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Hayabusa ZRE R KA 1999 JUIDYE At
Photometric Properties of (162173) 1999 JU3 in Preparation for JAXA Hayabusa 2 Sam

ple Return Mission
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A near-Earth asteroid, (162173) 1999 JU3 (hereafter 1999 JU3), is a primary target asteroid for Hayabusa 2 sample return mi:
sion. We conducted a worldwide campaign to make photometric observations of the asteroid to determine the physical propertie
1999 JU3 is classified into C-type asteroid having a nearly spherical shape and the synodic rotational period 640206302
hr.

In this presentation, we will report further information about 1999 JU3 determined since last JpGU meeting in 2013. We
investigated the magnitude-phase angle relation. We obtained the parameters for IAU H-G formalism, H-812 24hd
G=0.0740.011 (V-band, 550nm), respectively. In combination of our result with infrared photometry, the geometric albedo is
updated to be 0.05 (Mueller et al. in preparation), which is typical to but slightly smaller than the average of C-type asteroids
in main-belt. We found that the magnitude-phase angle relation has a linear behavior in a wide range of the phase angles (5-¢
degree) and show a possible non-linear opposition brightening within the phase angle of 5 degree. The phase slope is consistt
to those of tens-km C-type asteroids, that is, 0.04 mag degre€he opposition effect amplitude;10% or less, is slightly
weaker than that of a precursor C-type mission target body, (253) Mathilde, but the difference seems to reflect the diversity o
C-type asteroids. Recently, Shevchenko & Belskaya (2010) reported that “20% of all studied low albedo asteroids did not shov
detectable opposition effect. We explore the significance of 1999 JU3 data with remote-sensing devices in terms of the oppositio
effect.
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Observation of geometric albedo of the C-type asteroid by the laser altimeter on Hayabus:
2 spacecraft
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Performances of Flight Model of NIRS3: the Near Infrared Spectrometer on Hayabusa-2
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PRIV YR (NIRSS) &, /NEUREEERE 11305 2 ) ICHEHEI N, 1.8~3.2 2 70 VirDinR i EEIC BV TN
HEXMED S ORGSR GRS 20 e T 52V E— by Ve TH 5, NIRSSOTFEHMIL, C AN
52 1999JU BV T 3 2 7 1 Vi TD OH HDMFMAEREN /K 70 F O AHRENC K 2RI 2 U, /NEEXRmICE
2K« BRIV D ATIREEZH S MMNCT ST & TH D, CHUNKREDEME S CICZFDMiEFINS T L. Kk
DHAE L DR TFOHBROKDIEIRZ T 5 L TEETH S, TOHIRLIE, HIER EOKICES 32 7 imol
INDBERZ TN K DI, NKREREEZEHRENT %, G/KIEYOEE 1~2 WoeDFEE THEE I %72, ki 2.6
T/ VATO SNEN B0 &A% L2 HIEIC, NIRS3BIIY A7 L Zikat Uiz,

NIRS3D 7 T A M ETIVICDWT, 20134 X D Hll FEABRZBHUA U7z. NIRS3-S (2> HH) 7 NIRS3aERH /I
F v VNN THLE BIRETH %-80 CITIHAI LT, BAKFD S O FRAEE AS U, EERIE, HERIED 8 DR
T—RERET B L B, SINFEORAMREZMHER LTz, TOMR, #E L SINTFHMEE., EHENICB N THE.
KEL ERS 300D EERB T ENHERENT, F72. NIRSIDH{ABEZLKER « MIRES AR, MUY AT LieaHR
BRICHBWTE, NIRSIDHLE FEREE T 10 5 HAE - MEREZHERF CE 5 T EMER S NIz, B, BIRF ORIV Z .
FEPIELEL (serpentine olivine). C 12 F< 1 k (Murchison, Murray, Jbilet Winselwan T4t & ¥ C NIRS3 T2t d %
ZkitkD, INSDREFAXRT MV FTIR (77— ZZHRGRNDYEED TIRONSEDLBENTH S LZ2RL
Too TNH O FEBROFERMN S, NIRS3Z Wz CIE/NERETO, WIS, KEZRK. BZR. FHiE(kIic
LT, FilcZMENMEE NS Z ENARFENS,

F—T— R ERSIE 2, /KSR, 1999JU3, NIRSITRIMR, 70T
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N3P 5E 2 ) BRI AT T 1R RS2 & i o
Thermal Infrared Imager TIR on HayabusaZ2: Instrumentation and Ground Calibration
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IR AR TR RE 2 ) ITHEET 2 R A X T TIR (ZEHERRI D C AN (162173) 1999JUBD 2 Iyt iR
BziTv, RERYIMEZ RRNICRAR 2B TH 5. /INRIKEE TREGEYE QTR WIE LR 2 R T Y E R
BICHEEADPEE D, WMEEDOIERRZDE%D IR E « ELEFEOMIHICIIYIEFEEL EETH 5.

JFEE KRR CHEREME I E N BB (R2Ek) RKIEMMES N, EESRZES HEBRICKDIEEEINT
WL EEZOLNS. CRUNKEIMEEERHE 2L, FERAWNHEBROZWIRETES LT\ 5D, ZFERAIED
AR TEOHERENE Z 5N5. TN ORI TIR BRI SE 5N 8WE, R EEMEIC X 0 ERAIT & % nfgetth
H5. CHUNKETIREICH/KBREZR I EEZ BN, ZOEBNEAMIEDEIE & U TNNRE FICHEL, 24
EBHEOERELUTHERATESZNE LY., INKEA AT TEALNIERBR AR, 7L —ZEA0AY =7 24t
R 75 &3O HRIC LR T EIRIED DRI D ZERR N E S NS 728, BEMEDEWVICK > THRHETE %725 5.
Y () S, XA RNE, HREUEEYMHDSENE, TNEN5EOFRNETERHTE S REENHS. T, B
HITERG 21T T ic kb, i BB S B SN E/NKE OB OHEERIZICOWTEIHMEST 52 2 MW TE,
K/ NS FRTIOEFEEICE 2 2 HE IRV,

TIR (& 2 ZOtIERHIR O A — RS HW 2R A A S TH 5. ARmEEE 328 X 248 fHEFIZ 16° X 12
°, HZEMGREIX0.05 THH, FFE 20kmdD Home Position(HP) h SHRfd % & 20m (B 0.9km D/ NS&SE 1999JU3
DD 45HZ), & Lkm D SHRIET % & 1m LU FOEZEARGE T 280m X 210mOHiFHZ 1/N\—T&%. THII HP
B DO/ R 2RO RO Y > )V RIS DO F i « FRICT 5 BIEAE - FEIREIRIGET 2. &3, TIR DX
FROELIERET 34m 72, B Sm TE 1eml LORGEZFBAITE 5. NIRRT 2 | TlI/hEE 1999IU3% KGR
#t 0.96~1.42AU TAIGHID SBIHIT S, CHUNKED T IV R 0.05 EERR 0.90~0.95 L ET 5 &, /hakERYHID
LIFREIZ-40 C~+150C L HEL 5N 5. TIR OB EEIE 8~12 p mTH O, EKEN S OB NDRKEIL Rif
TH5.

TIR OHFIEREDL FiRER % -40~+150CIC R L THEIMEL TE TV 5. HEHIEE C OIREHIPH TR0 U s
I 3°C, NETD TO.3CLUNDMEZIERT AIIET — 272 KDZ T & TH 5. BIEHEEZ, KEANZEZETF = > h
DEEZ—y b, &RANE T ) =2 T —=ANTA A INNNAREHEA R =7y FZHWTED, TIR DLV XRER
HO 783 VIR Z T U 534 U C &z, IR ICIEEBIER & [6 U OFPN (Onboard Flat Pattern Noise7—
RIBET HENH O, RIREETH—O OFPNOEHN A THS. TNETHRKIIT S L 2R L TWSH,
RIDERIEY 27 LOMHIIC X KR « @iREO 7 —2 08k, MHESRADO AN T RIVF—IC XD T =201 7 AZ1t
DOHIE, FBMgEx LD, TIR OBEMEEON EZHIEL TV, #E T TIR ORMAEIH L & iR OR5 R
WCDWVWTHRET 5.
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INRIARTHNIC B B R 51 X & ZEFEROB R _ _
Relationship between Regolith Particle Size and Porosity on Small Bodies
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INKEREIZL TV ARG EMRENBRFEIC K > TEDNTE D, LIV AEOR YA X & 2RI EEL Y E

