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On activities in the interdisciplinary science of Hayabusa-2
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Detectability of 0.7 um absorption band of hydrous minerals using the Hayabusa2 ONC-T

Flight Model
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Hayabusa?2 has three cameras for optical navigation to the asteroid 1999JU3. ONC-T is one of them and it can be used al:
for reflectance spectroscopy. The results of the ground-based observation suggested that hydrous materials might remain on
1999JU3 but on the small part of the surface. To bring them to the Earth, we should perform reflectance spectroscopic observatic
near the asteroid using ONC-T to locate the point where hydrous mineral is rich.

In this presentation, we will report the result of final calibration test of ONC-T and discuss the detectability of hydrous minerals
on 1999JU3.

1/1



Japan Geoscience Union Meeting 2014 0/0)

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

Union

U06-03 =15:503 IR§fi]:4 H 28 H 09:30-09:45

FRSE 2 L= G R ORISR D 72 2D DB
Development and tests of Hayabusa-2 LIDAR
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A strategy to estimate thermal properties using Thermal Infrared Imager on board HayabL

TRk A 1 R R 2 mrp R 3 R R 3
SENSHU, Hiroki* ; TAKITA, Jun? ; TANAKA, Satosh? ; OKADA, Tatsuak?
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'PERC/Chitech?Graduate School of Science, Tokyo UniverstgAS/JAXA

Thermal InfraRed imager (TIR) on board Hayabusa-2, an upcoming japanese mission to C-type asteroid 1999JU3, is non
cooled bolometer which image mid-infrared thermal emission from the asteroidal surface. The field-of-view (FOV) of TIR is
16x12 degrees and ts effective pixels are 320x240. So the spacial resolution, which depends on distance from the suface, is ab
18m from an altitude of 20km (Home position) and less than 1m from an altitude of 1km.

By comparing the temperature distribution obtained by TIR and thermal evolution model, we can get thermophysical proper-
ties such as thermal inertia and emissivity. These parameters are diagnostic for the characteristic size of surafce grain.

In this presentation we will present our strategy to estimate the thermophysical properties from TIR observation.

F—T— R @EORE 2, BURN A XS, R, BTk, BUEMER, iuH
Keywords: hayabusa-2, thermal infrared imager, surface temperature, thermal properties, thernal inertia, emissivity
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Relationship on Surface Morphology of Small Asteroids and Geopotential
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/NERSE A B /T O smooth terraink rough terraing U 5 R RO NE HEZICX 5 TE 5. smooth terrain
W em BROMK OYE CEON TR 2R DD L, rough terraind %% 10 cmA 544 m I &5 boulder T
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T smooth terrailD 734z Tl 45 2 LN TE %.

INRBERERIT PR E 20 RKIETH S 1999 JU3E, T4 M A—TJBMNC X > Tk 1.2 BizEHK 7.63 h
ERBEESNTWS. 5IIRT Yoy )V EEONRT Vv )VOBGEL S, M CGEfl F) &fE (Bfl k) TOENRT
VX IVERRD D E, 1999 JUSRR TIERRG [ NIRT V¥ v LA > TWBE0D, [ZIEFWENH O G- IRREICH
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F—T— R /hE, VA RT ¥+ )L, smooth terraing k4177, 1999JU3
Keywords: Asteroid, geopotential, smooth terrain, Iltokawa, 1999JU3
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Spectral evolution of s-type asteroids suggested by principal component analysis of multi
band images of Itokawa
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M4 EFRRINTH - Tz,

PC213 553nmUN DB E TIEDEZF B, H - BIHEOWANC LW AT ML EE o7, 550nmff3ETE—2
2 HrD PC2lEA M A T EERER I E DMK A FEHEO ARY MV EEGZ D . YERANERIRIEE# LV, RILVE—D
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WIC K D DFEENZ /IR D T A AL OBRMEZEL) 2 & N0,

B3R
[1] Abe, M et al. (2006) Sci. 312, 1334. [2] Hiroi, T. et al. (2006) Nature 443, 56. [3] Sasaki, S. et el. (2001) Nature 410,
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ERSNE 2 DfFZLEEE
Small carry-on impactor of Hayabusa2
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Toshihikd' ; WADA, Koji ® ; HAYAKAWA, Masahiko! ; SHIRAI, Kei' ; OKAMOTO, Chisatd ; OGAWA, Kazunorf ; IIJIMA,
Yuichi®

VA LRI, 2 IR, 3 BRI, 4 EEERLRE, 5 THETZERE, O iR
1Japan Aerospace Exploration Agenéitobe University,3Aichi Toho University,*University of Occupational and Environ-
mental Health? Chiba Institute of Technolog§University of Tokyo

Small Carry-on Impactor of Hayabusa2

A Japanese spacecraft, Hayabusa2, the successor of Hayabusa, which came back from the Asteroid Itokawa with sample ma
rials after its 7-year-interplanetary journeys, is a current mission of Japan Aerospace Exploration Agency (JAXA) and schedules
to be launched in 2014. Hayabusaz2 is a similar sample return mission to Hayabusa, however the type of the target asteroid
different from that of Hayabusa. Asteroid Itokawa, explored by Hayabusa is a rock-rich S-type one. Hayabusa?2 will go to a
C-type asteroid. Both C-type and S-type asteroids consist of rocks, but C-type asteroids are considered to have organic and wa
materials. Hayabusa2 has two objectives to discover: organic matters and water in the solar system and relationship between |
and ocean water. C-type asteroids are the most common variety and many of them are in the outer part of the asteroid belt beyo
2.7 AU. An asteroid, called 1999 JU3, is chosen as the target of Hayabusa2 mission because it is considerably easy to reach.
has a similar orbit as that of Itokawa and it is in the orbit that occasionally comes close to the earth orbit.

The design of Hayabusa?2 basically follows Hayabusa. Its configuration, size and weight are almost same as Hayabusa and t
touch-down operation will be performed in much the same way. However, it is planned to be equipped with some new compo-
nents. Small Carry-on Impactor (SCI) is one of the new challenges. The observations by Hayabusa discovered that Iltokawa w:
rubble-pile body with the macro-porosity. No direct observational data as for their internal structures and sub-surface material
were available, however. One of the most important scientific objectives of Hayabusa? is to investigate chemical and physice
properties of the internal materials and structures in order to understand the history of formation of small bodies such as smal
un-differentiated asteroids. In order to achieve this objective, the SCI is required to remove the surface regolith and create a
artificial crater on the surface of the asteroid. Different from other impact missions, Hayabusa2 can make a detailed observatio
of the resultant crater after the impact. Observing the size of the crater is very important to investigate the physical properties o
the asteroid. Additionally, Hayabusa?2 will try to touchdown near the crater to get the fresh material of the asteroid.

It is very difficult to create a meaningful crater on the asteroid. High kinetic energy (i.e. about 2km/s impact speed and 2kg
impact mass) is required to make a crater, but the high speed is difficult to realize. The famous impact mission, Deep Impact wa
the direct impact mission, which used the interplanetary velocity for the impact speed. Consequently, the impact energy becan
very high. On the other hand, SCI of Hayabusa?2 is a carry-on type impactor and it should accelerate itself after the separatio
from the mother spacecraft. Therefore, how to accelerate the impact body is a big challenge of SCI. The traditional acceleratio
devices such as rocket motors and thrusters are difficult to hit the asteroid without a guidance system because the accelerati
distance is large. To overcome this difficulty, the powerful explosive is use in SCI. The special type of shaped charge makes i
possible to accelerate the impact head in a very short amount of time (less than 1 millisecond) and it becomes possible to cra:
into the asteroid.

The development of SCI is now almost finished. A lot of tests were conducted during the development period. The overview
of the small carry-on impactor system and the results of the development tests will be presented in the conference.

F—TU— R EOEET 2, HIEHE AT L—X
Keywords: Hayabusa2, Impactor, Artificial Crater
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130 ST 2 /NIRRT ZEEEIC K B R .
Sm?II Carry-on Impactor Elucidates the Nature of Craters and the Evolution of our solar
system

M #_1*; SCIF—1 2 : DCAM3 F— 1 2
WADA, Koji '* ; SCI, Teard ; DCAM3, Teant

U2 T3P BE AN v 2 — 2 3R RE 2 ad e 7 b
I'PERC/Chitech?Hayabusa-2 Project

Hayabusa-2, the Japanese next asteroid exploration mission, equips Small Carry-on Impactor (SCI) to launch a decimet
scale projectile on an asteroid surface. This is a novel apparatus to excavate the asteroid surface, and hopefully it will enab
us to observe a fresh surface without space weathering and thermal alteration. Furthermore, we will be able to recover th
asteroid sample excavated from several 10 cm depth at the deposit of the impact ejecta. The SCI impact on the asteroid is ve
good chance to examine the projectile scale on the crater scaling law in addition to the study on the gravity effect on the crate
formation process. In this presentation, | will introduce the scientific goals of Hayabusa-2 mission using SCI and the scientific
problems to be solved in the near future to maximize the scientific outputs of the SCI impact.

