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FRIZHEDIEMNZL, HEREDNUICEWVWTIE, BEF1—TOBKINLF 21— THEAEFD
BEREOHERRE VS EAEROMEBHEENETE TEHAREENATENATE Y [B]. KA
FHERAECLTEELGEREG D,

ZIT, ARRTEHBITHRESNATVWIAD) T AT UMBICHEET ARBRELG” BEF 2
—JEHE I2OVWTHEETETLD. BEFa1—J0BKITOWTHELz, TOHKRE. 7—F&
XHAZHOMTERDAREEREZRTL—F— /2 —VEFHR Lz, COL—F—/2—UNER
D THEETHDC EZRI O, BREDFRMEEZEFDDER) ICKYT—FRXH#AZRHED
HMTERZER L-BREODUEEFTE STz, 2L, LRSIFEFAR—ILTUoTFICLEE8B%
T51=8%. BEETRUNDAIAMEORSICE > THTEEDHERRERIBNLH D, TDI=
. AETOERDOAE I 2L—2avETH2E T, AIAMBOEZEICONTHEHMEL .
ARNETIE. ChoD@Eihs, AICEH 37 —FREXRAEZH OMTERDOFEICDOVWTRELY
%, Iz, BIOFEZAL., MTERDIEMZ 0.2~1 EOHETEILSE-HEEDBERD
BEFHFHELZ, TOHER. RLEEM0.2E) OFF. BEROBEEEHIL 1020 EUT L
HEESNh, EROBME LBITEERDBEEMET LT Z &b o, §%&. A - KET
DBEEF1—TRHERAN, BEF1—JZzEBRL-ABORERHZLIKRETHET L L
T. B- KEOKFEBICRVHNEZEZSZENTEEHEEALND,

Mk:[1] Haruyama et al., 2009, Geophysical Research Letters 36,21. [2] Robinson et
al., 2012, Planetary Space Science 69, 18. [3] Kaku et al., 2017, Geophysical Research
Letters 44, 20. [4] Chappaz et al., 2017, Geophysical Research Letters 40, 1

[6] K%, 2020, BARMKKEFR]FLES 2019 FXEFF (6] Kaku et al., 2018, Lunar
and Planetary Science Gonference. No. 2083.
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B BRI EE D - H A0
MIPEEERE TV % I\ 72 S ) B ik = OO FEA

OFlEd !, s lUi—U!
RIS AR R

SR DOEE 42-65km (ZFIET DMBOEDFE XX, MHEHIZ TR, FBEICIERTE
gL SRETEL RS> TWA Z DA SNT WS, EKREDNAMIE, ZKF - Bk Lk ROk
WZEoTRESTWVWED, EQOREIDBMENHNEDIIBRANZZXLZEI>TESNT WS DH
IS PZR o TRy, RIFZEE, FHAEYEMRRET VEAVTEEDEZERKT 5 HaSOy
¥ HoO D FFHENICB T Bk 2 ET A LT, BKEDOTFHENHERET EA XA
DWTEEL T,

AR THW 2 FFIYEMRERT TVIX, B, WILEL, B - &%, Ik, bFERnziEE
L7=6DT, EkE %5 HS0, & HyO DIED, HaSO, DR - HRIZBIE S 2 CO % OCS 72 &
DFFHAHZFHET S, NG LiEL x5 2, 9S4 UTEAZYE SR S REXR
ZEIETH I TEFNRBIIB I 2WES G ZRD D, WNBIEHFEPOME TORAS 1 IV
DFFHMEEREZ 5 X, TNXDINI VAT = )VDOFRNIC & BHENE TR K > TRE L2, £
7z, HESGIIEEEERGET NV (VIRA) 2 AW, R INAZEZEKEDO FHFEOMIE, (KEE
FEIEMSE (B ~ATkm) & @ 50-55 km 12, @ IEEEATE (542 ~42km) 12 EKHE < 7
ZHEN BN, BREME L Z2EKEIIMEEE L SRETREL LD L VI Bl T NZEKDHH
HHEBE Nz,

AR NEKEPVEEE L BRETRELC ARSI 2, TNENFFEERL BE DT
HAAMAIZE > THHI NG, FAHEIERO LA (KEE) T, LREJET LA SITE® S N6
FE AR SDNEE DR\ 22 THERE U TEMVERT 5. #iE U 72 EKP IR X o TR & 2fing X
n3ZeT, BEMIEOHBAKENENT 5. BEMIOHBAKEOMING, BRTHS L
MBMBALKREZPL, ZE2X0ELSTE. —FH, THEMERO N (S#E) Tk, MK
KDDRN LZEDZELGDHR I NTL 5720, FRHERIEESHEOEKEZEST. T HiEER
P oIFRUTERL AW EHEDREWER, EENOEE 50km (158 O E /36 DMERE T &
CEBETELS RS> TWVWA I LIZE o TERL TV, EFNOMBAKEIIBENAKETHRE
D, BIMASEIZIZIFRETRES. Z0O710D, HRBAKIIEED S < fFZASTEO K E W EHE
&S, EAME < SRZASKED/NE WEME T > T, KERILAIC K D8EAEL, i
JECHBAKAEE L, FRUZEKDBIEMET 5. ZOKFRILER, B, LRI X 2 EEEA
DRI DOWIED, FFHEROGEZITHHE L TEMEIIEVWEL ER L 7.
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Initial descriptions of Ryugu returned samples using the MicrOmega
ORHZER 2, 5EREES!, SHEXRA S, REZE!, FEERT !, BHEAF, a3
ARERD, ANIEF!, LEEER Y, BHER 2, Jean-Pierre Bibring®, Cedric Pilorget?,
Vincent Hamm?®, Rosario Brunetto®, Damien Loizeau®, Lucie Riu®, Lionel Lourit?, Guillaume
Lequertier®, Hayabusa2 MicrOmega-Curation +— 4 1°
CISAS/JAXA, 2 BERAZ, S~ ) >« T—2 « Dy, AEHEA, 5IAS)

NWEREBRE TP 2] Tk, C BVNREY 277 70KRAO 2 #Ah oap 2L 72
%, 2020 £ 12 BICHBOMIRIBRICHKIN L. JAXA HBERF v/ XARAOF 2L —2 3 VK
B CIEMIED DIEBLTOMIZREH ZED TWB[1], TAITHERIF. AORE EPF
K, E2AE. ZREK. BRADHLTHD, TNOOEHIBRIZ. WHEIFTC7 2 —X2
Fal—2arvE0LYSBE  SRRELEDITC. NASA ~OESHBOETEICERIND
Zh. BBREAEMROZ-OOELLEBERBICAZOIERE LTRAINS,

MicrOmega &7 7 v AFEREYEBFIMRRAT THAE S NTARNANA /X=X 27 M ILEER
BThY, AZ—UVIEHEEICE > TAAILE HCT MHIE, BERICEELFET (LXK

(AOTF) % #£5& L TR 0.99~3.65um ORER(ERICIIARBEERONX R . REF
tBIF 5x5mm. MRIGRE 22um/pixel TA X —2 % 12— 74T (2], BHKIEYDEELTRIN
HTHD 1.4,1.9, 2.7~3.0um =, Y (-CH &)L REE(-CO3)D 34um &, 7> EZ Y LA
EZFZCAEYNH) A ED 3.1um &, ZOMORNEORIAISEL, »23aAY KU 12 —ILFED
OB IC OB TEEREEAET 5, MicrOmega i3 7 ) —> F = >/ CC3-3 EDHLRA —
MIIEAMTONIERF o NOARICEEI N, Fz Vv \RNOERZ Y 7 74 7TEBL (IS

FKAT—EREICRE SN, BREHLABICER A A—YIN5,

MicrOmega IC£BBIEIE. HRlav T+ A £ (1 EEOEIEE. Uiy s yoiEst
i) & CE 2 BBEORIGER. ALY L —&EFHE) ONLIEEOIE,. 1mm ZFLLEDOE
BRI, E-BAANRARLAEL TETWS, BRAEICAIT /A X O 7ERADEES
IR ICED TS, MicrOmega (&2 A 207 ERICIE. KRB L TEREDETE.
ARIDFHZ R b FERD AR bL, BFEOEAREIRREND, INE TOELHE
RiF, KEBDDOREEHERFERA 2~3% LME <, 2.72um [HEICKEERD IR E o N BN
TINATFTE L[1,2], dmaRsbaFeat NIRS3 (2£2 U a7 7 VEKOBAKER[BI L EET 5, £
7=, 3.4um EICHWRINAFE L., BEY E - I3RBIEIYMOEFEEN TR IND
[1,2], MicrOmega (3R FHEDRINZA XY b, BELTRFRDZRYT ~ILOHT HHIE ATHE
THY., FREXTITAE THEONIFHFUCDOWTEBNT 2,

SEHE : [1] Yada et al. submitted to Nature Astron., [2] Pilorget et al. submitted to
Nature Astron, [3] Kitazato et al., Science 364, 272-275 (2019).
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Results of initial descriptions for samples returned from Ryugu
ORI, ZHIEE 2, MR 3, bk GEEER . ST gafhe &
FHEREA 4. PERHMIERE L. ARBER A BISIAE 4 W EU3EM Y5, ARIHF %5, dERHE Y. AH
T L MG L IARKRE L RIHEIN L ZHRER] 3. RE B3 BARNUE 3. REMEAS 3. Jean-
Pierre Bibring’. Cedric Pilorget’, Vincent Hamm?, Rosario Brunetto’. Lucie Riu*’, & & 12, EHIA
L MlmFER] 8 SERRGK O, ARG L =R 3. REFAI L. Trevor Ireland®®, [T
v BEARIERS L, rhERBE L. HTRR L EaFEE L IR L EREI AL, HHEE—
CISAS/IAXA B8R, 3 FRAF 4 = V) >« T =2« 2y X2, S FEFFIT, € BIEAF TIAS, & AMA
% 9JAMSTEC, °The University of Queensland, 1 % /&8 A %)

INERERERIZPS T 213 20194E 2 H & 7 HIGEHERCHAUNERE ) 27 7Y O KB Ic BT X
v F Xy X BB ETT 0 72[1], £ 0%, FREKEFS 11 Hih&E 255, #2020 4
12 H 6 HICB KB ZIND 7= HEAD T2 FM Y — X THISICE X 2722, HEAN 7L
[N E:. B Quick Look Facility IC Cafkta v 7 FHUY L - ZAEREEED |, 228 I TR 2
HiziciZidkbla v 7F 2 IAXA F 2L — v a VIEERWNICIRA L 72, 7 Y — v b — LicBW T, ik
av 7 FONEZDMEFHORYVIHL, 7V —=v T %{To7z LT, lESs HRICIZZ ) —v T
TV AN 3-1 FHICEA L, BERECHRL, ME 8 HRICHEERRKI WGz vy 7+
BAEHE¥ 2T o7z a v T F LMV L2 v T F v v F ¥ —FED ICHEREOR 32 %
LI N, Fr v Fry—AZDOEFTROVAL T, v v F ¥ —AEHLD 2~3KD mm ¥4 XD
KraBO L, 20 FEERECRE L, 1KY OKED OREHEE 3 -3 HiciuXtk, 7 —
PV T RO TRAEBMEERFHATOR 3-3 %, FA4-1ERVHFL4-2ETITu—7
BECIVHAROIY L - VIR EET> 72, Fx v F v —2EROMEOFRE., 5.4g OFEIA
Vav 2 oRKEILRHLIRONZENHERI N, ZON, 32g A 1HHD X v F X7 v Hiskin]
PR ZIND 72 F ¥ v F vy —AZEDL2 L, 20g 282 BHD 2 v F X7 v HSBIGUR I 72 ¥ +
yF v —CED»LEIENZEY ZF ¥ v F v —B ERFEEEFHNERERE), 2O AZERPNCE
A7 REHC O W ORI 2T o 724, a v F 24 FPEAaHRICE SN2 SiRERY)
(2 FVa—n - CANRTER I N D272, 720 TNO DAL 7 HFHEHT O W TR -
TR % AT o 7RG 0, A ERRIC L 2 ) 2y 27y RBoBIARER L1215 —8 L. ¥
LR N2 2y Sy REME #REL TV B3HNDH - 72[3], BB HEROFEMIC oW
THETIIWET 2,

SE W ¢ [1] Tsuda, Y. et al. (2020) Acta Astron. 171, 42-54. [2] Tachibana, S. et al.,
submitted to Science. [3] Yada, T. et al., submitted to Nature Astron.
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NEERERITOSE 2 DRFREER CBRISNIONRE) 20 VI RET DEHDBERLITET (2)

OXKZ A1, Yoty sk >, A AH, @2, TR Y, ik 22
AT #55 S, MLy, BIRES, | 2, i e e
P HORR A, ATAXA FHERERIGERT, ° SEEORE, THE TR, © il TR, © R EERT,
T EEZEBAR FIERT, S AL E A K

MRE R DX BEHEERITOSRS 2 ICHEHEINTWBTE— e TR O — D THA T RIRI I AZ
(Thermal Infrared Imager: TIR) [1] % C BN 162173 VarZ U OB Wi a2 BiST5Z LN TE, /g
B OB BRI AR T O AN TED[1-2) 304, THETOREKBABIEND, Vv /DR TR
TRIRFBEAV RTA N ARDE LIV ESL CEDOITEY, fAICHiEk E TSN KRB E T NI A M Ak
DIEBEDERNEEL TODZEAHIAL TS [3].

H BRI R E O HIRIC 1T A5 A DIREZ b F DWBRIREEEZ A 2L T, VaUu UREIHFIES
DEMROIVFHEMRERAFH LA HINE LIz, FROABIJE T, M 500 m A CEMmSh=A L —ar
(2018 4= 9 H 21 H ™ MINERVA rover ®# FFFOKE FiEH: MNRY, 2018 4% 10 4 3 H® MASCOT lander D%
TIROME FEH:MSCT, 2019 /£ 2 A 21 HD 1st #»F ¥ .. TDI-LOSEL) DB HR{R L7z i i OB mifg
AL, SR SAE T DE A AT L 72 A DIV DBV i 1% 328%248 B/ L CREMAFEIEIL 1 ©o®
BHTZ0#10.051°THD [1]. AENIEELICIBNT 100 B 7B LB TGS A8 W T 24T - 7.
FERLEZLL: 100 /BB TRIHLZE B0 %0T 355 18 (MNRV) & 312 18 (MSCT) & 368 {# (TD1-LOSEI)T
HY, BHFEFET Wald DRER, [4] 1082 TE5.2%,+5.5%E T 5.1%LEHENT-. MNRV T, RARIEE, F
PR, el O S E LRSS R E N E 0 286 £ 11.2 K, 314£5.65 K, 332+5.74K, MSCT TlE, #4#.2
AU 287+11.0 K, 313£5.53 K, 332£5.99K, TD1-LOSE] Ti% 251+9.69 K, 282+6.30 K, 301=5.53 K THY, %
IREDITIERMEICIR > TODZEAVRIEIS N, F/NREOTFEEDE RN RKEWE R LU TEHAIRZ
B E PR CTEIR - e EN RTINS, SHICK ATV TERDO VA XS (SFD) ZAFRL, %
DIHEDENLBFIRO SR OW IR REA AL /2. #ER, K& B TR SH2E 0 SFD OfflE -1.910.09
(R4 T4 5 B 55.4-88.0 m, MNRV), -2.12£0.2 (59.4-98.0 m, MSCT), -2.7=£0.1 (36.2-78.2 m, TD1-LOSE1) &720),
I E COESLO SFD OfE  -3.820.2 ({5 4415 % 301.0-392.6 m, MNRV) , -3.3+0.2 (402.7-427.6 m, MSCT),
-3.7£0.2 (305.8 -381.6 m, TD1-LOSE]) &b ~ESCn E78o72. SFD O ARMEANESCH ThHDHE, KE2E LA
IRENDIEMND [5-7], KL TIZY 207 T OB RIROEED BB RS NI A O FEE RS/ RE S LS. TDI-
LOSE]l TILEEE 100m A5 CHE ST BR O ELDNFFZ 2\ =% (MNRV: 4 £, MSCT: 7 %, TD1-LOSE1: 21
Koy, DB LG A BOFHIRN D72 p o722 e, RS EETO SFD OARME -2.710.1 Mo &
THELIAE -1.9220.09 (MNRV), -2.1220.2 (MSCT) T~ MERKEL 2722 EMRE 2 DDA BIOREFIZ%T
LC, ARFER CILED M7 LB RO B8R 55 RO G e DR SR E A B B L iR 375 T8 ThD.
B ICHR: [1] Okada, T. et al., Space Sci. Rev., 208, 255-286 (2017), [2] Watanabe S. ef al.,, Science 364, 268-272
(2019), [3] Okada, T. et al., Nature 579, 518-522 (2020). [4] Kurihara, S., Introduction to statistics: from testing to
multivariate analysis and experimental design, Ohmsha Ltd., pp.336 (2011) [S] Michikami et al., Icarus 331, 179-191
(2019). [6] Hartmann, Icarus, 10, 201-213, (1969). [7] Thomas, P.C. et al., Nature 413, 394-396, (2001).
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JaoJoR@BRFxXal—ayolkdo
ARV ILFINY RO/ AT L AFREHAZEBE DRH

OBAMAE T, BB REMAZR ' AR DAEBETR L EIRT 2, RHE?,
B EARERRR 2, G AR 5, EPIEE 2, [ HED 20 PIAMIERE 2. FORSEAR 20 ZHksE] !
VHROREE, TAXA/FH AT IEAT

MRER TSI 2HFAEI A TONOWL LD Y 20 7 UORKY T— b v ZBHI G, RIKER O
ALY FVTTEHEBACRCBETEIC LA BE KL TWD Z EARENTZ[1,2]l, TTH, KT D W R E Fon
Bi(Bright boulder) D A7 MUTZEETH Y, U 20 7 RS U728 ORE L 2788k LTV 5 al et E 3],
BHIEND 2ALT FUiL, DB 5T, RREDLE L OB IND, 207D, EEIHMENEEL <, 2Rk
OMFUL M (e.g., BECIEMNE THINT D Z LIXES TRV, LavL, ERE BB R LT 5 2
EMTEIUTRERN LB E 2 BFET 2 Z LR HEEE 72D, ZDT-DITIE, ONC & [F] U R CREREI O &R 7-12o0
TAXRY MVERIEL, AZua T 52 ERRAIRTHD, FrZ, b DIRERF DO D5, Bright boulder & [F% D
SR E R ORI T2 RFET HT20I2IE, A MVEOR R LT AR OBEERSET 2LERSH D, L, JHE
W72 OB X, PESRITBRSKFEL TWD 2 ERIBIEN G O Lo T[4], Lo T, ZOWUEFDFE
EHELTEKHRERET 57201213, AT MVERFICRIF-ORE GO T X e 7T EBRME LD,

BB : omm D SECE um OIFERL T Z v JER O 720 AW TR TO~ LT R AR7 |k
NV OTEIR % kS E CHIE FTREZRSEE A BRR L, FHl &2 T/ o 72, /INRETE TO U T U8 & RS ClEaeto
FHUZAT 5 RBFFE ORI, FEROEBERET —# Z IR T HEED ground truth # 52 5 L0 H W THERLH D,

BAREERB DMERE : ABEE 1T, R0k L CARHA 300 THZ2BRS L, K121 CHUL SN YO FRE % 5 0°C
BT D, ZONOMEEEHEEIAOZN L LIEET D Z & TREREZMET S, AFXOXEFIZITT 4V F—K
A —IURHEINTND, A —/UIFERAD DT ARIMNTNT T 6 DOREHIR T 4 M2 —PEH SN TEY . AFED
BREEEZRNOHFBEZNET L ZENAHETH D, ZIHIXONC D7 4 VX —[5] & ZEfli(F LR - BiliEOHE
1% 0-6nm) Tod Y | RERBLNT — & & OEFEIE A ATREIC T 5 A YEPRICITE RN CTH IS < BUBH A R EE 1NV,
FERE DTN 1%L T TLE LTz a7 T 2 F(LA-150FBUINY & L By 7 )& Li-, £ ITekEIC
P> TETNFEN20%LL ETH AT/ 7 v CMOS /1 A 7 (CS895MU/Thorlabs ft; &7 & /L4 4096x2160 pix) &£ H L 7=,

Fx N EEHOHT T AL 6em UL EORBRBHCEN TR Z2RET 5725, £=100mm O L > X% FAW =85
FREAELT D Z & T 1.9 um/pix DEGEZER LT, ZOEMRELZTEN L, 22 N T A bO@EWERZ 2R
THEL20, HERERE2IE 9 7mm EFICE)NT 2 & TOIERRB S, METMOZD, Vv sy L F%E
DEER 2 Ff2 2%IEHERGELIR, Murchison fEf, Allende A D~ /LT /30 KA MLV EBIR LB CHE L, 2
A& RIE M U720 KFHHR4000/0cean Optics #1)IZ K& 2 #fe A~ 7 RVHERER & A U7ofE R, ARME CllE S
B HRIT 1-3%(57 Ve DI ERS BE MRV UTTRSN TIE 5%) DREZE THEEHIE DR R L — B+ 5 2 L 2R LT,

FROXFREHNTHE LN I FEBRZ I, KRR EZFRFICHEST 27290, REEILA) A7 VAL, B)
AT UAED 2 FEOMSE LR BRI S SRBEZITH 2 ENTE D, A) BT S 156 72 [Rldsi 2
HFMZ, B AT HRERSECTHEZMNI RN OEET 5 HETH 5D, B) IV ATEBEE L-EE, SRS D 15°1H
\J 72 LED R Z Bl SEa BN Ol T35 FETH D, L0, ARAEZELSEEROBREOEILNIETE, £
WEHET L2 ENTED, VavZUoWEEBEU LI R EE2FF > 7 7 74 Nk A) OFETERIE LT,
2, PEXSRZ RN SE RGO M L RAER R ERET 5 2 & T, BROWERBEZHER L1,
ZTORER, TS OMERIRIL, KT 0B S BRI L TEERZE 3% (T RE) T+ 52 L 2R LT,

Va2 7 RBRIT- DAY PARIEHER : A3 BRUCL Z2OREHIR L TARE 2 AV -~ /L F 30 R3]
ExITIR o7z, A3, Cl ED 550 nm (28 5 R ERITZ 1 E1 0.0237(9), 0.0241(17) TH V. FEIEMCRAROFE A
ZERDO N o7, L L, ZOKEEIL ONC TRIE SN 0.0185 LD bAEEIZEV, Jiux, ki rRim
TOHR I X DPEFRES, 7Y U IS R F-RE DO DX A N OFINRILEHFITERE LT 5 ATRENED
HDH, Tz, S50 nm)IZ L U TERIMR CO G HiT~-3%, TR TIEA43%TH YD | SFHRN L L 2EMICRLS 725
Cb Z A /N L IR L T2 A2 S AT E R[4, 2D ALY FALEIL ONC (2 L 5 2EREI6] L bEAKTHY . I
BAREINY 2 7 7 OMEOBWREIZRS>TND I EEZRBELTND,

SCHER @ [1] Sugita et al., 2019, Science, 364(6437). [2] Morota et al., 2020, Science, 368(6491). [3] Sugimoto et al., 2021, Icarus,
114591. [4] Yada, T., et al., 2021, in revision. [5] Kameda et al., 2017, Space Sci. Rev., 208(1-4). [6] Tatsumi et al., 2020, A&A.
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INKBYa T IIZEB AL A XUTORILE—RR S

O FsElL GAER), ~"H—=v T 2xnr (FALFKR), HEHET R, HEHELA (FHEHD.
HINEEKER (A= 7= Fipa) . MR®.2 (BEER) . GAME GER) . ERRB (BR).
EHIfEE (K) +ONC F— 4

ENEBRICE VT, WL WEREIEICE T 2 OIRO 2 13, EERSEAICK S 370 R

THOMWEMN L NAMHIT > T, TN OES a: R b : &bithc OLb2s, IR
352 bDD, FHT 2:/ 2:1 & 72 5 (Fujiwaraetal. 1978), $72b BT bla 23 0.7, cla?s 0.5
FREEIC R o T3, 2ONIE, 100 um ¥4 X b —HKEED 100m 4 R/NKE F TR Y 7> T
v 3 ATREYE 2SI (Michikami et al. 2019), LA L7a2s s, B ©H 2/NKEERRORL X —
A3 o 3uhtt(b/a & ca) i, KIGAHACEGHMRE ORI 5 v, S E THaIclllE X
NTELT., TEMICHL P IC > TV, 72 TAE TR, NKEY 27 7 vicBnT,
KIGHIAHA DK E Vi) 37.5° DEfRGEOEEHIRZ T, HORI PO RNV X —DE X it
HL, EEE m A XUTORLVE—0 3tk % Ko 72,

SIERAE L7z D13, PEEHE TR E 2| A2HH0 2y FXY v i{To-EATE TIKELN
-FEIRCH b, b 10° FifR. PEREO0° 205 53° | EE 461m 205 31m D 8 DR % T L
7o ZNOOHHRE RN T BB, XV SR OmRERL-DICTavRY) a—va viEERHW
T, H{RFGE % 4 f50 L& 272, SRHE L - EROMBEEIZ 1 e s 2720 0.75mm(EE
3Im)2> 5 11lmm (FE 461m) <, 3hLZHIE L 72ERE 45mm 2> 5 6.9m DRV X —DREIT
#4100 fil <& 3,

BonzF L —o 3Hhtid, B Im LLT/Z L. blaT¥F¥ 0.71£0.01, c/a T 0.46+0.02
T, EWNERRIC X 2% IR (Michikamietal. 2016) L HEIL T3, —77, EfE Im A LT
I, b/a i35 0.70+0.01 & ENEZER L HLL T2 d 00, da D P13 0.39£0.02 L EN
BRI IR TRV /NS w (ThbbEPT E, o) 2830 otz, ZOHEBE
LT, EEIm U EDORALZE—Z, ImUFORAL—CXoTHOINTVWE I EREZLNS,
SEFHBELZD1E, YV av 2y OREBIGEVO T, ZOBRIE. BEOWE., Thbb,. FfE
WcD 5m LA ED R & —EUEE HME < (Michikami et al. 2019), 1m LUF D RN X —EEE 25
WwZ & (Tanabeetal. 2021) &M TH 3,

DEozltr»o, VavrZyicslFs A= A3 A4 XLUTORLE—=IKIT TR CTENEEH
FOAREFEBLTWE EEZONE, 2D b, B WEEBEICE T 2 DR DS
fild, @ZesFiciks 3. Ritha: b : Filic ok, Fgc2/2:1Tchdz %, Va
VI DRV —=THMEND DT LBTE I,
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Regional photometric analysis on asteroid Ryugu using Hayabusa2 ONC images

Ot&MEEEL ', AMIEE? FEMEIE® Deborah Domingue’, Stefan E. Schroder®, ¥AREHES ',
Lucie Riu®, Andrea Longobardo’, #E¥ER ®, HAER® RAME® FhiERL"
ABRFF", RE—H° SHEEF®, #LUE"7 WAZ"C BRIHE' HAFTE"

HREFX S EHIAR MIFE
UAXA, 2E5IK, *HhF ) 7RIEMEZER, ‘PSI, °DLR, °IAS, 'INAF, ®EK, °iI#HK,
DFETKR, "SEX, EHLH CBBAKX

([FORE 2 KZfEH A 5 ONC-T DEGRZAWLY a0 T oREDBINEFT DEB KR
% JPGU2021 [CE| = EMET b,

FITHARICENT, JaD T OMRICIEIRILIDFELCI L—2—FESA2ICALT
Western Bulge [3] & Eastern Hemisphere BIDBRFAZ S EMNIER SN T E 1=, KGLHEA 19 E
DEGHIZEDC ONC-TVv/AY K (ER 055 um) RETFRHRIZHENTEHLERBEZSEIHRE
[4] Sh T, —A. ZHEAEOHRATEIRA-_SMELR o NGNS 2[5, CDF—
MOEHIZOWTHAIE, HERAT IRRICKDAXHMRBICKYELHEATIEAREL
TORZAANERG SO EREHEZET-TT. ROBINBHEIT oIz, HRIX) 20T ik
ZR2MIEDAY S THEIL, HA YTV THALREBIARETOH ONC-T REFIARE
T—AREEH. Hapke BIXETIL [6,7] 74w FIZ&Y Hapke /85 A —R ERHT=, Rz
/NS A —%[ZI& Single scattering albedo & Macroscopic roughness A& EnN 5, ERL1=/35
A —A S 2 (X Single scattering albedo & Y % Macroscopic roughness TBABEZE R FE — 5
ENBEN, REFEETZIFTIERNGEONT, BB THELONEITI TIRRADRT—ILEFL
JURABEANBBATELLKLIBEODREVRY—ILTHSZ L, REMRTIE—HBIC
IZNRT— )V TEETDHEEITRRAGFRELFHASASCILOTMEMNOEZAD L. SEEDL
fuf= Macroscopic roughness [& mm~cm R4 —ILDZ ITRADHERL TS EHBIIN D,
SRIE. BABFOBREMOFEIZL DS IR AEES O ERIRERE & ORI O
#9496, RAENELERREICOVWCERZIAFTETHS,

References: [1] Michikami T. et al. (2019) Icarus 331, 179-191. [2] Cho Y. et al. (2021) JGRE 126,
€2020JE006572. [3] Watanabe S. et al. (2019) Science 364, 268. [4] Sugita S., et al. (2019) Science

364, 252. [5] Yokota Y. et al. (2021) PSJ, Accepted. [6] Hapke B. (1981) JGR 86(B4), 3039-3054. [7]
Hapke B. (2012) Theory of Reflectance and Emittance Spectroscopy (2nd ed.). Cambridge Univ. Press.
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INERE1 7T ) EDERDARINLDHMEHEETIZES
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Parent-body heterogeneity estimated with statistical analysis of the spectra of Ryugu boulders

ORBFBE ', SAME' BHEE?, RAEHK° FESER' AREE' S8HEE’

RE—BN', #HE/EL°, #Uf® ZEAES BRIIEE® REH° #HAFE'

ABEFEFS, MIFIE®, SEMKX, FHLRS

"HERK, 2H T TREMIER, CILBK, EAK, CJAXA, CERH, TBAK PREXK
FEHIIPRES 20/NEKEY 2 v 7y o 2KBIH2 51k, A THIERANTH Y 2 v
7y REDOKGTA=7 P AFIEF I —TH 5 2 LA L 72[1,2], & i3 BURHREHL &
BT 2 EChbEELRE®RERF o723l LAL, 2hdd 3ELRT, 4 v 2R
DT — ZENT IR Z iR % Ja 7o, A ARHICEHR LT 3 o3, Al hfzRsbt ¢
R Z2FERFME L K& Bin s A58 (bright boulders [4-6], cold boulders [7], highly
porous boulders[8] 7 &) TH 2, V2 v 7V IIRREOHF DESE (7134 00) T
HoH1=0, INOLDEROLIRMEIZY 27 7Y ORRIENO SO FEER X FF T %, L
L. 205 DEMALEEICE0 2EENEI W 26, Y ay 7y ORRIED LM IZ
—IICIRE I N T T, K3 —Th 2 b E-FETH L, CofEICEEZHTIC
FERBMN AT LETH 5, AR TIZ, Va2 v /B I PNX—DRAICH 5 HHD R
Y P ABXOTARE ZHREHET LT RERER DA — % & B ICEHE L 72,