RO K S IS B ER 52 %, @MAIE, 7RaEHEIIC LS H LIV A0k A AOBEEEMTbNT
B, PR 51%E HEE TN TV 5 (Michell etal., 1974) 7z, Blic XZH#E L LT, #EL—&—Flic X
BZERRROHET Tl /NRE RO ZERRFRIE 51 + 14% LW S FERZSTE D (Magri et al., 2001, 5RO A EEfR
17172 O T2 ZEBRER OHEE Tl S AN RJE O ZEFRFROHI I 40 -80 % 72 > T\ % (Hapke, 1986; Domingue et al.,
2002), AW T, FITHEFIBROT—2 X0, RN FICITT 5 S IOBRZESZ, £ LT, ZOBFRZ/INKA
KMOFKMICHEHAT 2 & T, LIV AFDOZERR L ki 1Y 1 XDOfRZRD Tz,

Yuetal (2003 Tk, 7T —2%Z& Lic, WREZE LI LIk Fv LR ichh % E ] Fg DLk RF & 22
BROBGEHIEINT VD, ZRRIIHFIBICHAEL TOAWIRETZENZNIIEENTED, hFrI A RIck->T
ZERRII IR BEE L D, AT, KRN 7 VTV T = VAN EERNZ LT L, 77 YT IVT—)IVA I
BT DR ERER UL FDOETIVA (Perko et al., 2001 i/ L 7z,

Fv=AS?r/48 Q 2 (1)

A BN A —E8 WMD) | r i3RI ERE. Q BE T T EE (T T TREHRA A %) THhB, F7z Sid cleanliness
ratio EFHENZ & DT, K FREOWE D TOVEIEZRLTED, HER LTI 0.1EE, FHZEMTIIN 1L EWVSE
b B, WMEMKDT—RCEAMT>212T7I7A7 vy aDET—2ZMA, ¥lz(Q)RXEHWSZ T, ZEREp L
Rr(=FvIFg) D%

p=py+(1-p)exp(-mR= ~?) (2)

i3, TTT. po, M NEEHTHS, £z, ) A% QNRATR T LT, XRXWMEENS,

p=p+(1-p)exp {-mAS*64 1 Q 2 p grX)™"} (3)

CCTpINFEE, g d3ENIHETH S, (3) NIT/NKREKHDOSFEMNZHEHT 5T & T, /INRIKREOR 1128 & 22
FRRDOBRZRE T EMNTE S, e UT/NKEA FATRECE T 2[R ERFHEORFRZR, PSS DM
BXoEoniz1 F ATk A X, MIDWRFENAD B HUE TiE mm-cmy 1 XEHEEETNTEHD (Yano et al,,
2000, SREIGFSNIZRRICK D L. TOHEPADOK 73 1 X Tlk 0.55— 0.8 DHIFAD R EZE D& R bNd, [k
DJFET, ZDMO/NKRIRERMINC I 222838 L hi 7Y 1 XDOBGRZ AES 2 LW TE %,

% 7z Gundlach and Blum (2013F &, BVEMET—2 & L JdV AFIC B 2 BELE T )V S, LIV AEOK 7Y
A XEHEELTWVD, TTT. () RDE%RE Gundlachand Blum (2013D %R Z A S HE S T & T, /INKIAET DKL
FHA X EREEZNTNHET ST EMNTE, ZOMBICOVTERET %,

F—T— RN, LY X, 2
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TIRIC X% SCI7 L—&—OkiH /i DO fEt .
How to detect a small crater produced by Small Carry-on Impactor (SCI) using Thermal

InfraRed Camera (TIR)

RIS i a2 BE Y L SCIF— L3 TIRF—L 3
WADA, Koji '* ; NAKAMURA, Akiko 2 ; KUROSAWA, Kosuké ; SCI, Tean ; TIR, Tean?

VT TR ARERENI T V2 —, 2 i K2R A A R B R A, 3 3 SE 2 7my e 7 b
IPERC/Chitech?Department of Earth and Planetary Sciences, Kobe Univetsigyabusa-2 Project

In Hayabusa-2 mission, a crater will be formed on the surface of a C-type asteroid 1999JU3 using Small Carry-on Impactol
(SCI) and the crater should be quickly detected from the mother ship. The detection, however, will become difficult when the
crater is very small with a diameter of only 30 cm, near to the resolution limit of on-board cameras. On the other hand, Therma
InfraRed Camera (TIR) mounted on Hayabusa-2 has a possibility to detect such a small crater even if the crater size is sub-pix
of TIR resolution, because the temperature on the surface of a small crater is expected to be different from that around the crate
We, therefore, have started examination about the possibility and method to detect a SCl-formed small crater using TIR. In thi
presentation, we introduce the basic idea and the preliminary results of our modeling.

F—T— R @ERRE 2, HZE, NKE, BN AT NS RTEZEE, 7 L — 2 —BE TV
Keywords: Hayabusa-2, Impact, SCI, TIR, cater thermal model, asteroid
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(FRSE 2 « SCIOH FIGIEEER 1 7 L—2—5 A4 XIZDNT
Hayabusa 2/SCI: calibration impact experiments
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LUniversity of Occupational and Environmental HeaRfsraduate School of Science, Kobe Universt@rganization of Ad-
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EOSE 2 AR T E D SCI(Small Carryon Impactor iZE£ 1 5 cm, EE2 k g, HZEOHRTHS. Th
/N RTEICHHE 2 k mTHESETEREINS I L—2 =D ERRE FETHS. 7L—2—&Eh
HRAERENED K S RIKEE (L, i) ThahZHEET S720IciE, FHIREND N> TV BEZMIC SCI & [Alkk
DGR ZEZL TR T, EDOXIGT L —Z—DPERENZDDNZFARTHELILEDNDH 5. DNOIUIFHIFO L
IKES 7 > T E IR L, 8, TREERIE T L—2—EfNz. £z, Wbz r—)v
DFEERICBNTHICHEEE G T TER I L—2—DY A XEiHNz. NS DORRICOWVTHET 5.

F—T— R ERSE 2, SCI, HZeH 5
Keywords: Hayabusa 2, Small Carryon Impactor, Impact experiments
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Impact crater formation on quartz sand: the effect of projectile density on ejecta velocity
distributions

A & SR BUE L M 2 K T3
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1. lFC®IC

BT L—2— RIS TV 2 7 ZOEE 2 BERT 5 T ik, BERKEEREOmEZGE(LZEZ % L TEET
HB. FRNKEDORBIIRA YRR OEEZ SN, REOZERR, E, BHEFE, ZoORFEDEICKDKE
CEET %, 5T, BARYMEROERTOY L—R—ERICHES TY = 7 ZEESHOMRANEETHS. —7,
INREACIZRODD R A TONKENMAEL, TOYMIZZ A TIT KD KEL FR D, JI2E0RE DEE N LT 5 /%
BRITHEEL T L—F—%EKT DL, TOMHAEDEICEST, BREINE T L —Z—0DKEIRIRIZET
5. XZRSE, Dawn FRSE 2 EO/NREHEENESH, NREREICHET 2 EHRITTRENICHEZ T2 5%,
X OMRIRBNIBRIC KD, 7 L—2—EEGRIRIC R 2 B2 E O IENIH S iz hud, BillEhz 7 L—a—h
SEZEREROBIEZ EIIFETE D XKD, FOlzHIid, Z—7 Y Mo OV Z REMNICELE w7 L—
B—IGRFEBRDRETH S, L LEDS, TNET, ZL—F—JBRICHES TY 2 7 ZOME RIS LT, it
EEDMRAFEICE T 2 H i frbn Tz,

Z T T, AW TIIHHIREICERH L, H240 L—2—EKICHES T 7 ZOEE RIS 2 AL E R
ST Uz, ZTD70IC 8 DS D F /s 280 % W CTAI X —7y MR U TEZE 7 L— X2 — Bk 3
otz

2. SEB& - fENTTTE

FERIRITICIE . TEAE 500 p m O HERD, [EE 500 p m X721E 100 p m DA T A —XEKD 3fdfZ Wz, Zh
5 ORI T2 ER 30cmO BRI AN THEEE & Uz, A E72IEH T A — X% IV THEfR U 72 RER R D 223
RIFZNTN, 44.7% 41.4% 37.6%Ch 5, HENEZRET 2 ELEF v U NN—NDOENIZ, <10PPak Lz, £z, Hitk
WIXEREDRIT % FHOEKIEHAL (FAay, HIA, TIHIVIF, I)vaz=y, F2r, g 8. 8 ZHVE, 5L
ERIZITRT3IMMTH D, TOHFEZELRE 10mmDY REHNT, —EBRXBAH AR K OImE Lz, TV 2 7 ZO1EE
IREANCIE, HALDIET A B OB 2RI DEN D . TDDIC2DDOFEREHR T TS, £, ALK
Y RIC K O IEA ADEERAZITNTWS. 51, GEERz7 7V IVRy 7 A ANT, F+¥ 2 \—NICIA
Mo T EAT ZAMEIDAALTIY =7 R ER 5 2 5D%E[NTWS. BEIADOEZLHEE (vi) (X, 24?217m/sk LTz,

