLONTILNS. —A, VL—42dhRE
X, AORBEETET 5FHLNY ELHIFRHMERNBHLTEY, LIJYVAREFLAERL
DRETHS>TWEWVERLHEEEADND. COEHHEBRFEITLHELRARSOFS L
HBEEFEZONDN, CRETRIL—2PRELMAODEBRET—F ZRICERSINTL
FHoTW5.

BANERET, NTADEFIVEKREAHODRAMEZL-ECS, REARFDEH
ERRELHRIBEARIFAMETIE, SHYOLAEZMFHELARZICCCTY, HREMAD
(HIZid 2 Ehbhofz. RIELEZEBIE A4 XA 16mm x 16 mm x 4 mm T, FEMA

A, BE, SRM%E 1000 nm, FXMME 2000 nm D IBEOLDOTHS. BEERIE
650 nm, 750 nm, 900 nm, 950 nm, 1000 nm TH5. BIEDNHER, I RXTOHESIDERHH
[CHVT, RERFAMETRIRERIFIERFESNEC AL EALMA >, TORRITK
Y, 950 nm {HE(C 2 EKOBRRFLEHF OXRERBLAELTH, RARFAMAETEE
DRINERLZVADKSITRAT, MEREMGARI MLIZRATLES J &GS,

ARRTEHESICADYE—FELI VT T—E2T, BARFAICEIRFARY FILOF
[ZEEALBELIERAR-. ARV E—tEUI VI TR, YL—42dhREOBRBIGEEICIE
BERSAIGEMEZZH - -EMARETSIEEAONS. ARBRE IH P ITEE
SN TWBa[HA TSN 5 HEE Multi-band Imager (FRIEERRCELEDREZFE > TIEET—
RE/DIENTES. ZOEST—2FHANT, BHARMAIBERIIGEVERZHET

57 bEE-ST-. LT, TOBEMOBEARNN DI IALERFEOEFREA. £
DIEREW/ET 5.
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FAFIA S, BEHEILS, FlLM—°, BEER . XBHEF . HERK®
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XD RAMBBEEET IVIE. TROZFERNBRASHMASFLRSIHKICEOMES
(Ferroan Anorthosite, E#i FAN)Z A DR F# AR ERELRBEIN-E -, [T TF v
SETIVIE. BEBRE 100km OFESICRATITIOBENERYBICHRLLLTOE BREMME
BREOBHIZECIHICFOII/ NS ZEEOBOMEENZELL, BH#BRERRAT L5
DTHH. LML EE, AEAISHEERD BBHA(Dhofard89 JIL— DRI 7 4ILZED
# K & (Magnesian Anorthosite, # MAN) MBE DM >1-CET REDIT T IA - YU B
EETILIORBELAESNTINS, '

MAN & FAN &5t BRROZE 2R R R U SRR E 35D, FAN (£ 90% UL EZ S H LR ERICD
EDHICET(50<Mg/(Mg+Fe)[=mg#I<KI0IBRAMNEEND. —H . MAN £ RIEBH 0% LU L%
HHBM, W RILCED(T5<me<8)MALAREZET . BRFMERKY . v5 it RI1EiBIE
DL, TR LIZHALARDERIEL. TTTDBENTNY., BRSENED L. 8%
[CECERMERIETEIEAHMN>TLND, >T.FAN & MAN DN EL(ZTT I — v
ERIELIE-ERETHE. BB TIE MAN MDA AL . (EIRIC/E D & FAN o755k
MR- EBIRTES, - T. ARAIMRIEITIT A= v hoDEERRIER S MND, &
Blha% (R UEBIERIEA D NOBRSNTWAAREEN DD, COMBRMER S RIX. KEY
LAVAA D ITHEB SN ARG RBT 0L RIBELONT-. RED AR OLEAR
(megt) R USRI (DA LGABRE-IIEBR) A HE—BT 5,

CNFETILAVEAVBRICKY AL ERREBOMP A AN RENHFESATLDHA[1,2]. £
DFEEFBO, AEICHTILIEIZERYTHIMER. BAH. MALARL, AIRAFRVERE
(4002500 nm) T& QAT IRIRE TR T, 415-1000nm EVVSEOLNZRREBODIL AV AL T
—A3(F, LROUEMS HEERITRET AEOIZEFR+2TH o1, $5(2. 1000 nm LY RIVEE
[CIRIAHAIBERBAONALABDRMNOFEERE IIBO THRHBTH >z KRBT, M <
IR M LTAT7ASRUILFNAY RA A= NRB L., ETRHERE-LER
BORET—RICEDE, AOMNREESHOEYSHERERCRE L. AhEERO =
PTHEETIORIEEZBKET.

[8£X#Kk] [1] Tompkins S., Pieters C.M. (1999) MAPS 34, 25-41. [2] Lucey P.G. (2004) GRL
31(8) doi:10.1029/2003GL019406.
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AORRA. HICHOE., BOKFMECE, 10ppm ZH#B X 5 ThiREZHFOHEME
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DMET. ZOMBOMEMEL Th BENASLY (~KREEP B¥EMNEELTWLS) &LvHH
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UVVIS OZEMSfRRE (>200m) Tk, BROBLWY L—2 DREBOBEEEEICETLEN
b, MESHELRETDHIEATEGM 2Tz LML, MITIEVIS & NIR &N\ FEHE
BREODHREAHY . MIOT—2 T THRIEMBEHEZAERL, MBHEEZT L ENTED, G
B PKT R THI(Z ThiREMNS {4 > TLVAH Aristarchus & Aristillus D&Y L—A [ZDU\T,
WMRZFEIE L B3O MI EBRICK 8T E1T 51z, Aristarchus DINEIIREL ST H &, ILE
EEET 2 DOBAMDEVAHERINS, MIDENY FIZKDARY MLEHMNS, ZOFE
HZAEEE, BFENSEHRELYOENIHEL TSI AN D FLEBIEXK YIERIZEH.
RMEEE YNAVLARIZED) » SHICHERBICEBET S EEHREMRYICECEROPIZ, Xy F
KIZERBIZMNRRICECEHELER SN D, Arisutillus DREBERBRIZHARD L. LIFYS L
— S RBICKBREGTHENEREND, LA L. Aristarchus LB L T, &K UEKEIMIC
EUCHEARLOND, WADY L—2ICRonDME:EE, PKT NOFEMEHNEDORHEE X
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3-D Giant impact simulations by Grid base method

REZZK ', BIEE ' AR E—RR
Kota Morizono', Yutaka Abel, and Eiichiro Kokubo®

PHOK -, PENMRXA

'Univ. Tokyo, *National Astronomical Observatory of Japan

BE, AR OBEGRE LTI ¥ AT b 37 ot (BEREZES) BNEHT
HBH, TOTUTKEY A XOJFLEERENFAEHERIZEZE L2 O O A 25 BRI
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WEIZEEY I 2 b—a TR TONTEY . FICARSILY 2HEIZOW
THEHRIN TN D,

BE, ¥ AT "X b 2 b—3 3 3 EIZSPHEE (Smoothed Parti-
cles Hydrodynamics method) T1T4241 T ¥ (Cameron, 2001; Canup and Asphaug
2001;Canup, 2004), ZNEDOHEMEI I 2L —> 3 28 Y FBRAER I D IBER
IRTA=BIRENTEANTEAHONZ 2> TE TS, L L, SPHIEIIRIFIETH D
R LENOEENT GO ESTEHTHY, ABE2ISERLTRNVENS M
XD 5, BAEMICIE, ABERAT 28I IX2ERORIFE D% Lok 75372
. EBIZENSDRITDIANVITT 4 A7 D¥ROA—4 L 5\ dh DO TR
PMMENWZ ENBEETH D,

Z OB E R T D - OB B BRI HE TR B2 BV ZEE e
RKCTEHELVWHREBEELFER L, HRES COMGELZHITHLNBELLND, Lo
T AR REE O BB 52155 T2 DI ARBFFE D L ATFI%E Tdh 5 Wada, Kokubo and Ma-
kino (2006)IZ L VAETIETOY YA T M X7 vy alb—va riMTbhbil,
ZOFER., MBEE CIISPHED 1020/ DG EA5D Z LN T, HEREK TO
HELWEFE Y Ial—ra 52 ERE¥RE, TRICLYSPHOY S = L—v 3
VTR OGN o T2 EEFE, TD AL T IVIROE B, MBREE oo
BWIIX O PBEPHETEAINE I DPNEDLA I LR ENGNH-oTE T,

AR TILZ OFERE S OICRBIE D -OIIKRFIEOHEICEE DRV CIPEL H
WTHEa— RE2ER LYY AT A7 b2 I al—a L, A#ERE
TIXZEDREREHEKRT D,
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M PREMEN X ZICKDEDKFDBERDENRE
Age determination of mare basalts in Oceanus Procellarum
using SELENE Terrain Camera

EAEER . B KURLCTF . WKIERE
HWEFEL . ARZE . FHES ENEES BREENL BX BRS &M@ A°
INIHEF 20 B B BR #x 7. "HF BF°

1. ISAS/JAXA, 2. EZIRIEM. 3. FK. 4. EFHL. 5 BRX
6. KBRKZ. 7. JAMSTEC. 8. ittt

BOBEBEOHBELELHEORBEELIE. BORLICHNESEZ 2HOOEERERTH 3.
INETBFBARCIL —IBBELZFE S IERREIC L > TELX OBREROFERIFANSGNTSE
h [e.g. Wilhelms 1987; Hiesinger et al. 2003]. 8&EEHIBREHEOKMHE - ZEELOERE IR
ENTER., LHUEIK 30 BEILUBICEREINICEEZSNZEVWREE T I L — Y ROHKE
NERBLTED, VL —Y¥BEILLIZIERREBENB VY, BEBHORERHORERTE
TUVELY,

BARLEEHN <Y (SELENE) (& 2007 &£ 9 BiciI5EiF5h, 12 BEODEBEER T 1 —ANE
BITUKL, BEZT. NSPEHMTEAX S (TC) B DEEEIC O > THRHERE(10m/pixel) O
BRT—YERBLTE WS, COEBRREERZRAWVWSIET, LhhanwsL—=5, DD K
DELDIL—FDH IV T 4V IWEREERD FRAREBEZRA LT DI ENTES [Morotaet
al. 2008]. AL TIF TC EREBWVWT. INETIKBEVWESINTELREDKFICRITIBERDE
REEZTV. AEEHORERPOREEZBET.

Aristarchus 7 L —4 BEBICiIBT 21 = v ki, Hiesinger et al. [2003] &> TRHBEWVWE
R (1.2 Ga) "EZXAS5NTWVWRBRERTHS. THICHULU. AFAROBERREOHERTEPPEW
FER/ (1.7 Ga) MESKc. EKIC. BEIC 20 Ga UTRERREEINTWZZOMOBE NI Y
R THEWWICEWERNESNZERNH#S5NT.. INSOBEENS. BOBEBLHOKEIABE
KREBEESNTWEEDEEWEEZ SN S,
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LISM/D SR T—42 ALV - A D1 T4 Vallis
Schroteri DAZRBIROZHUEDREIER

oRHEBEF . FF— . KMELF . WkiEM’. EAXE’. HETR . HWERE '
INIMEF 2, HABE S FEk?
"ISAS/JAXA, * NIES, * Univ. Tokyo, * Univ. Aizu

BOEMTH S Aristarchus Plateau [Z1& B AL OIITHIMA TH 5 Vallis Schréteri BFET Do
Sinuous rille MEXEIZDULVTIL, FEIT (1) constractional #BiRiE. (2) RBHEAEZASN T/,
BCFET AETMMBETHS AL, BERICLIREBHRNFNLGRFTHSIEEZAON
%, Ff=. Vallis Schroteri [ B K7E Primary rille #iED S 2, Innerrille & FEIEN S4E1TMMT %
BATWS, BF5L, Inerrille FZEBHDBEREHIZE > TR SN -TMMAZIZS S
EHRSND, BRI LISM/OCPT—2 L YRS NIz DTM ZR LT, Vallis Schroteri @
Primary rille DMFEAFHEEEMICEEH L, BEDHARKIZ L S & Vallis Schroteri DEE(E 125
km, 1BERRXT4km, RESEFEHTI400m THD EMNEEEINTUED (Gorniz 1973)
DIM T—2ZAW5&IT&>T, 2R 155km, BIEHEKT 6km, FEIIFHTS00m THS
CEMBESMA o=, Vallis Schréteri 0 Primary rille DIE R R & D1E#R (L. Cobrahead 7 L—
A—LIFFNLIBEAOMEEZ ONDISEAHMLOEDOY OBBTEHL, BLAOBFERORERER
BEETILHELLE Lz, ZOHR. ARETO—EBOXUFHE LT/ SFLERELER
SNTLVSE (#1000 km®) ZBIALVEETR T Vallis Schréteri 0 Primary rille AR L 1= &R
BT HE. TOXBFHOBMESIE. BHEHN2.6x10°m'/sec. BWIRE 1600°CLULETH D
CEhRgENTz, EREMEOEEICLLTVAICEVNT. BEAETRON S & S5 4 mafic &
LREERENEET B-0121% Wieczoreck et al. 2001)(= & 5 EBABEEIL 1600°CLLETHIT
NITHEETELWVETIHRELANMVLGRERETH S,

Gornitz V., Farth, Moon, and Planets, 6, 337-356, 1973. Wieczorek, M. A., M. T. Zuber, and R. J. Phillips, £arth Planet. Sci.
Lett, 185, 71-83, 2001.

K. Vallis Schréteric TC/LISM T—%42 DEH A ¥ B,
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'BEBAFRERBEEH R ERIB SR P ER
‘RBRFRFREBFHRAMBRRERPEYR
‘RIERFRERBEEHREIBRYIEEER
‘BEHEERHTR
"ERREREATATEBEU S —

Lunar Radar Sounder (LRS) X F#E&E# KAGUYA IZHEE &S 15D/ TV RI v 3y
BEID—DOTHD. IRSUYHYUAHATIE, HTICAFTH N RFOL—F%5HL, &
EOFEENTERICELLTIENSDII—FRETS. Ta—DORFEEILHTHED
FEREFFRETDELICE>THESNDS. TNETIZ, LRSFT—4 M5 Mare Serenitatis
ZIILHETHEDEEBTHTEREAZTI IO —HAFRESIA TS, XEETITIABESRE
O LRS T— 2 BFHRICOVNTHET 5.

9 AERBEO RS T4 o BREEINEZMTIaO—DORITEEE, BEREIZTILYD
AV L—2DEREVLELEOEBRLGEEZAVNTREBELONEEDIRENDES L £HHET
5 MTHEOEREXEOTHEEMZERELTE, MTHRAAHBAELEIONSITI—DRET
REOANEAEMITENEO, MTHEREOLCIE, BOEBTEILCBICHEBELEXIRS
DEBEPOTESGKE (B) THAHIAEEMELTEL. Choom (B) &L FOLTORRE
BEREL-KEEHOEMICHB LI, A P24 280 LJVRABTHDEEZLNS.

RIZ, ABRAOBOFRT, MTFITO—IERTETIRBEERETELVEREDENZIDINT
ERTDH BEOMEICEICE HTFIa—AEOONLGWEETE, LRSF—2h 5+
FICREFRELGESOXRENEBL TS EEZOND. HITFTITaO—ARHEESNGVEER
ELTEIZRDID2AZEIFoNSE. LIJYXBLABD, BREATOS IRANKEL, FL
TERBLOGEEER TOASTEND I RILE—BENRKENILETHD. STRANKE
WEEAFENBEL SN D120, HTERANSORITENABRE INIZCWNET THS. *
LTERETOSIRAELIIABOESFIHIC, TOEREOKKBFHOMEFHIRE,
HAINMILTOLIREBOERZIZEELTWASEEZALND. —F, EEEEDDOASK
DIFNF—R/RREFICEEOHEITKFELTLS. ADBOXRAETIE HIZFed & TiO,
DEFELOHENEWVWEEINDE. A5 3 DODEHEMICOVTHRETL, ABEAIOEIZxT
- EFNEREHAS.



1217

AEENGEAVERREAE

DA RRBRERREOBRL
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IR . ASAS/JAXA. 3Open Univ.

BOERVCHEILEEZLS L TETOREEEX
BEELRHERTHY. TRODAERBATED
FHLBERBEOVEDTHD, RIET7HRD 17
S SN T-Lunar Surface Gravimeter(LSG)
MNAEEFELTHEEL TV -2 &IZEFBL. /4 X
BAEEVNLODOBYLNEEZTEETAE
BT+ R AR THOIZLEHFTEE TN
BEHMBREOKREVAEERAVWTRLzy « ABRF
BTIE. REBEREICEERRRAEDLSG
FRV-ARREBREEM# -

FHEABROERITEEH 1000kmTHSHELD
hTHEY. BEOERTEAYPMNICEI- TS
EQFEREEIN TS . CHETIT 7245 BDE
RAENBESNATEY. Chioh 165 HOE
RICHEIN TS, KR TIEILSGERALS
CETH5BHBRDT—2ERAV BTN AIREE
U, INFETLIYEERNLEHTOBRRREZT
STEMTED, ChITKY., FUBEEOBELER
RE.ESICEINEFTIIEREZRETHIEMN
TELRI>EREEAEBICHLTLERRENT
BELTEBHIENHIFTES, Z2T 5 BB ADE
BT—2ZAVWTERREZTV . BEDFER
AEDOREOBRIIET o1

MERFELTT RO 17 BBEMAITE 4
RUMDEBLEL A6 LFEENDIRRARDE
RICEBL. f@fiE1To7z,1976 3/1 ~ 1977
9/30 @ 21 D A6 FHKAEDEEMEITL.
ZMO5% LSG TR ERRDFEARYMNEEETH
otz 8 BITEIRREZIT o1z, TR, RFEL
-8 filch 7 I TAEDHBE—RTIHERER
b=, ThEUInodD 7 DOARUMMIDINT
BEDHEOZUMEZE 5 A SOBANSETR
FTENTE 1 FIIZDODNTIXIhETEER

HOABRRMNGON:-, CNIEZOERAEN
A06 FEFEAETHLARERETRETENIDA
RUMMT7HRO 15, 16 ENDBEHELSGD I D
TLAOBHETETHNIE MDA RURELEEL
T S/N ENBVIENEELTINDILLERDS
nd,

ZND&SIZ LSG #AL:@BITHALBEDER
AEDAEOBRIIZITICENTE ., §&(F
SHICBAT IO VEWNERAE. BLUXRS
HARITOLWTHEBMEED T

A Troun W

1976 6/22 DFERFEABRDER, 7RO 12, 14,
15, 16 M AEEHE LSG TUY HILH IR T
Wo Mt - BE. B - BEZRLTLD,

Nakamura 2005 TIXZOFERAEXEIR. A06
[ZHFEINTHEY. A6 DELEZE X ITRLT=Z,

TFEAKAETRO-ERTHY.LSG MR
= 5 HAROT—4ZAVEERREN LA
EDHFEXFTIRERER™/ONT =,
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M PES LALT K& MR T— 5 LT
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VI TR EEHE L. Clementine-LIDAR ¥ ULCN2005 (ClER, FEINICERE - aRBEOHF
F—IEBB U, RAST vy a Yy TRERFBEOBRERRIC. Ry T72ESEEELBATIL—T
5ZEICEDBEATONEEZERTYOH TEIML. ZEROENBEDNO TRELSRET BHICH
HUfco BERR - BSBOHEE VRAD AVWTHEY VLBIFRAIC L D ESBEETHEL. EABETIL
DOBIERBOBEICEML TWS,
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BEHSETFILERV., ERBMWORRVLPEHEZI THTWVWSE, BRAMRBERICOVWTREEFHED
(KFEER) OHREESRBUTESE., CITRAZAOERAMORKE. FICER I TDBRAMZR
DEF2,