RN DRERD 513, Y 27 77 DR X — D KR IZ, % D 95% A3 4K 0.02£0.003 &
WIOSRGEEIBNICINE 228, ) a v 2y DER 3m U EOERAL X - TRAKGHE
120.045 TH B L, ZOFHEEIZ 104 AT Lo TREWZ EAVHBAL 72,

X bic, Vaw 2y oS 0.0220.003 & CM [Bf% ClEfRomEvER 4L 2
JEFRZA[9] & e 2 &, N ZFh 120°CI X 10 40°C & 5 B FEEi P o4 U 3 &1L
XIS T B2 B0tz RX—DRLVE—DRFESARIZ, Vv 7w XDIEnD, %
DIEBYIEY 27 7y D 2ERETL 7%\ [10], £72 0.48-0.86pm DA< 2 b LEHR D
SRR DWW TIE, M/NERETIRIEFRICTH B, Lizd-> T, BRI, mi/hKEo
WCTOREARZ ik, REEBOGOMAER AL 2 2LIEIC I~ 2 LIEFIT/NE W»
LEZB, FD—J T, KEEBPHEDEIC X 5 K A~<=27 Vv OZALIED & & 13,
R REA T — 2P EHE I T win/z08 L vy, L2 L, main belt O/NKE D %M

297 BLURR—DRARY P ASRIEDKEZE UL 7 > LR D % BRI L < o
LA h. ZOREIRIEFITNS K, H—LYEIP ORI N T LBRRING,

S| FCHR : [1] Sugita et al. (2019) Science, 364, eaaw0422 [2] Kitazato et al. (2019) Science 364, 272, [3]
Watanabe et al. (2019), Science 364, 268 [4] Tatsumi et al. (2021) Nature Astron. 5, 39, [5] Sugimoto et al.
(2021a) Icarus 114529. [6] Sugimoto et al. (2021b) Icarus 114591. [7] Okada et al. (2020) Nature, 579,
518. [8] Sakatani et al. (2021) Nature Astron. 5, 766, [9] Hiroi et al. MAPS, 31, 551. [10] Lauretta et al.,
Nature, 568, 55.
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Va7 R DAT LA RRIC X 2REHIT E A 5 v 71
O WAL | Ko ARG, VWA BIRIIT ", RIHE
EAFORER *, SRR *, ZEERIEEL . BN 2, PORERE * FIREER 2, ARG
1BRORE, 2 DTSR T

NERY 29 7T RIMD A — FVROEIISEEDIIRY £ 71, A7 FLED
B R R OB OB O MREESMER S LT B [1], 2D X ) RBAE IR 4 7% FiOh
T pm OIHRERIO IS S FET 2 2 DRI N(2], Y 27 7 EOBEOYIE
WERED T 2 70 AZRHT 21i%, K12 L ORZME - 25 a 7Ll ., o REHE
R EXGDVT 2RHENDH B, Fo, V27 77 RENCTIE, JHPH X D B2 WP CRER S 4Ot
RO &I Z %45 (bright boulder) 237 S 11T 5(3,4], &R O MGl HIZ b %
KOBRDPBIZE I N3, 26 D% D FL P IZIDE 2 17 5 Bl et (iR o 4 )
WWRERET 5 2 & BIRMI T 3(5,6], 2 g, Rk OB 3 ERRR 7 0 1 o Sl SO
Ik BWEEZZIT TR I E2RRLTWS, ZORMAIEEZMIE (e, HDEHIE) LT
IEL WSR2 51203, SRR REFHISRETH 5, 2 2 TAIIE T, Jnkalel* 2
L—yavo—BE LT, @R TFOART VARG X 2 =ZRouREHI 2 FE L 72,

Va7 ikHE, HEREERR T 2720ICXF 2L —v a VRO 7 ) — v F 2 VSRR
EINTED, AHIFID HE 2w, 2070, AT LAIREOBICIE, Fr vy oh 7 AL
ICBZEDMS K &) BRI 2 2L SO DRB 21T ) 13 H 5, BARIICIE, 15 FEfH 72 [8]
FATHE] D 12/ CMOS A 2 7 %l S ¢ % 2 & CREZMENSIET 2 2 R ME Y
BIFEL. U 2w 7 idkhE 69 Ky D 2 7 LA e iTo 7, HR-Ic L Tid, 180 FE~210
JEDMIEL ¥ 212> T, 6 FERARTH X 7 TfAEE2ZEE T 0.55um DPAFHR 7 1 L5
—TalllZ T -7, ZORED A X J DEFEZAREIZHY 1.9um/pix TH o> 7z, K TdH 7 DK 30
KDl % 1l @ Shape-from-motion »¢» /7 —2 (Metashape) THTL 72 & 2 5, SR
JEa» DEM (digital elevation model) %##4% Z L 3T 7,

EDY A ZADIIFH# £ THMIRKD 502 DOBGELIZ 5B OFELZD, S HIFHFEDLDRE S
D3I H3K) 15 pix () 30um)I2 7% 2 MR TR 21T > 7o, [A—Ki-icxt LT, 3 FEAIA DI
& 6 EAADFHIZ N ZFND 6 DEM 2187 L 25 216 OEREIZH 10%D 2R3 L 72,
FATWIEIS] DA IR & DA 10%~20%72 > 73, HHRIZE & 70\ R T EBO AR O ANEE 12
HELTVZI)THS, I I2MIETEIUL, MEOWHENHIADS EEZ 5N,

LD DEM %2 Vs 7 TEAIRIENT 12 13 FEBROAE % DR D SIARTAR D Ri e SO U 76 %
SRS 2 TES LW IHHEDH 5, FHETIE, DEM 2T otiL7cY 27 77k 0
TR DFHIIC O WTHIAT 3,

IR - [1] Sugita et al. (2019), Science, 364, eaaw0422, [2] Tachibana et al. submitted. [3]
Tatsumi et al. (2021) Nature Astron. 5, 39-45, [4] Sugimoto et al. (2021ab) Icarus, in press, [5] Yada

et al. submitted, [6] Cho et al. to be submitted.
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INERE) 20T VDBEICED

IOV IHEB~ADEE
OFEEZ' HAE
MFAPBEPER

NEREICHEZLDERIL—E—DHb. BEIL—F—DIoRUVHII DV FHFD
BEZHET S ET, KERRALIZCEITAI OV 2 HBEYO TR METHETES0—
FEREFRE LTz, ERREBHLCENGEMRLIZO—FZRAFK L ETHRAGENHALL
2% o 71=,

a0 IDFEICEKRELGI L—F—DPEHEFEL TS, DI L—E2—0D") L
FHEEBELT. RAQY LOALRTERD) LFLYVEVWK S GESREOHE IO T 7/ IILEH
D (Namiki et al. 2019), ZDOFRXIFGEY LDEFEE LTI )A Y WOAEEEMER SN T
W= BEAHZZRICONEIO LV A HBRYOERI>TMOBINET>-E2AH. aw
TJoOBEMNIHFRKIYIEVESITRSTEHELTWLWDIGEE. TOLS BT A
JaJdrAnNayt) hfEond 2 EAbHA>TULV = (Hirata et al. 2020) , FREEAXTFR
MEEZE &~ L—4 — (Urashima, Cendrillon, Kintaro, Kolobok) £ 24 M) EEMN
AN O-FEAICHER SNI-AIREMEZRE T S L & BITFRMMEERF LNV L—2—
(Brabo, Momotaro, Kibidango) [FBEmREMNHIEEEZLEBEVTIH LA INI-ATREM %
TET 5, CNODHMEZHRESET, FHICU2DTODFE) vy DLV EDFAE
FUOEEORBBEREICOVWTHEEHMRZET-,

a7 o0FBELTYAN DIARDESGRRERLTWS I ENETFLNS, &
DFEHNEBRRICEF TS5 (LITHREY v ) 1L 1999KWA 15 Bennu 2 ETHL ZHR
DM2TWS, CNLDFEY v DIEEDNEREANG YRS BELTWV-ZLIZE>TH
BMENEZBZONTWD, BRABEEETILNMBIBIATNEN, HAIEFHIZEHEEI L
— 3 —MORUBABI OV EANFEICEVELSZETHREY v ONBA I LHATREMED
HHZ EEFR LT-(Ikeya and Hirata 2021), &= a9 9DOFELIZROoNEEHE
BUEEAICOVTH, TV ADHBETHHATESZ &S of- (Hirata and lkeya
2021), EHICCNLDERIZMAT, MNERETIRAZOFRE LS TOHEHEAD=ZXLLE
BOYRICE->THIITFON-ZRI L—42—+% L<[XRadial Sculpture TH2ZAIREMELH
5 EFTHLMITLT,
5| [1] Namiki, N. et al. (2019) Topography of large craters of 162173 Ryugu, ab-
stract #2658 presented at 50th LPSC, Houston, Texas, 18-22 March. [2]Hirata, N. et
al., (2021), lcarus 354, 114073. [3]lkeya R. and N. Hirata, (2021), Icarus 367,
114590. [4] Hirata, N., and R. lkeya, (2021), Icarus 364, 114474.
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STILINAIVINEKEDBEIMRICL A LERBEOHEE
E) AT 9ORX—HBED AT BRI EH

OXMEH' /MMiE? BEEH—B° XARMA ' EHEEH" RFBE—N°
'HRRIEKRY HBREMPAINRT
PRHBARERFR BEHER
SAMBERFEXRFER REFHIAH
'FEMERERREE FENEWRR

EEHIEPOSE 2+ OSIRIS-REx WEANTZ/INKE Y 2950 - RX—EF TILIA LKAETH Y,
Ma<® ) LFENDZTAIFADED K S HHFHMERZ LTV S (Watanabe et al. 2019; Lauretta
et al. 2019). ATE/NREDZ A BEEY 3 HEEEOEEBEZL TSI LMD, YORP
RAOGEICKPEEMEDFERELTaTRIZERLIEZEBAONTWLS. LALAGALOTEIC
ERT H-ODEENHEEPERBIEFASNIZHE>TULEL. 200, ITEBIKREED
EHUHEBASHITEIIET, TOEIBNREOWHEOMREEL EIZHNEEZ ONS L8
Ihb.

ERIEBGMERVERBGICLK P ERBERVITEOEBERHZHLMNIT H-0I12,
KD HE %R Z % Smoothed Particle Hydrodynamics j% (Sugiura et al. 2018) 2k 55 T/ )L
INEEDBHEEROMIEL S aL—arEfTolz IMNREBY 20T OBETHSIFEES00m, &
E1L19gem’ DEREBESE . AARTIIEBRYMEOENNERA(REA) L BEMES 1 LR
T=ILD2INFFA—RITEBL, EQK I LGFEHTEHRFZITEAMREAIGETH LN R

BEIMES A LR7—)LH | BEEDHEIE, BEMREIZES ERICEK > TEXFRERIRA T
BaEnt-. M1 (XEEGENHEZ A LRT—ILAN | BEEOBGILEIC K 2ER TR SAEXRED
BRER LTS, EMMERAD 60° LUTOHEAETIEIRBERIZ & > TRFEBAKISEVLIK
(27250, EMMERAN 80° LB WMGEICIXEXFZREMtE Y AR E TEx Ao v I
BENnBZENHMND. 80° OEMEERAIFEEICKEVND, JUadionk S BEEHRE
TTIEHIEBEDMNBENANFEINIETERAETHDS.

BEMESL A LAT—ILN 1 4 ARRE L BEMENEWVGE S, ESMERAMN 60° LUTDI5
BIZIEIRBRLGERBREICE > TRIHRGEKSAER SNz, LHALELAS, EMMHIERAN 80° D
SEICIEEFHRMARTMMBY NEE(K 2), MRS DR FEEHRHERRKICE 2. 2D
ED B, YORP IRD & 5 %53k
H(ZEEIMESR A LR —)L | @04 0 O -
MNRUVMEE TILIEEX AR 2
KR ENEEEBEZDND.

FLHBHE, RGO

BIDRRKIZIE 80° DELVER
MERAL | HEEDRVE ® 1 Bamzs( L r—ILA | BEEOSRAGERED NRERR. EVNE
EIEMENNECHE S & BAIL(a)40° , (b)60° , (c)80° .
MEREIht-. FEBEEME
HELLTIX NMNREDEHR
KBEWHEZROBFDOERIC
KEHBEMETENEZ DN
50 LA,

B 2: BEMERS A LRT—ILA 1 ARETENNEZRAL 80" DFED, RE
HEYNEETVSIRHPD/NERERK.
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NEREY 2 7y OFBIRFFHICE Y 5 Hami e

O=m &, P R=> EL 5d°

P BTN RSE R A B AT TR
2 PR B ARE AR ET Sk v & —
S [ LR RV E WL

IEUOIC  NREFE NIeRNE 2 Ivadickh, /NREY 2w 27y ORI YIFRAE
DHHLMZHR D DOH B, FFEETNEREE LT, Fig, a~xBI T LTh D H, BXU,
BIEMCED TEEYICE DA BRI TW3, VavZYyolEEe LT, &hRKEREREK
D E R 252 ), ZFOEEMADEHINICEE L2 Wil (EZEmEERD) it T
W5, 1203, ZOTIE, WD TEEYICED 2 W FEIHATE RV, AgETE, kg
F72V 29 7 ORI I RTHAL 5 2RBET Ve LTIRESI N THEERH = Hian
WHRET U7z,

ETFIL V277 OREED, WERICE 10 cm FREDO K& X0EAME &L, FIXHOKDMAL
F2 ok 25¥%E 3 km OROE %2 LIS HREERIRORKIZEZX 2, ZORKEDIRA S
DI K > TMAX N 2 &, RERERMEMNED SKPFEHEL TV E, REKMNIIEAHDO AL
WMOERIN TUNRBEROKRKICEZ L EZ NS, BRRENTIZZILERD T, KOFHEIIHK
EROBREBHICBWTDATHRL, KA FICBWTHELES, RFETIE, BERIENED, Kes
L GRFEE) &, KEK-> TEAHDAL LR ZMHEE (v ML) OJ@EEERD 2R
FEL, ZLEMERNDIKEGIREDO R %E AW TRERIKNERD/KZRSTE S DRz 8 L, £
KL & OFEBEOR : U TOKORFEREZIE LTz, 612, ZOKOFAFEFHEDOAZH
WC, SAIRBEBDIKE Ko TR T 2Rk F 2 BUERT R L/ze 2O, BRI iz aalidRKik
DM > THRVE T 273, FITE R D ZERIIKAFER T FE L W RE Lz,

T/, BRESERDOINIEICE > TZDOBEEE—X ¥ PR T 3720, BEREIFIEAIC[EEE LT
WG E, KOFIEL ¥ SICHEMIES 2 & PRINS, AFETE, BEE—X Y oD
LIKZELRDIHIC & 2 fAEE ROV EEE L T, BRREDBinfA#EEDOELEFTE L /2.

BREEZBR | BRAEDI—HEIZ 200 K T THEXIN5E, BRENTOKIZ 10 HERETIRET
NTHFEFTZZebhrotz, ZHUX, BIZIZYORPHRICEZ AV Y7 v 7OMAIN 2 2 4 2
27 =)L E D BHTTHY, Tz, BERIKIC ML BMER LR WEGE, KBERICHEST 3 L Hin
DS 3 5L EICHIES 2 2 2 5 h o 72, BB XA TV 3 E RO HiEE Ao Ryl
K12 TH D, LY 27 7Y OREEN ZN L FREO B E KAZETICE > Tz
51X, OIS XK > TREDP AT 2RAUEMEE THEIIEL 5 5, F72, KIIZEMEHK
DEDTHMEE TN TVWIEEZOLNDED, FO—HIERFERIAEL L TR EICEET 2
Z YT, MO TERYICEATHBICRDEZE55, BIRINICTRINS 200 DRI, Va
v 7y OYHENRB L BENTDH 5,
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)2 OEERYE B -EERINEE

OREFE '« BEEPT - =G - AR - 2R
'FEIEXFREFERR LS — "HRAFREHRIEYE

1305 X 2 AR O IR BRI L0 . SKIENY =2 7 o RKEIZ
TFET DM, KERIESC /Ky F D AR T HIR ) 72 (R B PR A0/ N B R XD E
AUZHER TS TH D Z &N B E T [Kitazato et al., 2019], 500°CHEE F T
LT RFBE 2 KT A MEADOKRANRIL AL MR 29 70 OZFIUEL T
528D, VavZy, b LXZORERIENM SO MBS L0 | MRS
BEHINC R T2 EZ BTV D [Sugitaetal, 2019], U =T 7 T OREEYE L L
TIRFH =Y F T4 MM R Z AW ERIC X, NSRRI T 5 Al
B 72 R LT 2R SR DB NN C I A 3IENRTH Y . EERIMBAD A TIX Y
27U OREIREELZ T 52 I3 LW 2 LR I, [Kurosawa et al.,
2021] o FEATHFIE CIlIAH STe W A Z 08T LT3, B2 KNS ) = 7'y
FH OBIERT — X LCIINGE & L AT RE 72 BB RE OGN T T\ o 7=,
AWFFE Tl ERE DR E 2 F O T B E R OfE B2 M4 5,

FBRIE, TETIERPIGREINTND _BRKET AT EH N T T 72,
IRFE a2 RT A MEEYE 2 EA 30 mn, &S 24 mm ORI L, F2
foa7F GMES50 m) (PG L, JEH 3 mm OF ¥ R TEL Lz, RiEICHE
R 2 mm DOF F ERAEZE S, BERICEBRE A EH S8, E2EEE IR 6.9
km Thote, B L7FENT, @282 5 X 0L, MFEER L L7,
(BN ERE R O & KIEY) O B2 EERNZ T T D 72D, B KFER AW AE D
PR CER A DT EARUBE B Ol 2E MU R (2212 K 5 M A DEE) D 1 mm
LIRN), FfH. AT Totr 1T o 72, B 100 um A OEETH 5, Fox D
KRR CIXE S DB D EEBENHET 5720, KT HIEEOFIRDED
B DOIIEZE RO T EBFIZRLIND Z ENTHREND, BRI TIESN DO LT —
2 aBGT HICIEEL R 120, A _EOmEZE R L O A CTE KB
TEL TWAAIER 208 LTz & 2 AEKIEIZRBAI 72 2.7 um 738 DWW % e
BULTz, EMERTIEH DM, Fx OFEBR CTHRGERIZIBIT 2 & KM O % HLoy
FTDHZEEFRETHDZ EERTRRTH D, ERERANEHEORLRD 4 SEREOTF
g & FRHECTHIE LizE 2 A, Hi, =S & RRREOKBEEOWINN R Siiz, 4l
DO EBRTIIERE FAICBOWTHREBEE 2 R4 MEBWE DS OBEE 72 BK T
HETEOLT, AT EEAEMNRER L o T, ARETIEH, BEMRNDIEORE
RITIN A, WEBEISST I L OE AR E IS IC L 2 AR B O/ R b &
DT, KRFEE Y BT A MEHEEYE OEREGUES SR U 7R - £ 77 & ok w]
REMEIZ OV T OB EEZITVZ0,
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BRI KEZREDHE

OB H#M ' B EXRT’ BB MR BR BRA° L %', S8 B NEFE
AL xth?
'FEHRENARAERE *RRRXZERER "RRIXKEXZR, ‘BISRBKE

ERFEEEOREAT, KEFAREBICATEAERREHBEORANSTETITONT
W5, BXRIE, XEREFREFE (MMX) CESXEEARFREZHEL, BREFHEEEIC
BIFBZAATL—VY—E LTOREZER-TENROOATINS. TOEHIZE, EE
MGEREEHBADRRT TRANR-IRERANCAEICEBL, ToHhTIOT S LB
ZHoTIvavEBELTHCIENRELLGD. £CT, FHROXEREHBEIEE
THITHEY, JAXA BRFEREEEMZESOTICKEREHEORFREFIRY 74—
ANFRESNTz. BRIV TH—RAF—LIE, BEDBRETELIAZIAZTA—ILDREE
RO-2ZAT, TOHRREBBHXEZFEITOI S L (USMEP) & LTHEEDHE [1]

JSMEP TI&, 2030 £D KE#MT/KE - £BEFEEXEEFREZTEEI 1] £25% 20
EDTAIR F—U EREZ, 2020 FHOD TMMX] 2] BET, ZhIZ#E< TMarc Ice
Mapper &tE | [3] D 3 D bid, BN EFREGTEZIRET H. JSMEP (X, ITEH &
VHAZEOBMARDERICEVWT, AEECTOMOREZFEI v a v EMDIT 6N,
EREFHEIFEDHEAT JAXA £2AROREZFEEND—FYy JICHAFRAENELSEE L=,
2FY. (1) 2020 FRPED MMX Zint(c, RFHHIZERSINSAEEEFEE (SLIM -
BABEIEFELGE) TERBINDIENRABERMEENLELA L, (2) 2020 FREZF:H
> 2030 FRYEEICH T, KETOBEERLEZRMOESGZ B L - KZREE#ZEE Mars Ice
Mapper #4TLY, (3) 2030 EXDAKHKEBFRERE~NLDLGIF TN, HMBEFEMNIZE
BRERATHINE~NDEEZFETIE, BEMGOEZEENFEOY A TUOXMEICERT 5.
)ap TR EDQINKEKEIEREBIIZ, KEIZRSTZLDEARAKATIE, BBFORAES N
BHAT—ANRELTWLWEEENZL, TNOLDT—EIR—XEEFA L-EEZFEHELE
NROLND., KEEHBELEZE BAROREZFEII1=T 4 JHERHESEH (MEF -
KL - KXFERE) OHRREORMY AAHD+HREFERLEL. —FA, HEREZOESFHFH,
EYPELREEORMEEZEDDDOHZH, BERFICHIKNZHLREREO IO T4 7EEIKRD
TWa. XEEXHEEORMEICRELHAERNZTHY, “thik - REFFE” ZXFEY “HhBk
RERMZE LTHAREMZTMOTILS.

SIRAXH : [1] FHEY - IXZE82ERTHEESEMEER [ NEREHEORZEREES RV 74
—X (FHEMEE) 218X E, i1 (2018) KIERNEZ T BREOHIZFIXREFEREHE
MMX, #HEZA, 27, 207-215. [3] lanson, E., Davis, R., Meyer, M. & Haltigin, T. (2021) Mars Ice
Mapper: Next Steps. 12th Virtual Mars Exploration Program Analysis Group Meeting.



003-02

KERMEREEE MMX: FEMIERETEREICH 1T 5 FIRET DRI

OAAR £12, IEELL 2, BEAIER} 2, Maria Antonella Barucci®, %38 4, Jorn Helbert?, “FH K 6,
SFF W7, BEHEE S, INRIER , EEFLE 0, David J. Lawrence!!, IAAS A 12, Patrick Michel?,
EARZENE T, AT M, AR 1 NI 210, KA 2, BIRIES 2, Sara Russell'®, 24 K & 17,
MRS 2, TR ©, SF B 4, Stephan Ulamec, FFE# 2, FIHME 0, HEHP B V7
1. JLifHEK, 2. JAXA, 3. Paris Observatory, 4. BT T3K, 5. DLR, 6. 23K, 7. HEK, 8. HK, 9. THEL¥E
K, 10. BT RIEEBAMIIZCISHERE, 11. Johns Hopkins Univ., 12. E3ZK XA, 13. Cote d’Azur Observatory, 14. 3
Atk 15. #IF K, 16. Natural History Museum, 17. KPR

2024 F4TH _EF & HEICHR D ST 2 KRR EEERHE MMX 1, FEAGGHE&A 2%
Ay 2021 4E2 A5 7 = — X C GEERETERE) 1CBBATL T\ 2, IR R R E/NEE DI 75
W LKE~OEKRMEZRIC X 2B OFEMPIE T I N2 KEMEOERFEZIHO 22 c L, K
CHBEY R G UCERYEONKER» O NEEER~DlL L | KEXREZEDKEBOLE -
LicHi 7= il % 5 2 2 MMX GHE O FRFEHIICW 2 Fidh v, MMX RERISRFAETIIRER
ELTC, EE@EA AT, L—FREERN AL G AT IR v~ s PETF R X
ZrEZR—, AFVEBDERBEL, . A X7, BUE. S~ v otE R B L
72a— "% 7 RRICEAT,
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RO ED L, AL L20H 2 KEEMERICDH MMX GHEIZEBNT 5,
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SHEOKRBRIZEDHTARERF., BEICNEZITILLEEZREL, #lLtOBETELE
Ko RN KERREE LT, EBRMICEEERIFEERRTHD, BABRICELTIE,
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ZDHT, KEFHEFXR * JIE - KIREZFEHETIE. 2RITREADEADDH D Mars
Ice Mapper (MIM) & DEEHEICE > T, NEZ2 T LIRBEOFREDOEBREICAIT . KEF
BHXR - 5% - KIREBEOFERE ., BEFEEICHITL-EERMEIZBMNE LTS, REX
TlE. COMNFE~NOBADSHEHIZET HEFDS> 5. BARKICBANSIREFEDORE
BBENAYT—COBELS LI URHAKRE®RET 5,

AEDERTREFEICETA2HERLBFEA. RETETIIUTO 2 DDERBEZREL
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I. FHEAE - KRECHTIERBEEZE TKEOKRKLTHAEZEHAL, KEFL—HY—¢&
LTk - b FEDMBEER - #iE - BURZEM T H L LI, [HFROBEFEEDEA
FEZETS

I FHEXRICEATIEREE IKEA—DOFEERBHIESHOREEER L. mitFskn
EERRICEK Y . BMAHRIRIEE & KRR~ DEBHIZDEEZERET )

LIZDWTIX, THSS(To ALY RHEE) . HRMS (SEERHAFEHAIEE). IDA (14>

RE - BEATER DPOoBAIRR[LTHENYS—DEBH TSI ETERT H, ChiTk

Y, HRTHDTRENSTE2kmUTORKDRBERBICE THKEKDOLHER%E
EHL, R - M TOKYFN—LXRKOHEEERZBALHIZT I ELEDIT, TEBRROH
BEISENRKABEEEICE R 2R EFRIAMICHARD ZENAIREE D, T, TIZDOT
(. MAI (KEA—OFHAT) . MAGEEAFH . EPD(E T RIILF—FEFEHAIZ) . ESA (ExT
RILF—BFEEIER IPOLBIREFHERINNYT—DEREH TSI LICLKYERT D,
MAVEN DNz I2HKBR LI KEA—D0S5 %, TORLDEE - KFEL/FHY E— MREELLLNT
FILF—HFTOEF - iSO T OGS A+HAEHE TEHAL., HhRHISREDEL S/
FEROA—ASHROERIZLY . MHFHRRE L KIJBE~NDEBHZOZELTHOMNT
5, CNICKYERITI VI a v THRLELE, 2. REBRICEEHMSENR-TwELEE
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HEMAKERE  SEXRAHICIOINETH
KRR - Jlx - KIREREEHE (MIM)

OmEMR ', BHREA’ BLXt® BHEHR' B #HF' KEFHRK - [UE- K
REREHEIT—F TN —T, BERICIIRERERE VY —FIIL—T7
'TEHMZEHREAERE CRERIEXE ‘BERZXE 'HRRXFE

1940 BEROKEIZEWVTIE, BUOXK, Al -G EOREBK, BIUHBENEFEL,
AMORE, £F BLUBREZHBSTIRENRHNICHEE L EAKRLGHRAN SR
BEINTWLED, BEDKER, KINFHET, BOTEETEREL, RUOBSERASMERE
THET LG E, BELGRIEEGO TS, BEOKREBIZTEWTEMIRELE,, BRE
HEFLTWLSD, EVSRBEMNLZEWVIIINAT, FRAEBPNEARECEREHZTS-
HDFBEAREMZHLMNITHIILEEZEMELT, KEFEYY—FIIL—THUVIZKEF
BRR * &% - KRBEZEEHETV—F 2077 L—TI2EWTIE, BERHOAEZFREITOIS LA

(JSMEP) #iRZEL, KEDKREDELIZTEE LEEEHEZRFLTER. B’E, EE
HE I v 32ELT Mars Ice Mapper v 3> (MIN) DREVEHSNTEY, HXK
Syl avIZBLWTHEAEMND 200 kg FHO/NES U A EZRBETEH I EEFRETLTLS.

INIS Ay 3 UMBERIE, JSMEP T 2030 ERVGEICERT A EFREFLTLNDS
AIEHGEHRIFEERES v ¥ a VICTEIT-BREMGRITER, JSMEP NEFET LHFEREDER,
SHICIHIFROEREAXREBZFEEICAT-MRERICE >~TERERZERT S LTHS.
JSMEP MEREIREFHFEAZA T, MNESUFI VI 3 UTERTLHHEIMELTIE, BEETD
EMMBPADERELT I ERAEZERT 52 HEEL TRN (Terrain Relative Naviation) % {
Z 1= EDL (Entry-Descent-Landing) i, S X UVKEREDEL VR - EHRHZETL K
EXRARERMZBAELLTLS.

IZNRISUATERTDIYAIVRELTIE, DMESUFDYY—RFNERFZ T, EH
DEERE, TITERIT HIHFHIOHEAEHLEICONT, BEREZEDHDTND. F1 XL
LT, ERECTKNEBHTICHEET SN HYIMTIr o DEIEHIIFINLEHEZRE
HREL, TITRE, BAGEDORREBROHATICKLLHERGEDOERMERIZMEZ,
KER, A2, Xk, E, FK, Ne R, L—FICLHMTREFODMNLY Y
—ANHBET HEETHRAT I LEEZRFAL TS, FLE2FRELT, HEODEAKER
E® exploration zone (EZ) & L THEMNEATWDMEHTH > T, HTKEKOFEHLH
FEINTLDILHE 26~40 EHEBZEMALETIELRFL TS, COXEGJ MIN KNEEFEE
TEHRMMTKDIFERELATMMNTHS. BE, FARIVRIVPIRXMLEDRENLT L
— KA I7RFZT-oTHY, SBIZTEVWTHLEELCERZFEEL.
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KERAERE MAVEN O A 7 VE BB T — & 2 v 7o KR IVRBEIR KB FE 346 D
EH : MMX ORFRBLINT 7V 7 155

(Establishing a retrieval method of Martian exospheric density profiles based on pickup ion
measurements of MAVEN: A study for future MMX observations)

OffokE 1, SFHER] 2, IR KR, P —BR 3, FHHTEG L, MSA 7 — 4
(OK. Masunaga', N. Terada?, S. Sakai’, S. Yokota’, T. Usui', and MSA team)
1. JAXA/ISAS, 2. Tohoku University, 3. Osaka University

The Martian Moon eXploration (MMX) spacecraft will carry multiple scientific instruments to
investigate Mars and Martian moon environments and return samples from Phobos. One of the
instruments is the Mass Spectrum Analyzer (MSA) instrument that measures ion velocity
distributions and magnetic fields. The high mass resolution (M/AM>100) of MSA will allow us
to study ion isotopes such as 80" and '3C" as well as their major ion elements (!°0O* and '>C*). In
the future observations of MMX/MSA, we aim to retrieve Martian exospheric density profiles of
multiple components, including isotopes, with the MSA’s pickup ion measurements around
Mars. Such information will be crucial for understanding the evolution history of Mars through
atmospheric escape.