T E N 2 ORIk DR Z I 5 T LIk > TV = 7 ZHEN i RDTz. ZDRDITERT Y R )V
CTFA N AT LT, HegidfE 2000-100000 /R TR TR ORE 72 i Uiz, BUS L7274 H 5 >30 Dk
TOPEEV., ZNZNOR FORHNE & i, Z LTl AEORMGRERD 2,

3. KSR EBH

R ENTEEETAERTLY 2 7 AL > T 2MTF2RZ L, BEONEZF A il BEORE LY
WAZTHATIERZOIKDKREL BixB T ehbhol. TV Tk, TV 7 Zh—T7 2 DOMEHIK- & 759
AHNEL B0° BETHO I 2V Zh—T VFENTHRAS. —7, YIVAZT TREOMEILES BEE H—T
M- TRAT. TOH—T VIRDZEEDOHHZFING I2DICR OIS DOV TINTH . ZORE, [
N & A IS DOV TR, 2 TOHIUC BN TEZL SIS VRSN SR I NI HE &, bR R E < il
MEMEZERD 5iE L 22 ON TR LTS EHIA RSNz, ZOMER, mAk48 FBETHD, 30° REETH
FlZhE < Ixolz. L LAELDL, TOMAOHMAMKEICKZKFLEIR SN G0z, T, TV xH—T >
RO 258F, BHAEOEVWHFEKTIZ/ANC e 2R LTV, —F, TV ZHED R —)VH| (0) IV T,
O <6glcm? OFIPHTIE, pldHRAEICHAIL TR T ehbhr o7z, (XD

Volv; =a(x/Ry/#  -XDO

1=0.05p+038 -0

IaDL, h—TVIRIROAERR, MENMOEEDEKTHZZ LWbh>Tz. L LENDS, BICDOWTEA—T
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VHVIoTWAICEMDLT DMLY RICESEM 5T, E5IC. 7 L—2—Y A XO5IEEKF DOV T R
0) D& HBHRNRE -7,

[R(p tUm)'(1/3)]=1%[p t/p pI'0.096 20
St%, & SITJEVIEEHIF TR Y2 R DR RRNC N LT Y o 7 2 ) A DAL A 2 I S i L

TWVWERZLV.
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FORUARHEIC N 5 @247 L— 2 > 792

Impact cratering experiments on granular slopes

PROREST 15 B RS
HAYASHI, Kosuke"* ; SUMITA, Ikuro!

VERIRRERERE BIARZENT SR

LGraduate School of Natural Science and Technology

E7Ey L—521) VT I3REREOME 2k 2 BEGFBEO—DTH O, ZOYEZHiRd 5 = DIThhiikz 2 —
7y k& UTeRBNFEENZ b T &= (B - Walsh et al., 2003 de Vet and Bruyn, 2007) CN 5 DEEB T, TERE
N3 7 L—2—DFREIIERD I L — 2 — L RARRICEZET IV F—DRELEBICONTHM I L—2—Dh o7 L—
X—ICZb L. 7 L—2— DB BN TIE X D & HIDZEEIGEICIE 7 L— 2 —DERE T RILF—DFK)
VAFIZIEHIT B T eI > T0B, T, /NREOBREDNER, EHICBHRET L —2—DPRAREINZEXIICE-T
Tl MNERBEICHONS 7 L—2—3EH)) - sBE LI OBBHICGLY T2 EDNH O FZEZTNZHRET 272D
HRESER 7217 - 7z (Takita and Sumita, 2013)— /5 T/NEREIZZ DY A R LL U TEIRDE L z6d, RHEICEZRT 5 T
LICEDERENZEEZ NS 7 L—R2—8FAIN TS (Jaumann et al., 2012E LD 7 L—2—1) > FHERITIK
VIR 2=y FANDOEEEFNETH 5720, FHANCHT 5E22I R BTN TOEN, ARELTIE, REOLERA
W L—2—DIERIC G Z % 5872 PR 2 7o DI T 5 TeEZERDFERIC OV THE T %,

AFERTIE, Mt 25cm. £ 18cm. EE 9cmD 7 7 VIVEGRIC IR 0.204mm % 2.66g/cni, 2224 37.2 D
W72 FEEER DY 0.561075 % K D ICFEED TRtk X —7y S 2 EEOERA 6 ElF, ZDO LN ATV LABRDA 287
Z— (E£E 11mm 22.2mm %% 7.70g/cmi, E& 5.50 44.19)ZHHEE FER T L—2—ZEKT %, 7L —&—D
FERGBFAE EEE D A D TRE T %, B25T 3 )LF— EH 0.055Jk 0.073] 0.58JD 3fffH, 040° | 11° | 16° .
22° | 34 OS5MHOAE 158D DFEERZIT> T,

7 L— 2 — R ORIHRICHRIA KT O IRZ L— — 206Gt 2 AT v € T E—2 =T LEMNS 3XehICHllES
%o ZENiEt D RAEIE S S AWK 0.024mm KA TANCHK 0.1mmTH %, AT v ¥V TE—2—IF 0.2mm4IA TH)
{o 7L —2—EMuIOERDILIRT — 2 Dl 7 L — X —EEOREDIIRT — 2 DENHE LG LTI L—
Z—IERIC K ¥Rtk 22— S RIMOIMELEN 2R %, #iE T A E D KZEi7% Crater depth #BHAI /D E E 27K
SE U Te i KiEEREZ Crater length E[177 M O i AR TR Crater width& 9%,

FRETOFER, 0 5% 20° LLEICERZ &V LEFHINS V7 L—2—DF D DD W - iziinhhagtinsg 2 L hnh -
Too EHEEA AT T LTZEROBEIN S, 0 HVRE IR DIV, EZE 0 HIlOR 7 OFEO AKX k%
Mot TNHEERATY LDRUNBGERTH S, Ko, FRTIEONI /L —2— XA AZD 7 L—Z—
OHIFET— % (Jaumann et al., 2012 ik % &, FFEAUDVRHE MK D, 2 = 7 Z AR MAINCIAD 2 sty Hm L
Tz, Crater depthid 6 WK E X 2ICHE> THFRIA G % . Crater lengthz U Crater widthid 6 78 0° 5 22° £ T
BRELZEDERNA 22 Z2HA 5 EHINT 5, TORHE. 7 L—2—0 Depth/Lengthttid 6 DN, E-> T 0.250 5
0.05X TV T %, THUd 0 DRIRDOAIC K > TIEIAL Depth/LengthtbD 7 L— 2 —MWMEKTE 5 2 & 2R T\ 5,

BEIAT—NVDOIIIVF—KIFNZ AE® DIBICREET + v M9 5 & (BERHEEIILF—), 0 V(LT 2 LIk
BARZHOTERL, HaDEMZEL LT, Thid, BEEZETIETFHORA T —Y Y JAZZOXEEHTERVWI &2
RLTWVS,

5 IHISZHR

de Vet and Bruyn., 2007. Phys.Rev E 76, 041306

Jaumann et al., 2012. Science 336, 687

Takita and Sumita, 2013. Phys.Rev E 88, 022203

Walsh et al., 2003, PRL 91.104301

F—I— R @RI L—2U T, Bk
Keywords: impact cratering, granular matter
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PRRE A B2l R O R AR

Size Dependence of Impact Disruption Threshold of Iron Meteorites

BB A R EE AL A M L Sl -2 ERJINE 2 LiuXun? ; B R K3
KATSURA, Takekunt ;: NAKAMURA, Akiko 1* : TAKABE, Ayana1 : OKAMOTO, Takayé : SANGEN, KazuyosHi; HASEGAWA,
Sunag ; LIU, Xun3 ;: MASHIMO, Tsutomuf

L REAREEBEBEEANT IR, 2 T 22w 7 e RS T R A ST, 3 BRAKEE L Z0 8T — 555
!Graduate School of Science, Kobe Universitpstitute of Space and Astronautical Scientastitute of Pulsed Power Science,
Kumamoto University

PRBEAT® M AVNRE DWW DM, ML LIEHERE D a7 RIRFERIRIC T E AV F =)V ZRFEE LT0b EE X
5N%, FHMEL THSHEADREMZEMICHEZETRILES NS X TORM, SKEORMKIE, HEOIRE-DEIGELD
SIR BRI EZERZ R LTI EEZ BN%,