F—U— R @REE 2, VRIS ERIEZEEE, H52¢, /i
Keywords: Hayabusa-2, SCI, impact, asteroid
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(X0 S E 2 HEZeEEE (SCI) BN M RE MR ER
The final impact tests of Small Carry-on Impactor(SCI) equipped on HAYABUSA-2

FUNCHERS b i 20 L SR R 2 B B 2 R VS 8 SR BUZ 4 A THL 2 Jti B — 1 | 352 0 FEY
BE EP(%@V ﬁ&%ﬂi*l 9@?@]2 J:#**?V FL\ﬂﬁ1 —7

HAYAKAWA, Masahlkol* SAIKI, Takanad IMAMURA, Hiroshi? ; SHIRAI, Kei? ; WADA, Koji ? ; ARAKAWA, Masahiko*
: OKAMOTO, Chisatd ; TSUDA, Yuichi' ; TAKAGI, Yasuhika® ; KADONO, Toshihikd ; NAKAZAWA, Satoru? ; IIJIMA,
Yuichi' ; YANO, Hajime? ; KAMITOMAI, Hideo” ; MATSUZAKI, Shinichi”

SRS B R T R ARSI, 2 IR A SRR R E T 0 U D L)V —T 3 TR TR AR A

> B =, A REERABEIEARIORE, ° BRIRECE, © HESEERCAZAPAES, T HAR LR (BR)

1ISAS/JAXA, 2JSPEC/JAXA?Planetary Exploration Research Center/Chiba Institute of Techndl@ggduate School of Sci-
ence, Kobe University,Aichi Toho University,University of Occupational and Environmental HealtNJPPONN KOHKI Co.
Itd

NERIE 2] BHIE. 794 FETIVRAHBOE S|P TH D, THUCTTEEYT T2 AT LI &L I Hifkz 5
E5E 7T L, BAR AR ZIT> CIEWEINET 2 C L 2R L TRETBRICEINT 2 2 LIch b, 1305 E 2 5Hh 5%
HEN7zS C 1 (Small Carry-on ImpactofgHiiit 7> X7 LT, NIRRT 2] AN SYIOEES N7tk EHEICHX
LD ALZ/NEE 1 99 9 J UB KM BIALTDDEDTH %,

AFEHTIE20 1 34E1 0 HIC S C 1 D/EHEFRD F MA Y i O P REMERE AR MM T O N D THE T %, SC 1
KX TUMNRBIH B ENZHADESIIN 2 k g, EHZEHEERN 2 km/s e c EWVWI ARV I THB, WTd 2
T3 774 M ETIVERTY hTEIFE NS C TEEID T Z A 7 VY MICERIRE), IREY 1 7 VERED
BISAMZITO, FiR, SR, EEIRE TH BRI Uiz, AYMD T T4 FETIVTRZIT 2 TH A S RERAM S
NIBBERARY I 724l LTW5B Z EDEERE Nz,

Fio. TOXD BRI EZE () 1375 T 51152 B0OT, HREEROMIHLE VI EHh 6 E, RBEEL K
HREZES AT —IVOFRE LTEMEN TS ENTE, SCIVALYAF—LELTHMRTY L—X—DT
XHRTZEEEA R T FRIRA AT IEERE, HEER R E2 TR - GHllZ T 7o, 2Ol (3250 OfEE
ZHET B,

F—T— R EZRSRE 2, 7L, @22z, RENHER, 7 L— X% —
Keywords: HAYABUSA-2, Small Carry-on Impactor, impact experiment, crater, explosion
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3R 5E 2 DCAM3-D DA EREM G R ER
Optical performance verification of DCAM3-D/Hayabusa 2

ARG Y ) BUE 2 8RS S 3 /NI R ;o B 3 AR v = 1 AR BEAECS ; R 505R 3 IR AR O ; PIEF i
Z TN IER Y R e S BRI LS i 8

ISHIBASHI, Ko'* ; ARAKAWA, Masahika® ; [1JIMA, Yuichi? ; OGAWA, Kazunort ; SHIRAI, Kei® ; WADA, Koji ' ; HONDA,
Rie® ; SAWADA, Hirotaka® ; SAKATANI, Naoya® ; KADONO, Toshihikd ; KOBAYASHI, Masanori ; NAKAZAWA, Satoru®
: HAYAKAWA, Hajime? ; IKEDA, Yu;i 8

VTRETIERE, 2 M K22, B FEMZEDIZEBHTEREAS, * UK, 5 @RIRE, O MRA M R AR, T FEEERER S, 8
Jxba—7ra v

LChiba Institute of TechnologyKobe University,>Japan Aerospace Exploration Agentiyniversity of Tokyo,’Kochi Univer-
sity, The Graduate University for Advanced Studiégniversity of Occupational and Environmental HeaftRhotocoding

IS5 2 Tk, BEEXNREKRIATH B/ 1999IUDER & b 2R 5 T2, /INKE EAD SCI (FEZe(k) Dz
MibN s, EHEK 2kg DFIDFALZ R 2km/s T/NESERIICHEZEEE S, TOHBICKO/NEKE FICA T L—
Z—ZE L. FDOWNEE IS S ORI EZITS . e, JTBRE N7 L— 2 —WNEROBIHID 5 /N D
KBS AHIRMNMES NS LI N TS, EHIC, TO SCIOEZEIMNFE FTOEIHSR 2L MMCT B &
W, NRE FETOHREEREVHOAELFHBEDE TV,

BE, 05T 21BN/ N0 EE A S [DCAM3] DFIFENED SN TV S, DCAM3 IE, ZRSNE 2Kk »
SEEE N, NREAD SCIDEZHRZ n[ Y THIT 2 A5 TH %, DCAM3ICIZTF s % (DCAM3-A), 7
V&R )I% (DCAM3-D) D2 DDA XA SHHEHKENS, DCAM3-D FRETNCAIH S M. ZoHMIE. (1) SCI (fF%:
) OFHB X O/ NEEANDEZEOME. (2) SCHEZRICKI D ERENE AV 2 7 ZOBINTH S, (1) Ti&. SCID
FEGHIE D/ NESE FOFEHITONMNE OB S, IO EZTTS, (2) Tk, BRENZ AT 27 R H—T
DR EEE, S OMHEHER EDN S| BEIKEEOHMEL, £1Y 27 2D Xr—1 > JHIOMEE, 1999JU3D#E
JERSEDHEE I E 21T o

NS OBIENZERT % 129I1ciE. DCAM3-D YERIGIEF I L WELRIER 2T T2 E R hide 5750, SCle
INKBDOW ST Z BT DDRKEEHEA (74 ), BT TOMmWOAES - SEMRE. BV SCINA Y 7 272 Z
512D B WEER (F>1.7). TSR, BES5Nz) Yy —A (FE& 30gLL R, YElillE 40mmLL ) &4
Mz, TNSZT7 7T ¢ 7REERIEMEL TERTE T eHROEN S,

AFELTIE. DCAM3-D D FM 2% (L2 A+ CMOSt ) OYEAMERERGERER D FZHEIRI 3 X O F DFE I DO
THET %, YA MRERGERERE, oV OBELGERER, 3V A—%iR, BoEGABRD 5,5, I OBELGEER T,
HERGEABR O N — A L7525 CMOS & > Y OMREDFHli 21T 7o Mt > d A 2 1 JffE D OPERENH TWhiah >
Ted, HAE L REERTHERO @AY OMRERERT B EMNTER, TV A—XR TR, FI ¥ LFBRICK D EY)
LY A YRS KO L X Y A EOREEETT o Tz ROTEZETR (<1torn) ICBWTIHRE « HEL -
HAZEISTA—=ZELUTIRD, TV XA—XICEKRE LTV R—)VROBRGEITO, 55 - £¢MEEE (ensquared energy
22 RGE. Bl L ORI 2 T o Toe ¥ LAIHEICEI L TlE. &0 BUWEHG - S2CMERER 1S5 I = [ENC)E % it
115 Tz B BRGBR CIRRIE, FAROE. 2Hx EDFHIiZTIT o7z, TN B —HDYEAMEREMGE AR OASE RIE BIF T
H . DCAM3-D H2ERIZIEF ITH LW BRI Z A0 72 L T 5 T & D EREE Nz,

F—U— F/NRE, REHRE, 3N5E 2, Bl
Keywords: asteroid, planetary exploration, Hayabusa-2, scientific payload
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Z T IISAIVRIKDNEMEIE DN 7 L — 2 —TE BOBFEIC N IF 9 5528
The effect of substrate structure of rubble-pile bodies on cratering process

2 B T A2 HT K] !
TATSUMI, Eri'* ; SUGITA, Seiji

P BRURAER BT RIS R AR

LGraduate School of Frontier Science, The University of Tokyo

s e WL D EHM  Hayabusdl & > THEEMTONT/PNRE A M AT DOERBICIE, MOKREKICTITH S NEONHTFED
ZBHEND. ZORMEHEDO—DIZ, R—ILX—DEEXXETOIZIIMEOEMNEF5NS (Hirata et al.
2009. ARTIELLT, CToO#EHi%Z QCD (Quasi-Circular Depression& "L, QCD (328 TR L 7z AT RETE D O AY,
QCD Zffj7e 7 L—2—ThH 2 L LTA FAYDOEKMERZHIET 5 &, 75Myr-1Gyr & IEHIC K E A EEMEMHTL
%5 (Micheletal., 2009. CODOKREEAMEME, FITT TIWSLIVKELRTDY L—RZ—HIOREEHICE 5. /)
KIKTDT L—2—EKIE, KRETET > TOEEELRIVF I RS LIEFFITN S BEZRI A IVF—TRI > T
W59 TH% (Benz and Asphaug, 1999 ZD K 5 REZET 1 I)VF—TWX, 1ERD T L—2—EGEE Catam E N T
XIMRBEE A —)V e BN A — VO T O ANEET 5 8 E 2 5N%. DFD, IT70WSA)IVRIKEEN
INCHEREAE L TIEMESN TS DT, ke UTRYEMRER 20D, f4ik OEBIZEE 2O, KER—
VA —DHHEIC KX B EET RV F— DR EZHHETE RO THS (ArmoringZhiHL).