In this study, we establish a retrieval method of parent neutral atom density profiles from pickup
ion measurements for the future MMX observations. We use O" ion measurements of the
SupraThermal And Thermal Ion Composition (STATIC) instrument on MAVEN, and retrieve O
number density profiles of the Martian exosphere. We study how large altitude ranges of the
density profile we can retrieve from the Phobos orbit where MMX will be inserted. We also
study the dependence of the retrieved O density profiles on the local time, dust storms, solar
wind, and the crustal magnetic field and discuss nature of the O exosphere of Mars.
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MMX MEGANE TRboNS LA T —5DZ EERMICLS
K E/E Phobos DR ER D HI%5

OFHEM . AHE® . ETaFeR °, AHEHZEH S FEHEK
David J. Lawrence®. Nancy L. Chabot*, Patrick N. Peplowski*. B2 57 15t °
"REKREUAXA FEEEMEM. CRRIEKRE tBkEmZERT.
*Johns Hopkins University Applied Physics Laboratory. ° &F 2 H T B 25 B Fe 14

K EFE Phobos DERICHNVC, REICINENMICHENNREERRET SHES, BEXE
RICLDRELVBANERIETILERRET FERFRBREVLRFENMRESNTIS. LHL, REOD
ARD MV EPBE ERBEDERIFKER N OIIIREDECA T BHBRRDFFEICETIVELV1]. 2024 £F(C
TEFEDXZERBEREFE MMX TS, JE- MBSV TIVIEEE UT Phobos D2 RLEIE &4 E
FHEEHRFEED 1 2ELTHBIFTEN, AUV P IEF RS L EHMEGANE)Z R LVZ Phobos MJE] [EIEA
EENBDNIVDTHRERBDBIENF ESNTLVB[2]. Phobos D) VILIHE RIS BHBFE PIBE - BEXRAK
DHRRICENERHERESNTHI[3], MEGANE DERAIICEIINF THBASN T\ 27z Phobos DA
BFIEEFH FECCEN A REICI B EHIRFSND.

AHETE, HEROSEIHEXRK, BEFOSEIXBEFERRXADEEYMDIIVDHERE
Phobos D/VLUHREIRETZESETIVERLT, MEGANE OERIT—H(CL3 BRI EICONT
REELE. K EDFERELT BSM (Bulk Silicate Mars)[4], ¥ - EEXADERELT 13 BEDER
[5,6]%{k % L7%z. MEGANE TRIERTREL TR NDO5, MEMAOEREFRIFLTVIEEIFINDS 6 DOH
Ak (Fe, O, Si, Ca, Mg, Th) DFEEZAT, ¥ -ERRICENEHEARBES Phobos AR EETEL
7=(E1 £ E& - hER). MEGANE DELRIFEEER 20, 10, 0 % T{L S BB ORBHBIEDE ED AR & ELER
L (K1 TE).

BB IEDYFEDHICR . Ep=20%
ERBHBEEHTESN TV
20%DEAREERE U5
&[2], MEGANE £AIICL3 6
TLRMERT—ahD, 78 %%
EDEISE TR EEHRD
X AN BEIEEICE D CENRIES
Nz, SHICERBIFFEN 10%F

L ELg
axo HEH

CM
Teeh WEBoO»T
\ SEATTRE

ik HAor A
o
Sifws)

WRBDH
Sitw)

TRILEULESE, 8TWDEET 55
e . %8,
EERRNIFECEREEAD £ 13 ok,
N%. ABHEICLD, MEGANE £
o
(= . e e e e K I
#LAIICE-T Phobos DAL H1: BATFIICESOCHE &R IPhobos®/ L5 M & TN EBBETE 3 BREHOMEEFo-SIELL TH L&

e et B — g B (EEE WEBROAIC LY RRTRGER, (PR : BREOMI L) BETRGHR, (FRBREBRANRET
REEDHIA M AT RETHHEM a0 imin marco0fi. o PR (TR N

& % a1 D E & (Discrimination perfoemance) D i .
=R -
EE E,‘] (;7]'\ 3“7; o

[1] Usui et al. (2020), Space Science Review 216, 49. [2] Lawrence et al. (2019), Earth and Space Science 6,
2605-2623. [3] Pignatale et al. (2018), The Astrophysical Journal 853, 118. [4] Visscher & Fegley (2013), The
Astrophysical Journal Letters 767, L12. [5] Alexander (2019b), Geochimica et Cosmochimica Acta 254, 277-
309. [6] Alexander (2019a), Geochimica et Cosmochimica Acta 254, 246-276.



003-07

MMX $& 3k MSA 12 & & R (ALEETRIIC R 1T 7=
SNEYU ) —/NILDEIEEER

OMRIEAE] ", FHEM' #AKE’ PIEHE' HEB- ZHRE'"
'"RAXRFERFREFHARIOBFMEZER, "RIEKFE RETSXV - KEFARE V2 —
SUNA FEBEHRR, ' KRKXFAFREFHRHFTHBRAFER

Mars has experienced a massive atmospheric escape and climate change over the past 4.6 Gyr. The
main component of Martian atmosphere is carbon dioxide (CO) and how much CO, has escaped to
space is significant for understanding the climate change on Mars. The isotope ratio is one of the key
parameters to understand the atmospheric evolution. Jakosky et al. (2017) suggested from measure-
ments of argon isotope ratio (**Ar/**Ar) based on observations by the Mars Atmosphere and Volatile
EvolutioN (MAVEN) spacecraft that one bar or more of oxygen (O) has been lost to space, assuming
that the lost O comes primarily from CO>, but these estimations were not based on direct observations
of CO». Evolution of O and carbon (C) isotope ratios (‘°0/**0 and 'C/"*C) between the surface and
upper atmosphere are suitable for understanding the CO, loss process, but no observational constraints
on these isotope ratios in the upper atmosphere have been made until this point. Japanese future sam-
ple return mission "Martian Moons eXploration (MMX)" is a candidate of this observation. Mass
Spectrum Analyzer (MSA) onboard MMX can measure the escaping ions with a high mass resolution
of M/dM > 100. MSA enables us to measure isotope ratios in the escaping atmosphere for the first
time, and in addition, it can estimate isotope ratios in the exosphere by retrieving the neutral atmos-
phere of each isotope from the ion observations. As a first step toward future MMX observations, this
study investigates the distribution and energy of oxygen ions (‘*0" and '®O") seen at midnight around
the Phobos' orbit, as well as their sources, using test particle simulations under electric and magnetic
fields obtained from magnetohydrodynamic simulations (e.g., Sakai et al., 2021). The particle simula-
tions are conducted under certain interplanetary magnetic field (IMF) conditions. The ions that reach
Phobos' orbit at midnight are picked up in the induced magnetosphere or the solar wind region. Most
of the ions come from the induced magnetosphere around 2000 km altitude, and the energy is as low
as several eV. The ions coming from the solar wind reach several keV because of the acceleration by
the solar wind electric field. The simulations show that there is a proportional relationship between the
energy and the distance from the Phobos' orbit to the pickup position in the solar wind, and that the
gradient significantly depends on the IMF direction and intensity. Establishing a retrieval method
would enable us to determine the pickup position from the ion energy around the Phobos' orbit in
MMX. Finally, the radial '°O" and '®O" fluxes around the Phobos' orbit are 10° — 10’ cm™ s and 10° —
10* cm™ s, respectively. Multiple measurements of isotope ratios at different altitudes by MMX, Cu-
riosity, and ExoMars Trace Gas Orbiter (TGO) would lead to a better understanding of atmospheric

evolution on Mars, and this simulation aims to help measurements by MMX.
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Spitzer/IRAC IZ& % Sh 2-208 ) b5 Fro} 43 &R -
EE€EERETICE ITSRBHRELRABOEL

ORH#FET
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bhbohnld, RAFE Re) AEELE 15 kpe LLEDRARNMEERICE TS5, EERDIR
BELZOHAZEDH TS, RARNEGMTERBEGEEELRLT EBE] AEREIT/NS
L (8 1/10) C e, EXRBREICEVWTERGMNE - AEAES, REMBBE
CEWTEELGREORELGDIFRAMEDERILNE - REMRICEZASPEEZRANLLE
BHET D, CNETICEEE 10 DEERBEICDONT, FTIESEERIC K HEFRINRER
BETo-HR. RIRRERABOFERAKBESE (T5-10 Myr) TR TELCRCLS
("2-3 Myr) &WSRBZERFT-,

AR TIL, Spitzer FHEEFDHREFIMRIRIGEE IRAC ZALT. bhhoh DR
RATHRLEREDEWH I fEHD—D2TH S Sh 2-208 (S208: [0/H] = -0.8 dex) 23
SBEVEERY A —OEREDRFRMRANLZIT oz, CHETOHALDEFRNMNRIRE
BRAICEY DI I RE—DFEZEHI0.5 Myr, FEEEZ 4 kpe EEH LAY, COEHIETR
IO Gaia EDR3 IZK HFEFEHENCBHEIND LD E—HT S ENHERSN-, CDED
BTIEEBRERENLRA/NSGERICHEET SHITEREICHTHY., TOXLSLEERBEE
[ZDWT, 1O THEFRMRERICKSABICOVWVTOEEMNLGYEEDEHAAREL 11>
f=o S208 & 5#93.5x4 arcmin MOFEEKIZ 6 EDORAEMN DL EHL 1 DD IRAC/ANY KT
Vo ETHREHEN, BERHBRELIF 1.0 NEREL ot EFRIME A/ K& IRAC
N B H{LNFARY ML RILF—537 (SED) DIEE DER D & REKDBEALEN .
DIRE—AN—E LTEFHN BOBRERENRE SNz, VF5RE—42/\—0 SED
DWDIEEDRBEAMIE. IRAC/NY FTIHIBRESNAGN 2= DDEFRINMRERN S A
N—ERESNERELERT D& FHARBEOKGERERETICHAIMDY SXF
—DRMERBLBERZR OGSz, CDTEML, ABADTR FORE - IBOES
WE, EEREN-1dex BEDEWTRERESEDLL BN EAREENT=, Ff=. 1 UL
DY SAE—AN—DHRTHELN L DHEFRNMREBREZTT EDNEEL 64%-93%&KDH 5
N, ChEKREEBEERET CTORRLEARBENDLDE >z, SO ELY, DL
LIDEIHEVERBICEVWTEABROEL - BEXTOERIZEREIC L 2HAREGIKEFELS
BWC ENBRAICHDTRES NS,
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ALMA observation of HCO* lines in protoplanetary disks

FHJN#HEEE T, Gianni Cataldi'?, KFIFEER !, HHREX 2, MAPS team
VR PR B 7 R R O, PEN R A

JRARER R R Mk o WEARBLANE, M7 2 oML, W, (b2 @A+ 3 FcE
BHTh b, ALMA KB 7' v 775 L "Molecules with ALMA at Planet-forming
Scales" (MAPS)Tl%, IM Lup, GM Aur, AS 209, HD 163296, MWC 480 ® 5 -
DJFHRERE Z T BT 0.15"-0.3" D ZE B0 fREE T 20 A DL o FEARELH A 17
- 7211,

AFZEClE 2 D 9 B HCO*(J=1-0)F X N HBCO*(J=1-0) Kk 0 f#hr % 17 - 7=
[2], HCO*IZMMD THEHAR A A v T THY, HTETCOBHED 70 —7T
» 5[3], HCO MR IZMBERARICIAS /ML TH Y 5 20M#EiIcEs\»wT 0.3"T
RSB O -, HBCOHERLIZTS < . Matched Filter Z T GM Aur,
HD163296 T6 oLl LT, 2Dl oMECIE3 o BECHREINE, F
vy 77— 7 MICXBEBEEO TN AEMIEL 2o BRI E A X v 7
TEZLET, BRIV THR e 7 7 A L 2EH L, WL REEICT 4 >
9B 2L TR, HEEERD T,

FFE 100 au AN Tl1E HCO M 121313 —7E £ 72 13O <4 %, 100
au LAE C 13 HCOYEZ E T AMINC M 2> - THA T % 23, HCO*/CO DL
121313 105-104TH %5, MAPS ¥ —LHND CO 7 — X b5 bn7- CO 17
EELERT 2L, ST ENTO HCO O KEICH T 2 FE1EEE 12245 100 au L/
ETI3IX101-3X100 oty TOfHIZXFIC X o CEE I N-MHEET L
Doy FETDO HCOFHEE L BANTH 5, LY NllofEg iz, dhoici s
> TIHEERRYT 2, ZhiEDFEASEEAZDOEMIICY 7 P LTWw3
HrEZbND, F7- AS209, HD 163296, MWC 480 @ & & | sdif ik 22 fasE
Wicks T, HCO"DFEEERE L o T3 T & AR I Lz, MEZeimbEs
TOBEBMED FRAE L2 TEL, HAMBOLEEEYES T2k 2
A[REMED D B,

[1] Oberg, K. I. et al. 2021, Ap]JS in press
[2] Aikawa, Y. et al. 2021, Ap]JS in press
[3] Teague, R. et al. 2015, A&A, 574, A137
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CO 3N FECFHERERMBOSTHETIIKRTFIZOVWTEZWYHETH D, X4 > ORI
12¢160 128 LT 12C170 % 12C1B0 2241 1/2600, 1/500 FREFEL TV, 7 FELME
ERIMRICE I N TV B A, 12C100 2l T 2 IHRIIREB D TRININTLE 5, ZORER,
RCOO IZNETIEAD T LTHETE %, —A T, PCITOX 2CB0 BFEED/NI XIS, %K
SR Z TN T 2 2 e B TET, NTHMRIENTL X S5, MR, 7 FECHEBOAMIT
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ZO—H#OD T at ZDE FIVIMKIERBIINMREE L, T FETORH 2RV TREZRS AT
70, KT, REREHOBYTH 2 FAMERERMECO CO FMAHMZHIR ST 2 Z L I3EE
TH3, FABETH CO RNMNAHRDHEEHHE L did, 12C100 B ORRFLA— IR
. HEEOHHREM D HER VWD THD, LirL, RIS AOREENER T 29500 %
bO7z0, RO T Z I FINTHE D DFET %, LD - T, T2 EBOFRMIKICD
WTHHIT 2 Ze B TENUX, 2o DEEEDLTRETE 5,

AT & 2 HIERTHEME %2 BEAMNICERGR T 2 72012, 5 AANUEE TW 2O FIAERE R % 48
FELT, 120160 J =3 -2, 13C0 J = 3 — 2 BEFRICBE L CHESTIER T E 21T o 720 R 2 LT
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b otze B2, BCOO O RO UM% FRHICBIHIT 24U, BCl60/12CH0 ofi% Kk
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NTVWBDT, AFERZLLHEOFHIRCTREELEZ 5N 5,
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“H:0 R/ =54 VERICHBEZRF O RBBRERMARBOTEHLEEE”
“The molecular composition of the protoplanetary disk midplanes with shadow structures beyond the H,O snowline”

oBFE AKX (Shota Notsu)!, #EH =B (Takahiro Ueda)’, KB FIIE (Kazumasa Ohno)?,
B¥M 3™F (Hideko Nomura)?, Christian Eistrup?, Catherine Walsh®

VIV Z2IARAT IRHE - REFBMFRE (Star and Planet Formation Laboratory, RIKEN), 2 [EiZ X3 & (National
Astronomical Observatory of Japan), > University of California, Santa Cruz, USA, 4 Max Planck Institute for Astronomy,
Germany, ° University of Leeds, UK

[FIRBRERABROEEEDERIE. ABRFAKRVORERIGAZHRNT 2 L THEETH D, i
FEOABREENESTE (e.g., Uedaetal. 2019, ApJ, 871, 10) [CLk D&, TR MDD ERARICEET 558
BOFEET 258, FLENSOREIESNIZETEBENTEA SN, FBERABEZKICEVWTHE
SRIREBAER S NS A BEENRE I TULW S, Ohno & Ueda (2021, A&A, 651, L2) (. T Tauri £
(RBEEOBIERIE)AD DHBICEWVWTHO R/ —F1Y (=13 au) FIE T30 FEEUEDT X
NEAZEELNHNIE. ZOMIUTERICHEZETREN K ZTEID, o PHEHARBRENT AN E
ICRMETRECH 2 FEZRUIco COBRERERATHEROER, RICRKEEHKBEROHKICKE CEE
"5Z25%, UNULLEERITREEESTFOEBRZEE L LT, ZNFhOEKE - FEOHZEE
Ulc Bl EZET I ZERAL TE D, ABEESOFMGEEBERIRIEHS O TIEER N,

FITHRRESIEHAR - FAMEERIGRY ET—7 (e.g., Notsu et al. 2021, A&A, 650, A180)% F3
W ET. #EEZRFD T Tauri ABROEHROFMBREFEEETEZITV. TEDFOHEMPKE-
FER TR (C/O b)) DEALR EZFANIc, FDERILTHRTIEFER I N TR HCN ¥ CHy,
HCO B EDAFHEEICHFET 2%, ZEBEZRHOABTIE CHiBRENT AN LITEFET 2FIC K
DH0RX/—=FAVHAITHZIFD C/O LEAYET T 2HE. COPNRED 3-7au DEBEHTY X b
KREICEET 25, FHEETIEY X NRE T CH:0H 72 & DBMD FOEMHIEBING 2= EMN DM
Sfco HRESIESIZTHME. (ELFENRICE > TEER/NT A=Y THZIUHCEHEBPEBREE R E
(e.g., Notsu et al. 2020, MNRAS, 499, 2229) ZZ X [cAB TOHELEDH TWD, AFEEKTIEINSD
SAEBRZBNAUILLET, ALMA & EZ AW FIERE & OBRFRYL. RERKHERICEZ

FERELBREITOFTETH S,
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WM NZENICEET 5
B EZXABEDOR /) —F 1 > DHEAL :
EAKEDKEFEELNDRE

O !, BER', {EE?

TRRTEKRS, ‘HIKRP

REFIHRAEXZR DO RDFEHREERABEFIINDZMTERIND., RAXERM
BOFTKDBEENRIDINEER/ —FA4 V ERR, R/ —F 4 HHRLEPCABEDEL
EEBHICEDEIDIIBENTEINZERT A LIE, MEREZIZILDHETEIERKE D% B
R DT-DICHEBERARTH 5,

WEEOHWIRENFZMHD)Y T 2L —>a vtk b E, MERNICEET 2B TIIEEN
BMNIEETH D EDRENT WS, Morietal. (2021)IFMHD 2 aL—> 3 v IZED
WA EEEETILABEL, EE HELTH S 0.6 Myr TR/ —=F4»H 1aull
FETDZEERLIE. R/ =54 0A 1 Myr IRIZ 1 au 23887 5354, 1au DIEIC
HDFERBEICKEDKIIG I, KEEIZA S (Sato et al,, 2016). ZNIFIRIEDHERD
R EBENTIER WS, ZOETI/ILEHERAL Y REAIOEFE TR I N2 & A2 RET
5. LHL, ZOMBTIIABDOBEELARD 25K BEEBEDFE T 0.1 um DY
— YA RXDXREREL TV, BEOHBTIE, FXMNIEEEEL, Y14 X0heHF
DEEZLND,

Z I TCAMRIE, FAFOERICE>TRAR/ =74 D 1 au FERLN EDREZT
ZHOEBEONICT D720, BEHREBHESTOMAZEREDOX A YA XNTHICHL T
SHETED LI Morietal. Q021 DS EMBET LA EL:. ¥R MOREEZER
MICEANZ 28, RA POV A XDHIETERAICKES &L, RNXX YA X% 0.1 um,
BRAXA MY A X ZNRTA—RETHHBRENEZTo72. TORBER, RAXA MY AX
A 10-100 ym BBEICR B F TX R MARREKET % &, BMREEMAETHEEMANERNIC
BHZENbh ot IS, R/ —F4>D 1 au FERBEA 0.1 um —H A4 XDIFE
TO0.6 Myr THH7=DIZHL, XRXIAIKRT 2 ERAT25 Myr £ TEREMEND Z & %
RU7T BLRILEA'E5 <, 10-100 um A4 XDX R FHILER L TL £ 5B ETIE, BEEMN
BAWIERIRICHRY, R/ —=FA PN 1MyrlZETlau 2BBTAZ LD -7,

AFRDOERIE, TR MOV A InHAEEERT 5 &, MKEEABICELWTHHEROE &
ERSTRIARREN 1 au TEMSN/-AIBEMDNH D Z & A2 R"MT 5. 1au THELRA
RENHIKD L S BADEFENVPAVWEREEZICKRT 527-0101F, BAZR YA XA
BLZ10-100 ym THY, ZDEIEY A XDE R FHIEER L4 W I(T E DIREILE A HE
THh 5,
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HD 142527 12AFbE 3 5 a2 R R E T
AKOKEFIE & ELITRAA BN D 7RI

O HiRsE Y2, Fl=ese s, sz . ARTEE S, H LigkE ©

L7 LART IV LR 2 HACKRY: 3 RIREESERY,
AEBERAE, © RIILBRRERY:, ¢ BARRHIR

AOKIFF IR R RPN Ol b B E ICHEAET 2 UM E cH D, ZOEEIMEICE T2
gt b 5" A (L TEE 2 &H 2 B2 9. FBNOAOKZ BLIIICTAR 2 G % ik, i
RPN FET D AR ML - 74 —F v —%2@HT 2 2 L TH 5, HD 1425271
FBE 9 2 AR R E R FBRIIE « AR L DITAOKD 7 4 —F » =B I N TE D (Malfait et
al. 1999, Honda et al. 2009, Min et al. 2016), @HIIVICHR D AOKDHWE DTN S T E 72 HE
£\W2 %, Honda et al. (2009) |ZMBEEDCOBIMD 5 AKD 3 pum 7 4 —F v —2#HL, €
TR L DI S5 A0K /> V) r £ PERE) ~2.2, PR 1 um FREDO S R + DFEEEZRE L 7.
L2 L, SEfTiiZe TRV © - BRSNS & 7L T3 Bl s PR E O S BELIRE I N TE D,
IS DIREDPFERICH A D HBIIFHREINT I o7,

K78l HD 142527 D OF#ED 3 ym 7 «+ —F ¥ — O BLHIFE R OESH X E TV » 7 %247
otz a3 ROTIESEEFF 2 — F RADMC-3D Z v, MEND & 2 bR, 34 X9
i, AK/>) A PVERERAICESE, BN 74 —F v —2HUAERS AL - €
TNZE LT, 2R, KK/ 74 MEE] ~ 0.06 — 0.2 DIEITUIRIC AR TEDITKIC
RZLIY AL CHNGERZ XSHHTELZZ EBHS LI o7, ZOMBERETOAKDR
ARG 72 I K ZKBEED EEMEZ /R L T, 7, K, L' NV FIETORW
B2 BH T 2 720 121E, PR3 um BEDO Y A bR ETH L Z EbHS MR-, 51T
ROBEELDEE, 7370y - 4 ZROMIKINS 2% 5" 2 + 23R IET CHiE L Tw 258
HICECHHETEZZ L b o7, PR3 im BED Y A %2 PR IR T 2 1%
BN 2 DA CTH 5. RICEHITIADSI Z Wi P T3 &35 L, ¥R DRET
FDIEHIRID a 87 A =7 13P 7% £ a~2x 103 DR ETH 2 LHEEIN S, ks T
FERRELANC X 2 SLIREREHEE A HD 142527 FIC B 3 4" 2 b DERE D 112 % HifE§ 3 T
HETH 5,
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RIRERAROIFER X REBSEL !
U WBIERH EADRAF & BIRALZENDILA

oBR{E B¥1, #EH 5722, Neal Turner3
TRIRIEKRE, 2EIIRXE, 3Jet Propulsion Laboratory

JFAR B R M RS & 2 O (Lo BfRIZ, BRI & FEYE O MBGEL O BRFE D
72O BEARRTH 5, MHBIRERE OB IR WEELDH 5723 (e.g., Kusaka et al.
1970; Calvet et al. 1991; Chiang & Goldreich 1997), HERE X & D & ) ICKHIZE T2 D
7?1 EVIERNLEROOEZIZEIHCOHS IR > Tk v, B2, LR oiu
I > TIMEAE N 2 I DIRE S HIIALEICE DRI, RERIRBOWBENEL 255608
H DT EDPHSINT VD (BIEAZE; Watanabe & Lin 2008). Z DI IE ¥ 2 b DR % 5| Z i
RS D D . TEOMEE S A N ) v S OBIINFE R E E o I ORI 2 7R H S
¥ 5T\ 3% (Ueda et al. 2021; Wu & Lithwick 2021), L2>L 726, 2D X 9 HBRIRED
R L2 ERED DRI H 72> Ty T 2 L — b T ZEMEE TILVIE N E THER
T BIEALEIC X B MR EEORREELORTF O REHOE F L hoTw 3,

AT, FERRERMNBEOIREE RIREEL 2 2L —2ary 57008 L Wi
WEE TV AMEL 72, ZOHREEIE. 2T TV L XN 2 06k O S 2 i ik € 7
JL(Chiang & Goldreich 1997)% ., MR O KIEN 2 ARG ZZETE 5 L ) ITIERL 72 b
DTHYH, ANz TREEET IV, EMEIEICT 5, 2O LVFEIE, BN
L X > THBREICEDESF Y5k w T BRI NIZGAOWMO ) 2 23
AHETH D, I SIKHETHEZKE L RV DREDH o -
DIFEH LML DD W AJBETH 5, M D HlRF: '
ZAE T % b D ISR SR G O K57 2 Wb A 12 A
BLTw3 o, RRHEELGTEO L) BitEax o
D 5EtREICHE LTV 5, AFETIE ZOHTFikz
WT, HIRRERMBORFMICHYS T 2R 77—
(100D T > TEPEALEEZ WO TS T 2L —F L
7o A OFHETIZIEE DEFR(Watanabe & Lin 2008) &
B b JEEIZ R PR O BE R HIBER OIE(Wu & ,
Lithwick 2021)ZH{H A7z 7- o, BUEARLEDK A - 0
F=IVIEGITIC Ko TRELSELT 2, FHEORR, & ;
DI A 77— DZEMZANC & > TRES A OIFEZEH) ool
MAF AN Z L ZHo2 I LIz(GKD), AFHETF Distance from Star rfau]
EERHGIUE, FA L OAHERE LB Sl M RERRE & S PRI G O

i 11— - - e 2, 32 DERIER (160, 70, 20 K)DiE(L
ZEEARHIRIE T 2 2 LEORETH 5, BRLTOLS, SH5 0SB TR0,

CO2, CONA /) —F 4 I T 5,

0.8

o
o

Time t [Myr]

o

N

—_—
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MEE R X > THoR T 2 BEE M ICHEN S
BHE) L 7o\ B — o i

O HEETHI Y, /AR 2, AN De—BR 13, $uRidE 3
ENZRICR, 2 Al R, O AR

BREROEBII AR R & XN 2 5 ATBEOWNEECHET T 2. dr iy 2 iR ¢ I3 IR &
BRI OERELTIRBIC H 1, BRSNS 2 A L CBKEh 9 2 s g (BLyeRiiE) 12
Ko THBEA ZITHLEICHAD» > TREE LT, 2oL ZMHBOERGMGMIES v 7V EXRE
FHI 70 7 7 ANV CERETELZZEDBHONTED, 20X Lotz KE L Mo KRG

T TFIVIZEERLEFRE O A RGHICB W TRE 2B 25 LTE L, Ly LIEFEO IR
SIAEI R OMERIC X > CHEELORIGIZFM R EREE M Er o RECEDL DI ODOH S, 2
U, HBORKEEEET VO EFHEZEHONTWE EEZ 57249,

g R AR 727 D BN F 3 FTBEELIR 2 P 2 5 Al < . BESRGELTR 2SI 0 K43 Tl &
NFELR AR I B VW CiE, MBEERED> S oW 2N L Aol (HAREIMRER) &, it
HoOBOAEESROK S (WK 7Vv—% v 7)) PHEELERET 2685 A=A LTH
2EEZ560T05% (eg., Suzuki et al., 2010; Bai 2013, 2016, 2017; fh% %) .

AT, BEKBREN R & BRI ) R 7 L — % v V2 B L 2 sELi ko 1)
TLETY VIO TIHNT 5. TTHRLE, MBEIFEET 2IRDUS B TS P8I E R 22 m
BN REL ) % &) 2 EREMEHE2» S RIBL 72, ZoMBOERIHhIE, ko v
TNBEXREFA 707 7 AV EIZERRD, HEE - [EHZNZTNCE—IELZ LD E03H 5.
ZDXIHBE—IREE, YA PEHABREOBRANBEHZHET 2 L) K@< 20, RER
DIEBGBRRICE W THEEAEEKLZ DD, FHCSRFEA L ZEW A A DM OERICE W TEELZD
1%, P8 NIGEIS D & SMIBEI A~ A > TIRZ ICEH A ICEHE L T vy liTth s, ¢
bbb, M2 DML NI B LT NHIERICER 2 E— 7 G2 8L, 20
L9 BT CRANC R ETEEANET L T Loy F Y A2 EZL 52 L TE S,
SoIcEA I, COEH R AMEE M ZBNINCTFET A LIS L7, HBSADH
BRI, BRI - R 7L —F v F O L PRI X 2 ERBIE L DI X o TR
D52 EDTE S, SHEH L@ AR E Ao, Bhmo (/flg) Ae—7
DY — 7 Mo MEL EREMICE o N s 2%, LRCHBROMES 2 0N I X =%
NERGIBEEET Z LD AR E 72 5,
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JRIARE RO XA bk EVEEIT 5
2% I% MR IR« Foei R D2 E

O EREG T, HBFER 2, IS, RIRE—B 2
FRRGEA, 2 RAERFEEIERL, ° Ad R KRR ER

AR RMBEIZ B 2 XA MR MEERRIERERBEROE —HTH D, T ORI
T 723 RS A AT DT WS, BIZ TR ERERERE OO 1 D2 LT, HRTEI S X
A b - ARGENE (e.g., Youdin & Goodman 2005; Youdin 2005) AERKiEmI N T &/, XA
N-HARGEMIZ L AMBRETRZR Z T720121%, HEEGERTREL RS Z AN %2 T AR
EOBALA L THEMT 20END 5. y®%ﬁ%ﬁ8bfﬁbi B G AREER BIRDEEE§ %
M D AL E M (coagulation instability, CI) Z #2018 U 7z (Tominaga et al. 2021). CI DIEFIEEK
BIZE D XA NHREENHT AD 10%FEEIZE 2 2 BEFEEATEK I, TOFEETIERY 7 M#E
EWRRRIZRDZY A ZRETEXAINDIERETEZ R0 >T W05, B KRS N BEHER T
KEBNALEUEDRBETELZILERLADINETOYIalb—YarhsbhroTW05 (2020
R R).