AL TR, HIRT, BmmD S ecm OFREAZHALE U I3EN &9 2 H2enifisziize . H2e8iEy 100 m/sh 5
B km/s DFIF Tl o 72, —DDHINNERRE . SERARRIOE 5 DEZENSREAR K D/ NS VR TREZTT 5 72, KR
gD T=oIic, AF—)VOmZEIERREIT> T2,

PRI AR AT — VAR OB A X0 hid, EADEDERERED . ZORELEDTZDITHID W VRN T
EWRENT, Tl mRABAEEEHIGIE, HALOMEE T3V F—Z2ROERTH > e 3 )VF—FELT xR i
KO A RCEMAFT B T EARENTz, Fkld. BBEAOBINRED RN IR U TR ERIKFEZ D L R0E
Uco COBINGEREZ W THIERERE 288t Lz L A, R EEEIG . Bt N7 aREE 10— 2
RIMKAFET B T LAIRENTZ, EHIC, FEARARPS AT —)VidR O EMAE G S . BIRE TR LS Nzy)iz
FEENEROTRETE S EhRENT,

ARFFEFHRA O AR—=ZX T Z A HEFH & BEAKFZ OV A/ST — GCOET 1 7T LI X D {232
L7z,

F—U— RNKEE, $RRRA, EGER
Keywords: Small Bodies, Iron Meteorite, Impact Process
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E’fi@g 2PRERIA 1999 JUID Y L— 2 — AT TIVDOREE L ONCIC K 5 @il
n] e’
Cra[?[ering chronology models for the near-Earth asteroid 1999 JU3

LR AL 1 BEEH Bva L A2 REE] 2 RH PR S B BE Y IIHE 0 AH BIE S SR HE s BT
ANDO, Kosuké* ; MOROTA, Tomokatsti ; SUGITA, Seij? ; HONDA, Rie* ; KAMEDA, Shingd* ; YAMADA, Manabl?® ;
HONDA, Chikatoshf ; SUZUKI, Hidehikd' ; WATANABE, Sei-ichiro’

VAR KRR ABERE A SRR, 2 BOURAER AR i B R AR ZERHEMEPE T2, 3 @i AR IS FH E AR,

S NTBORAPIEART, ° TR ARBIREM L > 2 —, ¢ ZHKCE, T Bl BRI EGEER A S R BRI R B
IGraduate School of Environmental Studies, Nagoya Univefdtgpartment of Complexity Science and Engineering, Graduate
School of Frontier Sciece, The Universiffpepartmant of information Sciemce, Kochi Universit§chool of Science, Rikkyo
University,®Planetary Exploration Research Center, Chiba Institute of Techndi®gg, University of Aizu,” Division of Earth

and Planetary Sciences, Graduate School of Science, Nagoya University

20144E4T B B FE O/ N R AR TI305E 20 13, CHEUNKETH B 11999 JU3 ZHEE SR E L, ZOY )L
VR=VERERHNO—DELTWS, /Na. NAT =LY T I B KIGRAT —IVOEREE S DIl
RIVF A — VDGR OMEP A ETH S, DFED, ZTOY VTN EDX S EYETH D, 1999 JUSETIZED
EITFEL T DD, Z LT 1999 JUHKIFRD E T THEEN, EDK S (kBT E>TEDOD, ZHIZHHE
W5, 1999 JUIDME(LEFEZHED T, ZORKREROHRIIFHCEETH S, AL, IRRE 2 THELNST
H A5 1999 JUIDFEMEI{RT — 2 h 5 7 L— X —4FERZEFIEICE L DO FRPEZA[HEL T 5 /28I, 1999 JUSEHIC
B2 7 L—2—EMRFA GREERE 7 L—2ESEOMGR) OMRERZHNE TS, o, Bonz7 L—2—4F
RAEBBICEDWT, T#HiEA XS (ONC) 12K %7 L—2—BHINC X B ERERSEOREEZTTS o
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EZERZ—7y MICIERRE NS T+ BT 1 IR « @2eadf o A r— V) > JfiglT
Scaling analysis of cavity morphology and disruption threshold for highly porous targets

B feH s R B R A
OKAMOTO, Takaya* ; NAKAMURA, Akiko ! ; HASEGAWA, Sunad

VR ORAERAGEEIAITIERE, 2 TR AT

!Graduate School of Science, Kobe Universitystitute of Space and Astronautical Science

INRAARIENICEZHUADNEZZ L T DL B 7 L—2—0DIKIE. ZORIKDZERRDEKNE, e, 7 L THEEADORZZ,
W, M, HEICK > TEDLZTENEILND, TNET<O0UWDKERLEMREFFOZ—T Y b (AF. HFA
E— AP, ) ZHOVEHRERMTONTED., 7L —F2—0DFEIRERNFARNSNT Xz, UL, HFEOHF
AFHERH FENC &K D NS D RIKIZIEFICZEBRRDE N (<86%)E DX TH BT EMWh > TE, TNH/IKIK
DIEBIHIC 31T B 1EHZGEL 2 R T 2 72 DITIE E BICKERZERBE A VIEEZBRONE L > TL %, HLAWEZINET
KD EBICEWERREFEDZ =7 MERENZ T Y ET 4 BIRICDODWTHIN2, T L TINE TOMET— &%
Eb¥ 3 & TIRIEOEPOZERREFOZX—7w M TESF vy ET A IBIRICDWTERM U, T, EZetEbric
BOTEE LT 5 EZeisnmE & Z2RROBURICDOWT HEM LT,

TNE THALIZZERH 80, 87, 4% KD X —7 v M lERK L., EZSEENEMEF O A — MV OEZFIEZ1T> TX
7z (Okamoto et al., 2018 FHALUTIZF 2>, TIVIZTU L, TG, AT YL AZANWTERDN, TNHICHXRTEEE
DOF AT yEAEHICH Nz, b Ty 7ORIRE., BRBEOREN NS WIGEIEHEN= Y VAL SO
REWGERI AN THRINHRE N, ARETIEICTOHTROF v ET 4 BRSOV THIET %,

ATHRDF v CT 47 L—F—bHE L, TORRKREEAORZHEROBESRIKD 7 L—2—ZA 77— »J7H|%
HONTEELZECZA, FYy T DRABREANRBELIS A=) 7 I N, R ZNTNE, EHZLEh
SRR E TOMEHE, SALOEB) T 3 )LF—DWIHAOEE T %)L F—0D e L 75 2 FHUINE S BN R SNz, R
E S I EPURBOBE L 72> TH O . MPURBUIHALOBHEORREICKIFET 2 2 &b, HALOMIEN R KEE TO
PREEICEES LT\ a T EHRBE Nz,

REHDF ¥ 7 ¢ OIS, AR, S L2805 DR & OBIRZ Tz, Bilic (EZsdE) < (R 1 i
FRD) TEREINSHBUEREZ, Hhic (Fr E7 0 ) X (Z—7v MRE) | (HALER) OF v BT ¢ Btk
& WM L (Schmidt and Housen., 1987 IEH D+ v YT ¢ OB LAATE 13 EH 2553 E O3E TR S kL
BRSO U TARFROBGD RSN, (Z—7w MEEE) | (AR OHAKREWTHRFHERIT DI DI E Al
Feolz, —J7. MAEETHRILLIZF Y BT o RAREHEE I E B S & IERPIHABRE Tl & XFROBY
BPR BNz, TNSDRFEEHIT., HBREABEICOVWTEONTERFERETFE L o7z, Ikbb, FvEr o
BHEMERO—E LTHREL TWa 2 Ehbh o7,

B NI 2 —7y NOBEEMNTOERONYNICIR S & EDTI)VF—EE R EZEHiEsheg L\ S, EZehiEnges
BZEBRRNAKE VR =7y ME EHEEGRE PR E L RS MW R > Tz, 22—y FOBEREE DOLEA0.5
DEEXDE1.0DBED S HMEZEHEREIII K E o Tz. AFE TR, BEL RIITIIGE O Zehi R g 2 e b LU
TEBHLELDICDWTHERT %,

F—T— R EEFR, DRIK, 7 L—2—, XA 0T 1 THIE
Keywords: impact experiment, small body, crater, catastrophic disruption
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FR S ERR RO > — 7 LS
A consortium study of the largest particle of Hayabusa-returned samples

FHEEZ Y GEL REED AR 22 T V2 R R L 2 EE Y
UESUGI, Masayuléi* : KAROUJI, Yuzurd ; YADA, Toru! ; ISHIBASHI, Yukihiro! ; SATAKE, Watar ; OKADA, Tatsuakt
: ABE, Masanad

LTSI TR, 2 AU A R 2B R IS R R R A I
1Japan Aerospace Exploration Agentepartment of Earth and Planetary Science, University of Tokyo

Hayabusa-returned samples retrieved by the Hayabusa spacecraft were already distributed and investigated in the prelimine
examinations and international A/Os. Through the investigations, several insights have been obtained on the formation proce:
of 25143 Itokawa and surface processes occurred on the asteroid, as well as the confirmation that the particles were certair
regolith particles from there [1-6].