£z, 7L —Z2—EHGERICBWTERGZON, B Ths. HHEEDO/NI VW NKRKTIEEEH A Y 7 ZDE
BITEREEZOEDOTH D, NEEOHWD XA LA — VICEHENICERT 5.

A P AT R=)VE—EERRERFD, BELHRNT ST TIWSLIVEEE TN TS (Abe et al., 2006; Saito
etal.,2008. Lh L, ZONHHGEDEHENZBIINZE L, REO TOREBMEINHTH . LITss 5id, MikE
TDY L—R—JGRNRIROFEERZ I BT e, Z—7y NOBHOYEDEEICK > TEX—5y N OHEOREHNZE
LB Mo TVS GRllliEh, 2012. DO ehb, HENR—ILA—L IV X@hX->T, KliR—ILZ—
OWHER 7 L— 2 — BRI KR E (LT 3 LR TE 5.

AT, FCT TIWISAIIVKIETH > TENERDMRGRE 28 > 7o R — )L X —h, MRREZR AL dY XD
KO BMENIN T L—R—EKIC K E S FET ZAREICERH Lz, TOX S BNEBOMEREOHHNEmD 7 L —
Z—IERRIC ENUE E DB 5.2 2 e RBINGEE Lz, £z, IRIKOZR A LA —)ViEkeé 2 FTEEEKRS, 7
L—2—DOKEX, TV 7 XERICEBL, dHllziT-o 7.

EZegzhs © FER T, HIAC—AZEHEL I AL L, HT AL —XPERERE 8~15mmIEEEIC RS % C & TR
R=VE—="ER LTz, 2= FOEBIIEER—ILVZ—TED, EBREERL IV A0 —X LR —ILZ—D
=DM FERAE L. A28 Z—13RU AL (¢ 10mm) % 160~180m/sTHEZEEH, mlE I AT L —
2 —EHGERE 2 BIZR LTz,

EEEER PR ER T, BENR—IVE—ETHZ L EIZ, /Y27 2ERELIVAETHZ L ED 15
TTHO, RiRNET L —2—ERE 2B NS KD T eBIREN. Tz, REPR—IVE—THsLE, £
JBOR—IVE—DHIEOFENE L 55 T RSN, TD 2 DDOBIEFERN S, HENR—ILVE—ThHs L EIC
3, BRIV F—PR—)VZ—DEIC X b Z{fibh, 7L —X—ERIcEDNZZRIVF—DPRDLIEEEZDS
N%. COEHELTE, RILE—DIENA Y E—Z VAN L) AD 105EE & RKEWD, BENR—LZX—
DGR K GHEDNERICE D, KEOR—)IVE—DPRAICHIEEI NIz WS AIEEEDNBIFE NS, —77, EEh
L3y AEOGEICE, A28 Z— b R—)V XA =D/ THRE LIO IR —IVE =5 A V=RV AD/NE W
L3V AEN\ERRNTEAR L, sEExRFiinwl 3 AEOME T )V F—IcLiEns. #EReLT, LIdY X
OFEFNCK D, XETOR—INVE—OMIEZIZEAERT DT, AV 7 ZOERBPREL Lo LHIHTE .

INEKEHE(EANDFEE - DX SIS, WEHHDR—IVZ—D X S ICHMEBREEFOLEIE 7 L—2—ERNL IV AE
WCERE NS ERICHNRT 2EBEET 5728, £ FHTDXS 5T T ISV KRIEOREERZHEMICIZPETE
o, UL, AR THRLONEY L—R2—ERPBERr—1) V7 X0 ERr—1) Y 7ITa0 L v S BllEE,
5, REFERISOWTHITIIR TRENIHEHZEERMA] (~1034F) AT SR ENTREINS. £z, KR
NS R—IL X —TH LI, A E S BRIBAN KIS S ReEDH 5 T e nholz. TDTEMDH, /I
FAKRDNERMEIE DN K > TINRIKDTHRIFRID 5 fEREEED D 5 2 T L AVRBE Nk,

F—T—F: ITIWSAOVKIK, 7 L—X—JBRR, EEEk, i
Keywords: rubble-pile bodies, impact cratering, mass loss, fragmentation
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FHEMOD I 2 —2ET 3V FRERE 2 DI DFEEHUEF A OFIF
Computer Vision in Space: Optical Navigation Technology Development for Hayabusa-2

KH EsE
OHTA, Naoyd*

PR RE

LGunma University

AV a—RZC Y3y (AR CV R BAATTHRONEGRENI L, Z IRE SN TOEYIEDEREZTS S F
MTH3, MRIPREE 2IIRETIVEFH T I —TIE T OFEMiZIEPRE 20DMFF T —2 a o DlzdIcF L, ek
BEOWIREETTT 2 EMZRFE LTS, AR TEZORIUTOWTHRET S, —/5. CV HiffioF &, #
TAEHFEOEMOICHICHEE ST, OB Z2HEEANESBREFZATN S, AETIEINCOVWTEERT %,

INEEREEREIRST 20I vy a3 VBT, INKEAZ Y FRY T EMEDRTER EDT=DIC, /NEKEDFIR
ETNWEIERT ZR0ENH 2, LH L/NREMNES DD, TOETIVIEH DS OBHITIIERTES., HEKI/N
RIS DWW RS TORHINCR S BRI NUE R 5a0, F iz L—Y—4& EREINRs S = 3V F—DfEah 5
WHET, B ATICX2MWGEZHWIETFEN LIRS, BRI OFIiZH#IT 2 ZHNE LTV,

E{GRD DYATIRZFIE T 20k, CV 2B THRIINICHZE SN TV S, Lich> TERADHMND oI, mER
FOMFHE L CV ZIE U & T HEGHEAM OIS & OHFEIEENLEE LV, FIL—TOEEITKERZOMIHE TH
LU KON AIEER. SO FHRUERE 7 L2 IciTbN TV M, WiZeE & LT CV 0l h b BfEH
REOA)NEER EFEE, AV ECa—2T5T 107X (LUF CG) b B IXH UKD @GR NS LT, 7
BRSNSt 211> T 5,

BIEFR & 1Z CV 28 THIFE & 17z structure from motio®D £l 7 7 0 F F/NKEE OILIRE CICTET L. BRMEZ#GE L
TWa, THUIHRZZ 5D S Ulzligz HOTIRIRZEITRE T 55 Th %, ZORRE, IPRT 20787 —
T a VNICHBERREEOIIRDMES NS T LRI NTWVWS, LALXOXRNAEST TS —2 g U EARRICT 2K E Y
BE5 IR, EaoEiEEICEEL LT RSk, Z078, itz photometric stere® Rl 7 #iif L
TW3,

photometric stere@¥AD K ZFIH LI IRE TiE TH %, L L T OEINOFIHIC S 7z > Tid. CV HKifie %
DFEFARHMNCHIHTE RV ZOHAIZHEERKD NKEDIREEITT 2K & TOFEMMHBARIEE L T2k e
MEZINETH %, AKD photometric sterebk, XEYAZ A —H b SIS MZAEZ TR 5 2 EZEL TV
%o U LA/ NRE O EHRICFERA U TH CHRMIEICHIE Uil % 2 &, BEORIK ER#TH 5, £291kD
KSHETIVE LT CV 4 E Tld Lambertd]® PhongDE T IVIHW S NS D, /INREDREHFFE I HapkeH*® Minnaert
Al LIck o> TididE Nz, 2D s, kDY )IV—T7Tld photometric stered LEIC LiaN 5 &, FHREDZ
DO/NEEIIRETTO =D DOHF T2/ FifliZF L, EPRE 20T~ a NRILTAT ExBEZ TN 5,

CV DR EEZD L. Ntd 3V EYOSHEEREZ N TICRET 2 2 e AEE k> T3, TORHFEIN
TRl & @z ER T, MRS HIER FO—RNEZEmZE L TWRIEENZ0, 2O ehb Eidnkoic,
NP FHEEDO D OFHIELMN & LTI ZOXFHHTERWEEIRT S, LML, WICTHES &V Bk HN
ZE o T CV Iz BIzGE. CORMMCEES REMMAG T 20T AV EEDN S,