ERTTDBREMIE. RIFVTFVIERSINICERE TH D, SEFLICE—-FZU VI %
WOELCE=OU VY IBENRES N, BZOUVIBEIR. E— - FU V7P EHRBLT
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. COBMTRIEREOEHIFEETWVWAW, REBERUICHEETIVEENSZETILH SR
JRNYNILZBETI (BRHEEER) 2REVHTEBEZHET DL, MAMEOARLIOY
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M8 &L Spectral Profiler [2&5
BDZE) T OL—3—DMKIEE

OF RN (EHHD, wKER, NMIEF, HBER AMELF. FEHASF. FlLM
—°, HHERI®, KEMAY FRHFRF, FEMR, @A

EERRAF, CENCIREIHE, SJAXA, PKBUK, HRHiEF, *REKT T UK,

JL—E—[EH A XBKRELBBIZON, BHEDsimple /L—4— — hREZFEED
complex 7 L—4— - BRKOEZEHEIE—V IO L—E—~L, TOHRENEDL -
T, FREVE—V YT ELETEHMRICH - -PEARRIICELLEITFONI-E
ZEZboNTHY. AR OMMOEILEZEZX S LTEELBRZIBMT 5, Tompkins and
Pieters (1999) (ZO LAV A4 UWIS T—42Z%AWLT, 109 BODhREY L—42 —DHEK
DY —RAZTV. FREDEFELEALEEHREANZEMLZELED (A) | LEERMBENEBERICEA
Tf-‘b@(G), MABRIZCEAELD (N) . ZOFRRBIDOE D (GNTAT, GNTA2, AN, AGN, AG, GN)

2RI, hALARICEAEDLRD (T) 1, 109 BDS5H 6 EOHATHAZEFRLT=,
COHERIX, BOBRIITIIA—T v ohoFLELELEMAERBE. SYEBEMIC
BEALETEHBNORAEWSREDHBEFBELLZL, LHAL. LEB/ TEHERDERS O,
E%B’J&'F%Bi&”ﬁd)%ﬂﬁil DT, FEEL2ZFYLENWIENZ L, FREIZIE, £ &%
EV L= —EEDI /10 EBEORSICTHEEL TV E=MEAETWS EEZONTINS, E
-1 /7‘0)7?/10);*3[ D2LWTH, P2al—2 a3 PHEROIL—E—DT—2EEM
SRABIEMEMAITHONTNAN, dRELYBEISIZELEY LEVEANSZL, LML, &
ZEDORBEEZEZNE, PRELVYISSITEHROYVENBEE LTI EEZOND, HED
hREDPE—Y Y TOERPEIE. Bonf-FiE (@415, 750, 900, 950, 1000 nm) D%
BERET—FICESVLTULEDIZHRL., THCY] BEORRS MLTA 74 5— (SP)
Tk, 500-2500 nm THEH{ARY MILT—2EFWMR/TED, BTRIEXRY ATHS.
South-pole Aitken BBIZHFET S. WK D2HDDDFREFIVY VT DARY MLERHT
L&A

- Tsiolkovsky DHRFEIE, HEEDLN TN LS EMLARTIIHL., BE/-HEED
BEMTHD

- Antoniadi FRE /Y VJIZIERABEOENREFABETE L. £-F0DMg/Fe LEAFL

- Schroedinger DHFREIZIK. MALABRNXEMLEBINEET S

EWS T ENHALMNEL Sz, TNEDHRRE/ VT DERICEDE, SPARREDE
Liﬁ‘! o)l%‘tl OL\—Cni Téc
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MCRLIMIZCEDAAF YT 2 —LEREAMD
ME< Y ETDEA

OHFMRE ', FH' ZEEH' SEHA EEMA° BREXS HERL'
HEER AEEF REEG I #£F° WKERS KMERF Zlm—*
TR NCE, TP NCE, YR e B S, UAXA, O [ENT R AT

AYIT>%—L (Orientale Basin) FEXREEZMOHF TRHEEZEVDEDDVEDT,
FERFENR(IE 3.85Ga EEHEINTWD, 6EDZEY VI/EBEERE. ThEho
BERRIE 320, 480, 620, “9307, 1300, 1900 km TH B, #0555, 930km DO bH
DML =5V LESINTVWEDN ZORNMCHIRREBENEDLSICLTED
Oh TNEFNEDFREOYEERMRL TWEDH, FLTHRE - E—J YUY
TNEDESICUTEREINZDH., FLEEREBENDVTWVERWL, ZOFELIHND EB
5. REL > EEENBESRELGNCPABRBDHERDOTILF IV K14 X
—Vv /MEAXTT—FICEDWT, ROMEZROICHFRGBITEZRKIT TR,
ZORBERET 2o

Orientale Basin is one of the youngest ‘impact basin on the moon, 3.85Ga.
This shows multiring structure (6 rings), the ring of 930 km in diameter is
regarded as the crater rim. Nobody has had definitive views of origin and
mechanism for procesing other rings, their uplift, and central peaks/peak
ring. We report ongoing status of detailed analysis based on Multiband

Imager and Terrain Camera on LISM/Kaguya.
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ARBREFEE [ <R0) I8 INEFoirss (MAP-PACE-ESA) 2k 5
H oMK EEHE

WA R, ZERE #ICC, BRE BFERC A Rl
H BN B OBEAC M) BRS FROERS
A2 < 2 MAP LMAG TEAM!, %><"<°MAP PACE TEAM'

VREKYE, PFEME R - TEAEEAAR, CHRTERE, 1 H <0 MAP

Bitizr a— Wi B A R—)VHEBIIGFEE L2V D, REBBIIFEETAZ BB LNIIR>TN5,
ARERE [0 [CHEBEINTZEToNes (MAP-PACE-ESA) R UL & (MAP—IMAG) 13EF R4t
FFELTHERATAZ LT, ARBEOMKEEZHETHZ LN TE D, SEF 41, MAP-PACE-ESA ©
1BH 50T 2O OMREDT —2 2RI LT, ZhE TOBBEIL Y &V 2R REEOR SR
<~y TEER L, ZTOBEEZBENT S,

The Moon has no global magnetic field. However, measurements by magnetometers on the Apollo
subsatellites and the returned samples showed the existence of extensive crustal magnetism. Ac-
cording to Lunar Prospector data covering the whole lunar surface, strong magnetic anomalies
were located radial, or antipodal to the Impact basins. These results suggest how the magnetic
anomalies were made. These anomalies also correlate with albedo markings on the lunar surface.
This is because structure like “mini-magnetosphere” around the anomalies and related shock will
deflect solar wind ions. Lunar Prospector also observed electron heating near the anomalies.

We have observed the lunar magnetic anomaly by electron reflection method using the data ob-
tained by MAP-PACE-ESA and MAP-LMAG (Lunar MAGnetometer) onboard Kaguya. Since May
2008, MAP-PACE-ESA has been operated with high time resolution (1~2s) mode. We will present
the mapping of the lunar magnetic anomaly using the high time and spatial resolution data.
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OSHMEl' EHEE' WAE—' ZAFLF' AHBNTL RARE? 2B H
HEKXK? fERAEX?ZL ZAREXS /MMUZF—BRY A Nabatov’, ZEBEREI®, REEMEE’
VAT ZEATZERE kA, ESL K0, ° Swedish Institute of Space Physics, ‘&EEIL
K%, ° Ukrainian Academy of Science, *H#BKZE, "HEKFE

ITMhCR)] OBRBMZEI v a3y RS FAMAECREMFEOREICHKEL TS,
CHhETIZ/ULY—ZRAVEERERBANMIENSA N TOLEA, —HIZROTIEAER
AEICRELGEFREEFBRAIATOGL, ZO—AT, BYEDARI Y a v TOEKE
REBAND, LEEBEMEWNEFEE (~1000 cm™®) OEENAEIASEEHR+Kkn(Zhf=>T
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EEBRNFIEIABRICE >TEROMNIRMYELND O, BRILBILEZEZZLBVLHNETFYEF
FEEIX1 cn®BE. DFYREMEHMLEARBREDIT THD, TDH. VENDAZI v 3
COREICLEDLLT. FLOARENAETHEBOFECEL TIRENTH D, TDOLS
BB G IR LEBE. HEYHMSATULEL,

LLLABICBHMENFET S LTNE. () BEAOERBHEN TS X2 KBAN - RE
T35, QIINETHLATVEVNESASNEEDNREAAABFAMICHE, SHBSH
5. QFAEMNCHEBETEZTLETOATLSL LW R MIFESTEFNEET S, B E
DIFIYANREZLNS, WThi AEREICETIAEOREICEEZBDIINDTH D,
ADFRMIOWTCTIHFAEBRABOHERAN L LEFEIENEEF>THEY. TOFEEREICOWL
TEMBHANSHI-LUBEENEILIZEEENH D,

SEFELE. THTO] OFFENDVEDTHS VRADFEHNADERICEIY ZH. £OD
REBENAOHBHFEFZEBL THLERICELHEEMET S, RICEHE DI,
CDEEHERTRETIERDEREN S HITILEEHTHETTHD, VRAD DEIER
BHROBLEOEZELERUKR IO, HBORRBHSESNIZSHE (2.26H2) BLUXH
(8.4GHZ) B #FBFICRIEL T, I 2 EATEBHFICH L TRAEDZBREEZE O LEF
ALTHBRFOEEL T4 T 4, hBREHBOEELRBFICELATLES O, i
HREMBICHMELLNHILREZRLL D, TORO. SHEOHALYHHNIZAE
HMEOFEZRYLET. £ 5—DO0OFHE (VUL—GE) OBERZAVTHEREMB 2%
E=ZA—F 5. GPS ZEHRMBIC L IIREMBT - ZRAVTHET L. LEOHEREHA
TW%, BRAMBICREICESIETIVRZEBASIFAZITL. HEDMABTEFEE
NEMT HERANELNLLE,. BORBHFEBOFERENAOHILREYDDOH5S,

— 32 —
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17P/Holmes DRI I H & DR ALIRIBER A

Polarimetric Spectroscopy and Imaging of 17P/Holmes
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B(PICO)ZLBRABGERATH S, BAIZ, B EHRD 2007 4 10 A 25 H~11 A 8 BOH
BiZfThhr=, FZ 10 § 27 H~30 HOHG-EREF/TRISPEC (ZK 28I TIX, BE SO 5
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O 645 A 3 BITEEEh. SMOKA (Subaru Mitaka Okayama Kiso Archive) TABIShTLY
FYT (THELEET) . DREAD Y FHIRICE > TERMICHEN > ERET B &
SREAZRZECLEFIOCHRBEOY A XOREL YHNTIEETT, BITOEE. BEHM LK
HEhf-150ELULEIZRASHEZIE. 2006 F4ALFII—FITHEEIh, BEADHE
BORKESEIW1OmEEEEINET, ERESX. MSXMidcourse Space Experiment) I
O THRFNERETHRBEIATEY (FR%E) . PDS(Planetary Data System) TARX
NTVET, EEMWICHESATOBI TR MIL>THEENTVWEFYE (X FFA
W) FHTHELS REDZFAICHUDIFAR FENRBISAELE:, AHOBHERICLY.
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D7 = BABE IR, TS UOTRLF—IE (GE) 120.007 THY, TR (&
%) THESLEE®D1/2 THot. MASBRAOERME. S FRN0EETHY ., B
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7. KOESMICBTREN LSS LAEAEEEREEHT 2B TRT I / BATHE
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AR - B BRALICHL, BET S/ BEYLEINIRETH T,

PEDZEMD, HFETTFERBECLYERLEENFRT S/ BABAES DT
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ADEY DHBAVLENE NS FANH S, BB < TRABEIMRE E(2 & ST
DFREMAEZ NS, ChETICRESNEREMBELHEE SHRENBRNTRO 5N
fofeth. EKREERNOFESBETH 1=,

bhbhlt, RURRLIFREOHITEEMNE LT, 2011 Eh5ERFERT— 3
CAREBES1— LU RBRERALE [HAFEHE] £HERTHE. COHE
EHEVTE. )BHRAEETFTEREI7ASIAERAVTHR FERD R, TOHOK
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O&FHB #A'. David Jewitt?
'ESZ KA RISEAEE 0 /b, UL KZE RICE2HFERT

7ROBLGEHBRB/PNEBIYCIC, Jx— bo—A5CEREESH L ONEMEEIRIE
Shtz, RAEAZEBRRICEIYFUSNZ199YCOMBHFHETT, F-. EEDOH D
fhDXRE (NEREI2007 = — b, 2005UD) OMEHRHELBETL LICKY . AT
REBOBREICE TS0 - FROAIEMEICOVNTHERT b.

Apollo asteroid 1999 YC may share a dynamical association with the Phaethon-Geminid
stream complex. Here, we present photometric observations taken to determine the
physical properties of 1999 YC. The object shows a nearly neutral reflection spectrum,
similar to but slightly redder than related objects 3200 Phaethon and 2005 UD.
Assuming an albedo equal to 3200 Phaethon's we find that the diameter is 1.4+/-0.1 km.
Time-resolved broad-band photometry yields a double-peaked rotational period of
4.4950+/-0.0010 hr while the range of the lightcurve indicates an elongated shape having
a projected axis ratio near 1.9:1. Surface brightness models provide no evidence of
lasting mass loss of the kind seen in active short periodcometary nuclei. An upper limit
to the mass loss is set at about 0.001 kg/s, corresponding to an upper limit on the
fraction of the surface that could be sublimating water ice of 0.001. If sustained over
the 1000 yr age of the Geminid stream, the total mass loss from 1999 YC (3e7 kg) would
be small compared to the reported stream mass (1e12 - 1e13 kg), suggesting that the
stream is the product of catastrophic, rather than steady-state, breakup of the parent

object.

This work is published in The Astronomical Journal (2008) 136, 881-889.
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OHNEIEA'. MEME' AHET’. BEBEF.
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FHRISI., FOL I RFEERIIED D22 BERITX A X 57 A EEZER ¢
IERIIMTH A H L BEZONTE T, BRAOBYEE, 1999 0 L UJER 2RSS
Iz S =1, 2, 3], LAfE, 2001 &ED L UEERERE[4]. 2004 FED~LE 7 R
JEFRERES] OIEEENC S B BR S, FITiE. NASA OBV AT AL %
< OB E N TWB[6],

2007 = 12 R O 5= TR EBFEHIZ, ENOL < 0BRIE S V— 70 B
TN ER X DT-ODEBBZ1T o7, FOFREE., 10 HLUL EORYEREHRE S =28,
ZONADIFBENT-ZHAENLRIFICEHE SN TEY, AELETORKTHLZ &
EREEWRY, 2, 12012200 Tik, —HEANSTROGIN2EDOHI AT TIRZLD
NTRBYVELLBH SN TWED T/ A XATRN SN TH D, AEETIZZ
O DRI DN T DERFTOFEHTHFERIZ DN T 5D,

DTN

[1] Dunham, D. W. and 13 colleagues 2000. The first confirmed videorecordings of lunar
meteor impacts. Lunar Planet. Sci. XXXI No. 1547.

[2] Ortiz, J. L., P. V. Sada, L. R. Bellot Rubio, F. J. Aceituno, J. Aceituno, P. J. Gutierrez, and
U. Thiele 2000. Optical detection of meteoroidal impacts on the moon. Nature 405, 921-923.
[3] Yanagisawa, M. and N. Kisaichi 2002. Lightcurves of 1999 Leonid impact flashes on the
moon. Icarus 159, 31-38.

[4] Ortiz, J. L., J. A. Quesada, J. Aceituno, F. J. Aceituno, L. R. Bellot Rubio 2002.
Observation and interpretation of Leonid impact flashes on the moon in 2001. Astrophys. J.
576, 567-573.

[5] Yanagisawa, M., K. Ohnishi, Y. Takamura, H. Masuda, Y. Sakai, M. Ida, M. Adachi and
M. Ishida 2006. The first confirmed Perseid lunar impact flash. ICARUS 182, 489-495.

[6] Suggs, R. M., Cooke, W. J., Suggs, R. J., Swift W. R., and Hollon, N., The NASA Lunar
Impact Monitoring Program, Earth Moon Planets, DOI 10.1007/s11038-007-9184-0.
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Lo TSI ODREOBUEOR/NEENANEDLSD L5 RBASENEE 5. £/, TLED
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Nesvorny, D., Vokrouhlicky, D., & Bottke, W. F. Science 312, 1490 (2006).
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T ERRT, '

[=8:] FEREHIIE WIS91600, BLUMt#E: L THMED CM2, CI, E%E2%F72 CM2, CV
a2 FF A ~, LT Tagish Lake & H\\ o, KFEAFEHT CsF-HF B %1 U CARBEHEAE#Y
EREL, TEBLOCRMAESH. £ L TEK "C NMR S &7 - 72,

[#EHR EER) LFE - [FAHE WISI600 D RAEMEAM D HIC Hix, BBohRBERR

(400 — 500°C) %%ziF7- CM @D PCA91008, I3 LU\ Tagish Lake Dt DIZIEMN -T2, FIZFNLIK
#RE (8D = 349%0. 8"°C = 11.19%0) DfEiZ PCA91008 D% D (8D = 243%0, 8°C =11.38%0) (25K
HIT< . WIS91600 & PCA91008 [X[FIFEDLFBIE 2 #R5R L /- A REME S R ST,
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NEDDZENRHALNE ooy, Z OFHIT PCA91008 33 K O Tagish Lake Difi 5 & EELELL T
B, AT MAETTRELLDEA EETHD DX SITEEN-7-, 2T, NMR ]
NI UT B IR A B RBEREM O L 7 FARE DB A2 T, BoNn=Bhos
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VRIS KREFEREEAR T HERE K
? Astromaterials Research and Exploration Science, NASA Johnson Space Center

BMBEMBRRFEIV RS A MIEEETHRREEOERYAETENTE Y, Ml - BOE
FTHIEIZKY, ThoDERYDSESELRIMNLEINTER. LHL, BHRYZIH
TFIZOURSA MIBITHERMOERMAHOHY & OEFREZRANHAE>DLDN.
BZIE STUPRKEIZKDA A= H ML, Os TY—Y LI-ERYOEEREFIEM
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£E#k: [1] C. E. Amri et al., Spectrochim. Acta A 2005, 61, 2049. [2] V. K. Pearson et al., Meteorit. Planet. Sci.
2002, 37, 1829. [3] K. Nakamura et al., Int. J. Astrobiol. 2003, 1, 179. [4] L. A. J. Garvie, and P. R. Buseck, Earth
Planet. Sci. Lett. 2004, 224, 431. [5] S. Messenger et al., 39th Lunar and Planetary Science Conference, 2008,
Abstr., No. 2391.
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Origin and Dynamical Evolution of Neptune Trojans

Patryk Sofia Lykawka', Jonathan Horner’, Tadashi Mukai', and Barrie Jones®
! Kobe University, Graduate School of Science, Dept. of Earth and Planetary Sciences, Japan — patryk(@dragon.kobe-u.ac.jp

? The Open University, Dept. of Physics and Astronomy, United Kingdom

Trojan objects are of great interest because they can be dynamically stable over billions of years,
implying that they carry precious information about the early solar system. A total of six Neptune
Trojans have been found to date. The origin and dynamical evolution of Trojans can be used to
constrain the orbital architecture in the Kuiper belt, Trojan formation mechanisms and migration of the
giant planets. In addition, we aim to answer the following questions: Did the Neptunian Trojans form
locally or were captured during migration, or both? How do we explain the high inclination Trojans?