There are several particles, however, which have not been distributed for those examinations because of their rare featur
appeared in the initial description done by extraterrestrial sample curation team (ESCuTe) of JAXA. Though those particles
will provide us further information for ltokawa and evolution of the asteroid, the samples should be investigated as carefully as
possible to reduce consumption and damage of the samples. RA-QD02-0136-01 is currently the largest sample of Hayabus
returned samples recovered from the sample catcher. The major axis of the particle ra is aropnd 3hd weight of the
particles is estimated around 20, assuming the volume V= 4t8,r,r. ~ 4/3r7/(2 /' 2)r, and density of the particle as 3.4
glcn?, where |, 1, and [ are major axis, semi-major axis and minor axis, respectively. The RA-QD02-0136-01 is mainly
composed of Ca-rich pyroxene, and also contains minor amount of low-Ca pyroxene, olivine, plagioclase and troilite. In order to
maximize scientific gain from the Hayabusa-returned samples, we decided to investigate this particle by constructing a specifi
consortium for the analysis.

6 teams were joined the consortium, and following analyses were proposed.

M. Uesugi and A. Tsuchiyama : CT observation of 3D texture and surface observation

J. Park and Rutger team : Ar age analysis to determine the shock ages

K. Nishiizumi and K. Nagao : Analysis of cosmogenic nuclides to estimate the erosion rate of Itokawa

N. Kita and D. Nakashima : O-isotope analysis of high-Ca pyroxenes and plagioclases by SIMS

F. Langenhorst : TEM observation of the dislocations for estimating shock effect by small impacts

L. Keller : TEM observation of the space weathering rims

Currently, we prepare the sample cutting method, and evaluate effect of the cutting and sample transfer on the subseque
analysis. We will report the sequential flow of the analyses and results of the rehearsals.

References: [1] Nakamura et al. 2011. Science 333:1113-1116. [2] Yurimoto et al. 2011. Science 333:1116-1119. [3] Ebihar:

etal. 2011. Science 333:1119-1121. [4] Noguchi et al. (2011) Science 333:1121-1125. [5] Tsuchiyama et al. 2011. Scienci
333:1125-1128. [6] Nagao et al. 2011. Science 333:1128-1131.
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(e as A MATRTOa Y —2 7 LFFRDOBLIR _
Present status of a consortium study of a NaCl bearing Itokawa patrticle

RHE Y PR EZ Y B GE L B & 2 R ol 3 ks 222 L P GERH L A R
YADA, Toru'* ; UESUGI, MasayuHi : KAROUJI, Yuzurd ;: NOGUCHI, Takaald ; ITO, Motoo® ; ISHIBASHI, Yukihiro! :
OKADA, Tatsuaki : ABE, Masanab

LA B FE R, 2 IO EEAET, 3 e o B e
1Japan Aerospace Exploration Agenéffaculty of Science, Ibaraki UniversityJapan Agency for Marine-Earth Science and
Technology

20104E 6 H. /NSSEERERE NE05E ) 1 STHERGE G N A S AT K D RN ikl 2 BRI IR & ¥ 7 (Abe et
al., 2011) ZhL#E, JAXA F 2 l—3 3 vF—L (ESCuTe)Tld. NERRE | OV VT IVF+ v Fv—h 5Dk 70
[\ - G itEsD, BEDHT, 400K FHWIHIRIEE A & LTAEXRIN TV (Yada et al.,, 2014) TOW, fbik
ORI FICOWTIE, EBEOMET LV —Th 50 7TaR—)IUNEE L. BGEHREIICK 2 RTINS A,
AV =T LIEOMG /25> TV, JIAXA Fal—r3a VF—LBNary—o 7 LR D T, LS &
W IN—TZ5E0 . BINT 255 M TRZR R Z KL T 2 AO D HTE N OCafiD 7 a—Zi@Emd LvE L. Z
D7 a—IHl> Tk EED %,

TDAVY =T LGOS EIx > TSR FD—DIC, EEFLT A BIESR 7HH %, T Ok 1~ (RA-QDO2-
0129)I3kifk 40 u m T, FICREANHKD T A BEN S50 ZOEMAIC 3?5 1 m DEIED NaClhi F-MFEL TV
%o SETREHINZ 400D NIPHRE ) BER 7O T, HEEETr A BIEN 7. TOhT 1H7Z0TH %,

REVERRIC BN T, HOFERIEFICH VI OEETH S, HEHIV FI A MEATE, SXTIKHaV RS
A bDEFNY, BITHERAHE UM RO > TWial, TNEDEAN S RO EIXEEEED I 25 129D
EHD RO > TEO, IHIRGRICBWTHIY R4 MEERAD U BMMOKRKTERE . mEAICHDIAE N
7eEZZ 5N T 5 (Zolensky et al., 1999; Whitby et al., 20Q0}EDIE I IZ/KD D> THEH . EHHERE NizRERIK
DORJFC OV TEERIFRMEONS LHRF I NS, T2 EKOIFIEIF A OYIEEL & L EBEICKKATED, &
A ELIFRIC & B G 5 BRI IZEN R TH %,

CORIFOWETETEELRDIZ., TORTFEIENTVAEOHBRIEE AT 5 L TH B, HERINEET
HBTEHRENTGS, HICA MATE LI LL 32 RIA MRERAEED, SWREFRIZIHSNCT ST L HEE
L5 %, HIZIEHWICH/NT, ahOBEA DO TR E Nz, WIIIKGROENRZ R I IHHRLE T 7 & 129 DIgHE+F
J V12908, BHEOE DN ETOMERETIEHE L, BIEDRT. T O/ NaEEORERIVEIRZ AT % T & h3HK
DYEREEGEHLE LTEZSNTVWSDIE, OD)ENSOKG T LT F5y 7O, (2) EERE» 5 OKMGENY ™~
Lo, 3)EEXBEOTHEILEOEE., THS, (1), (3) DAITIIEOBEYF 0B @S FIEMEEEL. (2) D&IciX
L—HP—AF NEEBEIEHC K 20D ETH %, ohratlie LTid, NU Y L2 N TR BIAATZIESS, & F
NV DR E OBREARNC X 2 V) N— )V Hnic X O MEBBIRTFERZH#L L, AFROMEONICEE TETH %,

ZEHR

Abe M. et al. (2011) LPS XLII, Abstract #1638.
Whitby J. et al.(2000) Science 288, 1819.

Yada T. et al. (2014) LPS XLV, Abstract #1759.
Zolensky M. E. et al. (1999) Science 285, 1377.

F—U—F: A AT, NEE R, Oy =27 L
Keywords: Itokawa, asteroid, NaCl, consortium
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TV —=R8ZATA N ATRAD ITRTTAEEIC DN T _
Three-dimensional structures of aggregate-type Itokawa particles

RHGEY, P EZ Y BFEL D @RS, LU a2, Ak 2722 ME i L 250 EE !
YADA, Toru'* ;: UESUGI, MasayuHi : KAROUJI, Yuzurd ; UESUGI, Kentard : TSUCHIYAMA, Akira? : ISHIBASHI,
Yukihiro! ;: OKADA, Tatsuaki : ABE, Masanab

S HTZE TSR FERAE, 2 SURS AR AR AR, 3w R A S v 2 —
1Japan Aerospace Exploration Agent@raduate school of science, Kyoto Universityapan Synchrotron Radiation Research
Institute

NREERBICIBOTE, EHZERZ UK U RENC X B ERE AR EIc K 0 AU LTV ZRFDMEEL TV 5,
ZDOHOERERINZ RS T & T, PUNRIAR, Z ORI RADOYIE L ZNERET 25 T EMHIKk2 EEZ BN,

N RAERE 35T ) 13 20104F 6 H. SEIDOHIERIH/ KR A b A7 70 B 2ROk HIERIC /s & B 7z (Abe
etal., 2011) T OMUNRIARED L TV AR FOHTEM/NEHEER DA (7 7V 75— b)) 241 TOR I DWT,
Z O 3LTHEEZIHS MM U, A& IMERORT 10 3 JUTHLE & Z DIEHGRIEZ T 52 2 Lick b, ZORFD
TERRERES 2B 5SS 2 DWNAHIZEDOHMNTH %,