EdDYIalb—vavBXAMOREERERELZEDTH o7z, & IANEHEREDN D 5
FEFUEZ B R 2 L XA MIL UAMIEINDE Z B0 >TED (e.g., Dominik & Tielens 1997;
Wada et al. 2009, 2013), BFEM7R XA M-F#EE L e BRERBGRRE 2 f#H T 5 LCil#E2Z R
U7z EETH 5. ﬁ?(ﬂ@%@L&f (1) B A R PE S EoERE DN & (2) 778
HTOXANBEITHES EHRHEDOWANRFRIEZ 5720, BEY I a2l —a it I H
HERBHETHD. T I CTANETIHHAEREEICET YA AETUNZX A MDBRETERY
t?ém@%?w«mmmm&HmM2m2ommmmanMQ%WOAMtvi:v—va

AT, BEEELES Cl OB REZ TRz, T OMEE, BAREZSEED 10m/s BLEDB A

i#ﬁﬁcn¢ww)®£§ﬁ$w%#@ukab KA M2 L CREL 2. R
IZELRH SR O ZEHE XA MREITENED T D Z LI Z [T 272 DICEHETH D L5
Doz, ERFEZSEE D 3m /s DEAIZIE, XA A AHAY0 OMER T OELFRHEE ap 31 x 1074
BURTHIUE (2) DBEHD RSB R0 XA NDEETED a0 o7, —7, BFEZEE
JEM 1m /s LARWSE TIPSR 2 IKE L TH (1) OFEERMOIRV L CI OEEMN
WiFonsgZ enghroiz.

B AE 22 EE L 0.1um B 1 XD HyO KE /) X —DPORAXANTZ V71 ML THE &%
50-80m/s, ¥ VT A bDGAICIFE L Z5-8m/sFREL WD T ENEHEY Ia L —Y a VORET
Do TWVWD (Wada et al. 2009, 2013). LFlOFERZHE X5 &, CLIFH0 XA/ —F 1 VHM

THA R - iR & i LRk THEWRINDG. K GELT <1x107*
THNTHO A/ — 7%/@Wﬁf%wﬁgﬁ&k %&&J%%KTTE%égﬁ%m5 )
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PRIE RIS X 2 B RRE OJH AR~

HEM M E Ofia

ORTHIERE ', RMIEESL ' Rk . ITHIERE S, B)I31T
LAE R, 2. REEMmE SRR, 3. JUNREE, 4. —B T &5 P22

TV VAERLL A # HEOEEORE BRI, JAXEMEN THEEY
BoEMIcIvEkEnzEEZ N TS, LarL, HEOME L 22 DIk
K DO UGB FR I RMEI 72 3%\, Tanigawa et al. (2012) TlE., A
F DV ORPTEBIZ OV TER - FEMMERIED Y I 2 b—2 3 VEITWD, F R
VX E RICEE AT A E AL MNZ LT, F£7-, Homma et al.

(2020) TiZ. Tanigawa et al. (2012) THOLNI=H AFEHWT, H2AEH
25T HERKL - OGERH R 21TV, FEREMBRICHE SO X A NI R &
EBITEREF BTG I N D Z EEZBHL ML, LML, 2D DHFET
(T, BEEREN 0.4M; (My : KEHE) OHBAICOVWTLIH~NTELS,
EMEHIE OB EE BRI, REL<Dro T2,

AWFETIL, FR - IR O SR ERIA Y I 2 b —a & BRe 7R
EREHBEOLAIZOWTITY, BRI~ T A 0 B2 Bk A2
N7z, EEREMBRICREAE T D T ADFMBEEZMBENTONA (T AREEE)
1T, MEEEDPRKEWEE, BB FRICILLS 252 EBbnotz, £l2. T A
WA AT OSRE T M O AL, BEE RN 0. 2M) ORHIK 0. 3hg LA EITH A
Uy IMORFIR 0. Lhg DL EIZHATT 5, L) K5I, EHE L OMENH
HZEmbonote, TAREROEBRGHOEE ., v v 7RO EEE
THE, TAELERITH » 7V U CEET 280N O J& 22 P~ O 'E &%
EHRIT, REEEN0.2M) U bos &, MEHEDO-2/3FITLHAIT L LD
YERRAT AR NS DT,

F. BN ABREEE L TH A NOHEREZITV, FEEMNE~D
FEAE RO BRBEE BRI AT, FIAERERTBEANTOX v v TR O R
ELBLIRIC L D H A NDEE RITONREBET DL, FAKEME~DZ A L
AR RO BB ERAAMEL, TGRSR bR D 7o AT iR & R —E L,
H A MEFERORKEE BRI, BLIREERFEL D /hS W ERbho
oo AREHTIE, INHOREREZD &I, WEMEHLE OB Y VA
EDOBORRRIC O W TERT 5,
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HABED DL X vy TZ2BLE
ABYSX MNESICHT 2F R A X0mDZE

O 187 ' B{E BR'
'"HRIEXRF BEFER HRERERFER

WAEDBEA ORI NS, REEHA Y FI74 P EIERFEE Y F I 4 NI % N
R Z RO 2 EDHE IR > T 0D, TOFRMAE TR, KEEa Y P74 b IR
FEHaAVYFIA PR ZNFIM L) F—N=oBR SN 2 L2 HE%KT 5, ML 7%
2ODNYF—N=DFE LI LD 1 DOHNRFHIE, FIHRGREENTRENCHEL
T EIRAR B AR (v v 7)) 2/E0. 20Nl E Mo O ¢ [EFY)E
DEEHEIREZMHI L7 WIDDTH S, LrLAEDS, FAMRTOBENTAZRED
¥Frvy ko TEDBREMH SN E 013, KTFDOVA XK 2, i, FALT7 7Y
AT DEEBIEECAEL 2SR A MRTE, TURIEEIC X > TH A v v 7R T
V%, LTDoT, FAFDY A RAGAICE > Tid, AAREX v v I X 3 MBYWEDOHE
G OMFDBIHE X CIEA L 2 igEsdH %,

Z ZCAE TR, BEX vy 7OFEET 2 RRE RSB T 2 54 2  OBILHEL -
BRI - EEEEZER L, YA OV A R - EE0A & AR Z g s ¢ %
YIial—vaviEirolk, ¥YTal—Tarofif, ¥r v 7OoRNHINDIAZ LT 5
FANT 7V A POV A RE, AABRPLOMI 2 RTWIOLRHTH 5 A b— 27 A LR
T DBEDHTIRE 3 2 b T, ZOMBIREITME L BRENTH o7, £1-F+
v IHIMINCRE RS AL 77V 7 A PR 2 2 LT, X v v ZIMIOEZERE A & A
L. ¥v v 7HHIANDFZ MRABRDIMNT 2 2 L2330 o7, fEoT, Xrv 72EBEVE
YRGS NS 03, XYy 72 EBATEL YA XD A7 7V A FORARE
¥ry 7HEITCOYA L7774 FOfEE»PSHEETES EEZ oD, AFEERIZ, K
BEX vy 7OMH 6 NHl~D F 2 MRS YA FREIC X > TP s, 20X vy 7k
H NWEIOFEI T b B Ofl & > DBEREIC & > TH A FDE T & N7 2 LI k> TRE%R
WE DGR MW EC 2 L2 REBT 5,
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"No-drift" X h = X LT & 3 EREIERK
O S oRfR |, HEME 2
IJAXA, 2ELSI

FIRRERABPTRINWVEHARERICE > THLEICRAITTETT S (TH) . Z0O#E
AHEYICLRTELL-HOIC, REMUBREIMBREMBRICE#EZF L TELN, RITLET
FL AT HEERYMEEZHAABRPTRANIZEDH S TOEZAND LKL,

ARRTIE. ABREIZTY FT—UHEBEETEZA D, T, TRABRBELRITILOEE
FRIDIEN TN ZENFOYME TR I TLDIRREEZ S (i.e., different classical a-
parameters for the gas accretion, aacc , and for the midplane turbulence, amiq , that regulates
the vertical scale height of pebbles; TEISER) . AMEIE. LEOABEEIZENT, RT
ILHAABBNGENSETL, Ty FJ—VICRARATKREEZ | RTOBREH I 2L—2
AVERAVTHERLDTH S,

TR, HBAIRTIV/HREET T VY R (Fog) EABBENFET S L (e.g., Fpg>0.1,
Omid/Oace <102 W. Oacc=107?; amiq decreases with decreasing the heliocentric distance) . ~N J
ILINT Y BY—VRTRNBL/ RENISEFESZRRENREET S EABALMIZHE -1,

VW50, RIUDBTY P —VHRTHLEZRTTSIIONTameBAEY/NSLLHEY, %
DIFERR7—ILinA F(H)DhE R Y BBERODETRIUN &Y ERNICEET 5. T
5FBE. NYIUTHLAVIZE>TRINWVDETEENKYINESCHDE, ZLTIAR
HEMAFHUHETBADEREMITRITIMNBFESIKRICESENSITETHS ("no-drift” A
Hh=XL) ,

COESLERTIDEENDENICEC 25 - FHEZEBT 5 L(E, MRERBBED
BREICKEMICEEE LS, AFEIE, Hyodo R, Ida S., Guillot T. (2021c) A&A, 645, L9
[CFEEH, HIREN TS, FL-AFEETIL, streaming instability & & L T. no-drift A
DXL LEFNIWMRENHICOVTHERT S (Hyodo+2021f, submitted)

i\ v /i Hp decreases
Pebble-to-gas mass flux:
o / o o Fe = M,/M,

Y
A5 o0 4
3 amid(")=amc«...JHp
O [ X YW 4

ﬂ Av L @ / G o o Icy}ebbles

For high Fy/ values, back-reaction can stop the inward drift of pebbles
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MRARESRESDOEREZREARICEITS
MEEDRZR
OZMMA' HAE’
LRLUKE 2 K

HAAREZRAMRTHERFGEE. TRAEEAEOREYM THIEAREABROSTT MBEE)
NEFSOTTERLLEEZAONTESR, LHL., ELRABATOS X FOERBEIZ & HME
EOWMAIZIE. MEABBRERKIZ, X M RICAREABITHABSINGVRY ., D
WA XETHRETHERDREBIZAN>TETLTLESHELSH S EM o1
(Shibaike et al. 2017), > T. WMEEREIEL. HFHEGKRTLHEVVRYRH#E-LEZON
TEf=, Tt=. AREARICETSEEBE M SHEFIhETITHRIZITDATLELY,

ZIT. BERE32E2THOFREE M 1R E2ED 3 RuuIEEEFHAT MHD FHEZ4TL.
FREMABROEBRETHLMNILIZ, E5IT, TORREEEWLG I ROBAREABETILIC
BITE. FRAMDERERICE2MBEDHEERT=,

R, ZEADIEEE M HEICK- T, BRISHICKYABDERENEESH NS LD
Motz =, IOKREFEIVRA. v LhboEAREMABORBEMRELRICSNT, A
AAABRKREANMSKREINSEHESIN, COELEE, +HLEABKRBEICEY A RAEEEL
B R-NS—AT. AREIEREGY. ERICK>THR IMAFEAMOELSETLITS
N3 ENGWEDDI DT, =L, FILEV-ALLRILYFREIZEY., TR DAY
—JLINA FHRBIRIZ/INE K IR B A

—
O—L

HiE, ELRARICHITIEHLIV D
RELEMEND b0t

0.02 LYKEFMTNIIE, KHEHEED 1 , 10 100
o Distance from the planet r[RJ]
EREAFRIEETH D Eoh o7 (K
- = : - 1. BREAXEARICETSIFAMNE—VEES)
e Z . lis - X 3D ; N :
Jo A&, BADTZ b7 DEURE, BOBERBIZAATEHADER b/

MAERICENE, BEARGTR  HrEgt. REOEEIKDR/ —5 4 > ORE
FHRLETH S (Szulagyi et al. %9, Shibaike & Mori (submitted) DEZHZE,

2021) .

5
Wl Etbhbhot=, ERELT, & 104 Ml =1 ——
L ] —

EECBFLLZ FOBEELEY 10 g%
—_ - > S = 3 \
&< Rh, pEmuskEEsT 510 JQ001 ——
Bebfiot, BON-MEEMRE F10° |

Ei

©

[y

o

—_
o
o

Tubs, BREARISRATEY 4
R EHRDERT T v Y ALA 2

—
S,
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BUTLREMEMRICEPEARENDESE LK

OZHER . Hike—’
"BERRR—RA— iR, "EH

2 T LERERRE Ebisuzaki and Imaeda, 2016; Imaeda and Ebisuzaki,
2015) 23 LICERAREDEEELLS S UMEELZHLMN LIz, 51T, BRAK
ERSUMREOMHLELGIMENI R INLIBHOBRE - EH - ¥R N HRELE
KO, ThoDFERI S FHRHER (e.g., Eble and Grossman, 2000) ZALNT., &
AEERERLIUMREOLFMARZES, HEROILFZHEBOETES L UVBEEDILE
HEDOSHEZHALZ, KETILEIAREGEROMKEXREOEAZEERETSELDT
HHEEZATLD,

2T LERER R Ebisuzaki and Imaeda, 2016; Imaeda and Ebisuzaki,
2015) Ik BIRAREZRARIE. FOEISEVAL SELFRMAESE. #iEEE. ZLTHE
VELRMEE E VWS BEZHES., ELRER L BERFEDOERTIE. SEMICEKRMNF
NERBL., TZITEREN BRSNS, FUTLERERRB T, MREEEKETO
BENBRIZERINTVED, KR TIE. COZOERRERKIZOVTOE
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I IA— v A0 ABEL 1% (Maruyama and Ebisuzaki, 2016) i EDEEEZ D
WELHD,
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Planetesimal Dynamics in the Presence of a Giant Planet

O Kangrou Guo'?, Eiichiro Kokubo'?
'RRKZE EIXXAE

Standard models of planet formation explain how planets form in axisymmetric, unperturbed
disks in single star systems. However, it is possible that giant planets could have already
formed when other planetary embryos start to grow. We investigate the dynamics of planetes-
imals under the perturbation of a giant planet in a gaseous disk. Our aim is to understand the
effect of the planet’s perturbation on the formation of giant planet cores outside the orbit of
the planet. We calculate the orbital evolution of planetesimals ranging from 103 to 10%° g,
with a Jupiter-mass planet located at 5.2 au. We find orbital alignment of planetesimals dis-
tributed within disk radius of roughly 9-15 au, except for the mean motion resonance (MMR)
locations. The degree of alignment increases with increasing distance from the planet and de-
creasing planetesimal mass. Aligned orbits lead to low encounter velocity and thus faster
growth. The typical velocity dispersion for identical-mass planetesimals is on the order of 10
m/s, except for the MMR locations. The relative velocity decreases with increasing distance
from the planet and decreasing mass ratio of planetesimals. When the eccentricity vectors of
planetesimals reach equilibrium under the gas drag and secular perturbation, the relative ve-
locity becomes lower when the masses of two planetesimals are both at the larger end of the
mass spectrum. Our results show that with a giant planet embedded in the disk, the growth of
another planetary core outside the planet’s orbit might be accelerated in certain locations.
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Evolution of Debris Disks Caused by Giant Impacts in
the Final Stages of Planet Formation

Leonardo M. V. Teixeiral. Hiroshi Kobayashi!
Yy

'Nagoya University

Warm Debris Disks (WDDs), observed from the infrared excesses of main- sequence stars, are
located at the terrestrial planet forming regions around their host stars. The lifetimes of dust
grains in WWDs are much shorter than the stellar ages, so that a supply of collisional fragments
is necessary to maintain those WDDs. The infrared excesses are explained by the fragments
ejected from collisions between planets (called giant impacts), which are expected to occur in
the final stages of terrestrial planet formation. Those fragments collide with each other, resulting
in still smaller fragments. The successive collisions among the fragments grind them down until
micron-sized or smaller fragments are blown out by stellar radiation pressure. Therefore, the
collisional cascade decreases the total mass of fragments in the disk. In addition, the accretion
onto planets also decreases the total mass of fragments.

We first calculate the orbital evolution of protoplanets in the giant impact stage via N-body sim-
ulations of protoplanets orbiting around a host star. We then obtain the record of giant impacts
between protoplanets, and the snapshots of their locations and velocities at the giant impacts.
We then chose a data set of a giant impact and protoplanets, and investigate the evolution of the
fragments originated from the giant impact under the influence of the protoplanets via N-body
simulations with collisional cascade. We use the superparticle approximation for the fragments,
and assume that they do not have gravitational interaction with each other. The mass loss
of fragments due to the collisional cascade is calculated from the orbits of surrounding super
particles. Superparticles can collide with protoplanets so that the accretion of superparticles is
automatically calculated.

The fragments ejected from the giant impact occurring at 0.57AU form a disk like structure
with a width of ~ 0.15AU around 0.6AU in a short timescale (~ 1000 years). The total mass of

fragments then decreases by the collisional cascade among the fragments in 10% years. As these
orbits evolve, some of fragments are scattered into wider orbits by neighbor protoplanets. Such
a wide distribution of fragments decreases the efficiency of the collisional cascade. On the other
hand, the accretion rate tend to relatively increase the accretion onto protoplanets.
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Noachian Martian carbonates are important for understanding the habitability of ancient Mars because
of their relation to aqueous environments. A unique Martian meteorite, Allan Hills (ALH) 84001, is the only
available sample that contains Noachian carbonate deposits. However, the lack of geological context of ALH
84001 makes it difficult to determine the formation process and environment of its carbonates. Meanwhile,
carbonate-bearing rock from the Bockfjord Volcanic Complex (BVC) on the Spitsbergen Island (abbreviated
as BVC carbonates hereafter) is regarded as a terrestrial analog for Martian carbonates due to their
morphological and compositional similarities. In order to constrain the formation environments of ancient
Martian carbonates, this study focuses on characterizing the petrology and mineralogy of BVC carbonates.

Two polished thick sections of BVC carbonates are studied using an optical microscope and a scanning
electron microscope with energy dispersive X-ray spectroscopy (SEM-EDS) at ISAS, JAXA. The first sample
is a basaltic rock consisting of two lobes cemented together by carbonates. Its basalt portion consists mainly
of clinopyroxenes (diopside and augite), feldspar-like glassy mesostasis, and magnetite grains. Phenocrysts
and possible mantle xenocrysts of olivine and possible xenocrysts of orthopyroxene are also present. A large
mantle xenolith (~1cm) is identified in one of the lobes. It contains mostly large olivine crystals, along with
some orthopyroxene, clinopyroxene, and spinel. Both the olivine (Foe1-93) and the clinopyroxene (Enasg-s3)
have higher Mg contents compared to those of the phenocrysts in the host basalt: olivine (Fosz-s4) and
clinopyroxene (Enz7-43). Zoned, globular carbonate deposits are found on the outer surface, along cracks in
both the host rock and the xenolith, and within vesicles in the host rock. Based on their Fe contents, these
carbonates can be classified into three types: (1) Fe-poor carbonates, which usually have Mg-rich cores,
alternating layers with different Mg and Ca abundances, and an abrupt shift to Fe-rich outermost layers. (2)
Fe-rich carbonates with either Mg-rich cores and Fe-rich rims or more complex zoning patterns. (3)
Intermediate carbonates, whose interior composition is similar to that of Fe-poor globules but become
gradually more Fe-rich towards the rim. Type (1) is mainly found on the outer surface and along cracks, while
type (2) is found in vesicles of the host rock. Type (3) is found both in vesicles and along cracks. Non-globular,
Mg-rich carbonate is also identified between crystals in the xenolith.

Alteration phases such as phyllosilicates and silica are also identified. Layered talc is present between
the host rock and Types (1) and (3) carbonate globules. Talc is also found with magnesite in the xenolith.
Silica phases are found filling interstitial voids in the xenolith and lining vesicles with Types (2) and (3)
globules. Zeolite is associated with some Type (2) globules and magnesite in altered host rock. Fe sulfide
grains are present in all types of carbonate deposits and talc associated with them but are more common in
Type (1) globules. The second sample almost entirely consists of carbonates. The carbonates are layered
and vary in color, texture, and Mg and Ca contents, but Fe content is very low overall. A porous vein contains
small, polygonal globule-like carbonates with dolomite cores and magnesite rims. Fe sulfide grains are found
in the carbonates.

The presence of alteration products (zeolite and talc) is consistent with a hydrothermal origin of the
carbonate globules. The three types of carbonate globules with different zoning patterns from those in ALH
84001 show a broad diversity of carbonates in mafic igneous rocks that underscores the value of Martian
analogs in providing a larger sample size. Moreover, the well-preserved petrographic relationship between
the carbonates, original mafic silicate phases, and alteration products, in contrast to ALH 84001, will allow
future studies to better understand the carbonate formation process on ancient Mars.
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HIGHHTKIZK > TITHON TV -AIREMZ RET 5,
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*)],H,L.\EO)/\ t\\g t\\ IJ T A _‘~33J:(3§'§_
KETRILEX—HFDRE

O/MHEE ', EFEN' WNEEEARE' FIEE' RLNGF' SEE— EHHBE?
=@ fE—F* PMEEZ' N.Globuss, V. S. Airapetian®’
"WEENM KZ, KIRKE, CERIEXRE, ‘EEIZEKXE, °New York University,
8NASA Goddard Space Flight Center, 7American University

IREQEESBICKY, KEFIZUEEIZER—/N—JL7HNEBESNSIENGE NS, 1H
ARELEIFVIADRERF (KRBT RILF—HF; SEPs) Z M L TLV-AIREMEN TSN T
W5, b EEAER B KUK ED/NERE ) T4—IZE KIFT SEPs DZENCDUINT, 1k

ERGELTBLTEEREL,

MEER - K 2 (ETREVKBZD/ TRV IR DS, BIADKERAIFTEN =TT THS
M, ERICEERBLLBFERIFLTDNEENS, COEHELT, SEPs [CKYKRKHPTRE
RNEDLHTEL(CH, DY 12 fE)N0 NERLI-AIREEMRESnT=[2], £f-, BEAET
Hof-EESNLHEAMBR - NERKMNGEECEIMRCKVTI/ BB EDEEZREFRYDERMN
REMEEZEZONTLND, bivbhld, FIHARINBETE THO-ELTHLFHR(GCR)DIH
IWE—TT7I/BOBBIEEDERMNFAIRETH A LEMELT=[3]. SEPs [X GCRs KUEETTY
DR ENEARFENDT-0, BEABAIIOENETTI/BUEDEERERMET LN
LIzSEMNEBZOND, IBIT, SEPs EXRA FEDBERETELZRAEV RIBI A A TI/HD
REFZ) T/ DREIZE- AL EZOND,

AHARICEWTIE, ChoDRFERIIT 578, MERBEFEALEREZITOM. N, HO %
BUEBRRIBARKIZZD T LIRS (RIKX)MoDEFREBSHL, £RME GC/MS THHL
f=&ZA, N,O DERDHEZEIINT=, CO, N2 12 CO £, LLIE CH,Z A E(CO, M 25%LL F)INA T-55
ERREERANLIE, KERBLENRGETETI/BRITER LG ST, FTFRESD
5E(F, BMECO, D 1% TH CHNFET NITTI/BEAER LT, SEPs/GCRs IZ&YIRIAK
—L':F"CEE&L,LT\/EﬁliiﬂiX%fJ\bﬁ%"f"\éht?\/ﬁﬁi"iilﬂ%)_IAb'libfﬁﬂﬁé‘#’Lf:o W,

IREEDRICHEELZ FeO, KRB TELZN,O DT7I/BEBRNDEELZRANTIVD,

BEEEPODT\/E’E%( IFOFABENRDONFIEBIND, IBKEYDERS FDHREXSY
TADEAFEMEITONI-AREEMNERSIN TV S, LHL, SEPs/GCRs DEIARI/ILF—F5
FORFEMEERLERICELSIAA VIR ADHDRAEL RIBEZRL, CNAREXRST4
DFEICGELHAREENEZOND[6], DFY, EFDALLT RIBARPTHIFUFABEINEL
DEREENH D, T, J-PARC DY E - LB FREREHRTY I/ B~ DI AV RFRERET
LY, TFOFABEHNECEINRIEITOTLND,
5| A3k
[1] Maehara, H. et al. (2012) Nature 485, 478.

[2] Airapetian, V. S. et al. (2016) Nat. Geosci. 9, 452.

[3] Catling, D. C. and Kasting, J. F. (2017) Atmospheric Evolution on Inhabited and Lifeless
Worlds, Cambridge University Press.

[4] Miyakawa, S. et al. (2002) Proc. Nat. Acad. Sci. USA 99, 14628.

[5] Cronin, J. R. and Pizzarello, S. (1997) Science 275, 951.

[6] Globus, N. (2020) Astrophys. J. Lett. 895, L11.
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7J\</E['3 i@“\@ “\\g‘j‘%%‘ﬁ :ﬁ]j L—l/\oiléﬁ«c:@igg
AL & PR~ 2

offFHEML L, BIMRAEA T, RARATE 2, HHhSE o, PUREH S, mifssEk !
PHOR TRERFHERAABEIERT, 2 RSN 2 RZPEIRF 1V AT DL T AL,
SHURR AL ER AT SEREAE, ¢ RO R R SR BB 2 R S0 I EREC R BHE L

ARBEOKFEEZ T a /XORMEIIAREDHESGGZ L > TSN ZE 7 EOFE TR LF—
KiADIEHIZE B SN T3 (eq., Paranicas etal. 2009) . = 9 L7=HdiHi X 2 koK o figgfk
L KRFE DRI LE O BRLA 72 T PN+ DR (eg., OH, 0,0, 1Tk > T, FHHEWEMN
S 9 b, T _REHIZIINAIOREA A0 BRET S & SN DHEC, PETEH Sk
kmbhéi’ﬁft% (e.g., NaCl, MgCl,) @Tfﬁ)Tﬂ*“é;h“Cb\Zo (e.g., Fischer et al. 2015)
29 L7=REWE DR T2 T ¥ Vs FZ Ko TER L S, il FHTFE > THERHEIC
MAT D856, £ O(LFHRIRRBICRE L | é% IXER (LA & U CAEMBIARTRE e i iz oIk
RIS AAREENE Z 5N D (eg., Handetal. 2015) , =7 o/ RFEIZ I E ORI

WXk TEMRENZ E BN AN S EICBls T\ 5, —J, Bt b
/\ e (e.g., NaClOs, Mg(ClOs),) =it Rt (e.g., NaCIO4, Mg(ClIOs)2) D3ERL S 41
é_f EMER D D, BALWBILITABREI CTHLEMRUCL > THELTND Z LRI LT
% (Carrier & Kounaves, 2015) , L22L. Z 9 L7z v u /" EKH COWE DOBLZIHRIZHOWN
TERNERIC KL DHGEETEA TUWRu,

% TAMIE ClE = 7 v R 2 L7 AKRSE FOK - MEOREY. b LI
K AL OIREM ~DE %HE%T%%%:{TO?ZO T RFEITIE MeV BL ED T L ¥ —
DO—IREFLDEVIFENTEY ﬁ@?@fﬁ(%%x TJ7WEANTII L DRk F—
D _IKE %ﬂéboéo_m%%%ﬂ%hﬁﬁﬁét . B MeV L~10keV & “FEEHD
THRNFX—DETEIRAWT 7 Tk L TR L, %@ﬁ&wm%ﬁmtoﬂﬂmv
O RSN TE - 2 ALAIA A TEARMZEIZ I W TFIBLUCHEE L7 E 2. B MeV O/ VL 2
FPREHC IS RS "ETIGO-II” ZZhF iz,

FEROFER, K « AL ~DORHEER Tl FEBREM - B0 XX L 67,
LB DOERALIZRRHIR R LT CHER SN2 -T2, — 7. K« B OIRAY~D FRH Tl
DOIAIZ L D E DN DD ERDPHER SN, ETREE L, BERBEO LK ED |
FRAE., 38X OMREED AR EN D, ALY ) OB R ~ O A B0 E O _FIRMEIZ~102-107
lelectron, FREED B HEEE~DEHZNHRIT~10"19-10"8 electron F2E L R iH Sz, = 9 L7zfik
BhRDENL, BRI SN AKF CORdE EEBEOLREMEDENCL S & Bbib, Eﬁ
HEITHALE LTHEL, 7k7k@ﬁ¢%ﬁﬁﬂ§|€®&ﬂ:é’3’\%’io7 DI E RIS LTI
> THigEE AR L 9 5, —J7. 7r< FIIEA E L CHA A LS LIIRBECTIELE L @M’lﬁ
HIME & ORI <b\4k IhHIENBEZDBND, 9 LTEMENDL, mUuRr/NEK
f@ IZBWT HRiE & el ﬁfﬂ“é@zﬂ:ﬁﬁ@@éﬁﬁﬁrﬂﬁéﬂé AWFIEIN B R STz

BREIC L DBEOBRIMEDN S, =0 NONEHEICIRA L 9 2 ERBEANIMEE. H 50k
7J<7k0> IRHSRDIERFRNE Z DD, T DIFHIE TORKEARIGHRDKFE 72 L OEITLA

ICEVEESND Z L THEEORR L ZETTSE 5, b L IRE LAl & 8 TEMFH ATEE
el iR LI T ST o L b s,
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EBOBHU/NEREICKITS
FHECERICDWT

Ol EfEE ", EAKRR ' BHE—'. BAZEX'
'KIRAFEFHRRFE BRI FER

FEELCERLT. BEERAORAICHEET 2VEOAEFECMERENRIMFE
ERICHEINDIZLICK>TEILT S LEFHET, THAEEFEHEOELELT, 1. REFRAR
I RILOEZOEM(GRIE) . 2. 2RO REFEHSANES LD EEIL) . 3. RINFORSIANELL
5 (RILHEDTHIE) D 3 2SN TUND, ZD&K S HEEDRRAITKBGELH/INERDEZE
[CE > TRARADIMI_EENZIHBA A UIETSIN, T/ BHHRFNEREINDZET
H B EHM > TULVS (Sasaki et al. 2001, NATURE, 410, 555-557) . FHEILERDEEEIIXE
REOIYEROCRE, KBHOLDEMEEDHALBERICE>TEL S, AHEOBEMIE
XAEREICEBOZEL LI=/NKRE Psyche [CE T A2FHERIEEANEDL S ICHASIAZH
FHLOMNITEHILETHD,

HENUSURERE LIS DOEE (Olivinel00wt%., 75wt%. S0wt%. 25wt%.
Fel00wt%) [Z1.1 X 107Pa DIEAZEMN T, MNEEDEREEZEHRE LT/ /LR L—H—%
Bt L1zo 0.25um-2.5um TREFARY FLEEF L. L——BHEAFEZEOHHMDRARY b
IWELE., ZOXELZMH LIz, R, 5 T7DMEZ% 0.55um & 2.1um TH{ LEET S
. RBEENKRED ST=DIE Fel0Owt%iAF = o1z, £z, Fe MRZFRELHABICL—H
—10mJ] BT 5 &, Fe DEIEGHAZVHMBIZEBFRDARY MILHAKE CHEE LT,

RKAKREDIREIZK > TARY MO EILT HEEFERET 5. L—F—HBEHEID 5
DOEBHIMNFBEHNZE 0Pa, 0.5x 107Pa, 1.1 X 107Pa EEIL S, FDARY MILZEEE
LEEHT LTz, OPa DM F1=5 DDHEFBDARY MILIZEHEDEIENDE VNI ERFENKEL,
Cloutis et al.(2015,Icarus 252, 39-82) &« —E L=, —ATHHIZHAIFBHENZ0.5 x 107Pa,