FHEMTOMHZAE LG, UTNOX S RRRENRHE 5, £ 3 IRIARBIERGD S O THO I ZRET
NFEWEEEE L. CTOFMMEZRABRICHH U2 TE S, Eleabho XS, i Eo—RikziE L
2B DT EWVRI R ET IV E NG, £EEROP T ZTT S HBEESEIT T 2R IIRES NS, Z
Dz HIFED HIZ I U, Z VKT 2 0B/ NEOUIRZ IR T % &0 9 FHIEEDN R EIC K S, TGk
Hh FICHRIE U TS 25531013, SEEEBOBEDHIRE NS, ZO—HE & 2B EICHIRIZ 7% <, I
ERFOMMEHFRENIBEEZ L, TOLS BEEICIEINRD CGEFIVDLEGEIER L. ZNHBHEGRIC—
T BXIICETINEEHT % CG-CVloopD & 5 mFELHERZHT 2D TIE RV e Bbnsd, ZOMEIR/ZT T
375, MEHFARDTHDOFHIE U T B ERzE5 C &, QHEESICE U TR DB (error baryz D5 2 & 7%
EFHEAIC AN E G2 ML 2 Hli OB S . CV B O—DOEEZMIEHMICAEDISS LEZ TV,

F—U— R \EGEHL ERET, T e —v 3 y, B ST 2
Keywords: image measurement, shape reconstruction, optical navigation, Hayabusa-2
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KEERE IO A RER A28 759 LN TEDD S
Analytical chemistry of organic compounds in the Solar System: An attempt to link with

planetary science

HH Ohs
YABUTA, Hikaru!*

NN EahE
1Osaka University, Department of Earth and Space Science

Analytical chemistry of organic compounds in the Solar System small bodies is a microscopic approach for understanding o
the origin and evolution of building blocks of the Solar System and life, which has a complementary relationship with macro-
scopic approaches such as observational and theoretical astronomy. This approach would provide a significance of consideril
organic compounds in the planetary formation theory, which has been constructed only by silicate and ice dusts. Indeed, sic
nificant roles of organic compounds in the early Solar System are explained by (1) high abundances of C, H, O, N in the Sola
System, (2) major components of dusts in interstellar clouds, (3) high reactivity to heat, light, shock, water, and minerals (chem:
ical indicator recording the processes in the Solar System), (4) possible contribution to accretion of dusts, due to their stickines
(Kouchi et al. 2002), and (5) possible contribution to redox imbalance in solar nebula (that determined the chemical composi:
tions of chondrules) (Yurimoto and Kuramoto, 1998). Despite these significant roles, however, organic cosmochemistry was no
a very popular field in planetary science until several years ago. One of the reasons may be because of difficulty in visualizatiol
of organic compounds, i.e., drawing of a big picture. In this point, | attempt to show a simple example. When starch-syrup is
heated, how is it changed. One would tell that the color is changed from colorless to brown, the originally sticky syrup becomes
less sticky candy, and water-soluble syrup becomes an insoluble solid. These descriptions are based on visuality and are e
to understand. On the other hand, if these phenomena are translated to organic analytical chemistry, the description becom
quite different from the former; hydroxyl groups of glucose changes to carbonyl groups via dehydration as well as aromatic-
ity increases with heating. However, it should be noted that two ways of descriptions explain exactly the same phenomenor
That demonstrates that physical properties (color, stickiness, and solubility) are determined by molecular chemical structure:
Likewise, analytical chemistry of organic compounds in the Solar System has a potential to reveal the molecular science the
determines physics of macroscopic planetary formation, such as the color of asteroids (albedo). This will become possible b
improvements of the in-situ organic analyses such as spectromicroscopy (e.g., STXM), electron microscopy (TEM), and ior
probe mass spectrometry (e.g., nanoSIMS), through visualization of the distributions of organics and minerals in the Solar Sys
tem materials which record the chemical evolution from dusts to planetesimals.

F—T— F: G, KGR, b, NRIK, SETER, "Ik
Keywords: Organic compounds, Solar System, Analytical chemistry, small bodies, planetary formation, visualization
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IR R RIC B B M G FAHRET IV _
Formation Process of Complex Organic Molecules in Protoplanetary Disks

Bh 51
NOMURA, Hideko"*

VTR
Tokyo Institute of Technology

JFUAERE R BT 262K 0E. KEGRNYIEORFICEN 2 L EZ BN5, TFE., RREOBRGEBRENIC
KO, BHGEBD THHTICRAIN TS~ T. KBBRNOEEREAICE T X /B ENRDM> TWV5, K
e T, BEMEBICBUI 268D TERET V2 FRERERMBOWRE - FEMEICEH L, FRICB 2 8 a1
DTERICOWTCiim LTz, BURIICIE, HDED S OIS 72518 U 7z MREE « BMERET T V2 s i, EREX
M ILE FDTALER ISRy NI — VB ZIToTes ZORE, MBI ZEE FIiCBW TIEIKEINRIG
WK B0 TAERDES O U, MR ~8T AU (BEOBEM ETEEIC BV T, EHEE EDOS P H)VIELOKIG
K& B, SOICHEMGER D FERDED C E2/R LTz, FADD FIFERDFERRZEED S DGR T FEARE
OfREE LIz A, BD0—HZR Uz, £, HIDED S OEINERIC X D EXmD S L 7277 772 ALMA TH#l
W2 LickD, MBANOEERMRICOBHIFIRGEEDITREMEZ /R Uz, ffETIE S 5, NRERICBI 2 5EY
ERRIC DN T EiEm L7200,

F—U— R JFUARE R MR, G0 FERL
Keywords: protoplanetary disks, formation of organic molecules
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Status report of curation of Hayabusa-returned samples

JH VR IEE Y BB EZ L E R O 22 Y R R L T B L AN A
YADA, Toru'* ; ABE, Masanab ;: UESUGI, MasayuHi : KAROUJI, Yuzurd : ISHIBASHI, Yukihiro! : OKADA, Tatsuaki :
SATAKE, Watard ; FUJIMOTO, Masaki

VAT TS E R SRS
1 Japan Aerospace Exploration Agency

20104F 6 H. /NREHAER NI05E ) 1 SHHBRAHY NKEA N AT K0 RIER 52 HIERIC Finis & 72 (Abe et
al., 2011) ZHNLUp%, JAXA F 2 L— 3 »F—L (ESCuTe)Tld, [EIRERE ] DY VT IVF v v F v —h 5 ORiFD[H
IV - Gedk s, BUEDHT, 400 DR IR #EE A & L TAKREIN TS (Yada et al.,, 20143) AFRELTIE,
O ENFIHR K & SR OB « IEOBRE SBDOTEICDNTE LD B,

Jiie L7 PR ERE T3R5 ] OFEAA TV SO SN T ary 7+, IAXAFalb—rartky
2 — (ESCUC)D 7 ) — 2 )b— LB THEH D ROEK, BEEEHEDO 7 ) —2F 2 N—F 1B THE SN, F1 bhHTE
@YD TS > TIFx v F v —AED HEN, BRONY R V72175 EflEREREO 7 ) — 2V F 1 23—
H2EABINE, Yo )bFry vy Fy—dEiC, HiEARMEET ZEEER S, 2[BHOZ v F X0 OBICHiES
Nl zIlNd % AL, 1HHDO R v F 2 iilEARZIND 5 BEN 525, 4. WdkEEZID BT BIcEnTh
FyrvFr—A BEDITREFRUY A XDERATEHN T ZABOMEREMEM L., ZOH T AHBRO Flcd vy vF v —I
KB "5 2 THNERORL 772 % FEE 2 2 L THINE > TWeo ZOHT AMBIRN S, SEHICHHF UIEERE~< A
raxv =¥ al—2—2ZH\WT, —D—DE FEMEHHEARERFRL 2 — FICEE LT, SEM-EDSTRIEZITV. 7
V=2 F 2 N 2END TV v REY] > e G5 2k EICEEI L, R 7 ID Z{H THRE L T3 (Yada et al.,
2014b) T DA T AMBOMIC, 2013FEICIFF v v F vy — B EDT X7, HEHOE FHEMBIHREATR )L X —IC3E
LT SEM-EDSIC & D 7 % EOR 7 AEHETIH L TV 5,

T A AW FiEE. RFEEET 28I a L —2—T 1HETOBIMEIESTHEV AT &S, D
FRIE VD X7 ZEET 54, A 2013EEICF vy v Fr— A, BETXEFRY A XT, HHOE THEMBIHERER
VA —ICRRIE U CE R SEM-EDSIC X 2508 A HERR, A Z)IVT 4 A7 =A% Uiz, 20144 EE XD DT 4 A 71K B
R EIUZ BRI U, RAINCIE 2 52 T TF v v F v —NOR T-OLR 2B T 2 TETH 5 (YadaT. et al., 2014a)

JAXAJESCuUTeTlE, 20124E4JHH K b AR OMZFEE LD [ERSE ) ImEalfHC DWW TIZE 7 O R —Y)L 2 54k
L. YHFEMRD SR B EERICK D EBRER CRENT T R—P)UTH U TR 2T %, ERRA SR % Bl
U7z BIEX TR LIS L EOR—ZA TN THE D, 5 3EEDONGEN 2014EE K O FIET 52 TETH S, EIEN
SROREIE., 2013FEX DIAE - 72 JIAXA D EMT B EES R L (Hayabusa 2013: Symposium of Solar System
Materials ICTHEIN, PEDVEEGEICEEDOENETFTETH S,

Fio, HORRMERD., FERAEIZICHT 2 FHDEE L WOEEHT DWW T, JAXA/ESCuTeD L D #EsH DJTIc 20134
X0 ayy—7 LR ERIE L TW5, BIEDRT. YA X7 A Btk 1. 82387 A ek . ibskhiv, v
VR BRI O AFEICOWT, VY= 7 LMD 5N TV (Uesugi et al., 2013; Yada et al., 2013; Karouiji
etal., 2013) 5% & MOF DK MAE R DRI DOWT, VY —3 7 LR ZHBT 2 TETH 5.