AWFZETIE, YRR E Nz 400ERE DIZ0 S S ITMERI DN, JAXA DESFEO N 5EENTZ 5 D07 71 7'—
2 AT A N AU (K% 55-128 4 m)ICDWT, T HEDE CT DFEZ VT 3RehiEfi 2115 72, Mo khE
DT Z V)7 — MRIFORESHE CT 2175 1. WUNSHES 2w RIBIRDZE(Lr A FE 5 ik % ik R L 2 — O NERIC KL
FHE LTz, T SPring-80 BLATXU ICBWNT 7keV., 8keV D 2 FiD T 1 )LF—DRGHEZ RS L, B 5N iiEd
X 8572 TCICHHERSIC K D 3UTNEEE 2 TR T %0 TNTNOZIRIVF—IC KX ZHIPID X $RRINRE D7D 5 i
Yk kB3 2 A AIEE L /2% (Tsuchiyama et al., 2013

BIE, BUET— 2 O HEIC X B TH 5, 51813 DT —RE IS IMERKI+D 3 XothdE % 5 M L,
Z OGBS DOWTELZITS TETH S, Fio, MR FREIOHMIIFEZIHSMCT 8IS, ZTNHRIFO—BIC
DNT, BRAA VE—LINTHEBEIC K OEEY R Z/ER L. ZREMERR 21T TETH %,

ZECHR -

Abe M. et al. (2011) LPS XLII, Abstract #1638.
Tsuchiyama et al. (2013) GCA 116, 5.

F—I—F: A MATNEE, 77U — &, 3ok, et CT
Keywords: Itokawa, asteroid, aggregate, three-dimensional structure, synchrotron CT
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Itk KOV VERIY) 2 3313w 5 S ik o O > — 2 77 LilgE
Consortium Study of Troilite and Phosphate-bearing HAYABUSA Returned Samples

FEEGEY PR EZ Y RWEGED kG 22 T 2 R R L 2 EE !
KAROUJI, Yuzurd* ; UESUGI, MasayuHi : YADA, Toru! ; ISHIBASHI, Yukihiro! ; SATAKE, Watard ; OKADA, Tatsuakt
: ABE, Masanad

LTSI TR, 2 AU A R 2B R IS R R R A I
1Japan Aerospace Exploration Agentepartment of Earth and Planetary Science, University of Tokyo

HAYABUSA returned samples have been shown as Itokawa origin by the preliminary examinations (e.g. Nakamura et al.,
2011). Furthermore, international AO study has begun last year, and a formation process of asteroid Itokawa is becomin
revealed.

HAYABUSA returned samples are described initially by JAXA Extraterrestrial Sample Curation Team (ESCuTe), and a sample
catalogue is prepared based on the data of initial description (e.g. Yada et al., 2014). More than 400 returned samples we
described so far. These described samples are classified into four categories. A number of samples of each category to
distributed for international AO are decided based on the sample catalogue. But it is difficult to distribute such samples with rare
characteristics in composition, mineralogy, structure, or size, although those samples should maintain scientifically importan
information.

Therefore, in JAXA, ESCuTe started to organize the consortium studies in order to obtain the scientific information as many
as possible from these samples (e.g. Yada et al., 2014; Uesugi et al., 2014). In this paper, we report the research plan for tl
particles mainly composed of FeS and which contain phosphate minerals.

RA-QD02-0245 composed mainly of FeS (40 micron) with smaller attached olivine and pyroxene grains. This particle was
analyzed by X-ray CT at SPring-8 for 3D texture without atmosphere. Two ultra-thin section will be made from the edge of
this particle by FIB. The ultra-thin sections will be examined by TEM in detail for space-weathering effect on FeS surface. The
main mass of this particle will be analyzed for chemical composition. Especially, the siderophile element composition gives us
information on the formation process of Itokawa parent body.

Some particles including phosphate mineral were found by the initial description. Because Ca-phosphate tends to be enriche
in incompatible elements such as REEs, Th and U, we propose the investigation of U-Pb systematics using Nano-SIMS in orde
to study the history recorded in the phosphates. We will perform the U-Pb dating of the phosphates as many as possible and ai
to understand the thermal history of Itokawa parent body such as crystallization age and the catastrophic collition if recorded.
Keywords: HAYABUSA, Itokawa, troilite, phosphate, siderophile element, U-Pb dating
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Bundler& PMVS27% i\ 7z Structure-from-Motion#: i & % /N E TR IRHEE T
Asteroid Shape Reconstruction by Structure-from-Motion Method with Bundler and PMV

TH K RTINS E 2IBIRE TV MRS V—T 2
HIRATA, Naru'* ; MORI, Yohei' ; HAYABUSA-2 SHAPE RECONSTRUCTION, Study groéip

LR 2o sE27/uye 7 b
LARC-Space/CAIST, The University of AizdHayabusa-2 project

ERRE 27T 7 MBI A/INEEIRET WERTFEDOBE Dz, =72V =X LTREN TV BEIR
ey — VORI 21T - 72, FfE L7201 Structure from Motionc & 2 ARG CAYATREZR Y 7 b Bundler&, TN & 17
U CEfMGEDIIRE T IV R ERRTRE/R Y 7 s PMVS2TH 5. IS SHEBDEUYG LTz, /N&EA M AT OEiGE A
HE LT, miEdY = X BIBIRETCZITV, BHEDOIBIRET IV E T % T & TR, fRSS7R & 2FHIi L7z, Bundler
& PMVS2IC KB IRIE T, ddA NI TH O, M, FRSED M TEEAYIHICRE & 2wz LT 5.
X O SRR IRTE 7 )V shape-from-shadingPBR[E 22 A7 L A 72 EDMDTHEIC K > THER T 208N H 5.

F—"7— R /KR, FEIRHEE, bundler, PMVS2, Structure-from-Motiolg > 5 & 2
Keywords: Asteroid, shape reconstruction, bundler, PMVS2, Structure-from-Motion, Hayabusa-2
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173 % 22 [ ) R RERE R O X G R ERER _ _ _ _
Feature matching in planetary images with multiple spatial resolutions by using SIFT
algorithm

INEEZ Y RH B
KODAMA, Hiroyuki' ; HONDA, Chikatoshi*

L ERHERY
1The University of Aizu

This study uses feature matching in planetary images with multiple spatial resolution. To know where lower altitude images
are taken in high altitude images is performed based on images without the position and attitude of spacecraft in this study
The lower altitude images of AMICA on-board the Hayabusa spacecraft, asteroid probe are found as a correspondence of imag
features (keypoint) in higher altitude images. We adopted the Scale Invariant Features Transform (SIFT) to represent a kind c
key-point of image for image feature matching. In generally, the SIFT keypoint is robust to scale transition, change of lighting
condition, parallel displacement, and rotation of image, so this keypoint is suitable to feature matching of planetary image whict
contains of scale and rotation between different images. As a result, for the improvement of accuracy of feature matching, it i
important to have a preprocessing of image (e.g., equalizing).

F—U— R B, SIFT, MR, AMICA
Keywords: planetary image, SIFT, feature matching, AMICA
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TARADT)V—"T  3RTexy T el 728 U T B BOBFE DO H#EEX
Grooves on Phobos: Spatial distributions and their implications to the formational mech-

anism

A th Al b R gE
KIKUCHI, Hiroshi'* ; MIYAMOTO, Hideaki!

VAU B T YRR
1The University Museum, The University of Tokyo

NEBOWHRETHS 7+ RAZTRICRGOHELUEFHRETH S, TETIE 7+ RAGHEROEHRE TH S A 132 Bk
HIEFEMEREIN TS [1] D, TOX S A CHEMNMAET 2 -DICRFERELZE 2 5 2 LIk, —RICHEZHR
92 LTHETHD. FCOEIDR, TRLEEHBOZEEZFTANL [ TERVBELIEZKKTHS EZONS. HiE
SR 3000 D S fMBFEHENER-EINTED, 7+ RARRDLEZ L DERPEIGFEN TV E/NKkE T T

T+ RADEBTRONSIFELZEHOOCLDELT, VI—7 LMENZEFRIROFED X 5 siBENRTF 5N 5. R
BERC LICNEDE > —DOHETHEEA TR, VAKX, AXRT M, WENNFGA—ZTHELULIZE#MEL->T
WAICEEDLETII—TRE3 2 AshEy. 20NV —T3 D2 DO/NKIKICERENZMIETHED, EEITH
BERTHRIAIZ K S Do T0aRW. ZOEOHHREL L DERMISN TS T+ RAZHN T IV—T7 DIEGEREZHH 5
MTTNE, IRASEROEXREEEROMICE KL EMTSEDEEZONS.