We performed numerical simulations of several thousand massless objects under the gravitational
influence of the four giant planets. Firstly, we looked at the dynamics of Trojans with migrating giant
planets using four main variants. In total, several 10° objects were placed in a cold disk stretching from
1AU beyond the initial position of Neptune to 30AU, and a cloud of several thousand objects at the
L4/L5 points. The orbits were integrated for several Myr, after which the giant planets acquired their
current orbits. From final Trojan populations obtained, we cloned hundreds of seeds obtaining 5.8x10°
clones. These clones were integrated over billions of years to investigate their long-term behaviour.

A significant population of Trojans survived in each of the migration scenarios, including objects
in horseshoe, L4 and L35 orbits. The distributions of these objects in element space a-e-i, and other
resonant properties, were obtained. While Trojans captured from the cold disk yielded a wide range of
orbital elements e=0-0.3 and =0-50°, those from the pre-Trojan populations survived in general with
e=0-0.1 and /=0-5° (except one variant, which showed e=0-0.35 and i=0—40°). However, most of
these objects were unstable in long time scales.

Our results support the scenario in which Neptunian Trojans were captured from the primordial
planetesimal disk during a slow and extended migration of the giant planet. However, a pre-formed
Trojan population could also contribute to the observed population, provided particular conditions
operated (e.g., Partial disruption induced by dynamical instabilities). We intend to provide detailed

statistics about the properties and orbital evolution of Trojans, and make observational predictions.

This research was supported by “The 21st Century COE Program of Origin and Evolution of
Planetary Systems” of Monbukagakusho. P. S. Lykawka is also grateful to a fellowship from the Japan
Society for the Promotion of Science (JSPS).
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We derived the interfacial energy of enstatite (MgSiO3) by comparing the crystalliza-
tion model with the number of nuclei measured in the experiment. Using the obtained
value (430450ergem™2), we calculated temperature evolutions for a variety of cooling
rates of the enstatite liquid droplet. We found that the critical cooling rate for glass
formation for enstatite melt is considerably low, i.e., ~ 107"K/s.
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Z 4 b (MgeSiOy) %%, (1-1000)K/s O mHIRZIC BN T, flsin 635 & % 1000K & K>
B THRRILT A2 L 26N Lt 51T, ZAREF A N (MgSiO;) 12V =5 T
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Reproduction of barred olivine texture in chondrules:
Numerical simulation based on phase-field model

O= B, Myl HEg?, HARBHEL, EIg &3
Hitoshi Miura!, Etsuro Yokoyama?, Katsuo Tsukamoto!, Ken Nagashima®

' LK (Tohoku Univ.), 2 #BEEK (Gakushuin Univ.), ® BRA (Osaka Univ.),

We are proposing a new scenario for formation of barred olivine texture observed in chondrules based on
a theory of a Mullins-Sekerka instability. To test our scenario, we carried out a numerical simulation of
crystallization of a highly-supercooled silicate melt droplet by using a phase field model and succeeded
to reproduce some bar-like structures.

aVEYa—)beld, HERKIKETIALEEREICELE
ENB mm ¥ ARKEBIBEIYTHS. Thid, 46 B o [ime = 9.000000
RIOFEAKIBRICE O TERB UERBEX X (AW R) A,
FilE  IHERRAE T RIS L, BIBENRED S EFD S B
IR LIZE DI EFEZSNT VB, HIKD olivine #542
(barred olivine, BL'F BO) i&, > FVa—licAbh3
FIBRREINARED O LD TH B D, ZOEMINBRIL X<
T THWAEN. JTAD 1] OFFBERIC KD L, KER
FHNE (~ 3100 K) DDz forsterite XL kb 5 BB
(~0.1—-18) THMELZER, BO A5 hiz. BOD
AR ZZXLE UTIERDEHRME TN TS - £,
AV B RINDOBDEEE L (rim AL, Kb FAO B
(VALY A ICE> T rim 5 AV R AllicEh - T
HULAREDAE L, rim O RIIFRI6IIC 31T Mullins-Sekerka R S —
(LATF, MS) REd: [2] 12 & DHRICHIEDHETS B (bar 0 ° 1° 1 %
). MilloD 7 21— X7 4 —jb REEIED WU 2 2
L—2a e &, rim BRI DOV TIEHHA 5 NDDH . . ey o o
B (3. AWRCE, 7z—R7 41— FiEcES g B Y T AT ATV RIS Ol
Y2al—va kD, ba BEOBREANE TS, 4 BHEREE UV h D OREKEIERERO
ISR OIS, AV MIRGERD THHE L (REEE  mI B2 U EEDES, BEUVGEEASE
—E), FHENPHEEREEEOEAMEIIEBLZL. , AL

1L BVEOMERD im REICBVT Ms e AV T ERRETLER
AL, bar ROBREMBNERE N BHFERL TS,
fEERA AT OB A EEIE AL D DESEHIEIX AT = 300 K 2AE Lz, BREEEEIIREICET 581%
HIEICEEIL, HREIREUT kinetic (BB L RIS D, /N—DIEPRIMRIE kinetic {351 p DIEICIKTEL, wAVH
EWEERSTIEL, pMREWVIZEM THEL A3, [1] TESLNE BO O/N—DIEI3E 10 um BETH
BP0, INZHRTEEDICE p~1ems ! KT EBEOESEL VWA LSS -7 chid, IvF
U 2 — VS RAERERD BFHIE NS forsterite O p O [4] LR THS. ChOHDHEICKD, BOM MS
AZEIC K> TIEREND BT LD HERINCHIATE 2.

[1] Tsukamoto et al. 2001. Lunar Planet. Sci. Conf. 32, 1846. [2] Mullins and Sekerka 1964. J. Appl. Phys. 35, 444-451.
[3] Yokoyama et al., in prep. |4] Nagashima 2006. Doctor Theses.
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BRI S 2 L OTAIETH 5 Z L 2R LT B, EL o 18
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Shape effects on infrared spectra of forsterite particles
OS# X' /Nt FAK' FR K HE KA £ B, H0O S
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O BH4SBF. WxT4E GAeKMERAD
Kyoko K. Tanaka, and Tetsuo Yamamoto (ILTS, Hokkaido Univ.)

We derived crystallization conditions of amorphous silicate by comparing theoretical
model with three different kinds of crystallization experiments: annealing experiments of
(1) an amorphous silicate with forsterite composition, (2) an amorphous silicate covered
with a carbonaceous layer, and (3) an amorphous silicate covered with a carbonaceous
layer consisting of reactive molecules (e.g., CHy). From the experiments (1) and (2), we
obtained the activation energies of diffusion in the amorphous silicate and amorphous
carbon. From these values and the comparison with the experiment (3), we derived the
constraints on the energy density stored in the mantle layer and the chemical reaction
time to occur the crystallization of amorphous silicate.
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AHZENIAGA ;7&*3'( %ﬁ. HaRtIaEa ( 1000K) THEITTEEEAONDE—HT,
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Crystallization of Enstatite Whiskers from Highly Supersaturated Silicate Vapor

OlmEdh, BAKEE, NBEFM, =M, RIBAI
BALKRY - #, AR - ZouWEB IR, KBRKRF - T
Olunya Yamada', Katsuo Tsukamoto', Hidekazu Kobatake?, Hitoshi Miura’, and Ken Nagashima\3
O'Graduate School of Science, Tohoku University,

*Institute of Multidisciplinary Research for Advanced Materials, Tohoku University
3Graduate School of Engineering, Osaka University

We have synthesized enstatite whiskers and platelets from silicate vapor to study the growth mechanism of the enstatite
particles in condritic porous interplanetary dust particles (CP-IDPs) and Antarctic micrometeorites (AMMs). These enstatite
particles are found to be formed in an extremely supersaturated condition (6=70-150).
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B ERBIZ2NTY AR M (6=90-100, T=900-100K) . Whisker (6=100-140, T=750-900K) ~ & Z={k. L 7=,
Lo T IDPs iZR. B35 Whisker ROHUIR & Vo 72 FER KIS 72T BE 2 £ Enstatite fEgpld. 1€
KEZONTEZIL D) RIPEGEVRETIER S, BEARGBANCES 57, e EFELRET
TR ENT-EEZ LD,

51 3CHR
[1] J. P. Bradley, 2004. In: Treatise on Geochemistry, Vol. 1, Elsevier, Amsterdam, p689.
[2] J. P. Bradley, D. E. Brownlee, D. R. Veblen, Nature 301, 473 (1983).
(3] Noguchi et al., JGU meeting 2008
[4] Sunagawa [. 2005. Crystals, Growth, Morphology and Perfection, Cambridge Univ. Press.
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ONBEYT, FR3A%, NEFAR, SHIEK, LT WA
NEARZARZRIEF AR FEERRZEF I

TR A F (MegsSIO,) [FRIBXEBROBICEELUTEFEL, I2ILATS
1k (Mg, Si0,) CMSEERERERMETHD. —7, FELE[MZE[/ T,
ZOLDOBBREY )T A FOREDVERSINTHD, EHEZERIT DY UTA
M, BERBICERETHDIEEZLNTND., IBRDBIFEEY UT 1 LED,

RIGRERAE, HINEBEROABREZCHITDIBREY T 1 DR
BETHD, BBRICMDAFINECEIEREY VT A RMISHONRTOZRERZTH
BIELTNBENDTENEZBND. CNSBEEY T 1 ~ILEBNSRIRE
THERSNDED, BENFELCREOREZRHFE LU TCNDCENFIND. &
1z, BEONRE, BREZEDIKDKRKENWRT —I/LDOEEYE - KENDMEEL
BREEEZDE, ZORMEMEE U TOEBSZRBREIICCFIBETHD.

AERBTEIREYUT A RO I VRS A FENRERIESE, BREDEHE
BREZDOFERFHICDONT, EITHMRIRDYCEZRNVTRENEZ. BRILOBE
TRILVF—ZROLEHRR, BRILRELICNETTORSIDEAZTRBEEREFHEZ
BOCENDD 2. TNIEREDOHMIDIERDMBE T ERIRENEIETI
VA A COERIETERNCEZRIELTULND, =HIC, BeltsEieIv X
BEA LDIHTRHANRD SV, CNETICHRESN TN DRBRBEDKNEABDT —
HEFEBOEHEHZERUL. AREBTEONIZAND BIVIE, RMREDRIZARD
MLEXSBEBHERDCENDD, BHATRATNDRIYRYY A FEDIES
DIEESHRIBSND.
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LIME 4 1) E > D FRSMRIRURAR D kL

Infrared absorption spectra of LIME olivine

O%mk A’
'RERAZARZREFHRERN FPHBRNZER
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BEL. TR/ F—BURD. [BO-MXE
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FENEFFERBEDI T THD
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CET LME EFENDAIED
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EYESBRLU. FDIRIIRIZUN NI IL
HERIELE.LME ZJE 2 IE MO,
Mg0.,Si0, MRZBSLIE#.1220°CT T0
IFREINIRATDCETEMUIE M DEIS
(I Mn BFOERBRFEARCNTIDEE
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[\ |
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1 BIRENIEINTRL

#Mn=1.0 DANTHIUIE Fayalitel61CBUIZ
ANINILBBSNE. CNId Fe.&o Mn D
BE¥HNENCEICRERT DX,
Fayalite [CHERNE O RIRERAICS Dk
LTWLBD . CNIE Mn A Fe KDTA
BHARELZOEHRBRBDOIETERE
KEED BFBLTOREND Nl
EHEZEZSND. #Mn=0.1 DANT~
JUIZ Forsterite[6 1S RIEREICE —7
DY IORTBENBRENE.SEBE
BRD LIME [Z3TL)\#Mn=0.06 I2ENDS K
b BRlEDEEEZETOTU.

[1] Kemper.F., Vriend,W.J.,Tielens,A.G.G.M.,et al.,2004,ApJ 609,826
[2] Wters,L.B.F.M. Molster,F.J.de Jong,T..et al.,1996, ARA 315,L361
[3] Honda,M.,Kataza,H.,0kamoto.K.Y.,et al.,2003, ApJ 585,L.59

[4] Klock,W.,Thomas,K.L.,McKay,H., et al.,1989,Nature 339,126

(6] Zolensky,M.E.,Thomas,J.Z.,Yano,H..et al.,2006,Sci 314,1735

[6] Chihara,H..Koike,C.,Tsuchiyama,A..et al.,2002,A&A391,267
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'BEERERFRIREFHAEH

FRIDOWMEEBAOEBEBRIEIVEL LSO TUWVEL, BELES, Xk
PmYA XETHRTDHIEARERICKYRFRICHFDLEANEETLT, MEREMH
MENHEELTLES AR MNETHENHD-HTHS. CORBEDHEREDN 1D
ELTHAGBEHEICLIYFIR MNEBRIEDIZLEZEAT-, ABRANREHDOER
FEEZTLIDOTIRMNOEKREICET S ENFERSA,. TORORABMMEIC
ETLTELARMO—BIEEFKL., BHILT D, £, ABRRBTATIFEREICE
BEOTREMICEIEBKIEGLALE (LT BNES-TWSEEZALNS, T
CTIEMIICKDERICEVBHIESNIZF X MR ZEEZTHIABRKREEA &
#B=xtfon, EBFEICKYNMIARIEEZINAD, COLIHEFR MERICEY+5H
HEDF A CHABUABAICENES R MIABAICHIFEINS, £oT. #X bk
BEREEASLTHRBRANBEBEIFEICEELGRE LGS,

ARANBEELPLE~NDHRBELCHLEHRROF X MMAETHEICEELS
Z5D. TORBEETRED SEDFHAGEIZLE YN >TE TS, Herbig
Ae/Be B2 SED TILEFRINMREEICH D ERS LS OBERFAR o, COEEE
FETFTLHENOCAR FNEREBRTRE-ABRNBOBIICLEZIDEEZILN
T3, %I Dullemond et al. (2001) SAMREL-ABRANBRENTDLEDERKRE
BHzk Y “puffed-up” LTWBEVWSIHBETILFZLOHRABREIV—HZR
#TWL5, LHL. “puffed-up” MEERBETILTELHDE - HBENASA—F(T&
STIEPLENSDIER. POEISBESIHREKRLICELLT IAESELAHY. X
FOEFIHT EHAEDEL I GHABRABEBEDEEE L S HMN>TULVELY,

FLCTAMETIIABABREEN TR FOBBRARBEICED LS ITHET D
MERARZI=6H1Z, “puffed-up” ABANBETITHIRMERYZ2L—2 3 %17
2fze ARERTEPDLE. HBNASA—FITLYRLGLIABRNBGEETOIR D
BREARMIS VI RIIDOVTHRET %,
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EEHFERICH S BEENEERIET A NEAKDER :
BREYOY 1 XEFREDEREME
Production of supersaturated silicate vapor by nebula
shock: sizes and morphologies of condensates

O=ZW ¥, Hb SHT?, AR TE? R FHE3, BFEM, KBS
(L !
Hitoshi Miura!, Kyoko K. Tanaka?, Tetsuo Yamamoto?, Taishi Nakamoto®, Jun Nozawa!,

Katsuo Tsukamoto!, Junya Yamadal

1 gijtK (Tohoku Univ.), ? 4tk (Hokkaido Univ.), ® BIK (Tokyo Institute of Technology),

We carried out a numerical simulation of shock-wave heating event in early solar system. A shock wave
heats and evaporates micron-sized silicate dust particles and generates a dust vapor. We found that the
dust vapor cools to be supersaturated behind the shock front. The typical size and the morphology of
condensates were discussed based on the classical nucleation theory.

R4 L MIBRAHE ICIZ, [ S DER
B> TERINEAEESTRI N Lomiavioet LT
TORLEBREOBRREVEINTLS (1, 100 |- L2n15v08e1 ~= -~
2] Allende BUE< Y 7 A& FNT 5 e toum
1nm~ 10 um BEOMAL T LA ViL, & ag=10um -
BCRE ) B S R P ERD S DBHEE ™Y
LT3 3] $72, MEOFARERMBEE
HH o bERAEME ORISR INTE
T, FERERoEfL LRl roD
HEEREOTREI BRI N TS 4. FL
X, oL BEMEPLDF A MEHEESE -
R LY B A MIBGEE L U CHEREMEL N4 N et
EFMER LTS, AL TR, # A% 01 ! oo 100

time after equilibrium [sec]
e ESN % 3 SR EIZ & % bow shock
ZEEL, FREICBSERES R o
B RIOEE, R, ¥R FEEOREEE X 1: EREHEICBIT 3 ¥ R FERSBEAME DM
ERICIHET 57 ODBMEY 2L —2a (L,
vEITR-oT.

113, 2 30 km OBEREREE L - 5A D bow shock BEIC KT 5, ¥R FEIADBRME DK
R RL TS, BEEILEEATIREIC: - T 6 OB, HsefiiEoNETh 3, EHLER
X, 2R 1 KTEHETVATERERIEE 7L 6] 28A L L Ba0ERETH ), HEDRVIIEHRKRSEAD
BOERRT, £, BMOKRIEZHHIRA YA X ag L T %, ABUGERNERMD S L LA —)L
A= 0.1,1.0, 10 2ELTE D, HEFGEEL CEENEEMO Y A LR r —IVHBRIE S LT
M5, Fi, JU—OfFERTELZDIEZ, HEEEHOBRY APBEREET A RIS L CEELAICERTY
% (hydrodynamic expansion) BEOWEMZR DB EZFHME L 2 bDTH S, HHTIZ, SHEEFSNIORHMY
2+ ERAOEEEE N L TRV RER 2 EA L, BREYOv A4 X EHEOSREICOWTERT 3.

In (supersaturation ratio)

raaaeh

[1] Bradley et al., (1983). Nature 301, 473-477. [2] Nozawa et al., submitted to Icarus. [3] Toriumi (1989). EPSL 92,
265-273. [4] Bouwman et al., (2008). ApJ 683, 479-498. [5] Miura and Nakamoto (2006). ApJ 651, 1272-1295.
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OLEME'. KIBEM AR &° Hrg—' BHEZ’ BEHEXS. Bz RS,
F)ar TANLEN, RS5T ST
'HEERKRE, THEBEKRY., *EIXXE. ‘BHERMKE. ° (B FMYAI IR,
SHEAR, 'TYIR TSV BRFEYBERER

FHEMLYRKRTIFEEORREZELI-HICIE, TORESR., GREE,. BE. 7
U R, ALEHEE (ZDH] THHTEIIENBERSA TS, FOLEHIZAIFEIS
BEEG/NE - BETHAVMEREE (RHMEE) £ OEHREMERE B ORITHRM
(TOF : Time of Flight) R@EESMBOREEITH>TULVS,

FZEEMEMHER (ID : Impact lonization Detector) [Z&B 7L — MIFEHEMNEET S
BRIC. BEEICKYERTL—MIFREINIZEFL, RESI I F U PEFEERTIL—
FEBIZHREESNET) Y FORAYDBICRATIEFZRAET I LICLYTFHEDOEE.