1.1 X 107Pa LM TV &, FelOOwt%DIGE TREENKREEML., XTHEELD
EAAVIZ Y (b i

Fe40pm - Olivine25-45pm mixture Fe40pm - Olivine25-45pm mixture laser

100wt % metal (Fe)

0 o\'w'\ne ;
25W"‘;';C/;)wt.% olivine 2 100wt.% metal (Fe)

S 0a 50wt.% olivine
75wt.% olivine % olivine
N 25wt.% olivine
&

Wave -Z’"I-‘;,'J“ :Lp"‘\ ) » & : 1 1~ 9"\:51!\.: pm)
EAVSUVREBDOHBRDEREIGERILSELFHOARY ML
A AVSVREHOHMROEGEGZERILSE., 10mID L—HF—ZREF LEFHOARY bL
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NWA 2900 CKa >V FS5 A FMICEENBDKEZERZE
#2E% L 1= dark inclusion (&SR

OEEES |, PHEH " RBEE’ FAREIT’ Michael Zolesnsky'
'R RZRERBEEHER, HFARAREE BEMRARARRES NI THE
7T, “NASA/JSC

Bk & IR O RE G 128 £405 Dark Inclusions (DIs) 13, R 72 G 8 F ke 2 7R
THODRFIEL , EAVDITHIERICIEEER K T2 A ITR W E G A 5 A CTVD ATRerE
D%, NWA 2900 CK 2 RT7AMIE N TS DI OBEEI T2 A, HLRL TR
wlEEAEE F 0 diopside KL D RIRAERK (diopside veins) 237 FiL TV e, 28 LT
R ESLPFA T i DI DR LT IR 2 B S Pl it A T CROT2EZA, &
BT L2 e RIB X7 (Takahashi et al., 2019, MetSoc2019 abstract#6221) , A#F%E
Tl ZRAA G ESHTE (SIMS) & W TR SR RN KL AT 24T\ Z Ok 2
FX T DI OBERDOIE L 2B L2 LTz,

NWA 2900 1 DI D KEST#] 1.0x2.5 cm THIKI 2 & CHERS L, 22 RV 2— 1%
B ERV, DI O~ KIZ7 A% 20 pm LU T O#RzZe olivine (Fasss:o52), magnetite, plagioclase
(Abes 6+7.1, ANss g+73), Cr-spinel > HAE % E415, Diopside veins % DI £{KIZILRA3>THED,
ZOREXIFTK 1 em, 1§ 100 um F2EEH 5, Diopside veins (3f& db D BV VFRLZR
diopside TTZ TV %, Diopside O#HE% L Wo 46.1-50.8 mol%, “F-¥J Wo 49.6 mol% T
Mg/(Mg+Fe+Ca)i% 51.9 > En >31.1 L1EAFFD | AlOs ~0.5 wt%, Na,O ~0.2 wt%, Cr.Os3
<0.04 Wt%D ISR ITEHR DIREDME, ZD X Mg %<5, IRETTHEEIZTEAL
B ERNEWIR ORI, diopside veins 2ME B IZI > TR L7 D Tl miERdK
BN L > TR L2 LA "2 L T4 (Bird et al., 1984; Robinson et al., 2002)

DI @ olivine, magnetite, plagioclase (hJZ2) %L T diopside (veins) D 4 FEFHDF &
= (Host) O#KEZ: olivine, magnetite, plagioclase (< )2 &) LHLKi7: olivine (22 RV =
— L) DERZE RN 2T 21T 72, Host DHLKLZ: olivine & FRU T, R & [N AR
1% DI & Host Ot J5 CTHIERA /D BIEAR (TFL) O FIgo AL (AY0=~3.4) , L Licz
IWENIRNAR DI Z R LT, Lo T, DI 2SR BESE RN AR A, Host D CK 2 RZ AR
RERMRICERIE L 2R OBVE RIS E - T, BRI LI EEZ RL TnDEE 2 Hd, DI O
BUBRIEICOWTERT DL, LT D 3 DO THNS (1) DI BRI TEIROEUK
ISREhSELZD . DI OFEAR=> diopside veins MERL LTz, (2) 1A R DE L E OfE SR, DI
I% Host ® CK RERMIZEEFEL . SOBIZEVE A 32172, () D%, DI & Host | CK
RIRZBEERLL . BEAEL THIBRIZ?E T L7,
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[EEEEDORAEMR - TREEEICKSNERE
72 BB FE A~ O il Y

oFF K, ENI AKX 2 ARG 087 °
"FEHMEAEREMEE THRAEWERMR CELIRYA, P RRIERY hERXRERFER

ABRICEAETH/IREISHLREEARZRL. RERAARROCYEHZBRICEEL

fNEEZ S, INREMORET HKRMMELGER (32 K34 MER) (2E. ExRRALAK
HRDIESDERFET S, COELDEFIE, PFEIT7EFIIFEIRKRERABHFEZTHEM
IZEREFLTW:, AEATHERICLSEBZONTULS[ EN], TO-HEREENDE
TTHRENMEERKIE. MREOERBIEZRBT SEENGY—ILELGLINHFINLGN,
DEBRMENEEMITRENFHAEHIIARLN,

BEETIE, [TORE, (FORE 2, OSIRIS-REXx ENBREH L TILY B —AFBEMNEHKIC
ThnTHY., 2021 FEICZIE C BNKEY) a0 T DHABOMEASFHEFE LTz, I, B
KAWL D THEFEENTE - BEEEBGREEX, Vv T oLk r—ILDOEBIERNS
bNB-8, REEBRBEVWTEETHD, NLDIEEHNT—I2HFEOEKEEEMNIC
BRI 501, BEOEARNSHEONI-T—F2 ZHRATFRELETILOEBELAVETH D,

AWMETIE, RIBREBRABICHEITIHARAEMHMFOAEMEEICLY . A EDORAA
NMEHEL. BEORMAET—2Z#HVCTNMNREDOHAEEERD D EEEHAT-, RIA
BREZABRICHEET ISR MIABRENOD Cr AR (Cr=-1) £EFEDERE LT,
Fr-. ABLICITEHFEREBROMAFINEASINSD (eCr = 25,000) & L. FHEAIZEHR
FRIZ—HLEBRETHGITIERELER], MAT, AUICKEaTHEET SRREE
A, BIATFHEHRIZEZ 528 %51E L=,

ROLBEHMLEy—RXEEZEZ-VIalL—varvh
5., ABOERBENA/NSMES (=107 | B
MEMBDAALRT—ILI+RICKELLGESD D
Ehbhhofz, SOKIBKRRT T, RLLAEFR
MEMIAABREEOK Myr BIZELERINS, £
f=. BMHFOH A XHPEMEES (@=10°cm)
FIDE~NDETOEENNSLKBY ., BEETY
BESREIAPT L, UEOEHIZMZ T, B
HERXOAEMEOEAZTEZICHEULG/ASA—42 1 10
#HAWT, 8D Cr EMASTE#HEL: (F r [au]

1) o COREAEPTHEBRLED Cr ANMAER R 1 : Cr AfEOERAES%H[3]
[2&2T. ELDRFRBEERBRAN 3-10 AU 2

ETHERLEIENTEINZ[3B], YaDwTolk
BEOEALFRLITEEREBORAERZHE >TVEIEAMONTEY ., 10AU LLETH
RENR SNI=TEENENH D, FHRMIZ(E, FAERERZRICEELEETHD. TF
BFHEEHBONTERT, BEMEMET S22 LA/RELL D,

erCr

—_- (=} —_ N w s w
T T T T

[1] Kruijer et al. (2017) PNAS, 114 (26), 6712. [2] Ouellette et al. (2007) Ap.J, 662, 1268. [3] Fukai and
Arakawa (2021) ApJ, 908, 64.
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KHEEEROEUETMBALIBRADOEMUEREHICER2EE
EEHN Y, NEATIF?, KHEHAS
'FEIXKRR,LERZ, P HRRIEKRT

IR ETHREINZIREERLZERIT DL, Z<OBEAND RIS TEHRICKLDEMEHBZE L
TW3[e.g., Stoffler et al., MaPS, 52, 5-49, 2018]. Z1IEBED KGR TRARRAENDEREHMIEE(IC
BETW I EDIHLTH 2. BABRERICEETN TV 20 P K & W o e REMBEERAE
&, ZDRZIETH 2 *°°Pb ¥ “Ar EOEHZAVWTKEGRORZEEL ULTHWSNTSE . 20D
BT ZFBT 5 & TRABRANMERZREBRUICHAZHE T 2 EDAETH S [eg,
Marchi et al., Nature Geoscience, 6, 303-307, 2013]. [REIf{ARFETIE, RAEERRFOMBAICKL > T, YL
v, A, kA, 7\ A M EDIMYHPICEBSNIBITRMNMEEL, 20D SKkbNS I &
IC& > THIE b NS, BEERTRILEZR I I ICIE, HIZ1E K-Ar RAIERET Tl 1,000 K ZE DR
ENRETHS [e.g., Marchi et al., 2013]. & Z B HY, Rankine-Hugoniot BIRIL & AN FEBED SRS T
&, INBREFICH T 2HBNGERREEE TR, BRETROEEREAERICE VTS 1,000K
ETHRBULRR.

KRR TIRIAEFER WE SN IBEZ RN DRI ER[Quintana et al., Procedia Engineering, 103, 499-506,
2015; Kurosawa and Genda, GRL, 45, 620-626, 2018; Kurosawa et al., GRL, 48, €2020GL091130, 2021]Z HX D
ANT, NZREFTORYNSEFR CRAMAREDEENR I 2B ERET U fc. BUHEIMBANEE
ICHE Z 2 LEBAVEERE (<10 km s )DER T, BEREBERDEE LD BRE LU CEOEREED
ADE 100 K HELRBZ. KB RERBKEE R CRES EMMEETHHAT 278, FRATERIK
BEDRHT I 2. > TEUZETIMEADRRIC KX > TEBEOEZEER DOTTRIGEEER STERDOEE L D
HREWC EDPBHFTEND. LEDRBEUZEIEY 57, iSALE shock physics code [Amsden et al.,
LANL Rep. LA-8095, p.101,1980; lvanov et al., LJIE, 20, 411-430, 1997; Wiinnemann et al., Icarus, 180, 514-527,
2006]Z FAWT, /NEEF ORI GERRE THSWIE 5 km D 2 RITBBEERFIEZERE L. &
ERAEEFERREISBWEENSGD ERE L. REMREDT 1 XLIFKE L, FEREOMEE
BETEDERE L. FIPRERE EHOMRISERL /2. iSALE [CEZEEI N TWS”ROCK”
model Z AW TEADHBHGFEEZ RAFTEICED Afc. COETIADANING A—5 35T
R DE[Johnson et al., Nature, 517, 339-341, 2015]ZRA LTz, LEEBD D ICEEREDETEHETL
fo. BIESHBE ORI STRILBICHES T2 EBRONIEEREDDHmZRDcE T3, BBEHHET
I 1000 K ZBZ Z2BEDRENH, TERAETIFEEBEBF THRERED 600 K ZHBZD2YEHNIR
ngm-ofe. HEMEOEEERD 551,000 K DYERF Y L —FRICEREZTHRL, £DEHIEE
RRAEFED 1012ETH D e b - fe. BIEERFABE TKDILABRED T ZNIFGEE LT
1 RITREIZROMCE AR HENICRE, REE(LE TRILBEERMZ U c. €DER, WE 5
km OEE THERREY 1 Xh>10m THNIL, KAr AMAEREAEEI NG 2 &Ehtbh o T,
FFE:iISALE @ F % & T&H B Gareth Collins, Kai Wiinnemann, Boris Ivanov, H. Jay Melosh, Dirk
Elbeshausen D& KICREHB L 9. BUEEEEEFBR OB & HEEIC I pySALEPIot ZERE LU
fz. FAFE D Tom Davison KICREHH U FT.
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BREZREMNALL

e | DEZEYNER:

R HEP D Feather Features DFEKIESH

O% HEIL Y, BiEH 2, KEFE 2, Christopher Hamann®, [ANMIH 2, Hr)sfEsE 4, W2 1.2
VT RETERFHIBRE T € v & — 2 TRETERFRERENI £ ¥ X —, *Museum fir
Naturkunde, Leibnitz-Institut fiir Evolutions- und Biodiversititsforschung, * B K F KB 127 R 58
By 27 LRI HIK

U RIMEREPE X 723, SE
HeH 7 A, ERZRAM S LCiyhic
AN, ZOYIFERHE D O B EBRE BT
NEWET 2L TED, FRcHER,
MR b5 AY ICfE7E S 5 & & % Planar
deformation features (PDFs) 7z & D R 7 iy
B EZ RS C LA D, HiER oz
JL—R— 4V x7 REORRPLHEET
NOHEEICH SN TE 2,

foe s L — 2 —NTIX, B8P HEZEN
DOIRDBY 7o ABICTET 5720,
GPafR2EE DI W E Z o 7o a A DEIE DK
gl hbrE2ZLNDE, — /AT, AXEH
W7 e DTN FEER 1L 10 GPa M R o
BIEHCiTbh=d D5% <, 10 GPa LT
DAKHE T D B v o fifi B 28 pRCRH AR o0 B A 1
T+ T,

ARED OEBELZRMEO - TH D
Feather Features (FFs) (. A3 o P
H (Planar fractures; PFs)2» & — /7 ICfH T %
Wil o A7 TchHh, RARDIZ L —&%—k
Bl 6% (R S T\w 3, FFs (3 7~10
GPafREE TR I L5 & S, (KEHIF T D
AHEOFRIE MMM L L CEEM o T
W 5 (e.g., Koeberl and Ferrier 2019), L 2> L.
FERIIC FFs DIEAL & HER2 L 7245113 Poelchau
and Kenkmann (201 1) D M]INFEER 1 > = »
FDBICIR SN TEH Y| FFs DI #ilH
DS HITiE IR o TRy,

Z T TAWIZE TR, EERIYIC FFs DJEK &
AT 5 L. ZD 9 2 TFFs DIERITE S
PAEBE2 L2 HIIC, {Ea % v 72 ff
BN EERZ 1T 5 7z, RWFZE T, B
X LCTHmic/hNE WIRAIAZ w3 Z L
L0k cE B 2 HE S €. 1~10 GPa
FEEE D ME A T ) % #3250 L 72 3k % [0

L7z, & BICEER & [R5t o Bt il 22 &3
HAFEML., FRAREE L 72 IR #EE
1T 77,

Fi&k LREZEZ30MmM. 5 24mm D
FAERICmIT L, 2 villa v 7 iU
L7 ZHICEE 48 mm OFRY H—FR 44
N ER 2 EZ2EE 6~7 km/s TEZE X 72, [0
INGRRL DR 2B L. fRCEEMEE T <8l
K72, fa%Etf D PDFs, PFs, FFs IC2 W\ Tl
ZDfETLE, 2= N=F LR T =V
RS IC X D EIE L7z, £ 72, iSALE
shock physics code % FH\» 7z #2251 % 52
ML, 5RO BRI ) & HEE L 72,

BREER AR oHEERETICHWT,
YT PDFs « PFs & & 1T FFs 285BI X
NT 3 DHBI I N7, FFs KL T
% PFs ® 5712 {1010}, {1120}, {5160}, PFs
B O T w3 MMl T AT DL
{1013} CTH H, MiFDOLITMITH L2
85~90°CTH 57-, T D PFs & I X 5 DIk
KRD 7 L — % — Bl @ FFs T Wi p &
LT\ 5 J7 5L T & % (Poelchau and Kenkmann
2011), ¥ 72, iSALE % W72 BUEEHH o &
B, FFs 23152 & 7= fEIR o SR BRI E ) 1%
B X% 530°C, 11 GPa & HEE 7z,

FFs DA DS EERIN ICHEZR X 7= D I3 AHT
0 2HIHTH 5, RFEFRTHIE S NTBK
J+:71(11GPa) % Poelchau and Kenkmann 2011 @
FERAEF(7~10GPa) & L3 2 & | WinEs
BTHDEDDDLREWTEIITH Y, FFs 28
10GPa LA E DT T DB X 4L 5 AlRE: 3R
WXNd, SHRIIEHEEEFORMEEE Z
7o KEEZ T\, FFs OFEBREN% & HIcHiliy
TEHTVETH S,
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KR D ) OIVREERIC X % 2> PV —IVIBAL  #i6LY L DER

Ol AR, &7 TH5 Ak gl
VESZRSCH BHARIZE, CHAUTHERY: MRk B AR

AV P94 FVEADTFEEZEEYTH B ay FLr—Lid, FIBEAGREZERTED L 5 ITHER
ENTDEALID? 2y FL—IVIBRIEKERICE T 2 KEBR & &I T VLT wa &2
SNBM, ZOWERX = ALZIREBHIN TR, L l1Z, 2V FL—L2KMEEE D
D DOIREER TR I NS L) v F ) A 2R L, ZORYMZRET L7, AFEERTIE, 2
YRV — V2B M) ZCEH L, ROMWKBEERE £ o D OIMREERIED 2 » PV —LVIBIRE
X OHIRL ) ADEEREDS E L THEL TS 2 2R,

ARLY L OFE LT, BRI F03 73 70 v d AL X ThHb T L, BXU, VU LDOEEK)
INE BT EPEF NG, MBIPRHR Y ADEZ1E 10-100 pm FRETH %, WEHE, MRLY L
DERJFEE L Tay FIL— NG ¥ 2 MR- o diEZ% (kinetic dust aggregation; Liffman
2019) LWL LT A TR I N, 7370 rH A ADL T 3y 7RI, HAER
T 0.1-1 knm/s DFETHIEST 2 L £ T Iy ZEMAET 2 2 ENFEBRWICHSN TS, K
e Tld, a2 ¥ FIL— VB DY TH % IMREE R I B 17 % kinetic dust aggregation 7’1+
A2 K BRI LT O REM: 2 G L 72,

Tz ld, ROMOKERDO b O CEBRIFEAET 5 &, KBEBEDEREIT X > TN A b
RS RRERE D SR S 4, JRFTRIC S A b« ALY 1:1 FRE D 5" A MREFIEDTER S 1
a2 tzmLl, 60, BEFRERGTICET 22y FILV— VOB Z2EE L. Jiflk—Xou
FHRLCEED W CHIERL Y A DAPERER ZEHRL 72, ZOf5E, JES 10-100 um BREE DMK Y L 53
RS NG5 2 Ld3bd o,

(@) Qq=0.5,v,, = 1kms ', v . =0.1kms"

Gl
=
<
[ = === Murchison ]
10° £ L=3x10"km
g 1 x 10* km ]
) 3 x 10° km
10 2 | | | | 3
10 10

ro (um)

1. 8P /7T Kinetic dust aggregation 7’1+t 212 Xk - TER I N AHMK Y LDEZ A
DAy FIL—= VPR o ISR BARTFENE, MR DZEM A 7 — )L L DiEGIC X o TIRIKINICTE S 1
R A DE X 1357 2, BEfRlE Murchison CM 2> F 94 bdoa v R)L—)LOfik Y L o #ifl
M7 JE X (Hanna & Ketcham 2018) | JKEADOFEKIZIEEHE T @ > F 74 bhoay FLr—iLo
ALY 2 oA )2 X (Matsumani 1984) Z#E L TWw 3,
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BRERLF DIEATE NIRRT 5 /NRERIERLF O B

OfR Ak, i BBy (fFRFEELTER)

IXC®HIT

KO E I11%, RIERE ORECHEIWE, RIE> 6 ORL1 %, FrIAKE )8R
BCHEHETH D, 1ERO/NRIFMRLA OfFE T OREEIZIEL, A3 T1 050 F I B 5
THE LERALPHANGNL TS, LML, ExidonEzTic, H+HIr7n 94
A DIEARLA DOFFE TN, RiEE CHRE SR A XKD W e B2 bild 2
&L 110°CTOMENE B225| & T 3(FREH T 5 Z & 2 $5%F L 7= (Nagaashi et al., 2021;
Nagaashi & Nakamura, JpGU 2021), LU, ZDOfE I OEIN, WAEKEKDERZE
WZEDbHD (Y ki @ Kimura et al., 2015; Steinpilz et al., 2019) 2>, #E OZALIZ
Db DONERIETE TR oTz, £ 2 THENL, KT TR 72354 &gk
(IR CTHUKARDWE LTI56 ORBEARFOfNE 2 E L, I T, 57773
ERMETOMBN X 5 HEE EWEE DR HEZ T,
ERFE

0 (Krupp 1967; Nagaashi et al., 2018; 2021) 12 L 0, ¥ 40-50% D K& H T,
110°C & 250°C T 1 KRFENEA L 72355 0+ 7 v oA XD Allende BB & Tagish
Lake FEARIF D& 12 HIE Uiz, BEOEAMICE L ik, e, |iETHUK
KRG S TG OME N HHE LTz, BBARFOMEIC L 28 &210 L mEZE
OF L, BEE - REBFERFAE 21T 5 2 & TR,
FE - B

HZ2R| & 72 L 250°CL K ONEA T, Eb b OREATES 135 715 5 (SRR L
Too MENZ X % Allende FEA KL OB & ITWE KR K[ORETH TE, WAEK
ERJOBREDSEIENE LT 6 LI EFE X 65, —J5, Tagish Lake FEA KL T-130
EVCHNEROERMEME L R> TV D AREMERH D, LavL, MEME, IR THOVKA
KRR LT B O EE B L 72 o 1236 L REEWTI o T2, (6 T,
Tagish Lake FEARLF DA DHIIN S WA KZEKOREIZ L D DT, #HIEMHYE O
DT E B2 TOWRNWEEZZ BND, AT RN D, INEREMAKLTF DfTE T
ITFIRFEECOREMEE Y L 5ERERETWE PRI, ZNTH /A Bennu
AR & L TP RSN DKEZER LTIZRFE = K74 ~ (Hamilton et al., 2019)
O+ I 7 A O, RV A XOH LIV ZRb1 L0 L5 0 1 HRRE
INSWEHERIE D, > T, AL T ZRFZE L. EDOMNEFEIIDRLFH A X
Lol 5 BER A B H L C Bennu kL -0 Al BN 2 i%am L 72 e/ THFZE  (Bierhaus et
al., 2021) TixH+ I 7 v oA XL EORLT OfFE T ZHTEWIZIEREFHE L T\ 2,
AR OFEFNTEES < & Bennu RIERL 713 Z OFEATHHROHEE L 0 & @Al EhitE <,
X0/t TF A=Y A RO PR OB TWVAEERD D, 21
Bennu 7 B H SV TWDRIFH A X LRI CTH 5,
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ZABKIROBEREERICH T 2IFEEFRA H =X L FERFREE
MR KPR OBHEEE FRIKE 5%

EC®IC: LRI v 7, AR cm 2081+ m £ TOAKK T CHERINTEY, ZokTH
+ 135 em/s AT O ESEE CHWICERT 2 L Sb T\, ZOMAEBEEOME, Vv kT
VLR - RIS - WEREEC L, LR v 7oL Z oS I E R I L Twb, £, 1B
U v 7 HIEEICHE TR (RS 100m) Zf->Twa 003, Vv 2RIt EsikRc L, =
INEF—FRNBECEORL T B0 THEEEZLNT WS, Tz, EIEENNS S Rs L, FiT
Ft2AET 2 enTFHIEINTE, )y 7R IIREEERD v > — =Bl b 22 0K
Fr8EAaRTH 2 L FHIIN TS0, LEKIKRO KAHRBR O EREIX Z nE CREL (RS
nNTww, 22T, SAEKROEZEEBIRICOVTHL KR LEEH 5. KK OHIL, %L
EOKERD AR BR P T AN F -k D 2 = X Lo EREEZHL 2L, 12 Y v 2T oNE
WEEHET 2L TH L. 2D, LAEKEKE ZFLUEKIRICHT L TR B 2B A 17V, fHZe
P & RFEARBO OB Rtk o BAGRIC T 3 2 ZEBRaR (kA1 % R~ 7z

ERAE AT, HALEKIRZ FRIREDZERE (0) 2RO BN~ HHETIE5 2L
TR EE R ER T o 72, KB OBEICIZL —F — LR 20 L, HEorEHREE? & KH
RBUE KD 7=, F7z, MR & KT 2 & & CEEER (KFEROME) 2P0E L7z, ZAUEDKER (F
& 1.5 cm, @ =47,53,60%® 3 ) (KR CHEFRE 20 pm) ZERIBICH LED TIERRL 7=
¥ 72, BERIBIE S FUEDKER & RIBRICPERR L 72 % FLEDKIR CEER 1.5em, &E 2em OFE, ¢ =47,
53,60% 0 3 fEA) ZfH L 72, MrossEEHIFE Ty, = 1.27 ~ 101.1 cm/s TH o 7=

EEIER | LIUEDKERO KAREDKIR O G A L Bin b, MZediEoRme & b I KARBUL T2 Y
Beld, HEHMESEEIITERE S i h o7z, 1 [ H OffZRIC X 2 REFRENT 2R O - TIRT
L, fHZ2eHE & RAGRBMOMBRIIEUEEATE % EE L 72U T D Andrews €7 L CHHT& 7=,

2 L [—2+./30(v;/v)2 —5]. v, : ST MBMA T B IR

T 3i/vor2

® =47%Tliv, =1.5cm/s, & =53%Tliv, =0.68cm/s, ® =60%Tliv, =0.47cm/s &7V,
ZERHHE AR E VI LN WEHE CHWETE A G E 2 2 LRk I gz, 2 [ HURE DS IC
X2 RRFERENL, 1 M HOHROZEIC X Y BIFROEIIMATE hhr ol L L, EIEE L
KFRIREL D BEfRIF 223K X 59 Andrews €T LV CitlHT %, v, = 028 cm/s L 7o 72, F 7=,
® =47%Tliv; =70 cm/s, ® =53%TlIv; = 17 cm/s, & = 60% TlIv; = 90 cm/s DEZLH L
THE2FIR L, S RIOMEIGEEHIFIC I W TG & KFEDOM T IR RAMR I N,
BIEEE NS R 2ICoNTRI YLD, v =20 cm/s LT TIZEZE DK Cff
EBEHERI B LIk 7.
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DFHAFEIaAL—2a30TES
SR E/I—REHEEER

OF MM "2, NARE—E?, BAHFH’
'"HRKZE, 'EXXXA, ‘HLXZE

BRI AR R O R CHEIT T 5, FUAEERMEII Y R & B (A M) b
RENTEY, MEOERMETH L X A MPHEESCFIAREZ R CTERE~LRET S, mm-
cm LFOREIZFFOX A ME, FENICEAHEBEICLVEREERKET S ENBELLN
TWDHD, ZTORREREITH LN TIERY, XA NOR/IMEREMN THLF A NE ) v —0HF A
FE ) v—NEER L TIBRENDT 7Y 7 A b OFESMEIC L D EEBRRIT, BNFER &K
BOW G NS TWD, BEAETIEIE /) ~—BHEERE LT 2 50F /) ~—BI2@<
(AECEELR, 150, OV R EOMBEEAZE5 %25 KR BEfmnHwohTng, LLIo
JKR BEERIC DWW BEHEN OB LN D FERIZHONT, ERNEROFE R L OBV NEHRINT
& 72, Poppe etal. (2000) |XE / v —[RLOMBREENFZBRZITV, £/ ~—23l22 THkiaR 5 [R5}
HEN IKR BEFHOTHIEL Y KREWZ & &R/ L7, 72, Gundluch & Blum (2015) Tix7 7'V 4~
A MEZEOBENERZITV, Bkl ORFEEIRERAELFF O L2 RmB L TnD, 20D
&9 2R RFGEEE OFE WP KA T KR BlER CTITE T2 2 &R TE RV, T b DEWIL,
JKR GRS MR A RE L CWAD Z E WK TH D LR ST Y (Krijt et al. 2013; Tanaka et
al. 2015), Tanaka et al. (2015) 157 FENIFIEIC LD/ v —HE Y I a2 b—ra UKo T, &
LOTZRNVFX—D—HNE ) v — %R T 20 FORBEICHN oD Z L 2R L T\,
JKR BEERII D T LV TOYHEZ BB L TE LT, £/ v—MHEERAZIEL 2525701
15T UL TOERERL A2 T, IKRFEHEZEES LIMEET 2 HLERD 5,

AWFFRITE ) ~— RO T IFE I 2L —ra & 2752812k, HFL~ULDE /)<
—HHAEHZALNCT 22 LA AME Lie, Fxld, RN 76 nm o€/ ~—%HEL T,
EZEHREECIRE & W o B B2 (LSBT I ab—a v afToT-, T5&., HEHEL
RELTDHEE /) v—BER LT 20 BEOMBEENSLTVIRECHET L Z ER¥bhotz
(X 2), ZOEEIT KR HimEDAVOERO—D>ThbHEBZZX LD, WITIREKFHEIZON
T, AW CTIHMEIREFM (T < 100K) CTEZEEAEZITV., EOREFRHAN TIHEFEEITH E Y
ROoNRNZ ERbhotz, KAEETIZINS OFERICOWTHELLIBNT 5,

Vimp = 0.50
AN 020 ——
1500 / 0.10

\ 0.06

1000 |

500 \ \ | .

@R KER% N\

@2 kAo &=
JEfE L Tn<

Force

EGT SR
=
40 41 42 a3 44 45 46 a7
B1: € ~— WSRO AT v TV 3y b, distance
B~ — BT 2 R I TR £ 5510 X 2: 2 So% 7 ~v—ROMEEES T/~ =12l <
PMBE L JERE L TV ERABMBL, = TR HOBR, BEBEE 03405 nm CTHIM LS T
NEE. BINEALREDEICLTNS, %o JERRREL MR CRAR DT (EXF Y 2 2)

BROLND,
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DESTINY &/ NREBELEZH AT (TCAP)
BELUVTILFINY FAAS (MCAP) DBAFEIK;

ORfEE " #HE' HEAmt' FAAESR’ ABHZ’ WEAZE' BREE' FHEF
HHIX", BAFAY BHEET® ERE’ KBAZ’ BBRE°
"FEIK, WUAA CEEERK, ‘RILK, CiI#HX

2024 EDHBEIFFEDRFHIFEERNMEIE S v 2 3 > DESTINY® (Demonstration and
Experiment of Space Technology for INterplanetary voYage with Phaethon fLyby and
dUSt science) (&, 2021 £ 5 AIC7OY Y F 7z —XICHBITLE-EIZEEI v 3 Y
T, FEHNOHIRARET HFRX N (FHE) OERMEAL L UHIIRRES X FOFERE
BTHOIREHBRAOERERMEHAZTEEL, HEKFEDDSF X FERBIS &K T/hKE (3200)
Phaethon W 7 54 INAEEZFEMHET 5. DESTINVEE#IZIZ 2 B0 H A5, IMNREBREER
H A5 TCAP (Telescopic CAmera for Phaethon) B LU TILF /N2 KA A S MCAP

(Multiband CAmera for Phaethon) A\#&#xh, Phaethon M7 51 /N1 IRIGERBIEEiE T
5. AECEREBOBXRELE L THLONTLVS Phaethon (X, EREDMBKAENKET
HYGEHSL, BARMATIEIR MERELTEY, FE/NKELFIThTWS. LHL,
TR MDER - MEHEBE X Chh o> TULVEL.