T4+ RADT )N —T DG E LT, il 2 Xotdhe K LTy vy ¥ 7952 8T, KEDHEH RTHELIAT Y
BN REZEE LT T A RAKCEZEL, TIV—THBER LIz T 2P RLFANNTS 2 LrENz[2. LhLAED
5ZDRTIEA Y =7 ZWNERIRICUIZ TN ERJPEERIC 7V —T e S VWS ey I alb—r g vick
DIRENTZ [3]. D=7 IV—T OFRINIIE UGS R IEFEE LR, ZIV— T OIFREMNFMZ M BB, 2 otT—
RO ERCHEAITH BN, K7 IV— 7 OISR SETEATLES DT, EBNAERETSEHICE
HLOTFENMRDENS.

Z T THEA W ESE SR T8I0 NT 52 & T, 488D I —T DN ENESEHEL, TNEET +RAD
IXTTHEUHICIRE T IV FICRE Uz, ZORR, SXRTDIINN—TM, e Z—REMTIGIRCHZ BT INV—TTH->T
t, TNETNEEE LOOFH LICFEL TV 2Rt Le. @8N TREIC R > 2 & T, JIVb—71FE
IC 3HME (AB,CH) ICHHTES T Ehbh o Tz

ACHIZ ) —T DIFET Azt Uiz L 25, TOYmEehEm & i ram & g —3d % 2 &b o Iz
5 CHGER M B AERIRICER 2/ MEH DY T A R ACEHZE U a 51X, MiZeR IR MR OREm D bz & T
ATERBEWVWT EARENS. TOMGHMEEBHEHED I EZ IR LIz &, FEULEEAYNH S Z ehbhoTz. &5
2, MBS RERL, VIV—TORESR 3XTETIVTYIaL—hLkE &, BIEH L MRS RENES N
fz. DL EOFREREZRN S A,CHLZ )L — T3 0HE D /MG DVEZE L2 2 & TIER S N & E 2 2GR E R T
B2 L TR T2,

AN DNEARIRIC A A TOW R IUE TV —T & U TEEE e, i c & o RIADHE S N, MRS | EIEXE

NBHERIE 19944 ICEHE Nz a—A—H— - VE—FIOHZHENFENZINTED, RLIINETEZDE D HRIHEH
HETWBREEZ, B I al—ra vy EROVTHRIZ Lz, f5R, W@Y)s/ 8T XA—27%5 2 UM OGE & 7 +
RANRZFET B & T/ MEF DREIRICH | FIEXEND T L 2R TE . IHICINDEATADHE 32 L I,
IR DEELL T LEY, EREFEEBENEWEREZEBLZCENTER. CNEINV—TR 7+ RACH>TEAE
A WEIIADO—DICR D 25 EZ BN S.

—HBNEENS BRI —TIcDWVTIE, ACHRIEIRTETHL pitchainh®banc EDMEERENTED, &
SICHADREN LIz A, BZEAMMNT A R ADOETHNE TS L, F&AED B RIZILYERIC U 7RWEH
MHZT ML, 2O M BELITRRA IRRGERZMES, BEEL, DR e E 2DDREMNZNZHET 2 D
TH2EEZ. TDIBO—DINBICHDTEMAE LT L THIATEZ RN EZ R L, FFHCCDT AT T
37 A R AR ZM5e T 2 B e 2 R Uz, A DIGIE T + RAD T )V— T 7 ARSI T &
ZEMD T, WEZNZBEI D RADHEES NS C L 2Y)D ORBT Z2EELIICRS EEZ SN,

KEHTIE, THRADTIV—T RN EIEERZ L T05DIE, 7+ RADRE BZRISGEVWKRAETH> 727280 ThH
D, 74+ RAREONETHS L ZFIHT 5.

=BG

[1]Craddock, R.A., 2011. Icarus, 211, 1150-1161

[2]Murray, J.B., lliffe, J.C., 2011. Geomorphology. Geol, Soc, Spec, Publ., London, pp.21-41
[3]Ramslay, K.R., James, W. H., 2013. Planetary and Space Science, 69-95
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F—T—F: THRX, TIV—"T K&, @I HHE, #2e
Keywords: Phobos, groove, Mars, tidal-disruption, impact
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PREL Al & 75 2 BRI B5/ N oD RLAR S B

Visible wavelength spectroscopy of sub-km-sized Near-Earth Asteroids with low delta-v

HE A AR IER? &R 2 BRI E Y 25 EE 4 W 4 A2W KA S P SO 6 RS 3E 2 A
3 S Ef*‘??’, EH??ChmYoung Juh; J5i8 SRR 8 )1 E A

KURODA, Daisuké* ; ISHIGURO, Masaterti; TAKATO, Naruhis& ; HASEGAWA, Sunad ; ABE, Masanab ; TSUDA,
Yuichi* ; SUGITA, SeijP ; USUI, Fumihikd ; HATTORI, Takasht ; IWATA, Ikuru?® ; IMANISHI, Masatosh? ; TERADA,
Hiroshi® ; CHOI, Young-jur ; WATANABE, Sei-ichird® ; YOSHIKAWA, Makoto*

VERIRSCE WA IR, 2 ) )V KRAYBISCAR, 3 BN RSB NT A BHAR, * iz b e pns 5 iRk
EWFIEHT, ° BROURZERT IR R AR, © BOURSER AR AR IIIER], 7 EDOCTHRAMIZERE, ® Bt EARER
REEREIANT TR

1Okayama Astrophysical Observatory, National Astronomical Observatory of Jipapartment of Physics and Astronomy,
Seoul National University’Subaru Telescope, National Astronomical Observatory of Jdastjtute of Space and Astronauti-
cal Science, Japan Aerospace Exploration Aget@yaduate School of Frontier Science, The University of Tok@raduate
School of Science, The University of TokybKorea Astronomy and Space Science Institd@®raduate School of Science,
Nagoya University

We present a unique data set of the taxonomic type of near-Earth asteroids (NEAS) accessible with available spacecraft.

The research on NEAs has entered a new phase thanks to sample-return space explorations together with state-of-the-art la
ground-based telescopes. We made observations of twelve asteroids with Subaru, GEMINI-North, GEMINI-South and Okayam:
188cm telescopes. They have low delta-v orbits with potential to be investigated by manned/unmanned spacecraft. Also, ten su
km-sized bodies are included in them, and are one of remarkable characteristics in terms of an evolutionary scenario.

We find that eleven asteroids are classified as S-complex and one asteroid as V-type. Most S-complex asteroids (eight out
eleven,~70%) have spectra similar to subgroups of Q or Sg-type, suggesting that these objects are less matured against spa
weathering.

In this presentation, we show their spectra and discuss dominance of S-complex asteroids based on the previous research.

F—T— R /NRE, AT, AXT BV
Keywords: asteroid, visible spectroscopy, taxonomic classification
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Zﬂ%%d VRAKRDFE R & E BTN R E U 7o rIRIAR T )LV 2 — DO BFE & MEiE
FI'Development of a wide-band optical filter optimized for deep imaging of small solar-
system bodies

B E—BR U VEIL JEOR Y ) BERER L oA gl b A B L )1 B2
OKUMURA, Shin-ichird* ; NISHIYAMA, Kota! ; URAKAWA, Seitard' ; SAKAMOTO, Tsuyoshi ; TAKAHASHI, Noritsugu'
: YOSHIKAWA, Makoto?

VERANR=A N — Fipe, 2 Tzt s rg
1Japan Spaceguard AssociatidBXA

KBFZRINKIED K 51T KBtz st LU TEsd RIKROFERBI, MEfEBINC R b Uz afRIAH T ¢ )V 2 — 723G
BUWE LM 21T > 720 TWIL 7 4 )V R — ENF Tefiiat D T ¢ )b 2 —IZ i, FHTKERRF bV 7 LMD 8%
WMETRIEES>TWVS, (1) ATHDEZLRBVNAY REOREICERLTWE T, (2) KBEARTZ MVD [T %
kB OE—2713 63504 1HB T &, (3) 2 < O/NEREIFATHDE DI ERIFIC BT 70004 FifIC RO ¥ — 7 h
HHHE, RHEMEICH 7 4V EZ—Dhy MFUIEER Schottd S A7 ¢ L2 — T0G590Q Zfifd % &ic kb 58804
WCRELTze — /7. 1w M A TIHEIX OHTEHDE,. 94004 125 2 /KK OWIGE 24 LT 94004 & L, THIET
W X O Rk 72,