B, EFEHAT S, COHAFREER1IZRT., COHBICEVTIX, BB KIS
HE. BEEEZRETLH-H. MEBHIHSOBESEMAFICLDLIalL—a U RBED
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Tumaig, EF 10 °7°C) #AWLTHTbNTz, RICTOFEESHHBICOVLTIK., &
BLUXEFRAVWTRHIABEEERLASA A U EEHE - RESEDUTILY rAVARER
AL, SoIFOREEEZHMETIBICT A &I YBRMIGRER S ZRINRERE &6
EH BN BEEESTBORRETLH - TER, ChETEEREMLLTEE (R, 7
IWEZHL, BEVITY, 4E) ZRVE-TOFEENHBEZHAELTELN. HE-IZE
EEMIIETIVEREF (PZT) #RAVELOERAELTVLWAIDOTHRET 5,
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Long-term evolution of trans-Neptunian objects:
Effects of multiple temporary captures in mean motion resonances

Patryk Sofia Lykawka and Tadashi Mukai
Kobe University, Graduate School of Science, Dep. of Earth and Planetary Sciences, Japan — patryk@dragon.kobe-u.ac.jp

The study of trans-Neptunian objects (TNOs) offer important clues about the origin and evolution
of the solar system. In particular, TNOs in typical scattered orbits (scattered TNOs) contribute to
several distinct populations of minor bodies in the solar system, including the Centaurs (objects
crossing the orbits of giant planets), and Jupiter-family, Halley-type and Oort cloud comets. We
investigate the evolution of scattered TNOs over 4Gyr by conducting simulations using several
thousand particles lying initially on Neptune-encountering orbits. We focus our work on resonance
sticking, a phenomenon characterized by multiple temporary resonance captures (‘resonances’ refers
to external mean motion resonances with Neptune, which can be described in the form r:s, where the
arguments » and s are integers). Our main results are:

1) All scattered TNOs evolve through intermittent temporary resonance captures and
gravitational scattering by Neptune. Each scattered TNO experiences tens to hundreds of resonance
captures over a period of 4Gyr, which represents about 38% of the object’s lifetime (mean value).

2) Resonance sticking plays an important role at semimajor axes a<250AU, where the great
majority of resonance captures occurred. In fact, the stickiest/strongest (i.e., dominant) resonances
beyond 50AU are located within this distance range (resonances with smaller ).

3) The r:1 and r:2 resonances played the greatest role during resonance sticking evolution, often
leading to captures in several of their neighboring resonances.

4) The timescales and likelihood of temporary resonance captures are roughly proportional to
resonance strength.

In summary, resonance sticking has an important impact on the evolution of scattered TNOs,
contributing significantly to the longevity of these objects. This in turn would yield important

consequences for the influx of Centaurs and comets in the inner solar system.

This research was supported by “The 21st Century COE Program of Origin and Evolution of
Planetary Systems” of Monbukagakusho. P. S. Lykawka is also grateful to a fellowship from the Japan
Society for the Promotion of Science (JSPS).
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£\ (832) Karin DYERE HE#R & IR

Lightcurve and shape of a very young asteroid, 832 Karin

o fFEEEL - HH E (AARIEVIRBEE T K XH),
Josef Durech (Charles University in Prague)

We present current results of our long-term campaign of photometric observations of
the largest member of a new-born asteroid family, (832) Karin. This is an S-type main
belt asteroid that is likely a large fragment of a disruption event in the main asteroid
belt about 5.8 million years ago. We obtained multicolor photometric observations of this
asteroid in 2003, 2004, and 2006. We have reported potential surface color variation of
this asteroid that indicates the existence of both mature and fresh surfaces on this asteroid
as of September 2003. However, as of September 2004 and as of March 2006, this asteroid
apparently did not show a strong surface color difference, which might give us some insight

into its spin axis orientation and shape.

2002 EIZHER X N8 < BV NREEOE TR LS 832 Karin 13T DORE IR R
BEEEERORY, KER/INREDOHEIZL VMO TEERERLF D, AEX
Karin IEOBEERE#H 5 832 Karin (289 5 % LRI % EM L TR~ 2003 £
9 HOBTOBRNC & ) FFEMM IR W TN K ROME X OIS Kb bR{IbER
HU&, UM ZORICERAIAS 2004 £ 9 HOBRITIIHEBERINE» 472012,
2006 4F 2 A RKDOEIEWVEHA I RO TERMEBICHR T 2 Z BRI Z TV, 2
DINEEWEEROBRAERIOLIERY & INLROEEZ AL IZHE OO 2RI
UFo SRIZFES LT —A%2 LD, ZTONKEDOARERIRE X U HEzEOME
XDETFNEHERERIZIODVTERLAWN,

B4 1: 2003 49 A & 2004 4 9 ADLE R 5 HE I N/ (832) Karin DERET
VD, Karin DFEHAEISRE D, BOMBIXZNTH (F) Bk 580, #ig
+40°, (F) ##% 232°, Efg 438°.
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Asteroid Survey) MEET—RIZZHOD
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OILFF RBEE. RANE? . BAXNY. FIIE? . FE8A°
EEETY  REHE. KTXEY, EREXY HIIEXR"  BAE—ER"
B KRKIEEY | Faith Vilas®, Paul R. Weissman'® . Young—Jun Choi'®
Alan Tokunaga'” . Schelte J. Bus'” . Steve Larson'?, Thomas G. Mueller'®

"EEKYE FHMEAEMAREEE . PEIXXAE. "WEXE
B hRKE VEFERHMT.  BARAR—ZAH—FEE (YBMERKE
IMMT observatory . 'OJPL . '""/\TAKZFE. PFYJFKE. PMax Planck Institute

1. IEE/

[EOSRE UM RES T IN)E—2039a3 0 EL T TIEORI2 | ORIV EH LN TEY . FEXE
[T CEUNRE®D (162173) 1999JU3 TH D, COXRIKIL 2007 FDOEH S 2008 EOFITHITTHRRAITHE
Mz t=1=8. H4lL. 2007 F£ 5 AMSEBRZEIASD. 2008 &£ 4 AICHRAERTL.

FEBOITEETAICCONRED BEEH. k. BEMOESLEF ERAIC - THETLHIL
FZV av DEEDEOICLEETHY. ChoEHETIENEKARDOBEMTH S,

2. INETIZIThh a8 S8R

BEBERXXEERIm EiRE) 2007 &7 A.12 A.2008 &2 A.4 BICEH 13 8%
< AR EBRIFT (1.05m /:L\J" E=EE) 2007 €9 A.11 B.2008 4 2 BIZE 138
BEBRXA(1.05m LiEH) 2007 % 8 A~11 A&t 10 B
cEERAR—ZRA—FEF—(1m L&) 2007 £ 8 A~9 HIZEt 6 B

NI A K UHBBUNT A KE 22m 55 88) 2007 % 7 8.9 Bzt 2 B
=71V F M Steward KX & (1.556m Lizmfz) 2007 £ 9 BIZE 4 8

3. AIRAIEBAA SO - BEMOME L

LT EOAERNEAEE RS, Amplitude %, Epoch i% (EH 5% Magnusson 1986) AUV T. BEREHA.
BEsOmME, SitbE#EEL B1ISRT O, BEMOREERELFHO . BRELEREOXL (B
L EERH) THE. BAELEREBDOXLNNINECAN BEBMORNTNSEHRSNSIHFRITH D,

80 - r—
© 60r F o0 LpEsomE~
T 10 f EE #331°
£ o118 % 120
_@ " (x$510° )
o 20 128 4
-t 28 4H ~ Btk ~
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INBRE ) BERFHA & K50 BECFH & D HIBRH%
TR BEBFRETILESIEETILIZONT

Of K¥t, & EFE'
'RREEHIES BEREKISIL—T
B #E?
‘REER AR

KEXRTONEZEOBGERAH L XBOEERALORBEFRETI TEFRETIVE
HH (RE257—7) BEETILIZIONT, MEBRLERMITEERZLEL,

. BERERETIVEHHBEET LR, KEOBERAHERENLERAYPORED
BERPEORBERIIOVTELETHRE S,

RE7257—7 (HH) OAEKREHN NMREOBGEH (D) IZHIEBLTWWSEEELT,
AKBEOBEEM (A) =25. 38HA#HEEL L TEREEET S, 54 (A—26) &7
%,

TITLE : The Musical scale Model and HH Model indicate Resonance relation between
Rotation of the Minor Planet (Asteroid) and of the Sun.

The Musical scale Model and HH (Hula-Hoop Rotation-Revolution) Mathematical! Model
indicates Commensurability or Resonance relation between Rotation of the Minor
Planet (Asteroid) and Rotation of the Sun. Also between Rotation of the Sun and
Revolution of the Planet, and also Rotation of the Planet.

The HH ( Hula-Hoop ) Model on Rotation of the Minor Planet harmonized to observed
Sun’s Rotation Period : (A) = 23.38 days. That should be (A-26) musical note.

Hiromasa HAYASHI, Sachio HAYASHI (Long Range Structure Research Laboratory)
Toshiyuki TANAKA (Keio University Faculty of Science and Engineering)
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fEA DO THEOREBZEILHIE, BBABEFIIIE T LD, HORFICE
FLTH TLIEDEMAIENTED, AU TIE, & THEEORRIZELERD DK
BLLUT, /NEE Vesta BEERKEVVIILD HED (Howardite, Eucrite, Diogenite) f&
AIZEH L. HED REA D% THRE ORRIZ(LIX, /IERE Vesta IZBITHEZED
JBREZMBDONEOSDIFRIRIZRHEEZLND. [BADE FENREZBIETIHIEEL
TEHREREE THD PAl 2V, REHI B ARABRE T 5, M KESCEE L
AR CEESNT-FBA (RELFEA) DHD, 50 {E D HED fBA (7 {8 D Howardite,
27 & @ Eucrite, 16 @™ Diogenite) & AV 7~.

50 fED=CFEE HED FEA H 2Al &F &% AMS ONEEEE &04T) 152 AV CHl
EL, UTORRELE-. ZEEAFET YAl &8 &IT Howardite: 55-95 CE¥I{E 80)
[dpm/kg], Eucrite :60-100 (CE¥fE 85) [dpm/kg], Diogenite : 50-85 (SE#JfE 75)
[dpm/kgl%7~L, Eucrite, Howardite, Diogenite DJIEIZ Al & H EAMEL A2 DE A
R, ZOZEiT— KR, Diogenite FBEA D% FHEMRDELH WA RTIOIZAZ
B, LL, HETHEMROETHS falls [BA (B THBBINIER) F XAl EFES
HIELIZEZA, EMRIEA LRI CE R 2R T ZEN D72 2, #IERICE T L
CEXBEICPBATEIZLD PAl A BEDOENAEL QNI EERT.

FER O THEMRIX, & TEREO %Al &8 &0 OHIER: (BIE) D Al &FH &2
RBLIZEDPLRODIENTES. Lo T, B FTEAKRAMTHALEMER DFEREXK
DHTDITITEAREI T LIZE TRO Al EFEEZHMAMNENDD. EEHIZE-T
DAl EHBEIZENELT-ZEND, ABFZE TIIFTEH LRI TS Al DA KEHNIR
O, TR bEEBROERICARS TEEROBDNCHPENLLE X,
falls FBA DAL FH AR L= TR PAl & B2 E T ARBREER L.
RERIAEHWT falls BEAH Al EFEBZHTELI-MER, EHILE SAl EFE&LZ
E—ETHIER DT, ZORBRREHOIVUL, B TERRMOBEAF PAl &
BENOHE FERERDAZENTXS.
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Ninggiang iRFEI >V F54 FOFH AR
EDOWVTLY—S5—HFOHEEE

Abundance of presolar grains in Ningqiang carbonaceous chondrite
based on the noble-gas composition

OWIARMEA ", A8, MKMES 2, BRSNS
VEREKYE - BEL AR # — TIUNRE - B - R O RRUREE - B - AL

Signatures of noble gas compositions in meteorites reflect the history of materials and there are a lot of
noble-gas components. Exotic gases are contained in presolar grains such as diamond, graphite and
silicon carbide (SiC). We analyzed mineralogy and noble gas compositions in acid residue of Ninggiang
charbonaceous chondrite and discussed the precursor materials of meteorite parent bodies. Neon, Krypton
and Xeon in acid residue were dominated by HL component. S component was not observed in all noble
gas elements. These are consistent with that CV chondrite. Our results suggest that the parent body of
Ninggiang had contained presolar grains that have similar ratio of diamond, graphite and SiC with CV
chondrite.

AR D/ ANNIZDRRIC L > TEE I ERRGVBTFLET H, 15D 5 6 Ninggiang X F
Har R4 MEBUE L THONTET VY —F K THIZEEND /P AN S Ninggiang &
FHROT VY =T =R OFEERXREL o7, EHFOHEEL MO T4 FEETH L
LY, BBABXEKOMEMEIZ DN TELR LR,

7L Y —F—kKiFIE. 503 mg @ Ninggiang FEAZEAET 25 Z LI X VD H L7z, BRAEED HIE
X Huss and Lewis (1995) OFiEX AW, BBOBRIZEONTZWHEIL HEYE X #BREHT (KEK.BL-
3A) I K VEMAR ST Z2AT VS, E72 /A B GEK - #IEHEF. MS-ID) 12 TR 7 AR R,
FIATAKBIE 21T 2 72,

TSI L > T, TV Y =T —F ARG OBETH L LEEBZLNTVWAYED Y H, A
TEVR, 77774 FBFAEL TV D DODHER I LT,

F AT ORER., BV Ay A (He.Ne) 2% Ninggiang 282N TC2HEWRETCEENTWA Z
ERbholr, BWHAHT A (Ar.Kr.Xe) OBEEIZSSHBROBRERE Cho7-, LY —F—FHT X
53D 5 B, HL oS Ne Kr, Xe IZBWTEBL T\, HL G OHEAETHHEEZ LN TWH L
AT T RIZSMRER AT L 0 FEENHER STV D, —7F . 2Na OB HZE (T, =2.64F) 12k Y
AT D Ne-E U R S 2o 7o, SEWHE ST TH Ne-E OHED-—-- L E2 5 Tnb L 2
VI3 R (SiC) DIFTEIIMER TE /27~ 7=, Ningqiang FEFA OEEEEME b D F A A 5 Hr s BT,
CVa R4 bOBEMEYE (Huss and Lewis, 1995) & —E L Tz, Z# 5 &Y. Ninggiang ft K
i, CVar R4 MEREALELCLI AT LY —F =R THRE LTV EEZONRD,

51 F SCHR: Huss G. R. and Lewis. R. S. (1995) Geochim. Cosmochim. Acta, 59, 115-160.
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Yamato-74442 (LL4) FREENB TN Y TRICE AR OB
'OMILTE P SEBREE
R AEIRRY  E SR

ARELEEEZ L FIA FOFIZIE K LBLAR S LoREE IR T3, flxiE
Krahenberg & Bhola TI3# cm IZ3ET A BB R 20> TV 5 (Wlotzka et al., 1983), Wlotzka et al.
(1983) IIMETLFEZ ZUEB(LFHEE © & 12, Krahenberg & Bhola l[ZBWTEROH HND T AL
UASBIMN, LL 2 R4 "RERELTEZZTARAL NERERLE DV EADEITHO, Na & K
DERIARBKIGZ L >TRE - ERER LT, LLAERS, ZOREHRERELETDY g v 7 A
N b ROMEZRIZ K B AL (Ikeda and Takeda. 1979)72 £, BARAIZ & D X 9 AL ICHHE LT
BINIDWTIEARB 2 SAL W, RBFFE L, K ICETeE A 251 Yamato-74442 (Yanai et al., 1978;
Yanai, 1979; lkeda and Takeda. 1979) D FHMEEILE LIWONT 7 ADERD TR EITV,
Krahenberg, Bhola & D GHMEDLE A Lz, X612, BERDOERESOT-HEXETOTVHY 4
{LIEFE DRI 2 3 272,

AWFFE TSR 2 #(Yamato-74442,101-3, 101-)Z Wz, D=z F54 MI. kAR
A2 R T KICERHEER, 2 RV a—b, MR, B2 MLk, AFRICHWEER
FOay RY) a—VZEREALHERTEDLD, XA 74 LMEIXTE ko,

BEAERDOEBEERIMIBREOLY Y, ROKEBON T AERETHY, K& JTidsk+
m~3 mm £ TOEPHBH, mA MEOEFITHAB THHB, 2 R 2—VIZFETHL I A
ULIFELRY, BROTT7 AEAEFICIEIE m UTORKMBERT 7 obgkin, v U7
A4 FOFEBRE R A T4 PBRRGNTE (K1), BEEAFOLT Y ¥ O Faid252~302 T, &
FUZIFIE M LL = Ro 4 FOMREHEICNE D, AR OZERRIW. VT AOMKIZ oW
T NatK+Al-oxides —Cat+tMg+Fe-oxides — SiO, KICHL 2 7 2 » ~ L7=#5 5%, Krahenberg, Bhola @ K
WCBOREARF OOIEEFEFICBEVW—F E2RLE (®2),

B e ik E R 2 T3 720, BRELETORABRICE W T, b LITFALAENT K IZ
BRI E OERM - Sl ERBR L= SIEBHATH B,

Si0 2

Y-74442 K-rich glass
Y-74442 pyroxene
Y-74442 olivi\ne Py

Krahenberg. Bhola

K-rich glass

Ca+Mg+Fe-oxides Na+K+Al-oxides

[¥2: Y-74442 & Krahenberg, Bhola & O#1k D
be#%. Krahenberg, BholalZ VM CIX - fE %

Y .

Wiotzaetal. (1983): Geochim Cosmochim. Acta, 47, 743-757
Yanai etal. (1978): Mem. Natl Inst Polar Res., Spec. Issue, 8 110-120
Tkedaand Takeda (1979): Mem. Natl. Inst. Polar Res, Spec. Issue, 15, 123-139
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REEIAVRNSA MIBITE9 0LRMAKERSE

OFas'. KHER'. BHEA’
'RRRPFREREFRPRN HHRBEMFER. CERKE BENER

7B LCHDRHLFHERZERELETHOHMUIBER. BEIIL—TZELICRBEMICRE -1
YCrCr b ERT I EAHMSAT IS, BITHFEBRICBLTKEDS G/ CrERL. ¥
DDAV FSA FBEIUVIIY FSA MIMBEEEDH S WDIEEDSCr/Cr £RT Z &%
MO2TWD, SO L, MHRKBRICBEVWTEFAETNOBEREOBXREABE SN L EFIZ,
KEZDEORMAERKIIDE ELBAMIZEFTYETH - E2EBkL. KERWE
BAECREYESTVVRNWI LETET ZHMDO—DOTHDEEZIOND,

SDESGCr DRLFEEENE L LHEHRE LT, RIAREZ L - 1-HF (BFLLET
LY—5—HF) NEELTLSEVLSDOARAEXFINTLSHTHD, CDLSHEMNM
KEREOXYUTHEETDHILIE. REEAVESA FOERH TR THMBRELEE
EIZ.BEDI V2 aVIZBVTKER20%)REARENRONB e DXKIFEN S,
LOLAASL, ZOLILGRMARED X v FIXRELZIZHE I TV,
ZFTSEERFIYT—F VY UBRCM)ICENT, BHIAREARE S TV 3B AREE
ZHHE L., ThITEFNSMEEHR TS L TIRS 4 U BE S NanoSIMS)IZE > T
Cr RMIASMT 5 2R ATz, ZRAAVEEDTEEIHEHDOF OB ETREL -0,
RUAREZLOVEZRRAL. TOLYERETEHARMELH S,

Cr DRMLAERIIMHBA AV OBEELEDHAN S . D& 54 SIMS FHL=2HE
CNETIZFEAETOLNTETLAEL, FITERIEISEDONH T, hEAF2THD
“Fe & FelZk > THIET R L2 M-, TORE. CriITETHMD *Cr/°Cr L EH%D
RETRODDIIENTES, CrEANAKRREZL DT LY -5 —HFIIBEOEESHND
MNEYRELGRUAREZ I >TWNAEZEZALONDDT. COREDRMERELSIE+HHIC
CrDRMLFEEZHATESL LBONS, SESHMLUIZAFEIVTIE CricE4. KE&
X2/ ~HTIHV0UBETHD, TOBRBE 100 FEEFECRSN, WFhiBREDE
ECTHELRMUAREIHETEL N 2k, TOENSRDTFAEBEDS LLVThITHD
CENTREEIND, DEEEI/DSVHDERICKELRGMEKEREZEL OVBEINEET 5, 2)
BIEAREZ L OMER CrICECYETIERL, HEAEE L OVEIXFEEICHFY
A ZXANNESVPETH D,
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R EEMIEDKE ZREER:
FREEREOCFERNEDKELRBIEICSALHTE

Hydrothermal alteration experiments of synthetic amorphous silicates: effect of chemical
composition of amorphous silicates on its aqueous alteration process.