ZESHR

Abe M. et al. (2011) LPS XLII, Abstract #1638.

Karouji Y. et al. (2013) 76th Ann. Meteorit. Soc. Meeting, Abstract #5148.
Uesugi M. et al. (2013) 76th Ann. Meteorit. Soc. Meeting, Abstract #5186.
Yada T. et al. (2013) 76th Ann. Meteorit. Soc. Meeting, Abstract #5150.
Yada T. et al. (2014a) LPS XLV, Abstract #1759.

Yada T. et al. (2014b) MAPS, in press.

F—T— R @RRE N, Fal—vay, bV 2—
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Examination of the origin of carbonaceous particles in Hayabusa-returned samples

R B2 Y B 2 R e S B O 4 LS EIEIE 2 S GRS EES AN B O R E
FEAGE L R 2 AT T M R L 5 s !

UESUGI, MasayuKi* ; NARAOKA, Hiroshi? ; ITO, Motod® ; YABUTA, Hikaru* ; KITAJIMA, Fumio? ; TAKANO, Yoshinor?®
: MITA, Hajime® ; KEBUKAWA, Yoko® ; YADA, Toru' ; KAROUJI, Yuzurd ; ISHIBASHI, Yukihiro! ; SATAKE, Watar( ;
OKADA, Tatsuaki ; ABE, Masanab

UIRSTATEOE NSRS BB, 2 TR ARG B A S B IR R R AERI, 3 e se e st w7 wr
FEIT, 4 RBRRZARZE AR ZERE T H BRI 2 8, © b T2ERZE T AR an B R AR, O JUmE R K2R AT
gebt  BERERIAEIC HIEREE S X7 LRVE, T TR ARG SRR BR AR R 2 I

1 Japan aerospace exploration ageABgpartment of Earth and Planetary Sciences, Kyushu Univetkibghi Institute for Core
Sample Research JAMSTE@Dsaka University, Department of Earth and Space Sciettaekuoka Institute of Technoology,
Faculity of Engineering, Department of Life, Environment and M&t®epartment of Natural History Sciences Hokkaido Uni-
versity,”Department of Earth and Planetary Science, University of Tokyo

Extraterrestrial Sample Curation Team (ESCuTe) recovered more than 50 carbonaceous particles from the sample catcher
the Hayabusa spacecraft. Those carbonaceous materials, named as category 3, were found in the form of particles with simil
size range of the silicate particles those confirmed as Itokawa regolith particles. Initial description by the SEM-EDS analysis
shows variable textures and chemical compositions of them, suggesting the multiple origins of the carbonaceous materials.

Preliminary examinations of category 3 particles were carefully processed in parallel with those of silicate materials. However,
we could not obtain the information for the origin of category 3 particles before the opening of international announcement of
opportunity (A/O). The ESCuTe and preliminary examination team of category 3 particles have continued the investigations. Ir
this paper, we report the several recent results obtained from the sequential analyses.

Samples allocated for the preliminary examinations of category 3 are RA-QD02-0008, RA-QD02-0120, RA-QD02-0180, RB-
QD04-0001, RB-QD04-0037-01 and RB-QD04-0047-02. RA-QD02-0008 was lost during the manipulation at first preliminary
examination. Three samples, RA-QD02-0120, RB-QD04-0001, and RB-QD04-0047-02, were pressed on the Au plate and fixe
without any adhesive materials. We analyzed H, C and N isotopic composition by nano-SIMS in the beginning of the sequentia
study, in order to investigate the isotopic anomaly which is a direct evidence of extraterrestrial origin of organic materials [8].
FT-IR and micro-Raman spectroscopy were also applied for the pressed samples [9]. After TOF-SIMS analysis of those patrticle:
the samples were sliced by FIB in order to investigate the fine structure of the samples by XANES and TEM/STEM [10].

We performed those analyses with determining the effect on the subsequent analyses, such as sample damages and cont
inations. The rest two particles, RA-QD02-0180 and RB-QD04-0037-01 were pressed on indium plates, because significar
disturbance by Au on the ToF-SIMS analyses was found. We will also report the construction of the sequential analysis flow of
tiny carbonaceous patrticles.

In parallel with the Hayabusa-returned particles, we processed observation and analysis of insoluble organic matter (IOM) o
A881458 (CM2) and several possible materials of the origin of the category 3 particles, such as viton, silicon rubber, vectran an
particles collected from the Hayabusa?2 clean room.

We did not obtain any signature of extraterrestrial origin from category 3 particles so far. We are planning to continue the
preliminary examination of category 3 by the end of March 2014. We are also planning to open the category 3 particles to the
future International A/O, with the data of preliminary examinations before the end of 2014.

References: [1] Yada et al. 2011. Meteoritics & Planetary Science 32:A74. [2] Nakamura et al. 2011. Science 333:1113-1116
[3] Yurimoto et al. 2011. Science 333:1116-1119. [4] Ebihara et al. 2011. Science 333:1119-1121. [5] Noguchi et al. (2011)
Science 333:1121-1125. [6] Tsuchiyama et al. 2011. Science 333:1125-1128. [7] Nagao et al. 2011. Science 333:1128-113
[8] Ito et al. 2013. Abstract of Hayabusa Symposium, [9] Kitajima et al., 2013 Abstract of Hayabusa Symposium, [10] Uesugi
et al. 2013. Abstract of Hayabusa Symposium
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H, C and N isotopic compositions of HAYABUSA Category 3 organic samples

O JClE 1, BAE B2 2 BB W2 B Ohd 4 ILE EE0ES 25, @I hER C; B GR 2 R E 2 AfE
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ITO, Motoo'* ; UESUGI, Masayuki ; NARAOKA, Hiroshi® ; YABUTA, Hikaru* ; KITAJIMA, Fumio® ; MITA, Hajime® ;
TAKANO, Yoshinori® ; KAROUJI, Yuzur? ; YADA, Toru? ; ISHIBASHI, Yukihiro? ; OKADA, Tatsuak? ; ABE, Masanad
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IKochi Institute for Core Sample Research, JAMSTEBpan Aerospace Exploration Agent®gpartment of Earth and Plane-
tary Sciences, Kyushu UniversityQsaka University, Department of Earth and Space Sciéfekuoka Institute of Technology,
Department of Life, Environment and Materials Scierfdestitute of Biogeosciences, JAMSTEC

Hayabusa spacecraft had brought back asteroid Itokawa particles to the Earth on June 2010. More than 1,500 mineral particl
were identified on the Qz glass after the compulsive free fall, and most of them were very small ranging from 10rot800
are mostly smaller than 50m (Nakamura et al., 2011). In addition several amount of carbonaceous materials were found that
is called Category 3. Based on FE-SEM and EDS observations at JAXA Extraterrestrial Sample Curation Team, those sample
mainly composed of C, N, O and some of them contain NaCl and KCI (JAXA Hayabusa sample catalogue).

H, C and N isotopic compositions of extraterrestrial organic materials in Stardust cometary samples (McKeegan et al., 2006)
IDPs (Messenger, 2000), IOM (Busemann et al. 2006) and nanoglobules in primitive chondrite (Nakamura-Messenger et al.
2006) provide a clue for understanding of origin and nature of the Solar System. Large D and 15N isotopic enrichments were
observed, and C isotope is slightly enriched in 13C in extraterrestrial organic materials (Pizzarello, 2005). Those data sugge:
that extraterrestrial organics are probably interstellar material that was survived through formation processes (planetesimals)
the Solar System (Sanford et al., 2001), and may also have material that formed in the cold molecular cloud region of the proto
planetary disk (Aikawa et al., 2002).

Here we report H, C and N isotopic measurement of organic materials from Hayabusa Category 3 samples, RB-QD04-0047
02, RA-QDO02-0120 and RB-QDO04-0001, by an ion imaging with the JAMSTEC NanoSIMS ion microprobe. The purposes of
this study are to evaluate terrestrial contaminations in the Hayabusa spacecraft and in the JAXA curation facility, and to find
extraterrestrial organic materials on the basis of H, C and N isotope measurements.

Each Hayabusa organic sample was pressed on Au plate together with terrestrial organic standards of 1-hydroxybenzotriazc
hydrate and BBOT with known H, C and N isotopic compositions. Following the SEM study to check the sample condition,
texture and morphology, the samples were analyzed for H, C and N isotopic compositions by an isotopic imaging with the JAM-
STEC NanoSIMS 50L at Kochi Institute for Core Sample Research.

We studied three Hayabusa organic samples, RB-QD04-0047-02, RA-QD02-0120 and RB-QD04-0001. All of the samples
have been initially investigated by a FE-SEM and EDX observation at JAXA Hayabusa curation facility, and the EDX spectra of
the samples contain C, N and O; the dominant elements are C, and N (Hayabusa sample catalogue).