TCAP [FRIFRREBNDERE/ YV OHAST, 734/ N1 I, Phaethon DS54 hh—7T
A, JOo—/NLRKER, BEEO 3 RauBRER, & UFHMMREERI%Z, Phaethon
FTOEMICIHECTERT S. MCAP [EaEMNSIEFRMINTTORIBEREZFDOTILFN
Y KH A5 T, Phaethon BRBEHDOYMERBZERT 5. ChoDEBIZKY, LRI
K YUTRBEINTULVS Phaesthon EDRRY MLAH—H%E, EEPEdEARE N> O—
NILESHOFEOO—DILHBEICEELZERE LTHLHZ EAFEETH Y, Phaethon
NEDFTRNDERK - MEHBIZCOLWTOMENELOND EHFIA TS,

HEXEER 35 km/s, IZFEEHELD 500 km &LV, CNETIZEVSERI M4 /1 &H

(RAHEXARERN 4 deg/sec) FTTH/NWKREFEREREE, TCAP ERZER L 1= B EhHIH

(AvR—FREME) ICKYERTS. TCAP IZIETXRABEDERANSORARORH#L H
5h, EEMBOEMETM BEAEDORKRET, BEMERIIHBRIBEORGSZERL TS

WE, BHEAASFERERF I7z—X, §hbst IM(Zo2=F7Y U JETIL) DG
TJx—XRIZBITLTLDS. SRICEAREIEER PDR) #XEEL, 20Dk EN ORE, FFM
NEEDOFETHD. AFERTIE, LBD 2 BEDOHAS TCAP & MCAP OBARKEH LUV
Phaethon iE B REDIREEETEIZ DLV THRET 5.
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DESTINY* Dust Analyzer (DDA) TEHHIT 2
BEHZ R+ DCEEHER Y A X743
AN BERIVIERIYE 2 HE S 5 00

O RN ZA MMRIER Fidt A7 P Bzt
' TETLRREREREME > &% — (PERC)

EEPEEIAT R () e XA (BER) 226720, XX b O H N, BRI KE & EH
ZIEERZ D, BOREROFUDICHETS 2 K513, BfE. RATEMZE (Local Interstellar Cloud)
LIRS B E 2T > TWAEED—>TH 3, RATEMEERD 77 X<k, 2
T X< KGR T 7 X< OMBEERATHERI NN AR-12 &> T, KEMZEEANDOH
AZIEEATWD, —H, A AV FLF—DEWTTRIROEN DD, NV A R-AEZEHK
TR EMZE RN ERZER R R R X, RIGE TS X~ & DA A 2 Hf2IT Ulysses FRAERKS
ACE #EICHEER I NIZEREONEE SWICS TrHllxh T\, FATEBEZHITHD Voyager
1/2 BREMRIZ. RFTEMED 77 X~ FHiE. WEZEENREEL 2o 703, 1977 Fi24TH
EFonTHhEANY FR-RZHET 2 ETIZ 35~41 FHORVWEABRETH -7, BHIH R
. R RIADGICHN 2 BITRFTE OWINARZ 57 EAE T 5 Z & THRHIFTRER TR S D 5 B3,
M ARREZR TR & BHEESBEAI THNIXZ OFEEZHENT 2 2 & S EETIER WV, 24Ut
L. BLEDOZWEHRATEHRLAZRA M LTIFELTED, EMEWED 1 wt%h FRELI» R WVWE
WX 2 bO#EATH, EETAOBPTIZEZ Z e PRERERERETCE20THS, BEMKX
A+ DZDHHEX Ulysses, Galileo, Hiten 12%i%FE L, Cassini FREMEHROE R IIERIC X
3 DGHETIE,. BEIKXZ N OMADIERDE FILTIZHATE R WKE SWICS THEl X
TEEARDHKE EIFE LRI DD o7z, o T, BHX R NDZDGHERRIE, 2
MYERACBWTIIIEFICEER T —XDEREE AR TN TE S, T/, Stardust FEERE
WEBH YT Z—rTHIBRICR B IR O N2 KX R N O TlE. TERDRIMRENC X 2
ARZ MAF = RIZEBNBR VA Y 5 Y ADIFEDAL PR o722 L6, BREWEMY O
MENLEEh 2,

2024 475 T FE OREFHFEEFMEAA DESTINY T B X3 X2 b7 F 544 (DDA)
. FUDEEEE 1 au fHEOREMZEMEHITHIC, 2EBKX R O(LEHEK, R, BAR, #E%
ZDGAE ST %, Ri#ETIEZ, DDA TOEMEKZ R b0, EEMEOH R ZLD 3720128
DXL DDH, AN EFVERIEZHREZIE 2 D0, IZOWTLITOEEHZ 25T
Rt s %,

o RATEMEDwEEE
o 0Fe/50Fe [FAfTHALL
o RATRREX 2 L OEH
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HNDOEBHADLTEONDKEREZA L
EEEBRITT — 2 ERDEA

OfiE MET'. ML B’ X BE'. 8K E3h°. % B Ezm K°,
[FLb&E CL&—L° RAIE EB° EX B =% BE®. K #0°
'BRERB AT, WAKA, CREEFRKE. 'RERKE, TLEEXE. CEILKE,
TREKRE., "ECFHEF. THFEXE

SERFEH [HHDF] OBAIZKY ., ENADASOEEHICKHKERE. RREIFRNH A
FICKBDREDKERTHDT—FAENERINDDOHD, LML, HHOEHLH/ELNLE
Aoz, BEEE. SilEm (BEHSWLIERAICED) . SEEECHNLAHY .. A
T—R2DHMN LR - EREMICKRLABERAT—IILOLERMERIREZMD LT LU, A
ROEMIE. BEANNETICARLTEz. EEXRKKBERETI/L TAFES-Venus]
(Sugimoto et al.2014a) ZE([CL=€EXRKT—2 R AT L TALEDAS-V] (Sugimoto
et al.2017) ZAWVT., HMDEHAUET —REIEDFEICE >TETIVICRYRAL Z & T,
= - ZRABEOEEDEHMFT T — I ZEHT I LTHD. AXKKRTIH. 2ENE
BLEHICHITE2AEMBATHEIN, KGEELLITBRBTIXREREOKRKEETH S
HRICEB LT, ERR LB T—2 DRI E1To 1=,

1(E. HODOELENH A S (365nm) DEEHF (Ikegawa and Horinouchi, 2016) 2k VY 1F
HNEHKFERZEZ 2018 F 9 AN o 12 AOEMICOWTER LA THAEE T0km IZEME L
R THD, RAERDORIEDHER (K 1c) &, RMEAZALEBER (B 1b) [CHARTHFEE
DEFEEE 2 DBENFAMAIZ 2BFERIEFEES T FLTWS, CORBEIIBRAKREEL.
AFES-Venus A5 > TW\ S BBV RDAED T D LR LR EICHII LT, F-EITHE
(Sugimoto et al.2019) L L EEMTHD, SRIF. Fon-RILBERZHEATHNHTOE
EDEHHENT 2L LT, 2ALTW FETH S,

(a) observation (b) control (c) analysis
2 90N 3 90N o 90N
£ 60N 1 Ty LR - e | S oon{ W -
D 30N L 30N D 30N
g g g -
0] 0 £
T 305 T 308 T 308
Z 605 2 6o E— | = g0s{ e -
9 90s 9 90s — 9 908 ——
0 4 & 12 16 20 24 0 4 & 12 16 20 24 0 4 & 12 16 20 24
Local time (hour) Local time (hour) Local time (hour)
[ CEEEEEEEEEEEEEEES g [ FEEEEEEEEEEEEEEES - Y
80 90 100 110 =20 =10 O 10 20 -20 -10 O 10 20

B1 2018 10-11 AEHDEE 10km IZHITHRABDFEEO—HILE A LE, (a) &l
(b) Bz L#ER. () RMEL=#ER, b o) FTHFREANMCDRETH S,
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ZER KFERERBRIEIRITH—ADEE-

=
OFREA", AR, EPNEE®
FRMEHEA. . RRAFHEL. ° R KFEEE

KEFEHEBIEFARITA—ALUT THIE 2020 EXRICFEW. FHIZ/EZFZELSDOTICH
BLIz SO TFIXFFHEMDIL HBEIFMIL, REFSCLEWNVNFHEAZIZ 2 -T11EFHERAE
ESEE-REIEINEBHRLTVD AUN—FET GRAEAVNAN—ICERLTEESLHNDE
BEEEH. SHUEE- 2BEBENTWS, TFIXEIZUTO 2 DDEREIT o=

(MNAZA=TADHARNETL FHHEPOAZI A TA4EFTERBIEERELE-BVDIIREFEELLEL,
CTCTF ClRAZa=T1DOHEIRELRETEELT =,

FEHBFIZI2ZTaLE TORoN=AH - BBE - i)V —REREL . £RDOBE-E
SEEEILTONS., HIFEF o TLAVY—KHTH S, $HIT. ISAS ITXLEFHMFIV Y
DHEENERGDRBOFHEHFAI1—TIL, [FEIFZAERIIFHEFRERIETD
BRTHAIFHEIZFERZIZHRZIC. ERMN DT DZ HELOTER LTULKBEDN
Hdo

ZTDLTUTZ TF OfERELTLNDS, FEROIF-BERERIL. FHAMITHISHEFIC
BERZBR DN OBMF-#HE-HRICHLTETEREHRFTHILER 1RIC. JAXA BLUF
EHHEDEFREERL. TR 1T LUV ETNEXZASERNFE R -HEICH TR
N §ADENDD, - HEEREIFEHARRICEMEINZLIZETEZ D TIHEL,
FERNVELEZLHLEEFICIME ICHERELZLTEREL. ETICHATEIZBNKET
H%.

FHEIF- BZEERF. FEHNPII1 T BIUVEET HIERFRZ - HEAEHRORKEKE
LT RZHERFAKELLT OFHHEEORMBELTFERZORRBEREY . FHHF
AZ2=TADFEREE. TNERRITHIFHEIF-BFRTERLET EHEOERBEEL. FHE
ZICETHERRE -RTOEBTHYE-ZDORKEIHDETHS.

QRENERELGDAMBERDAER FHBPIAZ2- T 2AKOKRICF, FHEHPIZ2Z
TA4sDTLAV—ZHRZLIERNERZ - BBICET5FHEEFELERD RELET DL, TOER
BIZRED 1 DEL T, ChETHED T FREZHEMR S LERT ORI AMBEET INH D,
FEHZICETAAMBRTE. CNETRERRE. F2. JAXA, EXRGEMNMERICHE
EHIFTELNEZT O—/N VIHBAERELO RV BARELTHASN A AM
BRIOTSLIEGOTIVEN, COT=8, FEHEICHEITHE NEBERE DEFRIMEAFEL
FEAVTFry—FLOEFHLOA—AULGHECEFTY, FEMFIZIA T+ 2RKELTOEA A
) —IE R IS M TETLVELY,

TF [, FEDOARE 21T AITEFHAMBERD LU A—DRINIICHEHEERZ . RETFH
HZICSMT <DL FHMESIVEFAMDERERICITOTLEIRENEARLELY,
CNDZEHEMT HEEDIT JAXA PEXR, SHICE, FHE 2-TR2ZHATRLTIVGNA, &
ANICERDOHLISHENFEER - BAL. EFAMOFR - K- KERMLZBET [FH
MEOANMERNT I1ZBETHENDBDEEER DT,
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EEORY FTAMI4—ILFOREIFEMNE
~D;EH

OWHEET '\ AMERLTF . HFHEE ' NMIEF ' 2BEHRF . ROSE— . BTSN
BEEE’ BHRE?
"gERE, 2ISAS/JAXA

2011 E3 ANDKBAARKREL., RUBRFAKRFICE > TRELGHELZITEEESRREY i
BOBEENNTT BEA/ RA—Tay - a—XMMEE] O &, 20005648, EEER
HEMIC TEBORY FFX KT 4 —I)LERTF) ] ARSI, BESA/ R—T 32O
—X MEETIEERF. ARy b - FA—2 IRILE— - RE. BWKE. BEE. MEFE
NERNFLINTEY. RIFIXZOFKELDERTH D, RIF (X, KETFHRMOT
AYPRE— T4 —%25FIZEoh, BEBREREBLEENHR T+ —IL FOBEEBEZRRARZ
=EEREOORyY FRER - AREERELO>TWS, BRIE 4 DOTY ZIZES S, BE. 6.

Z. £TOARY FRERICHIETES—A. BERREE. 7 — L FIEFH - REREHA
ARy FOFEREERICLERTETH S,

WE. RTFICIERZERFOREA T4 ADFEEL. NASA FS T 7S5/ BERAMETTLE
A4 TOMEHOHBROC, FO—VFFEALERRANL—2DORTREBEEEEHEL TE1,
Tz, BE. OFRyY MIBELLAREDASE I RTLIDR ZFA LA T 4 —ILF

TR, KAk, B, ) TOIRTHBETIVEBRFELERL TS, AFEXRTIE,
BREFEICHATEEL RTF ORIEMRER. T4 —IL FEBNIT D EHIC. Zh 5 RTF TEEIC
EHE L =EBRAIZOVWTEHRET 5,

Ft-, BE. £SFXRPZEZHPDIC, EPXEETRIF NICHREFEBERO—N\—ORERIERT
BEOREREREER 7 —ILFZBETLHTOD Y FEEELTWS, COETETIEL.
BAREB. RUKERBHEERLEZI7—ILFZEBEL. O—N\—0ETHRE. BEHE. i
MARDERETEEET HEMIC, R TOYIaL—42—LDEEIBRFLTLD, Fi-.
RERBREZFEALL. FEEESR. HEME (WBEHORE. BE. Ay TUIY.
BRERE. YUOTIERE) ~OFALHFETES, AERTE, 20TBD ) MNtE

[COVWTHBNEITIFETH D,



009-08

RZEX DD 7FANETAN-KERREEHR
FEIFRN L —F—ATO5 A UaNimDBRE
OiFMA (E¥E ', L' AW FEREK? ZFERE'
FRESR S WiEHhE Y BEARES | LEH°
"EALK - IR, 2K - B CEILK-BI ‘EiLK - EIFE, SJAXA/ISAS

WL —F—~Tu XA voplid, R —F Nz /mEREENEE LC. I8l
RPOLONEENSL L TRLNDEAENEY GHz W F CIOE T 2 mdliRI Mk i as ¢21E
L. EEEESFRE(L /AL > 109 %1320k TH 5, Fox BT L 7zH RS L — 5 —
~NT R A VNERIE. vV A BV T A ZINTHICEKE L 72 Tohoku 60 cm telescope 1235
I, &2 - KEOKRKOBIM % FILL CZ 7 (e.g. Nakagawa et al., 2016, Miyamoto et al.,
2021) , COBUTHIRNEE S MOBECEE L — LR 7Y vy X TRAELTWAE D, H¥RD
BHECRE IR L ro T, TOFEICKH L, AW ClhERIME cEmzhRE otk %
KT E 247 7 48 (Matsuura et al., 1995) IC X o CTEBOEEHIKT 5 & & b,
D77 ANERCTREINZ T 7 AN T TR CERIERORAREFEHT 2 2 L T,
LEOKRE /N E R o720 BRICHENT 7 AN T 7 ANAT TR T Ly FR—
FETVEMLLCTEY, TOETVEMACERENT 7 4 NOEEE, L—F —Kolf
BRARZ P, v AT LHEEREOHEICHKIIL T 5, HIEDORRSE O NI T 7 4
NOIRIENFRITIER 10.3um THRAK 95%., v A7 LHEE A 134 3000K TH - 72, TN HD
BRIFPERT 74 NEHORBEL L —F —~T a8 XA VOBV ERTDDTH 5,
AFERTIZ, HERRKKDOWINA ~ 7 b v O BRBLIFT R b ff¢ TGS 2, ALEO/NUAL
X, FEEF~OEEHHEZIE I T, REK - GHERL &0 R~ DR
HICBER 2720, L —F—~T a8 X4 VY PREBORKEZRESIHS DD LR VRS,

— QcL

—— cold
-10

|
-
w

signal output [dBm]
|
o

|
N
w

I
w
o

100 110 120 130 140 150
IF [MHz]

Fig. lef) N7 7 AN T 7 A NHT T EHAGIZ~T O XA V3 HBRDT Ly FaR—F
£ 5L (BBM),
(right) BBM TH{S L 72 10.3um D E{H AT —FL—F—DT I v a v



O10-03

30m SRR LA SEE THT

OFBA%ME " ZHLE ' FAMN | BHEEHE'" LTEHh ' B84 Bl ghEz—" %
HFEF " BEOME ' HOB ' EHEKR N FHIE?
'ENRXE, (EEERKE

TNT &tEilX. BAR, KXE. hF+ 4, FE. 1V FOSHEDH A TEHTLNSOE 30m DO
REEREFDERFET. BAIEAMERARBIRREEIHE. EIRXEHMNEEEE
ERSTEMLTLNS, 2014 F(CSMHEBEDETHOEEEZMHEL CTRREERETES TN
ERRXE (TI0) ZHRIL., BEZEDO TS, BRFEEREHEOEE, LEFEXRK(ET
R) D% - BiE & RiER - HE. BAKEORE - HEEZHELLTWLS, BIXXAIS
BWTEINT IO ) FERELTHEIZHEL TS,
FTIELEERZIELHETHOEF 8- 10m O EERFOFHEERKE., SoITETILTE
BIRFOEFECIY ., FHOBREIREERLEDA, JYKROREDRAEFMREERTH
FNERBETEGVWI O T4 7 LHAKEICE - TES, HIEKRERZOSBFICE T,
TNT (SR B RN RED R ZERIRET D EHIT, RIBREORFAPRERI[ZEBLT
CREDKZERNT A ETHHRBERNZREORECATDMERERN, BBRGEEGIZH
EYSMEDFEZRD. cNEHRFHLCERREDE—SELEEZ D, T, KBRATIL.
BREREZRZICEYRAL CENTELGVREOER O, FERICIEENHE L LVETHSN
BAICE > T, REVHEDRRE - KRBE (BETR) LMD/ - BES - RESFDLE
ZERT D EMNFREICGY ., KIEROMEREICESZ ELHFTES,

TNT (FEEEFEH/NT A T 2015 F & 2019 F(THE L =R TEREBARXHERIC L YE
ETETEATEINBEL TLEN, BRZEFILHZETERICAT-ERIAED AT
Do TIO[ZNTA ~DAREBDERFEBIRZRD . NT A NBFZROBEFREEEHBALTE
EOITRICEREAZIT> TSt KETEEILZBEFEE NSF) O TNT SHESND-HDE
BEFHRENEDLONT VD, ERTFEMNTAMTHETOIFZHAL, BMIFEZEH
[CEBRL T, 202 FEDNEREFEL TS, RFEETIE, INTHEOERNEZESOERKE
SHORBEIZOVWTHRET 5,

AEDHEAA
AN H DIRBE TRIER EE—5—

Keck AO H-band RIEDEREE| ™1 RIS H-band
(Keck&2iR#H) -

Elevation Journal Assemblies




010-02

TMT % 5 7= 3RO K R

O EHZE 2 FEHEL |, AT 2, ARE S, BB 4, O 0,
FIHSCE O, TJIEERRR 7, RiEse 4, KR ®, RPFESC®, W EN °, SPIRRIE 7,
LT 10 JETT 0, ARREZR 2, /N3 M /NRATS 12, SIREF SRR 0, ) 113k 10, AR HEE O,
BTepEE 10, BECIIAEZ 12, BAARRRN M, sz filiim) °, <FfEl°, WA 10, FhASiE -~ 8,
AR M RB/IINES, NtV w2 - S UAT7 40 BEOHRR T AiEGz 12,
HHEO22 Y, A= (B—&E2PRE L HEIE)

PHARE, P TEIERS, * 5ERE, P BRERE, ° ENRXA, ¢ PR REIERT,

THARRR=ZT— R, MR, O ALK, 10 5UEREESRERT:, 1 AU RS,

2 ERYE, B IUEAE R, MR LERE, 5 RILTERY:, 10 R#RY,
T ERIERIREE, 1 RIRIFALRE, 1 IR R

RPN BT, 2020 ERLIEOFH R IR F DO K E L HEDO — 23 FHICB T 3£ miEdE
THb, INEDPFEHOEMES X, ZOMEDGEM R AEMBE R LR T 2502 H AR
WHEL 22D 5 FTHRIMIRTH 5, BUROHIERICW S X 5 REHOEMIFEE LS
GFMEIEAR DK e BV OEENRERERESCHETH 5, £ 5 LI RKRICE 3 2 3R HHIE
HbHEAAZDARBRTDOAIISARETH 3, FDEKTABRDER L EILOHFRIXEFH IR
JREMGFEARERE NEZE Y T 4) HIREDOEETHZ, TNFTICHKGRADRE 4 7K
RARERE 2D B3 2 AR A SN0, EEMDPEIETE 3 KEIIBR s Tnw3,
T/, BEAREBICHER TE 2B DMRICOB D 5, o T, HEDORRA R RIKE K 4 72t
i BRA BRI ECHEMICEBIT 2 2 0OFEHIIHAETOI AL TH 5, ZAUIHEERIC X 55
72 BRI X D BAICEZTERTHRLTH A 5,

I RGRREZ MR e Ly ENLRXE D135 HiEEi & TMT (Thirty Meter Telescope) %
fii - T 2020-2030 FARICEBATREL DO EH DD E LB Z HEE MR LTz, £ Dlaikid 2020 3 A
W IFX2EESGEE TMT DFESF72 R FHBE) L WIS A VR Ty 7D—oDEr > avilE
EDOHLNTWVWD, RFHTIIZ DOV A TV R Ty ZITRWTRGENRRE LB N L. Bl
FEDKBGRBILMZENEE S 2 RE OIS TIX 2 ERFERL TMT BAED LS ICHMTE 20
MEEM T Do AFHEDTIZ 2 LR TMT OFFEREHHIR Z D H 42 2 A[REE % 2 { DRERIE
WFFEE A I > CTIHLS R 72 D FERINCZ 5 Lzikli %z o 72052 it L CTELS —Bhe o
BXENWTH 5,



O10-01

BARE =G INT TREHENT KERNEZ

OFARMA ", FAIRAIZ BRESE® INARITS EBRXE ' REERE S EHFEE 2 [ARgE
'ENRXE, 'RRAFPEZZAMERBERREMNFER, *FA AN/ FAS—F V42—,
"ERIFAPHEPEHRREMPER, " ERRKELAEAERLERFER

HEDKBRNBREAROEETERFESILTLEDIE. REICHhEZBXBAES LU
DHRBRIC L LEBENLEREROBRE. SRGEFRMBAICLKIRNBREDEERETH
5, TOEHOBAFEOHFELBERASTTHS, S&. SHRLREZRDLHEEOHEANE
FEINdD, TOHTEYDHTEELRRBELLLION/BBEORNBREORETHY. 0D
RACASHERDOHEAICK DEREEATELEORHAETH D, ChITAITTEVVFERLEL
BESEHE0TEHMFIATOIONBREAZFINRERETH D, BE. BAZED
5 AEWMATORE 30 A— FMLOBRELERE INT GtEL/NEDLSNTEY . CHICKYKREE
DEEEITHARBEBETIEULE, AXFICOVWTIEEET 100 EULOBBRIMNATREE LS,

FITEHNGERNAF SINIDOEREROEERIETHD, BHE, HEXZELODTS
7AW ERBITKEEEDEEDEY OREOEREKRENELITLSNS, Child
FEHPEEBEORESLHEARETH D, N FZ0OEHREBELEREICKYMKERENDE
BREBERZEL TV, HICTHESIATL LD ELAENETRIIE M BEE) THD, =
DEBIFEELHREONEL (T FFR ) NMNSLCEZIEMND, HMBRBREDEER
BELPBETES, SHICREDAABRETAERADKREZASNCT S LITELRHIT
b5, INT OEFZMT ST 7 IEHEXLZOBRCHEGRIOREETHEHZRLTE Y.
mT@#Qﬁ#bﬁﬁtﬁﬁﬁéﬁu#ﬁméﬁaHﬁr&é BHIEEB &L LTIX, R
EHAOEREALEE PSI LHEFIMEDIRE D IEE MICHI OFREEEDHTILNS,

—h. BRENEERBTETLHMEETH. E#hi@ﬂUé@é‘ar;U%wﬁﬁﬁ
ENELT 5186, EFRNGERZET iliigxmb FILEEEXRY MLV BT S
EWAEETH D, EE. KBREDTGEC ZRISEXRRKE Ry bPaEF—) IZ2DLVT
FZDFEICIYUREBRERDANRY MLAREINA TS, SbIT, EAHLATRENE
EDREZER (FSUPv b)) T558E BEEORD—HHARERREZBBLTL 51
O, TIITHRERXKOMAKICIE CERIRERARY FLAWEENRDS, ChoDOEBITIE, RE
ARIZKDBIROBHFADEEZIARY FILIZHTNICDEZITHEDT, ZORBICITIEREICT
WFEE (S/N ) Z2BRONBETERT IHELHY. N ICKEIZREXLNDFARE XL
5, INT TREIZ7—RA LS4 FFIZEHT HHAKE L L GERMES 287 L8 MODHIS

DFRET - ARMPEHONTHE Y. SSICARABTIHIABEFESIATLS,

EETIE INT IS&K > TERATREL RN BRERAR L TNICHIGT 2BAEEHE BN T 5.



O10-05

BN EFHEREREWSO-UV IZLE3R N EZESAETE DR

OfHEE F 222, dhilifgsh SFRE AL SHEIIERE, N E &P, sBEHERS, BB, FHE
fgt°, £ 2, Alexander Tavrov , Mikhail Sachkov 7, Andrey Shugarov ¢, Oleg Korablev ’
DZHCK, 2. JAXA, 3. UK, 4. B RXA, 5. LK, 6. K], 7. INASAN

TTIEHL OHERBEDORE TORESKRAINTE Y, BETIRKERIIHOKIRESE D
v R TN — b BRI R SRR T T w3, LA L, 2o SHIBRICBIZZRE 2, &
B2 2 D, HHIT 2 2 L3 AL v, RROBUHNCIE N 7 vy Pk am<d 5
25, NE BRI R o W N E RSO BN IZIER IcEWEEAER I NG, ., HiEkRos:
B OKEFET) BBEREEU EDORES £ TR - T 32, &REPLKEO/NLEIL, KA
EREWZD, BE VAR Ty, 2k, EERAFOODEALDECICKS H DT
B5, e, HERKITIZEEDRH O 7L —F T2 b =27 2T X BRFEMHEHRICL o T, KAF 002
DREINTHER, EELAERAQDER T Z LR EER>T0WE, 2O trb, LE
KRADIEDBY 1F, NERX TN = iCH 2 KGHRIBED, HEKRHUKLKZFFoD5, KR - &
BHURR AR OO %2 W50 2 HINC R 2 AlREMES H 5, RL 72 FERSIZ. PZ v vy b
DEFICEIFRCBINT 5 2 L 3 TE 2,

F4 13, v T RO S BT & HER L CHFEh D785 T ESE (WSO-UV)
DEING R (UVSPEX) O Fiiakat 21T o 7z, UVSPER Kk &4 2 T EREZRKIZLL T 0@
DThD, BEIHT ORI TDH DM OB O 2HET 5 7201C, 0.5nmk b mW0ikRsy
ferezfioc b, KFEIFA = v aft (121.6nm) 2 HEEHEN R T  (130nm) ZHRHITZ 3
X, 115nm-135n® FERHFPEHEITEZ 22 &, DHBMORL—T Y B3WLULETH 3
Zt, BAIZ, TNLDOEREZERT -0, RV v b, SOEETELTD a4 XA ERE
T, BLAMCBHERZ &L, v v IR NGRORG 21To7-, oA, VDI &R Lo
FHYESIC X 2 BN D B S h T v 3, AR T WSO-UsHE o %, UVSPEX
DIGERER L Z ORI ENHEEZ N3 2,



O10-06

FEAREODRNEAXRENDKE : FHERE
Ariel 12Xk A AIRETE

OfFkth— 2
"B XL, 2University College London

WOMFE, STESNTOAZAREFHERRZAV-RI[BAICEY . CAFTHHBLGEH
AARETH S -RNDEAREDARKPLRBREL EICOVTOFHE D ITHAREMICED
EHAIF SN D, 4512, ESA M4 Mission T& % Atmospheric Remote-sensing Infrared Ex-
oplanet Large-survey (L. Ariel)(&. 2029 F£(Z3iTHE EIFoh,. RKEE (T TH  HhER
BOBREF CTEaRENDLEVEREH TORNBRERTJBAUT —RAZT3FETHD,

ERBRENOHFTH., FEAFEORNERRER. XJBHHN SREHEKZILDIZHKEL
XATHD, GELGL, ERAORMAREZEBA NN FEEELZF DI EFDEEEE 0. 1AU
LR ICHEETIEZEAFEDORNEERER. TOREBRERIIVIIA— v o aEFb,
ITTHRDETNRREEBRL TS EEZAONDZHTHD, ThET, ¥I7 - &5
FDILZFEHENS., BREUTEOHB LTI IA— v oM bIENa, Si0ZE/FES &
LIE-EAERRAR. BREURTRZETCIIIA—2 v o BIEH20, €02 ZE/mAE LTIzK
KLBERT D EATREINTILNS,

AFEKRTIE, £THE(Ito et al,, 2015; Hu & Seager, 2012) TR ERENR
NERREARJDERETANY MLEFHE R Ariel TEESNLHEARE Mugnai
et al., 2020)H 5. FERFEORNEEREDKRTJDEREAROAENREAIGETHD
Z&#RY (Ito et al., 2021), Ff=. Ariel [CKBEBANS S SICAZMBIENTED
N RRBENEBREDORNEEREICEASFEESHERT D,



O10-07

FEHA G232 12 WD CUE W ERE R 78
Foy Yy F T MERONE

O fwFEWBEE 1, John Livingston®, F& 7 H T 1, #kJFIE 2 BUH ER L,
Jerome de Leon', f&H 4 3, A R4, /K EHI L, 55H FR !
HNES REEE S, vadg +h ¢, S dhdE ™8, 34 fdin L, N Jof& LS

VERGUREE, 2 TR, 3 UK AE, YTAC, S 7 A hu S fuy—k v 8 —,
6 AR FEBERY:, "TAcademia Sinica, & [EZ B E K,

BB ILIRICUE Y, D F ) AEAREEIRICH 2 BB 71324 FE R 0 20l % TR
SN E . REOEEELZ A2 ECEERY Y TV TH D, Kepler fiEIC k- TH
IR (FGK ) BN T 7 vy MEIC K 2 RN REERM IO, EERERD ST
BRIz LEbic, BRERTORWGHAMLSMBHS o7z, ZDOR5ER, FifE2E x5 &
REBIURDZERTIZH E D AAEL v—T, 2R REBIRD 6 A (Frc, IR %
BREDPPREL) REXRXTPBEFNHFEL TVRER I EBHOE RS, 2D X5 7 THEH
WSECFE ) D3 ZEENEIC D W TE, IWEORDO IR E WL D007 A T 7 BRBINTw35 D
DD, FLERLTH> TR,

PLUBEILIG I FEDBEREE T VIS X > T, KIEOBREDXEROERITKA T 2720 (B2 XML
WETNDGA, BRPBEIZ ERFENIC 4 5) . W2 B 2 LRI o AR
A ZPTND CEPHEETH S, LrL, INEFCRERRE (MAE) H)OREREIIDH %
DiEATE ST, A O ERERKAEZ o Tu ot

BifE, TESS BN EROHBZ WHEZMNRICE 7 vy FERERERZEDTE), MAEETD
D DB AL LRAIN TS, L ld, TESSHETHRAIN A MAEZ FAICH OHE
BRI R TOI-1749 12DW T, %t XA F MuSCATs 2 &2 o7 rm—7 v 78
%47\, 1.425 R DEFEEZH D3 DD 7Yy MRAE (TOI-1749b,c,d) DEFEE I 5 2212
L7z 2095, MlloBEEE 2 2 DORED RIS T 2120 (2.015), 2D L)%
BERT7 b MARF D THFHRINTED (e.g., TOI-270c&kd, TOI-175c&d), FGK i &
B ), MEREEOL) CRPERLRERAEZ H E D RITTOLRWEEXRTHL ) IENICHET S
HHEMEDSH 2 2 L3 otz, TNHDEERTIZVINDG, XS ICHlDEIC 3 DHDRE
DHEAELTED., ZOBBEOHEPEILIESCAEZ P02 TR H 5,



O11-01

Aoftf, - i TEREEEE (UZUME) 02

OFLfi—
AD#HEF - T EREREFET—F T TL—T

' FEMER R REE

AXEIZIF, KEEHEBEOBREF1—T LV TERICEHWN-EBbh AN R
Dhot=¢éEZbNTWS, -, CH5LEMTERIEEREZEZSE. KEVLEEICLE
ETHHEEEMNE LY,

NETHELRIE $HICA. KEIZDOWNT, TOMA - M TERZEREIFET S L 4B
TIviarvE, FEHHEMRFM/BEZEESDL LDV Y—FIIL—TE L TR ZEIT
TEEN. BOHT - h FTTREEIEER(CDOLTIE, 2020 £E. Unprecedented Zipangu
Underwor Id of the Moon Exploration (UZUME : 545 XkZHD A FTHRESE) 7—x>2 45
tLTTFEP Y MEICHIT TR 2EH S5ENAREZERICEDH SN T,

AWCHBEHRITIZFEEOHZEN (KEHM) (k. BOMTEREZ ZICHAWVMAZIEET
5 &T.