O M&E " HEMN ', £ 187’
'KIRKRFEXFRBEF AR FEMBRE P ER

RFBEAFTAMNIEOIFEARIEA THY . KR OEHRETHEL T D, T CL,CM,CR,TL 124
BHENLI N—TI3KEEREAEZZ T TEY, ZOKEERBREIIKGRIGEDEO#ILAEEZ 2D L TE
BEThd, RBEARTAMNDRBRIKTOKE LR SEM-CBEEHATT D721 . ZHE T enstatite 2
olivine 78X D FE AREHCIE A Z HBEMWE L L KEERERB I THON T&le.g. [11), —F . RIMEFR L
BANZL DL, BRI R OBERES ANIIERE THD (e.g. [2]) s KEBERDOHELIBIRICB W TEBEIZSF
FBICRDAEN, BVERRARE D% 12 0B RER - ICa L RIAMIRIKE LU TERET S, 205574 ARD
BREEEBRETHE, KEEROHEYE LU Ol S BRI TR IR R EERRE OFESY
EETDHENMKETHD,

Fx BRI, REEIVRIAMERIETOEREOKEERBRECKE ERFELZHOIICTE 512,
BERELTClary RO E R -7 IR E ERE S R EEREDRAMEHEYE L UK EERE
BRE1T-72[3], ZDOEBRIZBW T, T IR EEERE LK D RISIZ X > T saponite 23ERK L. F D14
forsterite & saponite >5 serpentine 234E L. saponite IZTHBL CLEILV VIR ENESLNT-, TOFEBRIZE
UNTHE, RSB EERRYE D FE RN saponite [ 2TV MESEHERL T - 7- 3 | saponite WAEK LT o7~ EREL
TEZILNT-, L UIEREERENOOEMIEBRELE 2 5 T, saponite IZiFVW AR DB DR D & T
< BOBIRERIES 265 Clar RIA MR AL > 72 IR EERE D OE L E X AVLENDH S,

FZTHEIF 21X Clar I/ M EL T e B ERE R O, TO— & b S - EmE 2 /e L .
ENOEHBEWME L LU KEEREREIT o7, TTHIDITHEDE D Cl 2 R T A MK (Na,0O-MgO-
AlLOs=Si0s-CaO) ZFro T AR EEEBR I 2 V7 MBI X > THERR L 72, TERR UT-FE s BEfstR 2. R&E T
ThE & IR ERFR RN CRER T 2HIZI T FREVIERE THEHL DM D forsterite RS sl L-bHDFE
THRA IREEBER B | ZNAKEEREROHBEME L LT, KEERERIIT 7o MABRENELEZ
SUS-316 i A& % AW TITo7r, SREHIMIAL I KEE T CAESICE AL, HEx 7RI EERR R &0
(150°C. 3 ~14 A M) THEALZ RS W7, EERAEMMIIH K X BEHT, B R AR E M. R
I E FH A VT LT,

AFER T, B2 R HEDEAIODOERILYE BT H5HE T, KEERBERICBITAHEME DML
EERFHEEZERETS, £, A RIA O A A DR LT 2E T, a RO ERESE, ERIER
IZDOWTEETHTETHD,

[1] Ohnishi I. & Tomeoka K. 2006. Meteoritics & Planetary Science 42:49-61
[2] Honda M. et al. 2003. The Astrophysical Journal 585:59-63
{3] Noguchi R. et al. 2008. Meteoritics & Planetary Science 43:A117
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1 EDITDERICRONDIEEERARY M BEOSELEROY 1 X3

OMAREA EBEXRE =RixB
RERRFREMEIRYE

NYTHHLREFLEEREEERICREOSN IV ONOEROREICIE., HEMIZENT
WARRETRTEANREL TS, KRR TIE. 25 LEEREAEERICESEROREIC
BRITHLDTEIERENR. HLHMEDK 3L D %F bright spot &FERC &I
T4, TOHEG. BIATREENEHEECERRLTOEHE - BERLEICKHEE. -3t
FHICRLIADDBRRLGENEZEZONDEN, B<HH>TULEL, FITEAHETIK
bright spot ORERZEBMET 5101, AEEBRZAVTEFOSHERAR,

RRREAD 22mm/pixel LIEDEBZRH, A5 394 B bright spot R LI, HHEHBFT
[CAVWERERE. N\VIULNBFERICHRELEZLOTHSH. a9\ I Lb—F—HE
IZBoNn TS, iz, MusesC RA—XTFTL—URBOERICIE,. FHLFHLERAREL
TWHEEDD. BEBEEDR|IZIFEAE bright spot ZHRT I EATELL, KBF
R TIE bright spot MBEEITEL T, (A) HEMALEEL. E-ZFYLHERTESL0.

(B) BREENANI SRAE—KIZLE>TWLEED,. ) THBTHINEEDRILHLIESR
TEHAANERED., D) BEWLWEZLIZED. (E) bright spot NEEEL > TS &
SICRZS5ED. DHIBRIINEL. TAThOSFICHENLRYLAEETEIHESH
PEZET oz, SHITAKERERAVWTEROY A X0HERH 1=,

Muses-C fEIS{TIEDERZMR WD S MOBEBZRTIE. BRBTHIELNDTED bright
spot D¥iF. BEBEASVERIZLEZL, THHLLERBHREICENT, BEBELUTOXE
& Thright spot NEEL TWSATEEMENH D, LHALFELLARD L. COBERIEI L
— A CIZBVWTHETHSN., YL—TD LEICEBLTIRERTELL, &5(C
bright spot DR HIFEREFEMOMIKICEZRL TS, HIZIE, EEERDS S 2 KRIZH
WTHRTELEINKIT o LS LHRADERICIEIZHD I IL—TB D spot BiHd, &
BOY A XHHICEL T bright spot DFETIZL > TEDERMIEVHS RSN, SEER
Ry FOEENEROKRESICEERZZITTUVRARMENBVNI &/ o=, UEMD,
bright spot DRBRRIZVL L 2BERFEL. TORREEROMBRIE L OB
SMNDOBEFRMNEET S AT IR,
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=SREREEREZRWV-/IERESA AT - TOX
KREDHRILE —H A XEESH

TR’
= R 254
R OEN

' Department of Museum Collection Utilization Studies. The University Museum. University of Tokyo

P 2

? Department of Farth and Planetary Science. University of Tokyo
? Department of Geosystem Engineering, University of Tokyo

* Planetary Science Institute

NEEOLIYANED & SHBABERTHBRINTELIAERT I LXK, NEREDIE
ROELE, TELTARI FMILBEEOBEOERTEETHD. £-NEEEE. 1 +FHTT
EZTWNRALTHSIETRBEINTLSHN, HOPMKELEDH T, EHNITH > TIXLVELY,
CORIZRIZEENTUVA/NRED., MENHECHEELLZNIFENNY 21855, #E
EoRRAMNT - TOXKRBOLIYVREBRATHRILT—ICEB Lz, 4 FATIILEID
INRBERICIEEVEREE (BS6 mm/pixel) THREIh, BEEOHNNASA FHD
EETNITRSCHEBENEONFIORTOH. RLF—OBALARETH D, BRAShi-F
REGEEEBGZRAL. BIOnORESORILE—HE cn BEDORBERRICELSE THOM
HEHAA, TLT. GH2FEBORLE —DHY A4 XORET—4R—ZL., KILF—
DEDFEZEOKAROERLEEFR LM LT,
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EHAL—Y—IZ K 5EARMAEAMZE : #ZFE10
kmP ETODEZEIZEDL i FOZKRHFE

OMBHME" H"FRFL' APBHE—M' X&—A' EH#i7' BFREESL' #EHEF'
WTHZ ' EREGH RBEAK' BEEEN EFFEN REHNC LEARKES 0H
ZH°

" KBRAE, PR A

FLHIC
REERBERYPICE, IMRASREOLHEOXRTITHEEICHE1OkmULOERETEHRE
LTEY, ChHIRERBRBICKELEEZEATVEEZAONTVLS. LML, CO
SHERETCORAERREZNMMRREICEARNICEDLSBEEEZSA TV OMNE,
LA TVEL. COEILGHEDENRDE—DRAE LT, ¥ 10 kmE EDOEHE
EEICHSITOERRBIIFERCEHETHY, BAMEEBEARNMEFEAELSNT G,
=AY il >Y (- T
WE, WMAL—HF—FDOGXI] L—F—FBANTEARMPEOMERERZITL, E 10k
mULDEETCEREMENERET IRICERIND I L—F—, RETLIBEHFOHEHN, RE
TEIHAODHKBE - BEANH, T52&FBHELTLS.
EER-#R
GXII-HIPER L—H—%EE100—30039 0 VDA RAELUEERO IOV 2
4»Lﬁ%bmgtt.7uy1794»®k&@W&;UHEf&é.Xﬁnv774h
HIZEYUXBIL—IVTAASELUXBRMN) =9 ASEFE>TTADS V24D
FEEZTALEER EE1Okn/s MEADMENER SN, TOD I 2 MIILIEER
BIIZBBAL LiF HRICEZET 5. LiIFIROBEBRULBICRETIAESALLEBER Li ARAL
HEEZONBEBREABAINI. LiFLEE 1 Okn/s UTOEZEETIHXERELHLIE
INTHEY, COPKBERIIEEFEEN 1 0kn/s DIESIXHEMNCLIFAREL TSI L
#RLTULS.
FLH
EHAL—F—FF-THITIVH A XDEAFMELI. 100-30039A2VDHF
ARUZILIZHLOTAS IR AN 10-50kn/s [CMFESHhTz. ThonFad
IOFANUD LIF AFBELECEICEIYRELEZEEZOND LI AXDOBHEMNER SN,
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K—RSA4T7A4 A 2BROLEMRENEER
OZRKRBE. ®BEBxE (A KIEB). William Durham (MIT). 1L (ChXE)

Plastic deformation experiments of two-phase mixtures of H,O and CO. ices
T._Kubo*, Y. Kajiwara (Kyushu Univ.), W. B. Durham (MIT), T. Kato (Kyushu Univ.)

We have carried out compaction and deformation experiments on two-phase mixtures of H,O and CO, ices
at 170-220K and up to 120 MPa, and 160-190K and up to 50 MPa, respectively. The flow strength of
two-phase mixtures is near the average between uniform stress and uniform strain rate models. When the
stiffer H,O ice contains 20 vol.% of the weaker CO, ice, the viscosity of the two-phase mixture decreases
by less than half of that of the pure H,O ice.

BIA B LR BT RFBEBKEK & & bic, 8% < DK KA (Ganymede, Callisto, Europa, Enceladus,
Phobe, lapetus, Ariel, Triton 72 £)FRE<° Comet 72 & KGR /MEE CEEI ST\ 5, BER bz
F 13 water ice [ZEEFEFIZHE S 2> [1]728, water ice (2D EDOEE T BLRENR S 2770 T
MBS N Z RELSBO I ELHRERDH L, PEOEK _BILRENRIS - X EORE
FEMEDRRAT HMEHAL NI L, KREHFRSCKEFEBOKKDOT 7 b= A2 RFFTILERD
Do ETRKBGRIMEEOKRAEREITITEARZRZRCERAZ U BHEALINTNDEDN, 250N
IS b waterice IZEENTIEFIT/NE N T & DMHERH STV 5(2,3.4], KEERIMNEEBDOK RKIER T
VIR ITIRIE 2R 72, water ice DA TIHBB SN TWD XD RERLRT 7 b=/ 2T Zvic<
VY, [E VY waterice (28R 5 220 non-water ice ([E{K “EgfbixE . BEER. EERAZ ) DOEERSE
ST EOEBICER LE2HMA LA P —ORBHREERIVLETH D,

AW TIE, EE BRI & waterice D 2 FHRITISU T 170-220K, 120MPa £ TOERE LR %
ATV, ZERRERPMNTIT 0 OHBBMEZER LTz, £ x AW THE T X OEE T GOMPa)lZ 81U C
FNENEIEN B I OEEHHEDBMEEREREZIT o7z, T E TOERSMAHITIRE 160-190K,
FEHEE 107-10%", )57 0.7-30MPa TH %,

20vol%. 40vol%. 100vol%DFE . FHNENHK 120, 70, 40MPa (2B W TZEREN 0 ITELT-, B
ED L ZAFEET TCOESHERERIIRIEMERDP L EENRERT —ZI3ELN TN,
KA AFEEEZAWZKRRETICBIT 2 TEABEELFER TIL, BEE _BLKREL water
ice D 2 HARIZBWTENLZ U — 7 & FHRINDHBMEBB] USHTEE n H4.7-52) BE ST,
water ice |Z 20 vol. % D [E{K “FR{L R FE 03 415 & | pure water ice |2 L~ FEMERNS Y45 LI IR T
T %, ZIVE TOTFRHAIHERIC LAVTEERZBRLR F-water ice 2 FOKDRBNS 11X, BA—ER
TN —BETNVOEZNENEEZ R L T D, SHRFFICEER ZBILREBEORELS/NE N
FHEZBNT, EIEREHEBEOBELED IO R HIE R, REAVBLETH A,

[1] Durham et al. (1999) GRL26, 3493

[2] Eluszkiewicz and Stevenson (1990) GRL17, 1753
[3] Yamashita and Kato (1997) GRL24, 1327

[4] i TEE, 1999, WEE A 8,34
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BRIL—BIYIDSPHYTaL—2 3
ERBREETILOME

=2H RF. Fk KX (EEEEXE)

RERBICRONAXREIL—F—(2F, FREPEEY VIBENROND, ChHD
AVTULYIRIL—E—DOBREHELT, BEYVIaL—avhn, [REYER
B/ [BXBEEIRETOE#KEIC. 15, EVWSRT— VFRINRENTILNS (0 Keefe
and Ahrens, 1999) .

ATV IR L—E—HEO—EDBETE. FREDLSIZERMTERLET S
-HREMEDOREIL ‘softening’ &, BERMUICHBEEROEHICYEREICZZIONS.
BME ‘frozing’ ARETHD, COLILGMEZETIVIETS0ICIE. MEREDET
ILOEBRILBEL D, BEICITHOAEL I aL—2 3y (e.g. 0 Keefe and Ahrens.
1999,2003) TIlX. BRAREIZ, BEKRFEMECEH/ZEREE. F1540 20— - BIBRA
DHMBEFEEMHKRL., EENLTRREEIEEREECORAEBBLIYNELLTVWS, B/IVYE
BEN~10KPa DA —5—DF £ H 5 Wunnemann and Ivanov, 2003), ch5DEZMEIE
RBEEZERISE, AVILYIRIL—E—HERORT—) OGRS A—4— [RE
MERE]/[RXIEEEETOEFKEIDEIE. 0.15 K YNS L EEREENTLY, I T,
BHGRREESRNZERVNVTaAVTLYIRIL— 2 —DEREHEEZT X T 51-6(Z SPH
FEERAOLVERECISAL—YavEERLE,

200 BHIFERAWN-3RTYIaL—Y 30T, BRAEAOER : 10-50km, FEE : 3-
S5km/s. PBEIKZHFE : 50KPa-100MPa MEEFE T I aL—>a v EEH L, BEEEK - EMIC
Tillotson KREAFEX Z ALY, HEBMHATHIMESR 806GPa, Von-Mises BFREHZEALT-,
BKBEDEWCED. AaVTLYIRIL—E—DFH. bSoPzoboL—4—DY
L—A—EDLR. PREODHEOEEERIILE: (H) .

TLY2FH)—GHETIE, Ay—YVJBERANTI L—3—EDLREIEIETEH.
ERANPRBIERYBRINIFTREOHBEYMELLYBRELERT D, o, BREK
OYMEETILE L THBHAZERALI--OEEZOND, T, EMONHIIRSTER
EL8, BHUNAmISGEL-EERORSKEICHELERFORRENH Y., thEIT3EE
Lz RENAERTELIETCOHROLIaL—aVIZEELT, %2 3Ial—Yay
ESHBEBETILELH D,

@4k (R=50km, V=5km/s) ASHEER T 1 F (DIEEY (Y=5MPa) (= B2 L =184, Y/ ped tk. 1.5x10%,
EAD t=0. BARRE (t=12). HE&TE (t=20),

HEF AR TRREARFHEARTBEFHNERE 4 —OHERERAB L,
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FHICBTA2KEBELV/N, FL— D
R EEMICEAT AR

OFZ #' EJI| &2 B.C. Chakoumakos® J.A. Fernandez-Baca®
VBARF AR TRRE YA —2 U CENHFERT

FEFERLONE, XBROEFHRTIFFELL

300 - . -

R ZLEDHELEVNKEDREIBO TE w0l om 9
BIzhh b, BbE. A-OFHEMOKEE o0
BRETHEBELEILCOIRFELTTAROM 120f o
BERARNIHARETTHTLS, ChET. 2 100 feefn
XIE. BIE. RIBFLALBEEHT 5 ' .
(#1—200°C) T. Kk#ERPOKSFDKENM gsw

ROBFEEATAEIZELIZCHEILE, KOF

DKRIEDBHEFUVTLADT., ThH 401 ”iﬁb+
iS5 EKDPERIZHBL THRBEBKRIZHS, 201 ﬁm’*r
CORRBITESNT, KXUBLEENHHE o s o0 L feroesneex
BEROKDFHICFEEST S LZRIBLE ° 1%|stancezgomﬂwe§3n(AU) “

(B. &5X#) - , , .
. Figure The area (below the line of Tc = 72 K) where ice
AKEEZ. A—2 ) v EIFEFRIZT. Xl exists in the solar system. E, M, J, S, U, N, and P

. _ _ indicate Earth, Mars, Jupiter, Saturn, Uranus, Neptune,
ik X1 ﬁ‘%iifﬁ'@.@&jﬂgﬁ@ #FLL H R i and Pluto, respectively. The gray area represents
0.4 GPa ETHOENTKXI BRET L EN :re;Fs)?orrar:murtZsic(es;_l.sGSoﬁc)J :r:dgr::; (si,?alll)hciirsc:leasblse‘hotv?l
it o=, 0.5 GCPa LLEDENZEMRf=tp V9N Muderandprotons
B KX EFENDBDKBERFEBENFKE LT, | GPaBEFEFTMET S &, TR
DIZTEILIT 7 RAKBEELA, —ELULOBEARAT L. REICHERIEL TKEMN
RSHFFH/RA DNz, UEDBERMN S, FREICEVEETHFET 2KOXKE. ZEMS
RBICH T TIRIEKRROKFELEKTHEREEND EBDNE, WA FEERELENA
FL—FTHREBOKFILENBRBEEN-DOT. KROFEEICELLTKRIEIRS0ES5,
KXLEXRXITT EFHICELSFETSERDRD, ChoDKEHRATRELIZVEER

THEY.,. ERETHEARRT MLEZAELTWS, TOERIZODVLWTHRET 5,
£ %Z3C#k : Fukazawa H., Hoshikawa A., Chakomakos B. C., Fernandez -Baca J. A.,