Based on NanoSIMS isotopic images of H, C and N in RB-QD04-0047-02, RA-QD02-0120 and RB-QD04-0001, all three
samples show homogeneous and terrestrial H, C and N isotopic compositions within an@rro8@ + 13 permil,§13C = 3
=+ 3 permil and§15N = -4+ 2 permil for RB-QD04-0047-02jD = 81 + 54 permil,013C = -20+ 8 permil andy15N = 2+ 2
permil for RA-QD02-01204D = 135+ 32 permil,613C = -20+ 9 permil andd15N = 16+ 12 permil for RB-QD04-0001).

The IOMs in Cl and CM chondrites show heterogeneous distributions of delta-D at the molecular (Remusat et al. 2009) anc
micron scale level (Busemann et al., 2006). The IOMs of CR, CM and ClI have D and 15N isotopic enrichments in micron-sized
regions (hot spots). The IOMs in ordinary chondrites are heterogeneous, however, they do not show many micron-scale anom
lies as IOMs in carbonaceous chondrite (Remusat et al., 2013). It is obvious that H, C and N isotope signatures of Hayabus
organic samples are different from those of IOMs in carbonaceous and ordinary chondrites: i.e., No hot spots, terrestrial value
for H, C and N isotopes.

We have not found strong evidence of extraterrestrial origin because isotope compositions of H, C and N in Hayabusa organi
samples show terrestrial values, and homogeneous distributions of H, C and N in the samples, which are unlike to IOM in variou:
types of chondrites.
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Albedo properties of main belt asteroids based on the infrared all-sky surveyors

FIFF 02
USUI, Fumihikd*

HOURY
LUniversity of Tokyo

Presently, the number of asteroids is known to be more than 620,000, and more than 90% of asteroids are classified as tl
main-belt asteroids (MBAs). The spatial distribution of compositions among MBAs is of particular interest, because the main
belt is the largest reservoir of asteroids in the solar system. Asteroids are thought to be the remnants of planetesimals formed
the early solar system, and have a clue to study the formation and evolution of asteroids, origin of meteoroids and the near-Ear
asteroids, as well as the formation of the solar system. Size and albedo are one of the most basic physical quantities of astero
Knowledge of size and albedo is essential in many fields of asteroid research, such as chemical composition and mineralog
the size-frequency distribution of dynamical families and populations of asteroids, and the relationship between asteroids in th
outer solar system and comets.

Several techniques have been developed to determine the size of asteroids. One of the most effective methods for measur
asteroidal size and albedo indirectly is through the use of radiometry, where a combination of the thermal infrared flux and the
absolute magnitude as the reflected sunlight. Using radiometric measurements, a large number of objects can be observed il
short period of time, providing coherent data for large populations of asteroids within the asteroid belt. Infrared observations car
be made still better under ideal circumstances, from space. The first space-borne infrared telescope is the Infrared Astronomic
Satellite (IRAS; Neugebauer et al. 1984), launched in 1983 and performed a survey of the entire sky. To date, there are tw
other infrared astronomical satellites dedicated to all-sky survey: the Japanese infrared satellite AKARI (Murakami et al. 2007),
and the Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010). Based on the all-sky survey data obtained by IRAS,
AKARI, and WISE, the largest asteroid catalogs containing size and albedo data were constructed (e.g., Tedesco et al. 200
Usui et al. 2011; Mainzer et al. 2011). The total number of asteroids detected with size and albedo information with these thre
surveyors is 138,285, which is 22% of currently known asteroids with orbits.

In addition, several outstanding works have provided the taxonomic classification of asteroids (e.g., Tholen 1989; Bus &
Binzel 2002; Lazzaro et al. 2004; Carvano et al. 2010), based on ground-based spectroscopic observations within optical ar
near-infrared wavelengths. Along with these taxonomic classifications, size and albedo data also contribute to our understandir
of asteroid compositions. In general, the albedo of C-types is considered as low and that of S-types is high (e.g., Zellner &
Gradie 1976). The relationship between taxonomic types and albedo is, however, complex and type determinations cannot t
made on the basis of albedo values alone. Recently albedos of C- and S-type asteroids are found to vary widely, especially fi
sizes smaller than several tens km (Usui et al. 2013). Furthermore, in spite of the albedo transition process like space weatherir
the heliocentric distribution of the mean albedo of asteroids in each taxonomic type is found to be nearly flat. In the total
distribution, on the other hand, the mean albedo value gradually decreases with increasing the semimajor axis, presumably di
to the compositional mixing ratios of taxonomic types.

In this talk, we present the details of data compiling of size, albedo, and taxonomy of MBAs, and discuss the compositional
distribution in the main belt regions.

F—T— R /NEE, AA NV, RIS —_A, P A X« TIVR R, AR MV R A T 555
Keywords: asteroids, main belt, infrared surveys, size and albedo, taxonomic classifications
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Lightcurve Survey of Vestoids in the Inner Asteroid Belt
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Hnstitute of Space and Astronautical Science, Japan Aerospace Exploration Afjiatgye Metropolitan GovernmentKiso
Observatory, Institute of Astronomy, The University of TokydJisato Observatory; Okayama Astrophysical Observatory,
National Astronomical Observator§tiiroshima Astrophysical Science Center, Hiroshima Univer$iBraduate School of en-
gineering, , Tokyo Institute of Technolog§Asahikawa Campus, Hokkaido University of Educati®dbepartment of Physical
and Astronomy, Seoul National University

We have made the lightcurve observation of 13 vestoids ((1933) Tinchen, (2011) Veteraniya, (2508) Alupka, (3657) Ermolova,
(3900) Knezevic, (4005) Dyagilev, (4383) Suruga, (4434) Nikulin, (4796) Lewis, (6331) 1992(8&@45) 1998 TN, (10285)
Renemichelsen, and (10320) Reiland).

Lightcurves in the R-band of rotation periods were found for (1933) Tinchen, (2011) Veteraniya, (2508) Alupka, (3657)
Ermolova, (3900) Knezevic, (4005) Dyagilev, (4383) Suruga, (4796) Lewis, (6331) 1992(&&5) 1998 TN, and (10320)
Reiland.

The distribution of rotational rates of 59 vestoids in the inner main belt, including 29 members of the Vesta family that are
regarded as ejecta from the asteroid (4) Vesta, is inconsistent with the best-fit Maxwellian distribution.

This inconsistency may be due to the effect of thermal radiation Yarkovsky- O’Keefe-Radzievskii-Paddack (YORP) torques,
and implies that the collision event that formed vestoids is sub-billion to several billion years in age.

F—T— R /NKE, XA X
Keywords: asteroid, vesta
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Near-infrared spectral measurements of zodiacal light by CIBER rocket experiments

RATH B — by B RH L ORI [T L A RAC U R BEE] T RS i 2 Bock Jame$; CIBER F— L 3
MATSUURA, Shujil* : ARAI, Toshiaki' ;: ONISHI, Yosuké : SHIRAHATA, Mai! : TSUMURA, Kohji1 : MATSUMOTO,
Toshic ; BOCK, James: CIBER, Team
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B4k, KGR DIFRIMNCNTSH 50 2 RO FHILBUER 72, #HART 1M ORE 7 T H % TR s
& LT, a’rv &6k CIBER (Cosmic Infrared Background ExpeRimentc X D Bl L 7z. CIBEREERDOHMDT &D
&, FEHAAIVR S 2 RS 2 SR D 5 B, MEMEZ A MK 2 KGHEGELTH 2 EE BT 5 & TH
%. TNFETICHME LT CIBERFERIC K D, JE 0.8-2um DOUTARYMRIC 513 2 BHE O AR T B U & A 72 Bl
T3 LICHDTHIN LTz, AGEEHTIE, ZOBRKERICOVWTIRET 5.

CIBER I, FKEOEILESEEE LT, NASADOBHIT v b7 a7 I L0 LTz, 2009405 2013
HEE TIC AROEBRZITY, TOERICIHENTEEE 200kmLL | TOHIERAK DB LW BIF R ENT — 2 ZEUS T
X7z, CIBEREERD T HMTH % MM RN OILHS 2R3 2 BoR N 5, BRIz BB YA LR O KR8 90
FELL ISR > 723, st d 2 M OMIFEZ R U T, B R 72 S BIED S 8t il Uiz, Z
OFER, BECOEE AT MV ERCEZRIST % & L dic, MEOFME(LICHET 5 IHHRESz.

B E NIz EGE DRI AR T MIVICIE, B AREBIKIFIESTEHE N R L, KBEAXRT MU U T
E1.5um KO EIREICBI 2N EMMEDN RSN, COREND, BEHETHZREMA AN, I 7009 AX
PEDOKEIZFFOE L EIC, HEE TOIITINDOFER R LTS, WYEEIXEMIC B THRAD 20-25%0 Bl &
N, A CTOBEDOHEME L THRFEU ETH B T ehbhole. iz, SR EATEEREENEL, C
DBV TEBHIEEX D E T REVHREMEA NP ETHE T EHRBEINS.

AT, BERERE TS L 81, TNEBEODEREX X NOKG AT FUSRRELEOBM & bt L, 2%
BRIA A N OWEREIC OV TGRS 5.