CNETHHL T, TilRGOEEN Y 87 12V 2— (W7 1)L —, 4900-91001) ZHHT 25E LA, WiT«
WA= KD ZEDIHZ T ENTHEDEDGEDHE 5 AN D OFGEDEITH L TE 10-20%% 5 9 C &Rz, /)
SMEBHIFFCIBNT, W)V ZR—EHRTWI 7 ¢ )V Z—35E 8 ERPZ 169682 LTWAICEDIDIDLETWI 7«
JWER—DFHIC K D/INKEDOHS1T7 5 7 2 3% A 1z, FER. W7 4 )L X —DHIIC X b /KB B OS5 5
MESLE AT 6 %I EEB 5T N TER, RZEZH CCDD X I ICEREN TEEDE W CCD 2T %551
FEslckEhdEIESNE L EbNns,

B
Wide-Band Optical Filter Optimized for Deep Imaging of Small Solar-System Bodies,
Okumuraet al. Publications of the Astronomical Society of Japé#,47 (2012)

F—T— R A, KB/ INRIK, Y6, IR T ¢ )V 2 —
Keywords: optical, small solar system body, light pollution, wide-band filter
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1Z 5 5 PEFEREOHIR T
Prediction of Phoeincid in 2014

TR HAR L Aok B 2
SHUTO, Hironobd ; SATO, Isad*

VHARYE, 2 HARCER

INihon Univ.,2Astronomical Society of Japan

1956FIC KR L7213 5 89 R ERNE. 7T >/ E A (289P/Blanpainz BERA L I B ERE T, 20144 HH
THUREMED DS, 7TV ERIZ, 1819FICEE L U THRAINTLLE, ESREDNTED, 1819FIT/\—X k
ZEZ LIAREMDNE A bNd, TDzd, 19564FEDOKHIBIE. 1819FED XA+ M L—ILOERICK 5 EDTH 5 ]HE
HREZ 5N, SEOHBEOAFEEICONTE, TOBEDSHHDEDENT VS, £z, TV VERDEEN
BRJE AL 5.274E T, RE L 94 DHIGEARICH D . ISHEFIAND 5, HE> TRENZ, 20514FIC KT 2 2 e W TREX
nTtwns,

F—TU— R RE
Keywords: Meteors
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N RIKT2 JORS B 2 IREIR G A EYE

Solidified and mixed materials on Asteroid body

VR PR L
MIURA, Yasunori*

LEINAA R
Yn & Out University

AHREROL ST LDHENS,
1) /NREOWIZEIE, HIBRNIV RO AIMIE O T 2 Fic HEA Rt L T N5,

2) /NEEDOXREYIEHIFHERDEAS AT DR TEZ SN TV A A, HEROFEYIHS & & 7 CYIERIEEZ LS DT
LDV, UL UNKEWHIZZIREZES LTI E 2 ST EMMEE TH %,

3) /NRERIKIZ, WZETARIEARIC X O JEERERT TR EN TV 2 DI, ki F-E2E CRIEARAI R S HES T
E5

4) NER DZARESHEARYIE DN ERFR EIC K D EELNTICTRIAE ORISR S NS TRENEDH 5 .

5) /NSRRI A D HIBRS 1 L TE D 75 5 T & DA A U ERIEER Th 5, HBROZBIC N2 EAA (X7
RVARD P, DTN A BBIEREDERE N TV B DT, A A U EETHAET ZDI1E7 IV A4 (Na,K,Ca)
MLV, NRERHOEAIZ, EIERADERDT-0, A 4 EE T 57 A B (Si,Al) BB S N3 < muHtIck
5T EHEW,

6) HBRDEZEE11d, A DT A G T2 O THIBRD RIS L [ CA A4 VEROPE/RT T N2V, Tk
AFUIY 7 O C /& <L SR B ORUSDIRIBIC K B R 745 B OIS NI ERIEDENTH %,

7) NER OGRS - BOKKIATH 2 DT, ERICHEHBIZRE N7cZIREEH AR & E2¢ Uah 5 2R
RE T3> TRIFIERS %, TZSE(EE ) Z2R9,

8) HHERBI RN/ N&ER & W] CIZEIE R CABRIZR I A BRI TR L T %, WERDIETTRTIAD KRS L (EX

29). K& B U7z KB 2 B S % —IREEE OIEERE 2 R g DT~ 7 1 Eamdh et LT g, hEEIIE=IR

ﬁé?}ﬁ?lybx@ﬁ:f&p@“( R ZREEZZRIC & B X 7 a BE LI DY ﬂ*!%ﬁ$¥ﬁﬁﬁfﬂf%®i%éﬁmi Tl HERA
DR B D AEHBIER S N %,

9) /NREDZIRREEE BRI XTI « K60 FHERERFICIEREL UZEIR T, ARSI N TEE Gt U CREk
{LER o 2 A IR U= B A5 2 2 LI 50T, B TOZF OB ORI EINIZET ZRXETH B,

F—U— RNRE, B LRSI, JEREEL, ik, A4 @R, X 7 aRELAmE

Keywords: Asteroids, solid aggregates, amorphous materials, fluid, ion bombardment run, micro quasi life-like materials
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SIVTA 237 MMREHIC K B H E/ERDFC _
The Origin of The Moon and The Earth in Multi-Impact Hypothesis

iy
TANEKO, Akira'*

!SEED SCIENCE Lab.
LSEED SCIENCE Lab.

RIVFA 28T M & % H & HiBROERE
TR, HipRE H ORIEANOHHRE, TRCRERM & RN — RO R T,

(1) Arri, HIERTIE TLEELL S OEYIRGEED I E Tz D2

(2).FAIE, AMEary Roo beMbaETaY R4 b - SKBEADMEESIRES 5 0?
(). i, /NEEHTREEISHENGD Tz (HEHD) Oh? A S ATEME LT Tid?
(4). EREEEEH OME R 2R 2, H ERBIEOA Y VR Z R %,

(5) AT, JFAREE - T IR L Te D2 = REHINC X B PUEZEIE & @Ry 1 K %85,
(6). KEHBNC X 5L TWEDRFROBIIMN & ARREGTIC K 2 WY )11 K % i,

(7). 7L—F 77 F =7 A0 PlatefiiiH g &, MR DO TR R ORI Z H2 5.

(8). KPErpH) & PRifg T Dbl &, BREH ) Dk 7z it

(9) AT, XAVEY RIA T T 7V BB E NTzDMN?

(20).fafill, 7RSS (K—&) WEETWBEDON? =TT 2NV T L Vi DR
(12). RERIRHEDEIHOF I, T DM LI Z2E X 2,

(12).fafif, NBEOEERE (FIINKRE) DU T A FETHZDN?

GERTOINAT Y MA 280 Miatid, AZ2E5 B0 OMRTH%.
HERNOKEY A X7 H D FIREEE DY HERNOBIAEZRORIR TH D |
BICADNS Y PV EN KM 2B L T0ERITITH S, ThdAY I HIVaEE R T .

IR S IR —FE DY U AMEICHEE Uz, b L7zs 2 503, REEBNIC X O FBAH#nEDMREHE LTz,

IRINVF—REDBICEME —ETHS. I DRORIENL, KA ER L T 5 ZFDOHEIEARE TSN O TR
9.

Y IIIARE L ST B IERC, REDOWW I THEHE Uz, ZO< > MUBER DHIBRICEZE T 5 2 2ic kb, ADERE
niz.

T BHIBRADEZE U 7= MBS AEEIC D . L — MERAZORE L It 77,

ISR ZIEBRDRIVFA VN7 N THEEBO EEES RS Nz BET— A 2 N OR.NEKBERHE U S HTEH O
WE EHEES LS.

IRIVF=HRENTY MUEFIRETRICAD, ELEERELRI TV v FHIdNEEANCTRE L TKEIZER - Tz

Y I O DAREANEZE L T, ZNDHAREDKFRHMORIR L -7 & BFMIHEE LTz,

MMELU TV BHIESG - AFREA - G8EAO S, KR bEIY RSA R EMNMEELTWVWSEH,

Y U ADWNKERFICEET S LWV S FHFHIE, BBODREIZ ZDRIICK D ITEBIHETE 5.

RIVFA 2N FRUIEER BBV SFERORN L 720, N 70 % 2 D ZHHTEH D, 7L — MERBHAOEFE
PR T E .

T ORRICIVFA %7 MREHE, BZ1ES 720 Tla S HIERO IR E i —ANCEHI T = 5.

& U/INEE A S AT SHROEG2ENHER T ENE, RIGHOGAICE 55 L Bbns.

F—U—F: LT EE, AREOEE), &5 OHLEZE, NEHO—8, T« —7 7V = GEE#IE) | BRI

Keywords: Serra tidal disruption, Perturbation of Jupiter, Orbit transition of Serra, Match of the planets revolving surface,

Feedengue zone (integrated range), Origin of Deep Sea Bottom
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