Astrophys. J. 653, L57-L60, 2006, BAXERIFRIE 16, p. 7, 2007; Science 315,
p. 18, 2007; HARthEFF <5 Vol. 18, No.2, p.97, 2008
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BEL, LAESART 1, PREEF*2, FIEFEES. IhhB 3, KB— A3, EHELF
3. BEFEIA A, BRIRIESLS, BHEF3, BERIEN*3, EHEZMI
"1 Bl EARERE AR, 2 MEREBLPERL 3 KBRR%E L —F — X %)L X — 2%

v F— *4 RIRREHEAZER

EUIC

BAE, RIRRFL = — 2 )L ¥ =2k v
F—IZBWT EBAEXITZHVEZL—F =77 L
—¥ a VI KX AHANEERE ThiIL T35, Z
DEBTIE, TN F TCOBEBMEEBRTIIREES -
72>10km/s TOMAME & % O JidH AL % FH
7-H 2 DERBR DO % RHEHIfT > T 3,
FABRDTN—TTld, BEEEHREIC XD EH
ERELZ R LB bbb 7L —F —DEBER
BT AR Z2ITI LI hoT, ZJL—F—D
RESIFEREEFMICLORESEBLTZ2. 50
FlicfEoNB2EBREXA Y — LD L —F —28
WTI EBREICL D ZDH A4 BRI NT
W3, FlZIE, 7V —F —EXIXELDEREEE
EREINZ G T 2EBRBEODENDHA» SR E
% EEZ o, EAESIME L R s 7 L
— Y —RKIRRD L, AP R BT 2EEE N
DOFEIL, FEEED-1.7--1.8 £TH 3 2 L BER
HOEENS o> TEDH (Nakazawa et al.,
2002), AAOEWEEEL 5252 2k, 7
L—7—EXZ2HEBEbLLIEBTES, — .8
fHy 2 21—y a3 ik b>10km/s OEHEICE
W TR ETZE RO TEZERRE 2 D | BIRES
DIBEPBLL BB ENTIBINT S, L
LB ZNFEFTHERKREX (B100um) @
WAL Z ERRMARDE 2 2@ 2OEE FTIET 5
TED ey o 17 & BRRRD 5] &t 2 4 HE
WKOBWEBBRIZOWTIZ T L A EEBRPICHEN
SNTHREDo7, I CTARFETIZL—F -
HHALZ W 7 L — 5 — U ER R 1T 552
RS ROE T DR I T 2 AL PR
52 kiZL7,

EBAE

L —F —IEAOBAMIZIZER 110um O 7
NI LEREHGE, ZOBALEEEL - —
& h 13.5kmy/s FTHEL ., KRAE 7L —
Bz WBE. 1.5cmx1.5cmx3mm) ([ZHR2 I8
T.EHEMIE L -ERREICI L —F — 2RI,
KRE 7L — M3, BROEE B I - ik
BLA2wI ) it = K% o BIg Tl D £,

R 2 F R 72 B 72 S TR AIA A 72, [EIIR
L7z, 7 L — % —Tgik L REREEZ BT
PR & Ve BRI CHIZE L 7,

ERER

FIRE N XE Rt Enzr7 L —4 —ik,
WE/IERD 0.1 BUF EFEFHIZROSDTH -7,
7. 7L —% =R AR —OVIEIC X D TERR
N EHIICRZ B, BIREE LD IEHFIE
LIS AR =NV X B3R Z RBT 5,
SR O—E MR ERE Y R R I ks, i
EHRIZXZ2DDO0, L—F—DEERFICL 2D
DPE, GDEIAFHETHS, 7 L—F —EHRE
EHALOEEI T 2L X — DR E RS L. I E
TOH km/s DL OEEFEERDFER & BEELH
2ZEbrot (M1), —H, 7v—%—&
XL T, CNETO/REZAFLMELD
DD/ otz T, BREICBIT BHED
FRIZK D IRICENREDBREL okt
XN 5,

Nakazawa et al. (2002) Icarus, 156, 539.

1

W This study

QO 4kmis, 7mg nylon pro

A lLange and Ahrens1984, Granite
—Gault 1973

01 b TR e ,,,,, » o -
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M1 WHOFEHIR LY —E 7L —&¥—BHEOBE
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FHICESTOMBERKDFRELIEEHTE
—HRA SR ER VP FEFTRREANT-

OFINH "* RiZM® BBz’
(RERZXER BERHFRH *BRRFHHAREAREE)

KIZTFEHEMZEEIZFETD (eg., Kouchi et al., 1994), K& FER43ET BN OO KA
FETHIELMESN TN D, SHIZESE, FHICBITD ice XI OIFENRBIN TS (Fuka-
zawa et al., 2005; 2006), ice XI i%. iR HEE ’Cfﬁéti ice Ih DAKRFRFIRFCLIEEEFFD
EERICHMBLI-EFERTHD, ZOBFEMIK ice XI1E, 57-66 K TEETHLHEHMES N T
Do REFRIZEWT ice XI BHFEETHEBXIONTWADNE, ZORESRMELM-+. KEL. 1
FERVPINLOXEOHE, LREOBO I THD, 612, EFERICHLHMFBEMRIK ice XIBFEF
FETHAREME A TRIBEN TS (McKinnon & Hofmeister, 2005),

EERIIFENRREFLSTKKETHD, ZHROKITKRIETHDH, FOAEIUEEES
Em<i5, 2E), EEREONTICIIEERIBEREDOKNTEET D, EEEONTOKBEDL
IIRRFETHFIEL CWENE, FEFICHEBRIE, ITF, KOKIR R E KBS B I DH % E
+H ice XIII, XIV 235 &7~ (Salzmann et al., 2006), ice XIII, XIV iL, K55 FDKENEEFILL
72K THD, ZORBEENZHEEZEEEONIICY TUIDDE, FOMTIEE ice XIV, DA
ice XIII, ELIZREETOIMAUL ice XI ELTHEETHIEIT/RD, LOLARAS Salzmann et al.
(2006) T, FHERB A {RESE DO DO RMMEL T DCl ZHEILIZ3 B ice XTI, ice XIV A3
AL, KOD ZFMULERBSITAER Lo EL TN, FHIZBITAINLOKDTE
EEEBZI-HE . ice XU, XIV (IRMBPOENZISTHEBAIIZERTHIRETHD, 2T, 1
MED NaOD Z MLl THWTIRIRSESRGEOKEAERK L, R FE7 BT H EE21T 72,
AFER T, BIER R RO, BERIT 2T RICOWTHRE TS,

£, mESBEROT-EEM KT T RIITEITHIZDIZ, NI~ LVF T UL LVDOB AT
STWD, ZOEAZHNDZET, 10 GPa £ TOEE FIZBITDH R T F Rl EERS AT RES
2B, ZO=IVF T e EILOBRIZONTERERFE TS,

ELIZ, R HIEE A OTZRBERK ice XI DEIELIT-> TS, VK, REEERSE
WEESFICIHBHNCEY, FHIFEETDIKORAARTIBNELNL T E ThHD, FHICBT
BEEFH B ice XI ZFHRDITIT, EREFIZEB VO Tice XI DFRARALTIEBRIEL ., F DA
LLBETHIERMETHD, T T, FAYEVROERE EIT ice XI AL, RARILARZ K
WEBIE T B, 600-800 cm™ fFITIZMFFBRKEEH O — 7 BNEHISNDEE ZH6ND, $T2. KD
SRUNIRAMRIZ 3t AL 3B Z & CHHEIRE, ZAREICHETIE—72BAIL ., ice Th LOFEWE
HLARATETHD,

Kouchi et al., 1994; Fukazawa et al., J. Cryst. Growth 281, 251-259, 2005; Fukazawa et al., Astrophys. J. 653, L57-L60,
2006; McKinnon & Hofmeister, 2005; Salzmann et al., Science 311, 1758-1761, 2006.
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EELEERIA DB/INA A RV NINRE RSB L U B EIR Y — A

OFE Ml (terai@stukobe-u.acjp), FHE E—!
"E RS KRR

AA v hNREE (MBAs) O—EITHEBEEICR L TRE SBEWZEEL .
ZD LD BRRERUEER A EESTAI20E, BOENEREZZ T CTEEN EMI
e STLRTHITR B0, ZOMEL LT, RESCFHBREIC L > TEAKILEN
FEBRENERWIEL B VIR L CUMNREEZFERT S & & bIC, SUERR S CEEHE
AN E Lo EX SN TS (Petitetal. 2001, Bottke et al. 2005). = D@
BTHLTOREOHBHT ANAA UL N OFEBIZET LTI, sub-km 314 X
DI IVNEEEI T A2 Z T THEER AN HETS. Z0RICLY, EEEHE
A D MBAs IXEE B O MBAs (2~ THUNVNEREDEIA N /NE < 72 5 ATREM
MWEZOLND., ZOBBNEBRIZEZ o722 LR ENIUT, KBEZPEER A &
HANBELT-Z A IV TIZHIBEE 2 A Z N TE 5.

UED XS BHENG, Fa i sub-km MBAs O X4548 S EEEAHE O S {K T
BIRDMDE D MERNDL 2D, TILHEESEEE S B AT Suprime-Cam % T EEL
EERA D sub-km MBAs %% —7 v k& T HEEBINE Y — A 24773\, Hig
+25° AR 22 fElk (5.6 EHE) ARB LI (WS R, 240 BEH). &512, 7
— ST —=AT VAT 5 SMOKA MOk~ I g OBEIT — % # RS L, 26 48
WOy AT LTe. EOREER, 382 FHEND 550 D MBAs 2/t L7-. IRA%SHK
23.8 FHITHHY T DM IRAERIZ 0.7km TH 1.0
D, THLYRERERD MBAs &> 7L
RKKE L=,

BEohi=V I AanbEuEEAA 15° % BE&>1 km
BIZ2O00 7 NV—T12505F, TNEFN THER
2 Ikm RBOBONINER OB A &R, 7 = 05
DFER, KELEMAA MBAs Tid 0.508+
0.077, mELEHEAA MBAs CiZ 0.373+0.081
EWV S ENESN, SEUEERA MBAs DX
IV NNEREOEENDEIE NI N E
WHEMA RSN, Tt MBAs DELEE o high-

A AEROR G20 2 AR AR rimimgn s MBAs, mBGER MBAS

LTW5D. INENOBINIERE (EAE<Ikm) OFIE
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ARENGSHRAO-HO/NEE TEER] 557 OPUE LR

OfMIEEE ', WAHT? EEEX’ o B, HFEELX’ WARA>, aEEH’,
BAWNRS, $HKE’ 2 BRC ARNEZ’, muLEz . kaket, Mt

DJAXA FEF., YAmKE - B, JEIXXE. YTAXA

SELENE DEHE N O 1E, 2HBOFEHE (1) YL—HE IB8E7%4 (Rstar) | . (2) VRAD
HME IH57% (Vstar) | ODBEICHIILTz, ChICK->T IEEL] X2007F10 B9 BIZEE
2,395-120km OFEAEEIZ. TH 54 XA 12 BIZ 792-129km DB (A SN, ThOHDF
BWEE, )V L—HEPHI (RSAT) O 4-way K FSEBIE. VLBl EEKR (VRAD) DEEK -
IHEEMER VLBl LKL AENBOBRELR T YEVVEMIBLIz. ChICKYRRDAE
WBETILEREL T, BITBRAS~ZEAORNBEERVITOMEEZMRBALOOH 5.

B&EH) £ TES5%) FRAS v a ITBEL: 4Ske BRODEBETHY . EHBHETH
EORLEZESLO-OICEDMNNE - ZBFHZTOLVVNEBETHD, AR T, 4-way
FTSEHR & LRKRGHEE VLBl ARIBFICEIREE 5 & 5. BIRBEREAR Lz, £z,
REAR LB HEEBICNL T, BELREENMNCORBEREBRETLILF. iR
ER & Micro-Lab Sat [C K DB LFEFEICK YRR Lz, O EZSURH AR -HB 7 —X%
BT, ARICRR-ELDBECE ST, 10 ADDS 11 BICHATTOHMEF v I 7o FTIE,
INABEER. BAIKS. RUBEBRZETHRA AT LOBEEMRERRE1T oz, THHFERIE. UL
TIZxREHBND,

- BR%R: Zv7ILkF (NIMH) EBM. S IVKEENR. EARMESFE. S vay
BRITICRELGENORE - £ - nEMNFIRELAMEZELTWLS,

- BAIHR  BRETILRFERLATHY ., BLELOBREBRICH LT, BEHBB~OBEYLREE
DR - FIENTTRETH 5.

- DHEEE . RTSTANOCHEININEBOERBLXEVK, SXBEFAR—LT7 VT
FIZKBBEEI Y. HVICTHREBRNEED-HOKRKBAFTANSDEREFFH L TWLD,

- EEMEE . 2TOTLARMY - Oy PR, ERICEET S, . BERRICEITSX
RELALEERESFEEBLTHEY. BEEREAMENENGHIRELER T H-HDH M
2ET 5.

CNODBERML, EBAZI VI VORZEERIODERZXESBRET SHEEFTH L
LI
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BiEEETEMN COIZEITS
Fxt VLBl gRAIZ v 3>

FithrE'
"EZ K ITERISEAER T Y = 7}

BREOANMBEIZTORBRELILLZFELILTEELFEROVEDTHY .. FLABRRAOE
EDEILEMBATE-OORELGREL D, ChETHRSBEEDHTICIZIARED BN
BREERBICERT SHENEORINSHTESIIEN G L. L—F—SEHBRASCL
SREMEAEICAL SN TE[Bratt et al., 1985, Konopliv et al.,2001], EAHBIL
BENECRBFITRINCHEEINDG -, HEDHELSRETEN T I ENEELR
D, CNETARLGEDREREICTh LE-FEMORBRARERLS L VEMELLESE
R E &£ 9 5 Range & Range Rate (R&RR) EAIDAHIThHhh TE A, R&RR £ TIXR#R
FEARMANDBRENNEC, BICABIBTIENBICERT 2BE0HEDEHZ LS X
B ENHELEMN STz, £FCT. BIFEHMA CODHEXI VLBl T v 3> (VRAD) TI& VLBI
B @28 ENSEOHEICIEAT 5 [Kawano et al., 1997], VLBl TIIBEREERK
BN ERESINL-ERELZERHOMERTRZEL. Z0REHME GEEEME) LF0LEixk
(ZUYPL—hk) 2HET D, TD=H. RRRREBRIE XELY, BBEEEHFADOHED
MBEILIZERE %X D[Antreasian et al., 2002, Thornton and Border 2003]., =& S
BVIBI A ZITSIC&ICE Y, ENSORERENLEKMICAEL. HICABINOES
BENETIILGERETHET S EMNTREELS,
VRAD 2 v 3 UTIIXRI—E—LVLBl #illlix. R4 vF U J VBl 8AlZE NS 25 DEA
FEZRAWV, VBl BAIDERAXDREERTHIAREE. SHEBEBEOHEKRICHIILE. £
DiER. SEARVBI EZZRAVT X FHEMMEEERMZ 27107 EFa/4T10%<. 1ps
DEETHET A EICHMILEz, B, RSAT 2 v 3 U THRE LT 2-way&4-way Ky
ST—58¢2-35ANDVBI F—2F#RAVWV-BENGHRTERELTE Y. XERTIL.
RFDODAENGHERRFICOVTHRET 5.
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<% (SELENE) O F-HEDOEBEMBERTE : %8 MR~ — akick
2 < HHxF VLBI &L

Precise Orbit Determination of the Two Sub-Satellites of SELENE (KAGUYA):

Differential VLBI Measurements Based on Multi-Frequency and Same Beam
Methods

it £ (1), B BEX (1), EH &R (), WH EZ (1), BE RA ), SHEEQ), f—krR2 $r¥y—
(D), &M —F ), AFEFWQ), BHEBE 1), A FEE 1), FHEA 1), BA 04T 3), Sty
V7@, OFHEER 1), F 98 (5), E4AKR Q) [ (1) BARERABBETI KA RISE ARE 70 =
7 b, () FHMZEMZEHARETHN AN ALREFRERANER, (3) WNREREGE L HREER
FEIE, 4 A VIMNIRE, (5) PERER R XEFHRY A + 3 7 AL 5 — ]

Fuyuhiko Kikuchi (1), Qinghui Liu (1), Hideo Hanada (1), Nobuyuki Kawano (1), Koji Matsumoto (1), Takahiro
Iwata (2), Sander Goossens (1), Kazuyoshi Asari (1), Yoshiaki Ishihara (1), Seiitsu Tsuruta (1), Toshiaki Ishikawa
(1), Hirotomo Noda (1), Noriyuki Namiki (3), Natalia Petrova (4), O Yuji Harada (1), Jinsong Ping (5), Sho Sasaki
(1) [ (1) RISE Project Office, National Astronomical Observatory of Japan, National Institutes of Natural Sciences,
(2) Department of Planetary Science, Institute of Space and Astronautical Science, Japan Aerospace Exploration
Agency, (3) Department of Earth and Planetary Sciences, Graduate School of Sciences, Kyushu University, (4)
Kazan State University, (5) Center for Astro-Geodynamics Research, Shanghai Astronomical Observatory, Chi-

nese Academy of Sciences |

AiZ, ®RIRTOENGOREVSEEL 2 2 BN ER D, ZUIHE - PESHIILCW2H, 2D
U BULEETIETHS. 208, BEOFy 75 —BHETRIAEL ZODMESBH -7, —D13E
BINRZBVE (F), )—2RREBOBEFICHY T 2&LH THEIF LT 2ETHZ. ZORADEE
DAL, BABOBEBNFLRARD LICEIHBCEELANOES L FARZLELHI2056THS. Fv 7
5 — BB I L RERE -5 0A, BUFIcB 1 2BEE -, ZOREIBICENSOEX
HOKE, BICRENMEFE - - Y7 7BEOBEL2RET L ETAESEBEEL k- Tw7, (F Bl
EEZDOMRICOVTEHEEFEED—~ATH ZUARDHEERESROE.)

ZOMEE BRI TR TR (SELENE)) @ VRAD 2 v a v TIRET, VLBIEHEINEHRIN T3,
VLBIEHIZFy 77 —8Hl L B4 D BRICEELHCREZFED. o CTEANFEF NV OWE, O o0
BREORBIFETIENHFEIND, ARSI TOTHRED VLBI #8113, ENBEAICB->TEZ1EH
8 y HElOBRIEEH 5. HUHBLE - BEHEEO—EDT — Y #To2 T2 ALy 2HIEHETH
5%, BAITEBENCH LTI 7P 4 LAISEATOROOPERTH S, Lo TRERTE, B—r—280
DF—FO—HEHHA L SHICB T 2 BEHEORIPIC LD S, S, L% O VLBIERT—¥ 28
M BENBARMEE 55, KEWEINRTORLT -2 OiiFE A<,

Multi-frequency and differential VLBI (i.e. Very Long Baseline Interferometry) methods of the two sub-
satellites of SELENE (KAGUYA) are demonstrated for purpose of precise orbit determination, and also precise
gravimetry of the Moon. Accuracy of the differential VLBI measurements, especially same beam VLBI observa-

tion is much smaller than former VLBI results, revealing the possibility of precise gravimetry of the Moon.
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Far side gravity field of the Moon from four-way Doppler measurements of

SELENE (Kaguya)

°Noriyuki Namiki, Takahiro Iwata, Koji Matsumoto, Hideo Hanada, Hirotomo Noda, Sander
Goossens, Mina Ogawa, Nobuyuki Kawano, Kazuyoshi Asari, Sei-itsu Tsuruta, Yoshiaki Ishihara,
Qinghui Liu, Fuyuhiko Kikuchi, Toshiaki Ishikawa, Sho Sasaki, Chiaki Aoshima, Seiji Sugita,
Tadashi Takano, Kosuke Kurosawa, Mizuho Matsumura, Masanori Yokoyama, Syun-ichi

Kamata , Naohiro Kubo, Mari Sato, and Asako Mori.