F—T— R B, R A A N, SRIMR, B

Keywords: zodiacal light, interplanetary dust, infrared, observation
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Reflectance Spectra of Jovian Small Satellites and Implication of their Origin
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1. IFC®IC KRRIZEAHY LAEEX O NZERS 4 D0/NMEE L. ZOIMZE [ % ZBOARHAEEDMEET 5,
TP ER P T— 25, TNLOFBIIARERNO KA N8 DEEZSNTWVWS, L LZNZEEH
T AHEBRAGIHUCRIT TED . FTRBRRND EOTFE TR E NI RKIAZ ED X S 70t A THilE L izOh & K2R
HEINTWiERV, KEORFAFEZEORRNZ AT % C &1, Nice ETIVICR BN S X 5 KRN OENR 5 OYE
BEIOMGICE L CTEELGHIRZ5A 5 ENTEZMTLEETH S, AFETIE. ThebeDE 3 p m i TOMHT
BOADEERN Z T 7O, IKEEMSIOGFEZ RS % L L Bic, SE TONBIIN I N TCWiah - fe TR AHHI#E E O
AN Z1TO, ZTOAXRY MVRZIEREICOVE L. REFAO/NEE (VAR bavE) Lobtiizir-7,

2. BALKER

(L)Thebed 3 pu m HREAFEGHDEETHI

Thebeldli < MDOAREITH N 2D, 8 mEEHHTE 3 p mmr O CEINIZRNE# TH %, Z T T Subaru IRC3D Hy0 Ice
T4 Z— (A A=2.974-3.126p m) & KNV RT7 ¢ )L Z—IC XZHUPDEEHIN S, 3 p m i OWRINDOHE 2R Tz (B
i 20054E 5 H 25 H UT 1272 72). DR Thebelc & Amalthea& [AlARIC 3 p mAFICRINAH D, 3.05 1 m DK
SIRE KN FD 0675 TH 5B Dot TOHEDOANER. AT MIVBBEIDO Amaltheaz [FRkIC B
5 L THERLTWVS,

(2) NIRRT 2 ORI YR

g4 7 5 oD Himalia family (5 XA 4 K{K) & Themista #1152 Carme, Kalyke (Carme family), Ananke, Pasiphae(
nzFEND family D), Sinope, Callirrhoed 11 Kk, XU Amalthea (5 % TICH[EDEART MILAZESL N TWiah >
72) 72, 20124 12 A 7 H UT KU 20144F 12 H 21 H UT I Subaru/FOCASE IV T/l (A = 0.38-0.9u m, —if
KIKIF 1=0.48-09 m, AV ME2") Z{7-o7z, ZTORSHE. Himalia family [3/A38D C 2 7, [A UlE{ 7D Themisto
D2 AT, W2 lX Anankeh C, Pasiphad’ X, ZOfED XA 7 ThHad T &hnn-> Tz, Amaltheald I 1%
bNeT—R2eBDLETHDBD L, HE0.6-24umTHRZED XA TR —KITZH, HE 0.6 p mELFTIERBITK
FHRMFD L T0D, 723 p miFCROINDH 2 DV TH %,

3. EE AV LAEEXOAfIZES Amalthea, Thebe:, D X2 A T/NKE L DAXRYT MV EOKEZENE3 pm
HWOWIN OKEEMIMIC X2 EZE5ND) OARTH S, TNHO/MERIT/NEEDSAKREDHEL KK ZDE
DT, RERMHBO—HL ko> THY LABHEOMEICE ko2, FANTHED 7ot X (@2eak, ey &
NIEREDNRBICHE D TEREDEEZ L THEHRTH %, Amalthead XX k)UH CalistoDIK AV iz KD 2 X 7

MLEBRLLTWAEZ EE, TOEZAZFL TV,

FHABREIAREDNNEENSHIE L2 EZ LN TVEN, ETHLWVDIIELZONIEHD > TWiEW, AIEeEk
DEOVOFBEOAREDE ICHFET S bV HH LV CIVARETH D, ThHONKEDZART ML &ZA T IEAH
HIfR ELITVWBEDHEL,  Gravetal.(2012)c k3 &, EBLHDREEC, PRAT (~XZAT) LDEATELT
MR ENTOT, DA TOEE (EEOEE) FEFEMRKEVZEDELLSED, haVEOFNRRKkE L TD ALY
DEENZ L, FBERICE S D ZA TOREEOWMD DM THHEY (HFE 20 k mEL EOKRKTD X1 TOEIGIE, Fo
YEERI 85 %, LILVAREKI 75 % ThHSH ., EE 100 k mEL ETIE Fa-VEH 70 %I L )V AEHZK 10 % TH B ).

K2 OBIKEEN S C, XXATED XA TOUGZEROBEBE L TRDS &, KEOABAERII LIV AEDOD
R —HT B ENghoTz, RESTLRFEN D AXRT MV EA T =Y A X0z HHT2DRBH TIEEVE
BoNZDT, TOMBIEIAREDO AR IV RRE L HEOMIGTRN S SN L 2B RB L TWVW5, &

4. ¥L&

(1) Amalthea, Thebér ED AV LAEEONAIZE 2/ MR X, FAREMBANTT O AENMEROERELTH
Z AHEMEDY R,
(2) AV LAEROIMUZE 2 AR, FaYR TR < vV ZR & HEOMFATRN S i & M iz Kiko ]

HEMEDYE L,

F—TU—R: 2, RE, AXT MV, ©VERE, bav it
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Weathering effect of solar wind proton on hydrated silicate minerals

RN A&4E T 228 IEE 2 5 AR R 2 il B Y & T
NAKAUCHI, Yusuke'* ; ABE, Masanad ; KITAZATO, Kohei® ; TSUCHIYAMA, Akira* ; YASUDA, Keisuké

FRETFERSAGORY, 2 THEMTZEITICRAFERERS, 3 R, 1 5T, ° FPB T 3 )V F—wizit > & —
1The Graduate University for Advanced Studit¥apan Aerospace Exploration Agentyniversity of Aizu,*Kyoto University,
5The Wakasa Wan Energy Reserch Center

NIRS3 is an on-board near infrared spectrometer of Hayabusa-2 project which is aimed at returning samples from C-type
asteroid 1999 JU3. In this project, it is important to characterize mineralogical and heterogeneities on the asteroid surfac
for the sampling site selection. Observing wavelength of NIRS3 is including then dand which is charactering C-type
asteroid Rivkin et al. LPSC 2002, Milliken et al. 2007 The NIRS3 will measure reflectance spectra of asteroid surface in the
wavelength range of 1.8 - 3;2n. This wavelength region includes features mainly related to OH a@ H

The spectral properties of the surface, however, would have different trend to the subsurface, because the surface of asteroi
would be exposed to solar wind and micrometeorite. As for the reflectance spectrum of the moon, the absorption feature fron
2.8 m to 3.0um was reported in Mdata Pieters et al. 2009 It is thought that the implantation of solar wind proton is one of
the causesicCord et al. 201). The solar wind protons will affect the spectral shape@h3egion of air less bodies. Thus we
study effect of irradiation of solar wind protons on near-infrared reflectance spectra by laboratory experiment.

We executed the simulation of irradiation of solar wind protons using ion implantation device at the Wakasa Wan Energy
Research Center (WERC), Fukui. This device can irradiate beam with 10 keV in a vacuum (under110~° Pa). The total
amount of BT was about 18 ion/cn?. Three samples were prepared; olivine (San Carlos, Arizona), antigorite (Sangenchaya,
Kyoto), saponite (synthetic: Kunimine Industries Co., Ltd.). Antigorite and saponite were sieved betwearab 75.m and
olivine served between 7bm and 105um, and then they were heated for 24 hours at 423 K. They were packed into Cu cups
and formed pellets. After irradiated the spectra were measured using FTIR, which resolution was 2i0 wavenumber. We
adopted the analysis method lohimura et al. (2012)which is to compare the reflectance spectra of altered sample, R, with
unaltered sample,Rto determine the alteration ratio of spectra, R/Rithout absorption water.

The alteration ratios of irradiated samples were different between minerals. The alteration ratio of olivine showed increasing
of broad absorption feature from 2.8n to 3.8um due to OH/HO production. In antigorite and saponite, the alteration ratio,
additionally, showed characteristic change related to coupling state of -OH. In the alteration ratio of antigorite, stretching of -OH
bonded water molecule (-OH ' OH) at 2.77um and stretching of -OH - ¥ OSi at 2.85:m was increased conspicuously. On
the other hands, the alteration ratio of saponite was changed conspicuously @atn2.77

We think that the difference of the bands which showed conspicuously change is related with structure of minerals. Antigorite
have -OH into the crystal. Therefore the irradiated protons broke bonds of Si-O and produced newer hydrogen bonds which ar
-OH --- HOH or -OH--- #OSi. Saponite has 40 as interlayer water. It would be similarly broken bands of Si-O and produced
newer hydrogen bonds which are -OH OH. These spectral changes can explain same process. These features support that
the irradiated protons react with bonds of Si-O in the crystal.

In this study, we showed that the alteration of feature related with @BI/id different from each mineral. Next step, we will
examine the other minerals against determination minerals and the amount of water from reflectance spectra.