KB EAXRKICEEOKIUES CEERERE) LaRRIZH TS5, BRERE
BE (LI RERK) ., AEEMILETO GRE. MR, #i5) REDEWVWEHLMNIC
L. £G0RB EFGAEMEOERIZET HEREBDH &

XE#HI2 : BEOMTERDIREFIEEL. FIATESEZIBEL. §ROIFEE - EHEBEA~
DFHFHREZIET 5

THb,

BEBBLZTRD&ESGI v 3 VEEER—XIZHREHICED LN TS,

D4 7oarSIc&>THSEEIFS - UZUNE D/NEEREH#SIE. SLIM & RIHRICENAET
T, TORAMALICAN>TEERTT 5, NEERERKIE. Bt (FZF50m) DORER
[CEALBMALOETEH®C, BNOBERTKEZEEIT 5,

QihEkE DRENTEEL T 7 (AOERILAFOFEZR MDY T7) IZHEEL. HhBkE DR
TXREZTI.

QMEFLICETE S L IIMAEICEERICHRABZOEHDOHMEREZIET 5,

@INBUEREME (X, BRERIC 360 EDNXFEL Y EAIBEFEAVNT., AALEDLSIDER L.
BEF1—TORKOREZTL., HEITEET S, AFL VO T—2ZH ETUET S
Z&ET. AEBLUVBREF1a—TDINKMLABEBREMERET S EMNTREE LD,

GINEYERE (L, SLINEBS AN R JO—JLEVAR—XQ/NRTOo—J5 KT 5, M
TJO—JEBEEF1—TICAM>TEHL., BEF1—JICEALKETE (BUKREE
NHLH) , K BRBELHDIH) DERE/I-ODOAEEBBZITS>, T—2 &, NME
EREMERE L THERISEE SN, BEREITIND,

AFETIE, UZUNE SHHEIQRIKRIZDOWNT, BNT 5.



O11-02

A oOfitf. - M TEREREEFEE (UZUME) fI5H#ORFET vy

OFEBKIE'. Fiufi—"
AD#HtF - T EREEFET—F T TL—T

' FEMER R REE

INET, SELENE X LRO [T K HEBEEEBZRIZL>T, AORAICITEVEEDA (i
) AMEELTWSIEPHALNELG STV, HICHOBICRRE SNHMAE BEE. F
TEBHITI00 A= RILIZRAEXRGEDT., OB SHEFLOKED SKEARAZFAL
MoTWWBI AN ->TWD, ChLHtFIE. BEDIL—F—¢EIEEBELGEEIAN=XLT
EREnfz&EZLND,

ik EDMEFLE DEEHEMN DS, 5 LIEZMADERE LT, 2 DOMBAD=XLHEZS
nd, OVEDE TRLUNYIEE] T, IJVIPRAERHETCLELTCEER. BUYY
YBYICR2TT—RATHD, CDFZE. MFAIFABTRER DN >TULVELNVKAEZRLT
Wb, £5 1 DDREIE. HEFLA TRKE] THAHEWSI1DTHDH, Chlk, FEF1—T
DRANERERLGEICL>TITBIRMINY LTEIZFEIEIN-EEZ S, HALOERE
fREAT H1-OIZIF. MAZEREICAYRBRTLOOHALY. TOTOERBEZFHICHET
PENHD, TIT. 0 BZHIEIFMEENINET, ADHAZEREET S
EEBEITREZITL. 2020 FEICK., FERERRA/BERERDLE,. 7T—F2T7
IL—THIMEDH S, Unprecedented Zipangu Underwor |d of the Moon Exploration %)
S (UZUME-1) o 7nozy MEEBIEELTWS,

UZUME-1 D#MEFLBEDREIZKE Y. AOBME LU KILMERICHENLEHNESZ S
EHHFIND, EARX, AL FLUNYIIZEk>THERESAIZEE, IIIBYDSL
MEBEBEZMDIILENTEDS, —A. MANBEF1—TOXREDHZE. ATAEERN
LA AMLEZTOEREZHELERLSZ LITH S, £, EELGHEAAEABRICHE - TS
CENBREINTHEY ., EBOESLHNZHEIT HI LT, KIUBXOMERDOERER 75—
IWERADHBEILOBRELZ NS Z ENEFHES,

REETIE, BOMtF - B TEREEZFEE (UZUWE) WIE#HOREES v 3V E8BNT 5.



O11-03

BiBiEgiEER (LUPEX) -&=FTIKRERE-

OF4:#E ' AREZH' BHNETFT' THEE' SHFL' KMELF '’ #HBEER'®
HEET ' BX#E' KEFEE' BEREF EHR' REX'
'FHNENRFAERE ‘REXFE, CERERKE

JAXA (X, ERHE/NA— b F—OREEI 2 —LOAEEMDERL E. 1% 50 F£/ THf
AR AIFEREHZTS>EEBIEL TS, COREEXZERTH-HIC, RIFTEVAML—
L avEBRBMIZERT D, 2020 F 10 A, BA, XE. LU 6 2O/ \— rF—EFH(E. FH
BERHEZEL-DOEBRMLERANEZEETTAELEICEEL, PILTIRBEIZEL L=, BX
B, COEBRFEEEICERXIISML. AREI vy a3 v TCHRELET—20XELAERE
et M DERFE ML E, W DODDHRBHTHORBEEDHDZEERELT=,

BEIvIavIZoWT, JAXA EEREBEERMTOENZBEME LIz/NE BEEEIE
(SLIM) #BA%HTHY. ChlziHE T, JAXA [FABEBOKEREZRAET L EBMEL
- A1BiiEE# (LUPEX) S v 3v%4 > FFEEHKEE (ISRO) ¢RI v a3 ELTE
ELTWL,

E, BERORAFEET 4L AEICKIFET DAEEMEIARESNTEY. £ LKLAEFEET
B8, TOHEOERELTHERAT A LICRVLELATELOATWNS, BEFEMIICIK, KEHE
K& LTHERAT DL, ML AICEE T SHERIDEZR LT ZENTESLOD. FHROFEE
DFVAREBICKRELEEEEZ D, AGFEEBANT LI LIZKY., KOFE., TOE. B
(FAFELIZMOHEZSD) . BLUOFEVPT S RHIICHERRSIFLEIBELIRILY—
2) ZHERTLHI2LENH D, LUPEX (I, AEICHEET HKEERE L CTHATRENEMT 51
HIZ, BEEDOKDELEFZHEL, KODTEEEREBZERT A5-ODT—23FWMETH
LEBENET S,

LUPEX (& 2020 £ 12 BITY AT LEREE (SRR) #&6# L1z, ISRO/JAXA (¥, LUPEX
DEEHRET (7 —X A BRE) ZIFEKRT LIz, COIYvIarTlE, JAXA (FA4Sy RéDO
—NVRTLEREL, ISRO NEEMEZIRET 5. JAXA (FO—N\IRTLELUVRA—/NZHE
T HEABBORAREA—NZ 2021 FRITEET 5, S5HIT 2021 FREFTIZVRATLEERSE
ZE (SDR) #HETHFETH D,

EEMEEO—NRATLANL LR ZFEERATLOBEZEE (HEFZSD) (¥ 6 LU T,
RAO—KDEEIIH 350keTH b, IFEEHMIRATLAIZATELEE. WONDHELEEEZR
T. B 100km OMAMEIZHEASIND, BHBTERETIE. FEH AT LOMAEE, HfizIC
EOoTHhREh-82FRALESYRIY—9FES—TavIck-oTitES NS, BRER, O—
NORTLIFEEENS AEICEEIN S, RIZ, O—N\ORTLITERMEZFEA L TKEE
'35,

EEMAOMBECEBEHICE > TIE, EHCHAOSENIEF#EET S ETIyay
EEMTHENTES, BEEET CICERMAZEET 2REAH D=0, O—/IN\ORTLD
ARG EREBEEEZM E R TLOEHRIZCEHIVELDH D,

LUPEX 7Y 7RPx ) b F—LlF, BRT—2%2BLT 79Ty b T—2BIHF—L
(ODCT) HEBD=ODHEMEEZITo> TS, 2020 FEASD ODCT HEBLEMEEN—IE L
LT, BRABBREEF—LOMDAUNIZA VA EL—FToTWVS, RER#SBIHINSHF LN
T—ADNEREK, BoN=BROBEAEDLE. 7O Ty FOERAE. BEERDS A IV
TROEREEIZCDOVNTERETLTWLS,



O11-04

AmsigirEsE (LUPEX)
— &R - AL —
OFREH ' - HAR' - HHET - FHEE - 278 - ANEET "2 - K5’
CEEHR - REX
| SEREFRBARMM - 2Rk

JAXA [FERRGEAN— b F—PREE V2 —LORAEEMODERL E. S 50 FEM TRk

RGAREESZITO>EZBELTWS, COBEZERTL-H. HfiTEV A ML—

YavERBHICERT 5. BE. aREBRRTORAZEME L/ AEERERH
(SLIM) ZBEFEFTHY. SSICSLINICHEWTAEBEOKERIFEZ B E L ABEE

& (LUPEX) Z4 > FFE#EEA (ISR0) LD#FII v 3 (ISROAERER. JAXA A O—

nNeEQT7y FZERM) ELTRIFAZEDTIVD, BRIHEERE ISRO - JAXAEHEE I UVE=

EHHEES (NASA, ESA) AHRRHEITIFETHD (R1)

ERYVFT A ABEORMBREICERER, 0—/N\ - BAKRKZOIHFIVvITIER

L=k, BEMREGICEHRE LI-EROREMES (1 #8EE 30 mmARERE. FXKABE

ML REEBE#ET D) ([CEWVNT. TEEO—EDHBZERT 5.

BREVR : LA SHA L —4 (GRP) - hiEFiRtHZE (NS - EFRSEBR S LEE (ALIS) -
RESESFENS-LDICEYTVEVTBRAEZERT 5.

(1T - BREBAI T —2 23 S ICHEMBARTOREHMZF AL, BEEEPTRLKERD
FEVNENBSININEZHES Do )

HHEBR  BRELEKEROFENANGHEICEWNT, O—N\NRXA DX TLOHEH - EHH
BEREEZAVCTALIYARMENE Gy o TILEETHEH L. Ry sr—OR
KETHDHKERSHTET REIWA) I2HBWNT, AREESHET (LTGA) I2X5ALTY
AHHMOBREESNZEZITL. LTGAICLEZMBTREL-ERAXOEESHTE

(TRITON) 2k B2EER TR UMEKSDET (ADORE) [CXHHMEKS 7T O/HBEZS
) #EkT 5, SHITREIWAICHIAEN S ISROFEFEDY > TILa R/ v r—
(ISAP) I2&Y, ALTYRHEHD ST UK U XRD/XRF DT #EHET 5,
F 10—/ SERRNRS

#HA43s | GPR | NS ALIS EMS-L REIWA
LTGA TRITON ADORE ISAP
SNk XRD/XRF

B K& | Hk | K-OHD | k- Zof | EREY | BRAZXO | BEARFO | k-0 | SSPBBORE -

LS RRF R - B DitFEDO | BEE oFiERE KDHETER H-RAE-E TR

B | BE E - 559 FHESEH 3" HeEE - g

HELRK D/H BIE

AR | T | #TF xKE(+1E Bl#EEA | EHILDT | LTGAICE LTGAIZ& B EEIL T R BEIL T =

BUEEL) = S DEFHAR EHRHX

GPR - ISAP (& ISRO BAFE. NS (% NASA 1Rt F7E. EMS-L (X ESAIREEFE
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ABSEEDT-ODERDT LN A5 ALIS D
Tk & FRFAK

Ofkfa FaA ', M &4 BEE F°. @R B2’ /M EF Bl HE°.
B BEL B4R RS B BE. RE R° FH B, =AAN &°. Wk 2°
BIR HEHY B4 &L OKF SE°
'KIRKE., *FEHMEMTMAFEEE. " BILLEMER. ‘RFXE, "ERKE.
SERITEXRE. '7RAMONMFOS—E VA —

FHMZEMTRAFEELE (JAXA) &4 > FFEAZEHERE (ISR0) AR T ABIgFEE & E LUPEX
LTS, COFEIE. AOBEICHFET SN HLHKKkEO 7y FMEBERE
LTHIATIRETH AN ERILT 51=0HIZ, BETOKKDELNTERAET AFETHS

(XEk 1) o COFEIZEAIFTEFRINVEGRD HLEE Advanced Lunar Imaging Spectrometer
(ALIS) ZiRZFE L. 2020 F£ 4 AIcO—/\{EHIEmHERE L THEIRES iz, ALIS XEYMDRERE
PKKDEFEDHER - EEZITI. BEOREZKERY vy FTUYYERY ., EBE Volume
Binary E##& FICK > TEEITHEAL T NEM 1 Rkl x NRK 1 Rot) OERE L THRE
RFEAEICHBT 5. SOICAIHRTHRETFZEELT MEM 2%t x NEE 1 Xt OT—
RX1—T %55, KEFEROMITKAEZTOEHRAZAEEICT HHBFEEE ALIS ORI T—4
EFRIET D-ODZENBRIIREEEHT 5, ALIS OBRBFHAREE. SmxDA@AICH L
T2 x lemDSA VRICHELTHY., 54V DEERT., 750~1650 nm £ TOEFHARY
MILT—42ZWBT 5. 1500 nm FHEDKKDRINFIZK Y 0. SwthiREDME K E EERE
#HiE9 ., Fi=. 1400~1500 nm (FIEDWRINFIZ & 5 OH EDFEE A, 1000 nm {135 DR U
& 5EEMYDRELITI. BKILYEOREIIKKOBEEED-HICHLHEATHD,

REELWIEALIS B2 AEIEAIHELICO ITERRT 5 -HODEEHE L. HLtBEADEZ
HBEMBLEEL TV, LML, ARFEREZHZ 2RAANOEIE LT, HL8BHY
BERBEEF. BARICO—ADBEL. $LZ ALIS OBARFICANTITI,

AETOKKODEEREZ LITA-HIC. AATORAEZRETESL S LHMOERE
ALIS Dt EETILICK BEAEILEZ1To TS, Bl X (LT IEMIEOHZEIZ DL TKIK
ERFNDHETEET D-ODOREREZEIMRZEDTHEY . FLFEEHIMLIER
ARLTWVD (X2, AEBERTARYMEME) . SRIT. KEEZECHYMOEEICLRYME
Ly, EEASODEFRHEAE VS BERRZRKRIET D=-HITKKLSNZLFET HRTEEN
&5 C0, %> CHy 7 EDIEBEFR N DEEMREHICDOVWTHRIAZILITTLKEHETH 5.
SZ&3 @k (1) Ohtake et al, (2021) 52nd LPSC, #1840. (2)Ogishima and Saiki (2021) Ica-
rus, 357, 114273.
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BAIEIZIRE D 7- 8 DILMIE & KRED R L DB KIBKEDEFRN 7 S8R
NIR spectroscopy of frosted mineral powders with different mineral species

and particle size for the Lunar Polar Exploration.

OFEARZZAER !, B!
PRERARF EFTITR

ARSEA NG ICEAES 2 REMED B 5 7KK %
EEMET 2720, HRE 4 v P 4EFR T HMR
WAEREEE ZEE L C\wWb, 22T, B—C
L 72 Roh e E 2 I C At ic &
FNLAOKEBET 2 PETH %, Ogishima &
Saiki (2021) %, Hiai+3E% U L 729 R
T B AOKRLDIK DEARAMRILAT & L TED XS
WX N 2D %2 Hl~N5 701, % FTRXEK
LBEZEUYEL CERZITV, B3 HMHEOH
RICAHE L 727Kk D 1500 nm WG & % Heli L
Tz % DFER, HKEICHS 2 IR X BE D
BEIL. EPEOENICE o THREZ 2R
HIBH L 72,

AWFFE TR, SEATHIFE I 2 TR Z & L X
B 75 OWIRE S M & ke TR L 72,
F7o. BIEORE VIR Z W RIC L 22 BLHICiE
KT DN T v X DR +4rTH B T
LB o7l BRI ZBE) S 2 2 7 L
Rikzm e s TRkbiTo7,

REEI E LA b AL (Fo~9) XU
®EA (An~60) %ML, fHiCENT T 75~
125um & 180 ~ 250 um DR/ F D ¥y Ak %
H L7z, Ogishima & Saiki (2021) Tf#if] X #17-
w PAMEEKEE LR L oo ilkbl 2 &
K&, BAFE L 7zimaahoriezEiE (LPSC,
2019) %\ T REHiF 900 nm~1640 nm @
IR A RT F %R,

BoNTz A7 P ADFERE~ 1500 nm fHTic
BN AOKDWILHE X, 2 v T 4 F L THIEL
L72WIER S CRHIT L 720 A B AL B L ORY

RAICOWT, BRI KSR, i ic I &
EoTC7uay LTI 7HK1TH B,
HROMWEE 2> 5| IRV IR IKOK A3
A L 7R R o IR X 1%, e o ki K
FWILECH S 2 e300 5, KGR 4 1
(= W) 2 FE ORI 2 1) oMEfRoMEE
DIl &, 21RO 1500 nm KR, KD
3EBEEICE o T=otic Ty LS
A4 mBAFHEECOH L2, 2O b,
EKIRRE DS AR FHE D Hll D SEPNT LT b B iR
DIEE % TS CTE2AMREMELIRB I N5,

T Olivine
0.1z ©Qolivine (¢ = 180-250 um) y= 4,8889x/__
®olivine (¢ = 75-125 um) , @
0.09
0.06 .
y = 1.6892x
O -
0.03 J:@-ﬂ —O— 7_7_7_7_,=_§=—.7—7-
--/)’,,.—" ) _7"_"7(' -
0 e
0.0% 0.5% 1.0% 1.5% 2.0% 2.5%
o Plagioclase Yoy osanx
0.12 y"hé“" - -
0.09 = -
0.06 —O _— g
+/ -
0.03 *— O plagioclase (¢ = 180-250um)
/’ 5# @ plagioclase (& = 75-125 um)
0 <
0.0% 0.5% 1.0% 1.5% 2.0%

K1. 2ALAL (L) BXUORELS (F) o
EOKERIT N 2 I X O s

ok
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AECO/NURMET L A FREDOERM: & AIERERE O#GET
~RicEJ 2 KERFECHBHREIC T T~
OFHF Y 7', hHER? b
TUNRAERFBE T, 2 IUNRAER A B oA 5l

9ok, HZHls e LFHFEZED TW L 20, HToRKEFRES S TS0 FHE IFHEE
LINTVE, THLh, HOMT@EHEEMEL KD S &L, KEF DI F
NOHEER EICERY, BEETHD, 7z, AEETE, vy FBEETE 2PEORLEEK
M7RRED D, FEEMOERSKEICRELHZ, 20w, EHY A7 208El, /Nl
BRD LN TV D, KifFETld, ZoOEEMRL OO, HEEEMEZHRL VAT L%
BT L7z BfRiicix, INEOHEGH 7 VA R L CME 2 8l L, CCATHITL 285480
T L A BCEE O R AR & FHl L 72, CCRETRD &N 2 ATEEE X, WMEio NE (SN
o0 |, T7 LA RROEN 2B T 2 o) |, THIERF o 12 Xk v 2% 5213 % (Cho
et al., 2006), L7:2%-> T, EFICHM TS X Lz 7K dg 5 BT OMEN 7T — % % v

T, HOWMEINBLZHEE L, HOBREE TN C/MNIT LA 2 2542 80E L 2iHli 2177 -
77 22T, WEIE LTHWE Y 7 FriZ(A)HoRBIcEFCRE - BbN3EHE, (B)A
DREOWHEERAZEZ & R wiMBio 2% & 272, £72, HORBIAABER VAW L %%
L, BaE#rEsh WREOWENI» S 2 A X2 ER L 72, ATEEEIL, HoXB2IEKT
2 R D R EAF O BRI A, NR& T LA, HEFOBEEEL E€CHAIC X 27/
WBIRNT IR A e i, (Choetal,, 2013) % k[0l 2 i/ NEED b IRKERE % ko, 20RO =50
—t L7, 7, COFEOHIROMBNIT — 2 ~DEIMEE R L 725, CClkz HEETH L
LIRICHER T RN ERCHEORI L, HTOEEEOHE LY, ROZZWEEICH LT X
IRTVAMEDSBEDEERL T4 2 13RD 720 Apoliot4

HEEDS 2m DA, FEORWHIESIZH T/ 4 X go

EMAB, LR A XDME IO T~ 4% & T

JELCHIT S ILUE, 5 AT LA T 0.3m R, 3 2 e M e

AT LA TlR04m BRO/NIT L 4 THHEETE T N »

3L s pot(Figl), COk5 ICRET 27§ L
— =

R RO AR T B Y = 7 e THERT 10, 05 1 15
LA BB B BICERITH B L EZ bRB, Radius(m)

O pentagon,thermal moonquake
triangle thermal moonquake

HHEE © ARF9E <13 JAXA Data Archives and t‘::”;;%‘?;:‘b"i‘:;'t";:igse
Transmission System (DARTS) D7 Ku 5 —4% %

I T2 & E L, RS JSPS BHF
# JP20HO01997 DK% Z T 7=H DT,

Fig. INS [t /N E Tl 2 b =560
TAET 14 5HUEIC BT B AR
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BOBEICRIFT NI Y DER - B8 & METETREXDFE
The Thermal History of The Moon caused by Transport of Heat and Heat
Producing Elements by Magma.

F ¥ "R wE? IV EE
Kenyo U, Hiroki Hasumi, Masaki Ogawa

1. RRREREXEAFTR 2. RRKRZIEZRMER
1. Graduate School of Arts and Sciences, The University of Tokyo

2. Graduate School of Science, The University of Tokyo

H Gl ) BRI O BHH 2> & F1H 0 BURAE R 1< 2Bk T8 km FLEE O REZIR 25
&, O KIEERAI 2 7 D6, RERTHERINGHEE E 72 2 LRI N T 5, Bl
SNDPRIFECREZB SN COLBBEOARTHHT 2I1EH EDICHREL, 22 TA
WFZETlE, = 7~ D4R - BB & Z AU HE D BERMEITLR OB %2 & L 7 Bl —ROuBRoN
BAEE TV ZRESEL 72,

VIR %, TGS - i~ > F LT 1400K 205 1650K & L, F7, HH~ > FovIdiEmh
HEEICHELWE Lz, 5612, =Y VIR L Cwd L Lk, w7 ~nt
JRA T EE DS % 8 2 2o MO R T % & L, 2 OB ENIEAH - B OBEAEIC X -
THE) SN RBEN E L7, RN & 72 2 UM nR 1E, R E EDITHEL 0 E, <
7 BEN A Tl I N5 EARGE L 7.

ZDRER, v PVIEBCRE LI e Bl v P LA EBETT 2R OB G
DINRETI SIS Z D, U X D WO BIRFERIZRIE Z 57, I 6w 7 =i
X BN &, YRES~ v PV OBEETGE O R Z ORGSR, HIZmHIL, BIHOIUENE 2 5
T EWbh ol R, PR O IZE L ZRHHIZ 2 v FOVIAECR QAR L 22T b B
D, WEDKBIEEEAII E —B L Twa, i, WAL LTHEZ 25~ > Lo
DBHEDICHEVE, 27 OBENC X O BEUILREDI R DT AR THBICIRE L <
LEv, < Mo cESHE T2 2 Ik o TR FE L 2nw 2 2%
ot TOIEDS, RO HNERIREIZ 1450K 225 1600K FETH D, a7 - <
FOVESFUE IS OB ICIRE L IR H - 72 L HEE L 2. 20 s 13T TR
SN OWNETEEZ RT3 & b, I5402 HEHBRADHEZVES,
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RO AR EEREICRIT T
JL—9—E8LORILY — DT
OB Bt ", BM R, AN HET? HHE"

TRRKE, 22FKF

IRFEDORRGEEICKLD, ABIZICITEREYE (FIcKkER - K) NEELTWSIEZRIT—%
MR > TETWS [e.g., LCROSS: Colaprete et al., 2010; LRO/LEND: Mitrofanov et al., 2010;
LRO/LORA: Fisher et al., 2017; Chandrayaan-1/M3: Li et al., 2018]. Bicix 7L — MEBH R HRDIE
L RETERIENDS, CODLSBBOERUYMEIABRARENDEREYEOEXR OER
EEAHECRBICBRDIEVTEERINTWS, SSIIKIRIBOKZIXUH ETIEBRUEYEDEERREME
i, FENGAEEMTOZFICHE T Z2ZDBTAFUEGRER (B - FIRARE) 28R/I2LT
HEETHDIENDS, KDFHMEYMELST ((ELEMNEFERE - RIHHRE) Z2T75 K, BEZL
DOIEFIER MY ERESTENFE LD > TWS [e.g., Artemis/INASA, LUPEX/ISRO-JAXA]. 2D & 57
HURIRE DEFER A ICDWT, FEITHZE [e.g., Glaser et al., 2014; Mazarico et al., 2011;Ohtake et al.
2020] Tk, BEEHE (O—N\—DOIRILF—EULTEE) , HEHNRO—-70RHE (O—/N\—ICIFET
FHEBIBDRAEN G DIHEE) , XKAFEBE COEMOKEEEDIEE, HIRE OXMPHAAER
BREHEICUBIETEEN, BEZDEICLTEEZT>TWS, —ATKRADHERT (JL—5—
PIRILY —DEEE, BEFRFNGERBR) HoBRBERBEBZERIDEVLIEEFHEDITON
TWARWL, fIZIXEEREEEE RATRBRO I L—9—ho VT« >V JICET % 5%THE [Zuber et al.
2012) Tl&, (EIRFERREODEWT) >200mUEDIL—F—UDREELTWRL, hid, EEEE
M [~100mx100m, Ueda etal, 2017] DREPA—HILRFEEY F UV ADREICEWVWTIIR+DTHD,
EDINEVWEMBDIL—F— - RILT—DH A X - EEBBRINEETHDIEIEBHATH . *
CTAMRTIE, BHCKITHR TEE SNIEREEEFHERDEFL TWEIER - EBRETOI L —
4 — (ZF1#N Whipple crater, Shackleton crater) Y AfHBEICEWT A=K DN L—5— -
ML —DATY T4 T ZTRSIET, RERBREICTESI2BEREZBEISZEZHNEL
fo. FiEIF LROCINAC IC K 2EBBET YA VER (~1mpix) ZFIBLENY=Z27 VA0V T 0
TH3, HERELT, BRD Shackleton crater D T, BEER5mUEDI L —%—% 101,547 {&, 2m
BEDRILY —% 2973 EFK R Uiz, FfdbiEdD Whipple crater D T, ER5mULEDI/L—5—%
65,323 &, 2m U EDORILY —%& 7373 EHERE L. ZNSDHEEHNS, 1. 7L —F —HEE TR
A—Zlcd U TEFFRABEREICE>TWS 2 &, 2. RILT—EZED, Apollo SHEN® Luna 5B TIEE
SNEBROMRILY —EEE [Basilevsky et al. 2013] ICEERT/hNEWZ &, Dbobhof. FSEOHRT
IE&D, LUPEX v ¥ gy TREEEBO—DE L TEIFSNTWS SRIEERTI L —9 —HEEHMNE
<, BEICELTWSHEENREB I Nz, AARTIEZOBERICOWTOFMLBETEBERYY 7%
ER L, ~ImDRSZY Y TIY VI TR ETERODERDA Y 1 VY ICEETESSMZEARILLT
B, ThZzAWTIRABIREEREICK TR AEHDOEAHZIRET 3.
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HIC BT 2 a8 D KD M T W& iR

Subsurface structure in Oceanus Procellarum

Al !
Ui ] T3 v S T P AR

(ishiyama.ken@tsuruoka-nct.ac.jp)

CRHRICERI ML —&2 Y v 2 — (LRS) 13, Hakcl FHERE
% Z LTI L[Onoetal., 2009], EoKFEQILEHEEICE WTIX, A2rTEE (d) TN
400~1200m fF0T I SR 2 B HE 3% & & ICEP L T % [Oshigami et al., 2009]. &2 1F
FEIREBOEE TlEn Wy, AMEOFEER (~6) ZFET 5 & [Carrier et al., 1991],
JE D KPED LIRS T O T T O FE X 1349 150~500m TH 5. ARWFE T, EOKE
DOILEFFEIH D Y 2 27 VILHEOH FHEZ BT L, Colid~ 7 ~DEAIC X 2T
HLIEEETAGREIVRLZ.