Abstract

The far side gravity field of the Moon is resolved from tracking data of the main spacecraft of SE-
LENE via a relay sub-satellite. The new gravity field model, SGM90d, reveals distinctive differences be-
tween features on the near side, such as positive anomalies, and the far side, such as negative anomaly
rings. Non-mascon basins, including those on the far side as well as the limb such as Hetzsprung,
Mendeleev, Moscovience, Orientale, and Mendel-Rydberg, are classified into two types depending on the
magnitude of central gravity high. The second type of those non-mascon basins reveal close association
with mare volcanism. The crust-mantle boundary is flat for basins at the center of the far side and uplift-
ed for basins along the border between the far and near sides. Variable styles of compensation on the near
and far sides suggest that the lithospheric of the far side was more rigid than that on the near side at the

end of heavy bombardment.
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OMFEFH ' . SHHER® | RARRE . BHEZS .
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Iz

EOBFEICLYA ONFEEEZDLZLIT, £ORFELEEFRR TOFNNERY, $- EHELE
N $TZET RO AFREI L a AL R D,
EOGET NI BEHEDON vX 7T =2 Ry 7' F7—7 —48) OfFTIZ I ELNS, A B E
(732 Tid, FHEOMIZFkEEL B Edway Ny 7T —BIRIZATOZL T, ¥1DTHDEROES
BEREEBRTOZLIHS LI, TIZIY A DT a— SVREFO~y 7T BMERSIL, A ORRLE
RITOESEEDEPRAONIT/2o72, Ziud, A ONTHEED Z5H2Hbh L TRY, EHITTA D
LD " EERR T OFELVERD,
ABFFETIE, LTS ~D BT E N G2 ET 2 FIELE N LD LV FEMIAEEE 252 8T,
HNEHEE~ D2 B 52 TV,

HEY

Lunar Prospector X3 g £ TOE G Tld, EARIIRKERMBH CBRALZELL TRINT
X7, ISR NITBITA A DEHETIE., T dway BRI OMEEE DSBS TERY ., BREFAMER CE
HGERRAL 0— Vi< TEER T DO RIEITBBES N Q0 D, HEDOR Y S5 —F —FhbHE
N5%E T ETOFHEIZGEODYN I £W\) Y 7 vy =7 TfThivd, GEODYN I Cit, £ 77U4 V7%
BB EZ BEHETHIETELNAN Y 7I—DHEEE EEORY S —BHRIELZ R, F
DI EETR/NCTBINCENGOKRERATNBRGERAEELH-RENBLL T 2DV FELRES
TW5, Lol BREFAFIRB COMIT ClIfBon - FROHEDOEEEZEFE (L TAIORENELHT
7=, RFTHIRE N BRE OERNSEDLNTLEI LW ENH S, F 2 TR Tt BT E SN E R
WEWVHIFREZEAL, BREFAMBRSN-E NS CERLERL WV E— LR EHREEZHL
TV,

ok da ki

F1ELLTIX. GEODYN I NOFHEIZRIT AR ZEIZE B 9%, GEODYN Il CidphR L= E /1554 H
TEEIZBWTAEAAL —a eI Th, S20NFENENLORy 77— Bl BRIEED
BENBRIFBEL EIZE->TLE), 21X GEODYN Il N THEE DR ITTICEIERINS, AIFZE
TIE, dway Ry 7 —BLANZBWCHHEE 2 OBLEIL GEODYN 1T TELHEESNTVAEL (%Ea)
FENEWIEIY) | BELFHEOHEDOMHIET RIXEFEE X5, BAEMIZIE. TR iz
WU ELREEESTHIETMEELHL, 20 A F.LFROES GEODYN I1 OE S| JﬁIEa‘“/\
EEHMEELTIET, EREFMBREICIV RO BT E RS2 EHT 5,
JRFTRYS UKD L0 F E LTI, FefTAF9EE L ClSugano et al., 2004 O FEEBEI2T 5, BAERAIZIX
AmE EToOHL—~ED&HFEOHIKIZEH L, T0O LETOBEDHIEL, O OO E IR RE
FBERET B,
HIESNT-ENERETEANEE L T, L OMBE%Z 2 COEFEIT FIEERIET 5, T2 0O RIC
EOX ANSTCOENERELFEEZTEEREOFERIOFEREZRL TS,

Referencs
MSugano T.: Lunar Interior Studies using the Lunar Prospector Line-of-sight Acceleration Data, Dr. Thesis,
Dept. Astron. Sci, Graduate Univ. for Adv. Studies, 2004.
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M COREE LALT [T & 5 A RREE R OFEER

OFBAEX'. AREH . BARIT. LEFKR. SHEE . BAEE . E4AK' . BER

1

NESZRSCE PN HOR, ARSI SR B R

AIZIFRIEERNG . EREHICTEL-ERRMNZOEFTEZ > TLEEH, KIEROD
BENEDEFEFRIEZNTUVD, KIRBEFHRBMOKRZILERERISRE Y1 XTI E
b, EREHNORBRZEB/BDICENTEDEEZOSNTNS,

AOXBEERRAMIAEDORFEI v avDT— M6 ELHABASIA TSN, FIZ
DEBISEBERINEZTOALEBEETIL, (DBEFICEIEEHA. (iDEABETFIL.
MoRRENTER, ChETICEBOEFICLYRESINZRFEFRAMIZONT, C
Wood A% 2004/8/14 1+ TEESHTH T ITR—JIZABLTWLS ([1]) » E5ITFrey
(2008) (FEEHIETHZIZRZBEORESATLWELRMZHRREL-ELTWLS([2]),
KWMXTIEIARERE TH <O EHEICEHE SINZL—YEEST (LALT) THLIH
BE., BLUERESLVERHE—FHERstar ITL 2B EREHT—42 £HIV-2KEAH
BT—2ERAVWT. BOXELERIMOEREITS,

BELT—IRBIIBVWTIMETHEOABERZEEHNIECLALT OF—4 4R
LTHRL-ZHPREE1/16 BRIy FF—4 &, YHTEEBRATEOA-ADER
DT—L2E2SCERBAK IO RDENZETIL (SGMIOD) BT, MEMIZRMERET
%5, CWood DELHIZHBIFEDRMD S B, CNETHOT—E TIEIEZEN#H LMD
DIZDOVTERT—E 1y FTHEREZTV. SOICHEZLAMERERET S,

SEH
[1] http://the-moon. wikispaces. com/Lunar+Basins+List
[2] Frey, H. V., LPSC XXXV abstract (2008)
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V—H =Yg BT =D T L—3 g VORI

Ofsa SR, Ea &, ME w7, A FE', o &', LE %2
NEF mEC, RER EERRS, Il JRES, R B, R Ao

. B EBRFRFRRE A 7CR R R R H I
v FER R E FAT SR R R R A K
ALK ZRFBEE A FER Bk L

. EEME R

v BRREEERAT 1 T HEEE 5 —

U ok W N =
7

Lunar Radar Sounder (LRS) iX. ARBEOM THENHEL BRUL LB TH S, 8
BIFEIZ, HE S RO BM-CW SV R L— X %WV, A FTOBERORLDZEREN DO
BEHHET L0 bDTHD, LRS 1T, HEE TOHMRECH FERE O ORI T
B, MEOUFIROKFEZEZTHENDS L, ZTINLORFEELZET D, ZOREH
EEIZMW e L—F —DORBETH DM, 2 5 LIZINLAN D OO H T, Bk L7z & &,
Whgpiko = —L LTHND, 2, FE EINE L OBEBENE(LT DI, ISZAENSD
RS PERINCRESND D THD, ZORIHBROT 2 —1F, EHEI L—F—DEENE
EtTE<BAIND, FOD, BHMOER TIIHMTERABAIRRT 2 —cX>TREN
TWARBEMDRH D, EHUTAEOK 80%% G A 7=, B TIZH T b H T HLR m 5
DTa—FHHTHZLIFEETHDL, £ TARFETIE., 20D OMHEHRRO = a2 —%2rET
L7, KHEMERED T — TV~ T L—Y a ViERBEA L, <A 71—
vaviklld, RREhESICE S5 2 LIc ko T HEARR O KT o — &2 ASED IS L7z R
RIZRTHIETHD, w47 b— a3 VAT O 72912, Seismic Unix (SU) & v 9 REHEHIE
BET—FUBY 7 Ny T ERFEH L, LRS IEBR SV AERE O RU — 27 b LB gL
TWDDIZKR L, KENEMBRERE CIIH T OO RN L7ZEEEZRE L THWD E VNI EVRH D,
ZDH RS T—FZEDEE SUTLIEL TH BWFEERENHF LR, ZOREMRRT 5720,
R L7Z LRS 57— % 2 £ TRITH IS 10 SAZRGEH L, RICL > P HAICBEITY L-7 —
BEFT—REDEFEMDZEIZL T, BT — 4 &1Fo7, ZOT—HIZxLTvA
T l—va VB ET o RER, BBROBDT O 2 — 2 KKDOKH R TH D INLEIZRT
TERTE, A L—a BT RS T b O T = a—RHO O ORTLER & LT,
BHIRFEERVEDLLEEZ NS,
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7R AR —Z OB
NV RRRAT 4 VERBIZ L B A Ry MREORA
Q/VHIRSE 12, B 2, BRESY 20 JIRA— 12, 778 « =23, /N 4
LBRUKE, 2ISAS/JAXA. 30pen Univ., 4 B T3 A%

THRrIya rTHESNIEHEA U N 12,558 OF) 1/4 1245725 3,243 1 < MIE
JRRE > TRV, FE iz, EJRD 1000 -800 km DOEFE A BIC/HE Sz 7245 4 X2 b D
25 1420 A X2 I, 1 ROHAEFTL»Z > TE OB OFMBIC L VR Sz
X720 (Nakamura, 2003), ZiUIH BRI O SIN e E LS A EBRRIERA 2RO AR5
TRVWENRETH D,

HeATHF%E & U C, Lunar Surface Gravimeter OF — X (230 R/RRA T ¢ )V Z L E 4T 1=
fER, SINHAEZR ESEL Z N TE, ARKBERAZ RO H Z LN TEZ(Kawamura et
al,, 2008), ZOFEEZMANT, TRNETHABKEE L LTRBMS ATV ARNT —20b, AR
B DR 2 8T,

AHFFETIX, BHEIERZ 60s DI Y 4 R TNRTU =T MLEFHE L, ZO0OERY
TibE ABANRY FOMISICER Lz, ABRRERICR O EEMA R 0.6-1.0 Hz, A
HH ZEF 1.5-2.0 Hz OFHEEY 2 AR BEEIIZ T 50 — 2T NVOFBEHRTHZ L
T/ ARBNABER S VTNV ERDT 52 EAREE 72 oo, T ORI 72 B R
THERFIOBSR Z LI H 503, BBABIIB N TV T Aroiae, BROEWIIE -
TEHET—ETHD Z L 2B ORIEBMANY AR T HZ & CTHRA L, ZOA
BB TONY KRR T 4 VB 20TH 2 LT, BEEEO SN tLE2mEXYE, HEEER
DIFEEWER T H I ENTE T,

1976 E3 H~19TTE 9 HOA BT —4F, 7HRu 12 5, 145, 15 5, 16 =&k S D
HEFD OB, THET 14 5HEF CIXABKZ#E L T\ 722 (Nakamura, 1983
Nakamura,2003) #2 560 1 <> h DT A2 1T o7, XU —AXT bAVOFEND 18 A XV
MIAEBYZFVOFEMREEEZRBLE, 2025, TTETH8HDA X ML R
AT 4NZEBITTRER, SINEZR ESHHBERAHRET A LN TE, HAY FTIE
15 BHEHT =76 h, ZhETRVWEINTWZARER 2B T2 2 LN TE A, #
R2ATLMELONR TR ARKEE A, SEIOMITICEY 4 5B N TE T,

SNV RISAT A F BT & B HIREIE O K > T, 2 E TORRRE OFRIEH
T IR RIIRE DRIREME D 8 5
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SELENE (KAGUYA) &Rz h A SIT& > T
Ao MNCSNE-ADERDEDFERL

OFWf—, KMELF (AXA), #ukiEs# (EiLREV, #RER XHBEF, HHEEE,
REBEE (JAXA), /MiEF (BIRHEH, BXRB, BHER (RX), h—V - -E—42—

A (TI9vX), AHEH HHBRR FHR FEHEDR (REFX), £4XK& @IX

X&), ERMA BRX), WEH GRX), Pvyr—Yavy -Yat (R4 XAFHEEH
A

BE: AORAICOVTIE, CHhET, 10n KYBHEEORERBET—2HATREL TV,
£, KEEEOTEYEO, BEDESLELHY. H100mDY L—2 DREHEET
HdENEMhot-, SEF AL, SELENE (KAGUYA) #BEtiizh A Sk, AORBICEWNT
10mBEREIZEVNTT—2ZREL. FROEEZT oz, HR. AORAIEFEHKIC0E
FEETIC, BEEOZDBOI= Y FEEART LTS ENDAI Sz, —AT. B
DOLREELGRKITEY . WCOMDBEITENTY, §FETLIYELD (~2BEF) B1=
v rAEESNz, ChoDI ElF. ADARBEDZZASLTEEZLGHNELG D,

® 1.SEAROLN-BDBEOER

Mare Area Age Previous studies
[km?] [Ga]
Poincare S 734.0 3.17 Im
NwW 490.6 3.46 Im
E 1067.2 3.13 Im
3.52
Ingenii 1291.8 3.20 Im
351
Antoniadi 592.7 2.58 Im; EIm
Chretien 11831 3.28 Im
3.46
Jules Verne 815.2 3.34 Im
Aitken 12571 3.28 Im; 3.8Ga
3.49
Apolio N 15415 2.49 Im, 3.63Ga
3.51
Apollo S 778.4 2 .44 Im 3.63Ga
Von Karman 1628.6 3.35 Im
Von Karman M 1220.6 3.38 Im
Leibnitz 926.0 3.44 Im
3.50
Rum ford 239.0 3.35 Im
Maksutov 6153 3.27 Im
3.48
Nishina 596.7 2.47 Im
3.16
3.85
Moscoviense NW 1576.1 3.50 Im
E 25435 2.57 Im
3.55
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HIERIER ) SO~ L F RN KA A— v 10 L D oA E
OXMER TV, #HEBSL D, ZFRFEF 2D, BEHFILY, FHEK D,
AR 9 GEME TV, KHHE V. FAKERESD, IET 9, Filfi—D
DFEMEAREREE. 2)EEARMERE. ) TSV KE,
HRFRZFE, 5 EUIREMEAR

[FLEOHIT: TILFN FA A= v (Multiband Imager; MI) (& 2007 FEICi TH EF o, RE
ERAMNEIToN TS ARRRBEMN CY (SELENE) [ZHE#H I TULVA LIS (BERES/ 75 IHEER)
FAMIED 1 DTH D, N [TEE 100kmx30km DEEM S, 415nm~1550nm DT[] - EFSMEE
BIZEWTEEH 9NV FORRBANEBREZIGE L. KELASITHT 5 AEO R EZEHR
T 5, AIFLAERNVEREOAERFAICEREICEET 2HYEICER L HHNLGRIELNE
B D, CNoHYPORIRFZHEANTHEMTHRELEZN O IN\Y FAXEBZREZAL, £FKITh
Y BRBOIMAEENY . S5 Hh o BOILFEMM & EBREEARDL AN ITKE8
BOBEHMTHS, CNETICRROAESREBREMELEZILACEZA WIS HATIZESD
BRSHEBELT. M TR 1 fisLAEZERS e (FIRER 20m/pixel | iEFRsMEH 60m/pixel)
EJLY S/N(AT#RIE 100 LA L, SEFRSME 300 LUb) . N> FRREZRAWNHBETILEREED
MEETILERAV A - BERAEEOENILSRFEMBHENTRELLIANMENTIND,

MCKBER:2008F 9B 14BN OB EIFLURE., BE 11 A3 BAICLISMERIZES
MO ZERE. HBEOBERZECERW T ZT50HF v I 70 MAMZET.
MIICEKLAEENLRERNZ 2000 F1 B1I8ALYRIE LTS, RAEE CITEHRBMREFICKELRM
RBEELCTHELT. FPELTWVZ/ 2Ty avhOBRADSI LR 80%EHRT LTS,

M F—2ONE M T—2ONETFEMEARMAREERER S v ONRXCRESATL
5T—2NBLUI—ICTERLTINS, BE, BREE- 77y 70 —)L FMEER ERER
HRAERFIVFBEZERFTTHY MO/ I FILI v a VRTEENLOEEMGM T—2 40
B (CCTOREBITOFY FEFE-—RARICET D) 2EEFETHD. BAEKLISM F—LA
DIN—(Z K AHBITMEICAVSENEG TOLEEERKP,

Ml #DARLR : AREICHFET AHBRMKREOEH Y L—F (CIBEEHREICK YAEEL
THREZPREEFEENDHEAELET 5, COFREE, ELEMTICHEREL TLRBIH
RICENT-DDTHEIEEZAONDIEN DL, FREZEBATOIVEDERECLCHREICHERAT
SMHDILFHB G ELTRARND I EICEY ., BREERICIIBHROEZEZHFTY RITTLEL,
FUMKBFOBRERFLE-EFOAMBOMEREMEICENTESLLEZALONTINS, SED
WETE. WCOADI L—AhREIZEEL. M F=2 ZRVTHREICFRET 556 A O
WIRERL, SGEER EOE®RN DL, &7 L—F DA T D8 TO A B OB A HEE LTz, 3
KTIE NS ML 7 — 2 L DTS & 16k 0 H MIFHEE AR & O IFERAZ DWW TR T 5,
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BRESEN COBBRTLF ALY L A—SrF—420
BERE - SAHE

OXME#TF ", #MER"., wkEH?, FL—"
DFENEARMARERE. 2) ERBHARF

[FLHIC: TILF/INY KA A=+ Multiband Imager; M) (X 2007 FEiZ$TB EIFoh, BRE
BAMNMFETOATWZ AREBEH CH (SELENE) (#H I TS LISM (BEREG/ 5 %#8)
FRAMBD1DTH D, Ml IETEE 100kn30km DEEM 5. 415nm~1550nm D[R - EFSVEER
BICBWTEH INV FORAZRBAXRESREZRE L. KEBEXAFHIINT 5 AEORSHEZHR
5, AEARMEREO AERSAICIRBICEET 2HMEICER L B8N ERIVELF
T 5, CNOHMYORINFEZRMNTHEMTHRELEZN O INY FHaXEBREZAL., £XKITH
YRRBOMEMAFHEMY . SEM2FH S ADILZMEM L ELBRERARDLIIEAM ICK L8
OB THD, BEETICM OBRBMEFICKEGHBFELTE LT, PELTW/ =+
LIy arvhDBANS HH0%E\|BLT LTS,

Ml F—2 OEERIE - BOAHE M T—2ONBIFEMEARAREERER Y v /(X
ICREBSATWAT—40BE A —ICTEBLTWS, M T—2 0B, HEHCONLED
U)ODENET=2OT /Ny b LISNEBET 5 3EBOTY 71, RRABEIATOLE~E
AEEERK. BRELUISY FI4—ILFGEDEBERE LEZGBTORALEHHLE. A
ARG EAOEBROEMAHE. HMEKREEVSIETITS.