F—U— R EREE 2, T EIL, KFJE, 7K, CRUNEE, MG S2ER
Keywords: Hayabusa-2, space weathering, solar wind, Q8/K-type Asteroid, proton implantation
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The effect of coexisting iron sulfide on space weathering by nanosecond pulse laser irre
diation

e Eadr 5 e AR di T R 250
OKAZAKI, Mizuki 1* ; SASAKI, Shd ; HIROI, Takahird

VRBRRAEBEAERE, 2 7 50 VR

ISchool of Science, Osaka Universit@rown University
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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

AR RS T B K 2 BRI E 3 Hayabusa 2t FEI 7L — 774
ISHIGURO, Masatertt ; KURODA, Daisuké ; HASEGAWA, Sunad ; HAYABUSA 2, Observation sub-grodp

L) VRZEMIEIORSCERE, 2 BN RSB MR R AT, 3 iz it e e b e R AR 2T, * i 2emsTne
FEREHS

IDepartment of Physical and Astronomy, Seoul National Univer8@ayama Astrophysical Observatory, National Astronomi-
cal Observatory of Japatinstitute of Space and Astronautical Science, Japan Aerospace Exploration AGlamay Aerospace
Exploration Agency

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.

F—U— R ERSRE 2, 1999 JU3Hh BT
Keywords: Hayabusa 2, 1999 JU3, Ground-based observations
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F R SNE 2B L — Y —mEEHC K B CRUNKRE DY )L RETH

Observation of geometric albedo of the C-type asteroid by the laser altimeter on Hayabus:
2 spacecraft

(LEE 8 s TRk TG 25 Bl B 3 S Z3E L FH B2 4 R A S S K S BRE EOR L R HilfT 2
YAMADA, Ryuhei'* ; SENSHU, Hirok? ; ABE, Shinsuké ; YOSHIDA, Fumi' ; HIRATA, Naoyuki* ; ISHIHARA, YoshiakP
; HIRATA, Naru® ; NODA, Hirotomd" ; NAMIKI, Noriyuki 2

VENT KRR, 2 TETIEKRY, 3 HARE, 4 BUKY, 5 THifize s ha i pss, 6 SER0e
I'National Astronomical Observatory of Japd@hiba Institute of TechnologyNihon University,*University of Tokyo,?Japan
Aerospace Exploration AgendThe University of Aizu

20149 KFT BIF T8 O/NRERERE T30 5E 20 T, EBREI D CHBUNESE 11999JU3 DREZITS . HAWK
RS 2IHEHEI NS L—Y —EER (LIDAR) Z#H LT, L—9—EE (1064nm)ic 1) % 1999JU3D 7" )L Rz
TARDHERET L T3, IS5 E 28O LIDAR I I3 HREEK-/NEE R OBEEEZ HIE T 2 EEICNA T, L—Y'—
IV ZADIEE IR & ZAECERE R HIE T ZHEEN DOV TED, CORET—2EHAVTNKEERHODOIA A M) v
TN REHEET Z2HDARETDH o

AFETIE, £, 305 258 LIDAR OFRMERAEROFE RN 5. LIDAR Z W T/NSSE R 7 )V R 28
AR E ORLEE DKL CHYERTRED - U 725 2R 9, T T Tl BERORMENSIRE 2 7 )V ROPER IS, /)~
MEOREMRIR, T 73 AH LIDAR OFIED 53K E 2 7 LA ROHETEIC & ORLERER FIET e LI fERIC
DNTEIIBNRB,

413 LIDAR OBUHNED 516D 5 N2 /NRERED T LA R0 K O BR O BHHIT— 2 Z A AT (1)1999JU3
DOFEA SR A T, (2 /KEZEREOEEK, (3)FHEUL, YRYEIC K2 ERHERIC DOV TOIEREZTS 2 Faetist LT
W5, RFEXTIIICICTHE LIAEE TRDENZE T IV RN S, EORETN S DRIAERICONWT S M TE 50
BLIEHRICODWVWTEMET S TETH S,

F—T— R NKET VAR, CHEUNEKE | 1999JU3JER 5T 2, L—Y'— & &Rt
Keywords: Albedo of Asteroid, C-type asteroid, 1999JU3, Hayabusa-2, Laser Altimeter
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5 E 2 BEEGERINEEENIRS3D 7 2 1 1~ €7 )LIERE
Performances of Flight Model of NIRS3: the Near Infrared Spectrometer on Hayabusa-2

p R R | = U/ O e O] SN = AR 15 S ST AR VI . IR S 2V NI S0 v - o 20 N /N A 2 Rl /AR I =21
1B L Y58 A —En ¢

IWATA, Takahiro'* ; KITAZATO, Kohei? ; ABE, Masanad ; ARAI, Takehikd ; NAKAUCHI, Yusuke® ; NAKAMURA,
Tomoki* ; HIROI, Takahir@ ; MATSUOKA, Moe* ; MATSUURA, Shujit ; OZAKI, Masanobti ; WATANABE, Sei-ichird®

LIAXA FHRFAIZE, 2 2ER, 3 FeER, 4 IR, > 799 VK, S AtiER
Hnstitute of Space and Astronautical Science, JAXBniversity of Aizu,>Graduate University for Advanced Studié$phoku
University,?Brown University,’Nagoya University

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
Keywords: Hayabusa-2, asteroid, 1999JU3, NIRS3, near infrared, spectrometer
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N3P 5E 2 ) BRI AT T 1R RS2 & i o
Thermal Infrared Imager TIR on HayabusaZ2: Instrumentation and Ground Calibration

R EH ZER 1 R B S PR B L I B SR B 2 SR I TR S R RS O /NI S R R
6 BAIE L BT AAZ 7 k) B8 il 488 5 Aok e © 5 fnm B2 L RE AR 10 ey ek 10 5 B I AR T N
JWN—=h TV 12, 2a5— FRAB NV 77814 ERSRE2 TIRF—L?

OKADA, Tatsuaki* ; FUKUHARA, Tetsuya ; TANAKA, Satoshi ; TAGUCHI, Makotd' ; ARAI, Takehik@ ; IMAMURA,
Takesht ; SENSHU, Hirok? ; DEMURA, Hirohidé® ; OGAWA, Yoshikd ; KITAZATO, Kohei® ; HASEGAWA, Sunad ;
SEKIGUCHI, Tomohikd ; NAKAMURA, Ryosuke® ; KOUYAMA, Toru® ; MATSUNAGA, Tsuned ; WADA, Takehikd ;
TAKITA, Jun'® ; SAKATANI, Naoya'® ; HORIKAWA, Yamato'! ; HELBERT, Jori? ; MUELLER, Thomas?® ; HAGER-
MANN, Axel'4 ; HAYABUSA2, Tir tean?

LRI S BB AE TR R A ST, 2 TS PR S H SREB R A T'0 75 LU V— T, 3 JLiEE R, 4 TR
7,0 THETIERE, ¢ SEHRY, T ILREBE KR, 8 FEER AU, © ENEREEWIZEHT, 10 AU, 1 BB mPe KRR
12 RAVETEE Y Y 2 —, 13 v 7 AT T 2 HIERWNIEAEWEZE AT, 4 A —T 2 K2

HISAS/IAXA, 2JSPEC/JAXA 3Hokkaido University;*Rikkyo University,®Chiba Institute of Technolog{University of Aizu,
"Hokkaido University of EducatiorfAIST, °NIES, °University of Tokyo,!!Sokendai,'?German Aerospace Center (DLR),
3Max Planck Institute for Extraterrestrial Physics (MPEQpen University

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.

F—U— Fi/NRE, 305E 2, B, BURdt, Ao X—&, e g
Keywords: asteroid, Hayabusa?2, thermo-physical property, Thermal Infrared, bolometer, planetary exploration
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INRIARTHNIC B B R 51 X & ZEFEROB R _ _
Relationship between Regolith Particle Size and Porosity on Small Bodies

AR EN S A B
KIUCHI, Masatd* ; NAKAMURA, Akiko !

VR REER B E IR

!Department of Earth and Planetary Sciences, Kobe University
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
Keywords: asteroid, regolith, porosity
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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)
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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.
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Hayabusa 2/SCI: calibration 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
TSUJIDO, Sayaks ; ARAKAWA, Masahiko' ; WADA, Koji 2 ; SUZUKI, Ayakad®

VIR RAR AR AGeRY, 2 TR TSR PRE REII > 2 —, 3 FHifi 2 se B Fens SR 2o
LGraduate School of Science, Kobe UniversiBlanetary Exploration Research Center, Chiba Institute of Techndlimgyitute
of Space and Astronautical Science, Japan Aerospace Exploration Agency

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

1/2



Japan Geoscience Union Meeting 2014 o/o)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. Jg;’;&gime

Union

U06-P08 23 R AR —2 IRFfd:4 A 28 H 18:15-19:30

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.

2/2



Japan Geoscience Union Meeting 2014 0/0)

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

Union

U06-P09 23 R AR —2 IRFfd:4 A 28 H 18:15-19:30

FORUARHEIC N 5 @247 L— 2 > 792

Impact cratering experiments on granular slopes
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Scaling analysis of cavity morphology and disruption threshold for highly porous targets
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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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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
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Solidified and mixed materials on Asteroid body
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The Origin of The Moon and The Earth in Multi-Impact Hypothesis
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