M OEEREXEICEBIREE 7S Y b7 41— FRELEN LGS (AIRET—2I1CEF
NBIZMATIL—L RS VRI7—REFTS) . BHERERRRIAOBRE TORRT—42
BEz8RAHTL. ETFT— 4 RNEHORAMBEELBHEHELOBRAILGRO D, T7T v
F24— L FEREXEBATOBRAT—42KECNEL. BREOKLNEFERMTHLET S
ETERT S, —H. BAFEITITE EIFHORBRRY FLBEREBEZRT Y F LT (FEHREN
ZRAVCESMTOR—BAMEZRE - —BSEH0E) ITLYERT S,

Ml F—2 OBERIE - MAMENM : AEEEENE (REBEE) N ETICTEREIC
BohTWELWELIL, M T—20OBERERBRRZEEMNICTET S LEFHLL, L. A
ERIEYA b (7RO 16 SEEM AL #8EBEHRALE-ET -2 OBERELERZERDOLE
Ao, L ELANUEBERFREIRRTLHNEHURNTH I LNz, — A, TR
OEGCAARMNEFERZAVTREERSATW S AEHKEBEETILE. SEMN T—42 1%
LTERLE-SAMESER (BRERMONERSESHER) OLEMAS, BAHERERITROE
@R L-AEREMHRETILORE (BEXHEEESLITESLLH200m) LRTHL &
NE-1z, CALTHEREEMNS. M F—2NBIZEWNT, I TICHEILREERE - BAHERE
NBLNTWEEEZ D,
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MEOTILFNY A A =Sy DRRBIE : 1148
FBHIE & AR IE O R RIKFERE

OWHMEL'. XKMERF'. #kiEM# 2, JFs— " /MIEFL KBRS .
EHER. ABEF ARAFAL NBET . B2 dHEANS
VUAXA, EIRHF, ‘HEX, ‘BRX, ‘ELH

MCOLISMTILFND RS A =D MDIE, VISE YT 20m NIREZ2HT6E0m &LV
BVWERSHRECLYAEEHAL TV, B80T —2 #HET S5 LTIk, B
KHEREFAVTHASMEEGEZHZI2BENDETH S, #FED Clementine UV-VIS Eg

(ZER 5 RHEE 120~200m) fHETIEKFELZAEMRESI N TV A, EROXKEWNWI L—4
fME - BEE - PREFICEOVTRIFMEOAEZETCERELLEVERFREHZEENKRE(TH
SUREMENH S, BIZ(E. IHEH 30° OFBATEIZNEE. 700 TIEEBRETLL LN
Hb.

LISM BICBBE I -IBERMEE XA T ATIIEOBEMETEE L RIS MEIEHATEE
THd. Ml AHIETIE, thfizh A5 (TC) OET—20MIZN BED/ Y FRIBEEA
WERATULAROMET—2 LB T BRIELICHAAE (AHFA | - FHAe- HEA
a) WEEhd, BRBEDS LEMNTEDLLIDE i L e THD. RRDALBERZ
Clementine €7 JL (McEwen 1996, 1998) ICEDWLTH Y. i - e #MIFIEIL Lambert k58|
(cos i) & Lommel-Seeliger R&TRI( cos i/[cos i + cos e] )DEBTRIND, MBEDNE
AT DEHELTEZONDIN, REXETILTIHERKEREEESIA TGN, *
CTHRAFAXBERBOE 1BEELT. M EF—2B85 AV TEERMIC, M SN
FICREBLGEABBEROELSIELTNDS, REETEZTORBERET S,

AHARTIE., LEAZEELT I, e ERFNABEORRLTZERARLHIC. UTOD
E53BT7TA—FEELE-LTWNDS,

() —EENOENELOHL/PMEHICEETSHET. i, eDNYI—alFk

BRLDD a OELIEILELT S,

(2) BEZRMEEY I bz 7HABELELTWS i e, o ZRFHASHED,

Q) REHEOTEMEILDEEZR -, HEMITHEMTLRIMEREES,
CNETORHTIE, REEBBELER L TEMLMBEE $30° ) TlEKY Lommel-Seeliger 8
T. BEIEAFKIT0° ) THEELY Lambert MARSIBEVNET HIERAN DN >TE, Fi:.
BRMNEVZE Lommel-Seel iger &G HM. HEWERTIIAERFENES BERILOE
ENNSNEOEEENICITRRTE S,
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DSVPEHARI MLTOT 74 ZIC & DswirllBE D& e 8RR &
H D DHEE S L UBEANDHHY

CINIMETF, KB, FLME—, PNRA°, RITEL T, BHEL, RHEATF EB0A°
BHEL, AAFRE, FRER BEMT TNER" RPEER’

'EI BT (ISAS/JAXA CERER ‘75U VK AT “RBRK

BEBEHEHL CP(SELENE)ICEEHINTWSZARY MNLTZO7 74 S (SP)I3H—
FEAEE TR - ERIMH(500-2600 nm) TEFE A NBRA ZHIT TS, BLERR
SRBE (6-8 nm) & SNt (~2300) S B OYHERKICET 2BHRE/D I &
EEELTVWD, REETIFSPOERKIFNARY MLT—FZRWT, swirl EFFE
NAWEREE/TIINRRBEICOWTHANERERET .

BZmIcIE. Airy, Reier Gamma, Mare Ingenii, Gerasimovich7i & D" swirl” & I
ENBM-cESBBEEXEDT7ILRRIAY N SAMDPEHERASNTVWDS, 25
FRT — LR BRI AR IEEA 12D —BIICO E B SN THIFZ DA W BIEIC
FEL. WThERBRVWESEEZRT. ZOBRREICDOVWTIE. EERIR. BAswarm
BEH D WIEEARA A VICHESmagnetic shieldingED N H DD FEA EDH
S>TWERW, ZOEBADTIDON, HABDDBRETH S, FiCAEERADOswIrl Do
F=FIFFEAEBSNTVWRVWDHRRTH B, ZILRNKRIAY h T XA b DRENE
{LEDEWERT DL, BREERTDOH. SPOEHGEILT—FZ2ANWTHINZS
A Bo

x99, TC/MBIBHAIBRESBULBNS PINRORLBIXD  dR>cE 518
B2W\WFIARREBD. ZNICHENTCBVMRREBN T —I LA NELIONRNY I TS
5y REAEL. SPF—4 2BV TERERICE T2 ANRY MUSMERET 2, &
B Y=L —VTIEABZIWVWEBDPENY I STy ROFPENRICEICEZRI &
Nhoh > TEfc, —AEBBNICKERELIER SN,

FTC/MOBEEEBEREZRAWT. BEVWEBRICHZ/NSRIL—-F—&/NNv T
TSV RICHBNEBRIL—F—FRICEENBZWVWHRET %, b UBERFRET
B2 \WFILRREEHIELEE - LBICHYTZ0HNIE. 7L —FDIBEHENAIEN
NESN2IEITTH D,
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M AR &L Spectral Profiler V=
ADZEREBERORIERS 7 FOEH

OfeafA ", JIBER ' REBR—' & FRHBAFL BREEHS WXiEH' dHEAS
B, MNMIUEF KMERTS FLM—° HEELS XERSFS ZALES

"RERK, iBhEF, CEAEF, ENBEH STS590K, SJAXA

EREDFe” LD 1 2R UHEORIUERIEDIL S I LEBOHI T R ILKIZE-T
PIRTRHRIENHLATEY, ADUE— bRV VT TIDU T M ERETESE, A
DERDERREBEZHNTEENTES. ARERTIE, TH O] BEHO Spectral
Profiler SP) DR HARY FILT—4 &Y ADXREBERD F*DRIE—I DL T + %
BETERAZ1T o1, COLITHLBRRE—VZHSZ25E-ODT—2NEHEE FDOHE
ROMEM LE, ARELHERMERICOVTERT .

FE'DRIRE—I DL T FEHFEVITEOLTHIELDTHE1=8, BANNLTHSIL
(Y948, *XE) IWIET Advanced Lunar Imaging Spectrometer (ALIS) #:BHY B3ET
X, AAVE— bV TELTIVELTENE T ElFhihot=. ALIS D EERIC
FHABRTIE, BhOBOE—Y LI rT Y TEDL DI EIZHEYMLEN, COE—41
EIHERLEROADNARELT—2 T, E—VMBOHEREFIERET—42 &IXHEETE AL
LDTH-T1-. ThilE, RKOEEEMYED=-H0, ALISOIATREOBE,N S, Hxt
DI MIMER SRR GBIT AR ZMSL 55BN >0 TH5S. SEDOHETIL
ThCR)] BEDSPOT—2%FES5 LT, Fe2+ORIE—Y DBOIEXFZHTEET
—EPRMIBITEDLSICHE STz, LHL, ZFOV T LDOEFDOIITHSEHIC, FERAIL
DEEZTMYRSODR—IS 4 VHEL, RL—S VT PHEHNELERME LA TR
BIFEL. THOLTRHELEE—IT—2DENL LEZERTD. E2AT, BHENEE
—VDEENEELELTMg/FetlbiCk B3 DTHSETBE, TREBRETOE—IMRENA
AT RLIHE, Mg (CEOHBEMBIRT 52 LN TEDS. ZNIHE, R HEMLHER
ELTUTOZONEZ OGNS, —DlE ZOREELE I/ THBEOERDHH AR
EOELEZBRLTVWSLEVSBRTHD. M ITECHNE SLEIERMEDREN S H
TERBE THELLXRHOBERTHLIIENTEEINE. £5—21F ZOBEELIZ
BEEHROEZELEZELTVAEVSBRTHD. BENFNEAS M IZELHLS
CEVEAZTRLY - XESEL L, KOMSHIDIZEFeICTEL LS ITHE. LWThOMRE
RTE Mg ICEOCHBIIAODKEERE LTS EERS.
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H® 20km 7 L —% Giordano Bruno
DS PEEMENOASICLD 1178 EFRRIREEDIRIE

How old is the lunar crater Giordano Bruno?

FEER . FEl— . XERSF . AMERLTF . BEEL . WXiE 2 FER S
AR S KLY NVIMEF L ZHNER . RIEE . BEHEA°

1. ISAS/JAXA. 2. BXMEBEM. 3. 2FK, 4. FEIK 5 T757rXK

BoDY L—%. Giordano Bruno (Bf 22km. #&FE 36N. &E 103E) I#BELIEEERSL.
Btz FEAERITTVWGEW, BETROHELIL -5 THS. <D Giordano Bruno 7L —5 D
FERICEL T, BEICEKRMRGEMERSINTE

AVIR—=DH—RA AL > TEMIEFEOFERBICRO L SBREFENFZINTWNS,

‘COFE, BV VEROFOBAER. BNEUSHTRAZ LD B -THDERE.
CORICOD>THE > TWEBAULDANRESUVWAREZEE U, BOXILE
5. FIAPWDHEZESTHB LS. IBOIMEFRICENTWz, ZRZFOADI
DEEFDZDICADI NI, DRUEFDOHS, FOWEDDISBANEVWHMD,
KIBEKDERNRN=IHRLSE TR -T2, Z0OHE. BRISBIHAEOEETHH
EHhDEIIC. ZOHEEHRAIYE. COBEHEEBNODETRETEFDOI L ERICKS
UCTKNEARDEEZEONIE. ZORIBFEVDEROL S ILHEEI Db #*
DEGBIETOREICHE ST, UHNULCOIBRRIF 12 BIEHBOERLTERID, W
BZVWBRHE U RDPEENICEL. ZUTEFORFREICHE . ZOEIEE
fcpe. BOMICR-> T, BESIES5BRAZBANELCR.” (FIFR 1 KA, 1977)

COBRRIE 1178 FiCk I »f. Hartung (1976)IF. COEHRISBEICK T IREAFTEOEEIN=E
THDEEZ, TOERTHEH NI L —YZBELTHERLUL. ZO®R. LiLOPHOELERIC
REBULIVL—% & LT, Giordano Bruno ##(FfTW%, BLIRTER 20km Ao —JLU L —
5 OIS BRREHY 30~40Myr TH 2 Z & %#E X % &, Giordano Bruno 7 L —% 1'% & %800

FRICFEREINCEVWSDOREZICLKL, APV L—YEREEFMI 2EKT. 0 1178 &
BIRFZIRALT B ERFREBEETHD. SHE28. BALBEEN Y (SELENE) KEBEH i AEK
BANHERR (LISM) IC&K D, Giordano Bruno O SREEBERN IO TERE I NI ZOEEFEH
5. Giordano Bruno OFifEIHH SO THERRETE S, HIZIE rim O v—TEZP», JL—FR
BICHFET DRI —DEIFMO AR AV I L—F ICHERTEERNTH D, BEOE+T km X
T=ILDU L= TRHBBVEEFBEVGWVWTHSS. —A T, ejecta blanket LI+ m Y
ADIN L= DNFEELTVWB I EERS N, RARTREENSDNIL—FORBEZRAW
Giordano Bruno FEEERREDERZHRET 2.

— 1356 —



P216

LIMTRAAIL—F2—Iox032D0%H

OFmHAL' HMME' XBEH' =EAXAXE’ BEHEX’ HEEFDL' FHEXR' XH
B|EY DMIETFS KMERLFY wokiE#° Fdlg—*
TERERCE, PHURRYE, CVBTRAFZUBE RS, ‘JAXA, [ESIBRETAT

AEE® TH A (SELENE) | ITBEB S BiRig/Hetgss (LISM) (2&->T, By L—
B—DRMIDMIT AT IR (ejecta) DFMTHAUNATEEE L o=, LISM ISR E
EDfzh A5 (T0) ENREBRIATRRELTILFNAUESA A= M) LY, AR B
L7OT7745 (SP) OZBEOBBLHAEHE-AFRAZETHY, Tz V4% 1
EBEMICHLYEREMNICHLEMICBAITES. RKROKOLWVEBETEREAEAYL—4
—l& BRIL—F—EABEOHRICEVTERNLGFEETHDIEVRD. T2 V450
BELHZHARSILT, VL— 32— HBEOBEENTREELS. £, HEREIC
HELTWAIL— 9 —HEOHBE# S I A L—2a Vv OERAEROBREBFASTELLER
FTEHCLEITEDT, JL—E2—HEOHMEHNERZNLYREFLIDOEHHFIND.
IROLSGHADLE, AARTERRMNGEAI L—F2—& LT Tycho (EE 85 km) %
Y EIFf5. Tycho (I —EERIHEINT:, ZOYSAXDEDELTIEE2EBFHLL
IJL—8—D—D2THD. Ff, AFPZRIL—E2—DOHHh 6, BANLLDOMHERIC
EoTHEEINFEEZONTLS.

Tycho @ ejecta blanket (ILLFO=BD 1=y kM LE-2TWS. £oL3REIODI=Y
ME VAICEALGZROTIVAFYEHEDL, REARY ML TRERORINGE O HEH A
BRICRZTWS. ZOSMMUICEIBSKOTIRAF Y ZH2A=y FAFETSH. COIZy
FPORSFARY MLIZRIEDRHFEYBEZETIELEL. COLIBARY MLIEFHERILEA
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BEOIITIDERNMEDIER., Fe ITECHBEF DBERNELEN o ET B BIREN
HHMN. PKT ORBEIFRKRE C o> T,

METHEEREBRUOILAVEIAVORFARY MLT—52& Y. KREEP XREMN
ST BHEEZ LN AHuE (Hansteen Alpha, Appennine Bench Formation %) 2 DULNTHE
BHRINTWEA[4, 5], T—2DEMBEEMEN &0, RREARLA T =128,
HMEEECHANERIZROONTWWEN >z, AR TIE, LEOMHICDONT, M <
ODTLFINY KA A= M), AR ESLTAT 74 TSP DRFRARY MILT—4
ZRAUL. KREEP ZREXEEOER., MYGFEEE. SPERZHEERCRE L., PKT DK
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[Z&X#k] [1] Snyder GA., et al. (1995) JGR 100, 9365-9388. [2] Korotev R.L. (2000) JGR 105,
4317-4345. [3] Arai T. et al. (2006) LPSCXXXVII, Abstract#2381. [4] Blewett D.T., Hawke B.R.
(2001) MAPS 36, 701-730. [5] Hawke B.R. et al. (2003) JGR 108, doi:10.1029/2002JE002013.

— 138 —



P219

MO TCM T—2ICEDCERDTEDI-HD
at RIS E

QLEHBA ', FHEs' HASE' THR' ZHSE' #MAKLL FHEER?
AEHEFE? BEMML MIMEF? #KERS KMTELFL Flp—?2
Ve N JAXA, SESTIREEAT

Multi-spectral images and digital terrain model of the Moon have been obtained by instru-
ments of the lunar explorer “Kaguya”, Terrain camera (TC) and Multi-band imager (MI). The
purpose of this research is semi-automatic recognition of the geologic units by means of tex-
ture and spectral features for lunar geological mapping. Both features have been extracted
from the data of Orientale basin and Pythagoras crater. We tried to compare our mapping re-
sults with existing geological maps of Orientale and Pythagoras.

ARRGE TH O] ITEBEINATLWAHEAASTOBLIUIILFN RA A=y
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ERDEECHPDOEBRICOVNVTHES( ARSI TERLB], LMALBRICT, TVAF v
MEBLEARY MIUBHEOWAICE I HEROFEEFRBOMRILITHLNA TR,

HWEROFEBEEMLRHECINT, BEROBHICEERTIAFYEELURART ML
DHHBENTEEZINIDENH D, ARETEH, T/AFAHHEEL L T—EDRENDE
FONHESH®., AR MIUVEBEL L THLEGETOLRREDEEZ TN T NHE L=,
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A CPEEDRIRBIAHE (LIM) OLHKBRYERESR—FT 500, EREET—
BR—RAVATLZRAELE, COVATLRT—FRX—XBIZLISM DT RTOHREE &
RREZBBEL TS, 2—Y—FEEOEHTHRAUHE - BEEZT —IR—ADLKRET D
CEMNTE, TOBMMBHMLE, BREHLTEOBRMICELS SFTELHERETNG. HE
FTAZENTED, Ffz. FVATLRBRRBMEREMICRTT 57260 KL HH 08
DHEEBERZEEITDI LI TED, COVATLEFEBI ST, LINBADEREES
EZHAMLL., AOKREEROERMLGBEAN L YRFMIZITI CEHTESD,

During a one year operation of KAGUYA, LISM will observe the whole surface of the moon
systematically. To obtain the systematic global coverage of the LISM observation, we
develop a database system to manage LISM observation plans and logs. This system stores
all observation plans and logs into the database. Users can query planned or finished
observations from the database, and review footprint locations, observational
conditions and other attributes relating those observations. This information is also
useful to search available data matching to researcher’s interests. This system
provides functions for managing systematic observations of LISM. Main functions of the
system are search function, management of coverage rate function, and KML export
function. The Coverage Rate Management Function and the KML Export Function are

implemented to visualize progress of the global observation
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Lunar Surface Observation by HDTV on board KAGUYA (SELENE)

- New Results and Scientific Analysis Support Environment -
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True Polar Wander Due to Surface Mass Loading on Mars:
Implication to Evolution of the Tharsis Province

R (E2K3CH RISE)
Yuji Harada (RISE, NAOJ)
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LTDI NS ADTHEORBENZKEZ, RUF NV ADERT 2 TIREL LFEEZ B o 7.

Long-term variation of a pole location driven by evolution of a volcanic province on a terrestrial planet is
investigated in order to provide implication to evolution of Tharsis on Mars. The present modeling comprehends
large-scale variation. Also, an elastic lithosphere is considered here to memorize a remnant rotational bulge. For
this purpose, the previous formulation for the final state of true polar wander is simply expanded into that for
long-term variation. Remarkable variations are those on a true polar wander angle for the following situations.
The parameter O’ (i.e. a normalized magnitude of a surface mass load) is larger than or equal to one, and also
is slightly smaller than one. In addition, the initial load co-latitude is less than about ten degrees. Under the
situations of such Q’ and initial load co-latitude, the results are as follows. If the initial load co-latitude is close to
zero, extremely large and rapid variation like as inertial interchange is possible. If not close to zero, variation is
relatively large but is much more gradual. These results would give us a possibility of reconstruction of volcanic

history, such as the evolution of Tharsis on Mars.
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