Ua 2 VIIfHETIE, LRSICX Y 3 o0 T M AR T2 2 LiclshL, Kt
HDOFERI L 190~360m TH o7z, H N REHE DO ZERIHTICEED &, HHT SO 1
V2 a7 VIR E THRIEST 228, SROHE T RATHNIZ &Y 2 27 VLRI IIEE L T
BB ERHL DL o7, T ORI TSR, Y 2 27 VIIEHE DM I [Zhao et
al., 2017] %~ 7" ~H A€ 7 /v [Michaut, 2011] L &5 L T 3,

LRS CTHiH L 72 M1, W oo~ ~oRE (w7 ~DEAlE%E 200m, ~ 7
~ i JE % 3100kg/m? [e.g., Michaut, 2011]) %32 &, #HTF~1km ffaco~r~DH AE
TNHEBAENTH Y, v/ ~D FFICH S AL 4-42Pa/m FREECH % L HEE S L7z,
ZDJENABE. FATHTE 2 & PR S L2 HiFHIC DI E 5 [e.g., Wilson and Head, 2008].
Va7 VR, )V RAEREDOU X5 REAMESHFEL TEY, BOoKFEC
B~/ ~OBALLTVWHIERNFET 2 L2 REBL TS, ZoifEil, s256<, HL
D) RBREFBERTF B EZON, 0 XS SHEAEML WEBAEEEZRE L T
. BOKFERFEHTIE RV, 7= 208U WEAEZE RO KO LA T I b
272D H L,
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AEXRETCOEREEFEORFEICHEIT-EEYMEDER
ONFKHANGE |, TGSt L, TR |, /NAKETHA 2, SiKHER , rksing 2

SRR TR 2 7 LAl
SRR B R RS R R

AREFHEE Pk E & L QEFEHFERH ST Y . SEOFHEE - REHMX
s HuE o A < oG BhEHEH 2 FK LT 3, FEEDH A/ A 0 RHIHTE % tHE
IC AN D & Wikeh 70 FRA T ZE 2 Tl U IC X 2 PR~ ilichn 2, KKz Z Lo
L L-AEEREICE T 2BEROIEHSELE L & %, AL T oS EFRER DM
T, BRRICRE O T2 E L, OIS REERBR 21T Z L AHEETH 5,
ZH L7matic HICERE L 2Md e milB 2 i3 2 2 L IZBFER T 7R < HiER
FoEazRALTFRLAZAMREEEYE (Hr 127 v M)eflws 2 itz s,
ZD7OHYIa T v I, SEIE AT - MHI A TE Lleg., 1], 20
TORFKEIHII A ORMAE TR CTH 727D, v 127 v b HORMACERINE Wiz T
Rl 2 R IFR I iz b D% D5 728, SHREBEEMTbh 2 2 &, F%
ICHEINALTY) ROWEERKL 7Y 325V FBRBELINETHAH, £ T
AFFECld. HoEEEIC O W T, {LEMRS IR, S IREZHI LAY
127V FOERIFHRICOWTHGETL 72,

v iag v hoffliciz, 1) NREOAHK - I RILOIE, 2) Z % i
T 5700 L ToOMELSH - SV OEE, 3) WK H T RS OWIE, 4)
ZN% BT 2 7- D OMEWIE O - 7%, 5) (LEHEK - SEYE %2 BT 5720
DY) LA, L) FIEBLE L 7% 5, MEWE OEE X, B 2B 21T
WHI DA R & RO M. EEILYZRoGh - W% EE L7z, MESMIZTFe
TR DT — 2% a2 v XAV LIRE L 7 ARBAICAIE s 2R FIBIRC b EH e L
TR RITAHZ LS 2 720, MRV E IZEEmIc X > TaR 2t L. 2L <
KD R PHHE L 72, ¥ L =M RS A IC oW, Bl 2 Hicks 2L 2 20
L HICE 725 X 9. it L 72 85lG CRlA %2 fT o 72, Z DFE. Clementine £
OB AILIC L 2 FETROERT — X 212 AL C7 Fu GBS TR v
FiafB Ly 127y b OfFREZfT o7z, HENR E T2 AlKE Lo o) e fE
BLAAY 27V FOEECHEOERBHOMSEIIRATD SUEETH -7, SHD
FRTIE, FRLEZY 327 Y FOHBICOWTEHLLREZITY,

B SEGHR
[1] Mckay et al., Engineering, construction, and operations in space IV 2, 857-866 (1994).
[2] Wohler et al., Planetary and Space Science 59(1), 92-110 (2011).
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Ho L —28EICEBIT 3 R X —46 8 fhm AR E R

Ot b ' - ferniliz - FHHE T
PR, PR

HoZL —Z2BEAICIZAALZE—2 X3 1—10m %4 XD EFBBTEET 5, Kumar et al. (2016,
2019) TRAN X —DREF LD > 2 R X =N DO RRIC D W T OFFEZ T, AEBICX 28
ENC XD AR ZIERL CWwb, FAL =k, 7L —XERRICHE N E 230538 X LR
K ENzd D EEZ N TEY (Bl 21X Watkins et al., 2019), TEREREE I EREE CE X
WHIRI{L X B & HEE S T\ % (Basilevskyetal., 2013), L2 L, YaL 74 v AH—RHiA L E
BB I N2 O CTH R X =08 ORIMICHFEL TS, 2L hRLE
— X7 LR ICAER I N D DT ARV EEZ LN A, ZDEKERIT L Do T
e, ZTTARIETIE, Hv o L — ZNERICHHET 2 RV X — O RIA 2 RET L 72,
AWFETE > 2 LT 4 v -t (HEM oML Orfl) L0R I CET 2T, £
FHOIICHFTET 2RV X — /NI L — & D53 % KIE H B Lunar Reconnaissance Orbiter &
@ Narrow Angle Camera (NAC) D% HWTH~7, b, AREIFEERE [ <] E#HoO
~ L F oS v PR O FifEE %3R3 OMAT (Lucey et al., 2000) O34, HEH XA 7D T LA
B A DAFRK & =B E 7T v 2 v CRED 2z HHE L. 2o OBfRZ L 72,
FEATREIR D LTI ILEIHT L WK E R 7 L— 223 % w2 b M TR O 5 RL & — 13
LD 7L —R2ERIFICRH S N4 Y 27 2 TlEBRWeEEZONS, FAX— 3Rt BT ICESE
LTHET L300, Rl T Ic—F 2w itk abni, £, /N7 L—2FFH
B—tnfml T, FAX—DEREL TV I TP L3brol, & HiCE OMAT
I & RN X —DEET 2B LG L TWE 2 e nbhoTz, TNIFRNZ—2HERY)
HThHoILERLTWE, REL/NL—2D0HMEEKT 2 &, RIERKE W TIZ/N2
L—REEPNI L R D» o7z, TNOLDOREL, UTOX 5% 7L —2RHHICE T
RN —DEFEREZEZ S L0 TE S, HRAIFREZKE (LI AXBHER L 26 Wit
EHIEBWT, BOBHEZRET S LMTYEZBIEL AV X —% BT 5, —7RHAT /7 TlERHE
BINIWZ bl T ZARELELBERFICNZ L =2 B3I, LIV RLY) TOR
WAWECE R VDRV L =% ERKTE v, FAX—oFERR BETERE) X0 duv
7L —2NETlE, RO DR TRV =R I, ZR b5 2 &I X o TRHANC
iGN s, COLIRBRRICE Y, 7L —XBBREURICE TR AL X =237 L — ZRHH T
HEBERIC AR I N D C B EZbNDL, SRIOFKERIET, ko7 L —2FEMETLTEZLNT
Wiz 7 L — 2 ETOBGHEZEIED A ¥ 2 7 2 O L TR A, 7 L —2flicE T 28
AREB AN X = AR L, EREOIRE 2 ELOWE 2R T ICBEH ¢ T 2 2Rl
T, SEAKOBEBREI D7 L —2REHTHRI > TR 2HNLELED S,



O13-01

R KENE EBKEDREEREZZEL
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Ooan ZE" MR BA ' /NE HBI° FH X" XH E& ' WH ¥F°
'"HRIERE MREGHEAN "RRIEXRF BE R MREENFER "HEAFEREXIL
MR EERFRAEE mARAFREREZRARR MERREMNFER "RERAFASK

BFETIRAT

BIRDKDFEARELGRIEEHCKBIREZASNCIT I LE. NERXTILLGREDEERE
MGEBICH L TEETHDS, CNETORIABRETILEZAVZERHARICELY . RE
DIKDHBEDEWVN S, BEALKEOKRELEZR L-KEOEXRZICKERENZS SN
b&EZDBNTETR (Abe et al., 2011; Kodama et al., 2018), &=, BEME TIIKIXIE
BELTHBEFICZ LTS ESNTEEA, KEKER COERBARPH TKERICEK
S THRADKNHEBEIEEN SAEENH D, 24 2 U OMEKRETE, HTKIZEKD
KEENGIRICKRELGEEZRIZL TSI ENBALENSEHLMNIHE>TLNS A (e. 8.,
Faulk et al, 2020), EEEDERZEOSIRICK T ST /KEEDZRBNZ A HIEHEL,

AAERTIE. EREOKIFKREICH T D TKERORENZHIEMIHRIIL Tz, BED S
1 L—2 3 TlE, KEKRFEBRETIL AGCM (agemb. 4g - Numaguchi, 1999) & . i TF/K{EIR
EF)L (GETFLOWS : Tosaka et al., 20000 2 DZHAL, UTD3IRTvy FIThITTit&E%
To1ze ATV T 1T, 50, EEICHEITARESCKKRONHEHE Lz, RTY T
2TIIKKEATHERRMAL., thTOEHBDEZREHE LT KOBEEE, RTv 7
1DRERIZEDEHE Lz, COLEMTOEKEZNTA—F—LLTER, MATHE
DE=BHICTREDAELRL L—FELTRELIZBEE., NERATH > TEKENFESAM
[ZHL T HBEERELZ, TORE. KELXHMMTHE O THEEINSIGEICHET
5. 10°-10° mDarcy KA EDFELVBEKFEIZE VT, KEKRESBORAKNHTKE L THEMIC
WX Sh, MREITEAODKNEFET EEMNMEBEELETLEN D EhbA o, RERITR
Tv 73Tk, hTFTKERETILTEMMEKSHEED LT, KKBROKUEIKEEZE AGCM
& YRRz, ZOHE. BVEKETTKOAHT HRIFEEMN/N K L—EILRNICEET
56, NFL—RBRICKVEBEZANEREGY | EBLKRENGRIFRIKRENERT
5 Mmootz

INODEESIaAL—2a3viE, ShFETEALONTLELN > TOMEBEIKEIZK -
TH, REDKRBRIEIKREKEEEZZTHLERLTVD, AMETIE. KHofé LTIERE
REOHE (BREISKERMNER) 2Hb2D0. [UEKELELTIIKREDOHE (RREED
) ZRBEA-IIRREOFEZTELTWS,
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NERI[AAT Y DRBT 5
BERMITEICEATSY Y MLEZFDRE

OfNE !, =@EirE? ZHER: RE—BLS,
Leblanc Francois’, FHIER °, &)L °
VBT K ELSI, 2EAH#EM, 33Kk, ‘LATMOS/IPSL, Sorbonne Univ., UVSQ, CNRS, °Eibk

KERZHFDOxF > (Ne)ld, Viking THHIN, AEBEFRICF Iy TINEHINLE
HEINTWS, LArL, ZTOFEECRAMEMERIZL CHh > T, MAVEN (242
BEDRELI SHEIND Ne DATRBED XA LR —ILiE 06-1 BELEW®, AE
ARFD Ne OFAEE & RMAFERIZFEICKLORARICE Z2RIEDOKRT[N A G % KR L
TW3([E 1). £-7T, KK Ne FAERNBOBRUEFEE L ZOREOFIIY L1 D.
HA4lE, HBERNIEONTWE AT Ne OFEEDL D, KEV Y bpHiEker bLE Y $
5-80 fEAE Ne ICEATWAH L REL 7. ZOEEXR Y ML Ne (£, FRIAXRERMES
2 DR RIFECKBGRANBE SNZLXZA M RED Ne ICECHEOEREZTRRLTHY,
WINHAXERNTBOMDEBRUETROFEECNETLRE~NDEERLFIR & 45, RN,
ZOBDPRR Y T 2= ICk > TKRA Ne ORIEEKZRET 22T, 2
27 Ne ORRZ AT 5 2 EW BTSN 5.

Asteroids 110 s Atmospheric escape
Comets <5X10% s 20 o
IDPs <5X 105" 0.7-10%10%s™

<< 1X10"®s7 0.7-10X 1020517

W1

Cosmogenic production f Volcanic degassing

Ne in Magma
>0.3-4X10°g/g
Ne in Mantle

>0.5-8X 10" g/g

1. AEXRZFFvDINXT e~y bILADEFEEE (Kurokawa et al. Icarus in press.)
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EERIER I A K BRKAKMEERE TV DBHFE
WD DETR

O BB FEEL - U 2 - PO Gkt - B 758 - /NIRIR — 3
SAEH RISR S - PR AT O - UK ERET - S T - MR

PR R, 2 ENLERGERSERT, © AT, | AR E SR
P BRALKRA, O MR, 7 ALHE R

KETIE, MEBRZZ ST (BiER) 226, 2RZ2ES 78— NLXZA PR M—LIZES
FT. RDEA BB ORGHRNZ R Mk o TaffbEI A Tw3h, 2o DB BED
FIF L CHEBEINTORY,, FKBIIKRADEL BRI WD, BEREOFERE AP KE L, i
ERRAERT 2 2 EZ 5N 50, RO KGATEERPRKEAAND X A MMEGIZBT 2 3hiE st
TROBZENIFRIA X LTV,

T4 ld, BHX TV 27K km BB OSREN TR 2 SERINICHR L. ZOXR - [EFERIEE
ZHANR D T2z, FEHNFERKERKRET VERFEL TWS, FFIE, 1E 20 HHRE ST L
T 3 OnEF R e GRAEE T 1% a7 [SCALE-GMJ 12, BIFEORKE KRG T
7V IDCPAM] DKEBRGKYIHEY 2 — V2B T 2B THD TE /2, TN FE TIKERKUKGST
PHIRME, X R MEELZEA L, £EKTHKFAE TR 1.9 km O SfREGEFTEZEZH L, —H.
HIFRE ORI AKEATH - /=,

ARRFETIX, KB ZEA UG EZIT L7z, KB SCALE-GM 12 KEEHIFE 238 A § %
. BREHEPARENT 2 20 ol ZDREKEIE, HEKICHANT, EEENPRKELK
LDENZ . THEU Z5OWAHTEIZ & - T, HESCREDIEARLNIKEL KDDL EEZDS
N7z, 22T KEREIEEICE LU TERES NS EEORIEREZEA L 25, FHEARE
ERMHIT 2 2L (K1), BETIZ N TOMTEEEOMEREEBN Lidam LW,
HEE AT, SCHREE TEE) RERAIHINE 71 75 4 TREOHER L L b RERBRES
B E TOM—IMIGOME) RORR b TRy BF3RE 3 TRIGRIERE (B 0MiER) oftd: & KGR

NEEIEREZF M O—Re UTHEML £ Lz, BUEFIHEICE. HPCI > 2 7 A FIHMIGERE GRER
4 hp200124, hp210164) Db &, HULFEHFAFTDOR——a v a—% EFE) ZHHLE L.

T T T T T T T
80 [m.s=1]
60 - 05
40 F =1 0.375
o wk = 0.25
3 o 0.125
- DA
=
0
8L 20
40 -0.125
-0.25
_60 5%
-0.375
_80 =
— —— P I S S T S S | _0.5
(degrees_north) 50 100 150 200 250 300 350

(degrees_east)
longitude

X 1: #ifgd hEtEO—Hl, JLEEROESH S 30 HEDO G 2 km OREROBERS, KFEMREEIX glevel
8 (Az ~ 15 km). SHEJEMHIFRIEA 250 m. FEHRITE T AMBOEEHRE LT,
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OFEf#: K@ 2R £
X =

KEBADGHTIZL D &, kB~ MUTIFBETHHYEDK (7.2X10%-1.9X10% kg,
KIEJE 14-380 ppm) MFEL TS5 LU (e.g., McCubbin et al., 2012, 2016, Taylor et al.,
2010, Gross et al., 2013, Taylor, 2013). /KDOWE~DO3ERERE DGR D 1 D& LT, MEWE
DD LA AT DIy DIRIBEIFIC K VT D~ T ~F— 2 % V ~DOKOERN D 5.
Tex Xz E T, KEBADERFNRET 2 FUIGERE O RERME EREFM: 1.8
+1.0 Myr) (e.g., Dauphas & Pourmand, 2011) 1%, JFUAARE DN FAEKIGREEN AP CTHEBET S
ZEERET S, ZhUE, BETAOFMD 10 Myr F2E (e.g., Kita et al. 2005) &, LD EW
EHEESNTNDIDTHD. ZOWH, FUAKE FiCiX, KR EBICEZED Ak, TEic
Pk BB L R O ML A A By 23 5 D D IR U KRBT 2 AlREtERN & %5 (Saito &
Kuramoto, 2018). f§EEREFEIC L 2GR ~DWLA A pl oy DFG & g OB % [FIRFIZ
RS EMEY R 2 b— a3 U EITS TR, FUAREN KRB EE CRET D &, miLEExR
it KRR e~ T ~F =% U T DREEEN DD Z Enbholz. LILERGL, 20
FEATHRFE TIL, KD EE N~ BB IEE T T /WS AIA A TV e o T2,

T ZTCARMR T, — RIS R T T V&2 VT, BET ARS8 L O AR5y
CHERK S 2 IR R AR K D BNIIREIE & fiftir L, iR iR 238 o & RRFIZ, K&
OV I A= SOOI EBR LT Tl I 2 v —a U E{To 7. HiRE
REEN 1500 K LLEWCET DL, v/~ 4 =y U BNERT S, 20L& KRKAFOKERMN
ZOHEITG U TN T 5. WHEEMEZIEL, IREFEE =2 K74 MEDO H/IC t (=5)
ZBEMEME TS 2, BEREOEIRSTE TR 5 8B & Bbik s & OILF KM 5
E SN DA AKRGLST DFE Z HyO:Hy:CHy:CO = 0.15:0.45:0.20:0.20 & 5272, £7=, %
FERIIIFEAEMNRFZ L FIFEORN 02 — 1 KEEE/Myr & L, ERMERDRELZ T A2 L
LTChHxT.

2 -4 wt% DL EOFERBMER S IRE Z & OM B E NMERESR 173 KEE&/Myr THEET 5
A, FUREREN 04 KBEEEL FICRET 2 L~ 7 ~F— 2 v BB LIGYD, £ O%ERMRM
FETRET, ¥/~ A= v VRt T 5. BRI REEITHE kbar (23T 5. R TIE
B OKENEICOE SN D KENT, 2.2 - 45 MEREEEE (1.4X10% kg) IZELZ. 2T,
KEREAORET HNHMOEKEE I LS.
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Dependence of ion escape from ancient Mars on the intrinsic
magnetic field strength

OlRE#E ', BEERT ', WEAMR® FHES® S/IHBz°, HFae >’
'RRAFAREREZ R RRMIRXERNF TR, ‘Rt KFEFMHRRMIRYEREY,
‘ENIIRARENBRBEMNTREE, AMNAZERFERSHE - K85tV 5 —

Atmospheric escape to space is one of the candidate processes responsible for a drastic climate
change on ancient Mars. Escape of the ionized atmosphere, i.e., ion escape is thought to have played
a significant role due to intense solar X-ray and EUV (XUV) radiation and strong solar wind from the
young Sun. On the other hand, crustal magnetic fields remained on Martian surface imply that ancient
Mars once had a global intrinsic magnetic field like the Earth. Existence of an intrinsic magnetic field
affects the magnetic configuration and thus ion escape. Previous studies suggested both inducing and
reducing effects of an intrinsic magnetic field on ion escape, but the detailed effect is still unknown.
Sakata et al. (2020) studied the relationship between ion escape from Mars and the dipole field under
the solar XUV and solar wind conditions at 4.5 Ga based on multispecies magnetohydrodynamics
(MHD) simulations. They revealed that the effects of an intrinsic magnetic field depend on the
pressure balance between the solar wind dynamic pressure and the magnetic pressure of the intrinsic
magnetic field at the equatorial surface and that the effects are more pronounced on escape of
molecular ions (O," and CO,") originated in the ionosphere.

We investigated ion escape dependence on the dipole field strength under solar XUV and solar wind
conditions during coronal mass ejection (CME)-like events at 3.5 Ga. As the young Sun experienced
CMEs more frequently, enhanced ion escape during CME:s is expected to contribute to atmospheric
loss. We conducted multiple simulation cases with different strength of the dipole field.

The effects of the dipole field on the flux distributions and the topology of the magnetic field lines
are consistent with Sakata et al. (2020). The change of ion escape rates from those in the unmagnetized
case (the case assuming no dipole field) has two different dependences on the pressure ratio of the
dipolar magnetic pressure at the equatorial surface to the solar wind dynamic pressure. When the
pressure ratio is below 0.1, the escape rates of molecular ions are increased by a factor of six, while
the O" escape rate does not increase. When the pressure ratio is above 0.1, the escape rates of all three
ions (O, O, and CO,") are decreased largely. The threshold ratio might be determined by the oblique
incident angle of the solar wind flow against the ionosphere at high latitude. The results indicate that
the contribution of ion escape to atmospheric loss can be affected by an order of magnitude due to

existence of an intrinsic magnetic field.

References
Sakata, R., et al. (2020). Effects of an intrinsic magnetic field on ion loss from ancient Mars based
on multispecies MHD simulations. J. Geophys. Res., 125, €2019JA026945.
doi:10.1029/2019JA 026945
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[FAEHEERICH 17 5 NH; DFEFEANDITE & ATUEFR TOEMIL ENME

OFKHN, aAX £
AbimE R

KT OHIERIC BT 2B KGDOANT Py 7 2% fRd 2KED 1 2L LT, Mo Tl RmE
A A Cd % NHs I X 2 iRESNEHEIE X T\ % (Sagan and Mullen, 1972). NH; i34y
HIENARYE DR IC G L 72 VR H %5 L b F 2 5 TH Y (Bada and Miller, 1968), Bk I
TOEMMEDOBIED O HHFEH IS, NHs IZRGEIMRIC LD Ny 160 S RS20 b5
FffE CchrE S N a2 H % 25 (Kasting, 1982), Sagan and Chyba (1997) 1% CHy kD~ 4 X
L2 BN MOBEMEZRET 2 L, ToRBESHREZ D 75T AR5 NH; (10° bar) O Fdrlx 5000
FRECECTRYS EHfELZE. £/, & LIEEDORSATD N 259 ~T NH; & L THIE S 11,
REWRAZ TG T N T Tz EIRET % &, X b IcRWHRRAH I+ 77 D NH; 2368
Franha o epfEEEINS. Lo L NH; DI OG-t Ic o n i, ZhETIgL A LiEm
INT I eh o7z,

NH; (ZIEH ICmIKIgE 2 R0 72 o, FIaHBRASUIC NHs A& ST w256, EHIciaR
BEONH; NAEL Tz eE 2 b b, )7, NH OREME IR I IKFE L, KB E VI
RIS XA 5. 2D 72, NHy DIRER &i#FFE» 5 O NHy fIHICIZIED 7 4 — FoXy 7
B A[REMED D 5. % T CARWIFE T, HFARHIERIEE 23 NHs O RIHAVITEE & L CHERE L 15
L 2ICT B EHNE L, BEAKKANH; 266 3 2 KEWEER ICE O CTRE R 200
BRRAEDSERK S L) 220, ERIND L Z DL ZOREMPEOME &, K& HER O NH; 43
ZHHO T T B 701, R T OGN s - irat &z o 72 BRER ARG 2 17 - 7.

9, RAPOREMNRAI AL LTNH; DA %2HEZ 5 L, R NH; 23 2.4X 10 bar DLk
FES 5 & 2 ICHBRIANREE 2 273K % LM% X 5 BV LEMRE T O N7z, KAHic CHy & CO;
MMz 3 &I bICEmWHIRARELRERLH LNz, £z, # NH; mol & NopEZZ 2 7256
ICD BN LEMRDBIAE L 7. 2o OFERIE, KT OB SUC NHs 237E7E LIBEE & O g V-
DEAL L T 7256, IR DKL T & 2 MR IR L HIPH CBW L EMIFEL 5 5 2 & &R
T F 7, BIEORKF DR NET DS b5 (N, 0 EHE T 0.4 bar 43) 235K OBk € NH; ©
Hole b RE L L 2 OMEREEEOLBICOWTH~NS &, Kl OHIERIC 35\ CHlE R BREE 28
FHCICEBRETH B T L BRI N7z, I 6T, WHHFEPKED NH; 2P AIRER Z & 2 b,
Heor s NHs O E 72 2 3B 7Z SARGE L7z & %, K5 NHs 285K ICHER: & 2 BAR % #EE
L7, ZO#5HE, Sagan and Chyba (1997) TOXDEEZ w2 &, NH; i X 2+ nim =303
134 350 TAERIFEIRE CTH o 72 T LSRRI Az, L L, T OXDREICO W TIIHRGT O
RUAH Y, RATONMCEIC LD TR T 5 2 L TRANH; D FEmiZIn IV bR Ah D
AlRETED B 5 .
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MAAMIK (L, KBEAEENRELLERTEIN S ICHLELL T REGRIENER STV
EEZLNTVS. ZOEOICEIRKFICZLEDRENRARANLETH LN, TOFEIE
ZEHE L ToRIERRES LVRBMHRBREF DA VERGHENRE T 5 4 2 UNRE
SNTWLS. Ozaki et al. (2018) (F/KFRFEFAHKZEFH SR E LTHAT H2ERDRIEH
ERRAAFIDIEETHNIE, BELSADIEVWAZIVEE GVWARVERT S VI R)
AERRFARETH D C LT HRMICHLMITLT=. LMALELNS, ZEOLIGEBROEIEIC
FORIISALZERIERDVNIGE L A 2 VIREAERBHICEES A ZOMNI DN TIET
DITEEMCEBZINTVELN -, EITARRTE, PRSI UHRLALGEEIENRAY
DNERTILREZRELLEHTAI VRED LRBRICEITHEHEFHMICHEITL, £
DIERIHGIBIBEA D Z X LDV TOEENLGIRFT EI1To 1=

BEPCTRLGLIBFURSHZAVIEHORENERRNIEET S LERIADAZ Y
HIGEDERZSIER T8, RRBERICHESNIERDETNOEGAEMT S
EITHET D RKINEHB SN A Z VERI[IACERIGEN LT, EFHEARELTE
PMHARANDZENTEDIKRE —BIERREANEZTELEFMEYVERRICE - THFASL
I EMD, ERDETNDEBICHT AR TS VI RAEBIRET D, £IT, AHRET
FEWEBEDAZ U ITZVIRICEITEIRR A VEREDETHS L UVAK[IARILFEHLTINZ E
ARz TORE, PHHKICEWNTA 2 VIEEOERMIBENSISE SN HEHIEE, A
BUDFEIEETORZIANOHS DAILRGN o RBEERIEAN EBHT HEHITHIEL T
WB T ENHALMNITE o= —F, EMBELURNOEEYEGICHIET HENAZ TS Y
DRAEHTI, A2UDOFBEGHEETOCREIOHI DAL EDREHNKREBREEHDH D=8,
ATV RADEBRIZHT HA 2 VREDLERITRBHTHL ENALMLE o=,
COHERIT, MEMIKICHS T HEMBELRNICIEA 2 VREJMECREZNSD, XEBHEE
DELIZHENAZ VREDFERBHERNSIESECSh, ZBRIERENEEVNRZESI XK
NS ZRIERER - A2 VDORANEENRZES KIMBANEELLLZCEEZTRTET 5.
CORRIF, NEFTLY—VICHEEZHDOMKBLURERTOFRRRCRTEREEZDSD
DTHS.
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BREXRSORFEIHBREREDONEFIE) T+ BRI DLTEETHD, F=. MR
FTHELZDARRDEICL>THLREDOKBEREBEIXRELEREIND, LHALGASL, /NE
BTN —VICEETHMBEREFIEENODENXEE VXKW REHZE5E3hb, 8
ELHEIIEEDRARY LA TOEEBHDELICK > TRESA, —MRMICIRIEHER
DZITEDEED 100 ZFULD XV B ZEZITEY ., REBELNBHSNIRENEERIN
5%, BEDEHBIREFNDL., TOLSHHNOXN B E2Z TR -5, REXKIIHE
[CREmSN., REMBKD K 54 N-0, KKIE 0. Myr LINICERICERT D EHESATUL
%, TD=H, HHOKLS>LBRBEORFIEAH#THLIEEAOND, LHALEGAL, KITH
T TP FOIR-EERERICHES AR ODVWTEELTEY .. KREENEBSH D
FENDBRTHELDEFERINIEFOEFERICHESMFAEICDOVTERE SN TLVELY,
AARTIE, RITHARTEESINTVEVWRERFORSAFMCEB L. B XWIREICHEITSE
BRARXDEE., TL THEERADEEIIDOVTREZITS,

BEFOMESTARICINZ T, &ITHEERFITRIEE. B2, k. BYsE, BR. BF
HIRIR, DFORGTSAHNEEELEEBAKETILEEE L, £ITHE L BHFICIRERK
ZHTHEIN-OLREEHOMKEENHREICH LT, XWWREFEZ. KEDLE R
T3, ERELT. BFOMEAHIL 300K L LOERRETIEBLAICEHE. SXWIRET
FEZEEAHBIEICGY 552 LA o1z, TOHRRE. BBRARIHKEBEEZRLEIT.
RREBESKRECMFI SN B LN ofz, RITHARTREABLGHENELCLDILRELS
NTUW=IRAEMBRD 100 ££ XUV IBEE(CH LV TH, Tbar KEDEHES 1 LA T — LA
100Myr L7552 &I 2Tz, KRR THLONIHE > RKBED R 1 LR —)LH 1000
EULBUSZEVWSHREIRENDNERE) T4 28T KREDELE BRI HILTEER
BREGED, HIC, \WREDEEDBRWKIZGEEL ETIE, BUES 4 LR —)LHY XUV 58
EDOHEEICHERTEL. RRGHETRELLGD, — AT, ELOEVLWNREFRY OREICE
LTIE. MARGEDRREZRAT DB LEBEICHEI RRDBEANEEFTHLS54GKTK
S[OEHMGELENRESND EFRISIND,
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'"RRKEBEEHRR SER A TEIE. 2JANSTEC, RRITE K% ELSI

WE, SARMORLEICEY ., MBREREZET. SCORNERENMRHEIA TS, X
EXRAEEZRETIARMEOH HMHRUKEIINER TILRELF (I, NEZTILY
—YOWEERAVT, BRIATWS, NEFZITLY—2biE, BARDKIBREREICRTE
[CHEFTEHEENODIEHE TH D, N\EFZTILY—CORAIBRIX. REREHNRE
AERBIZEATLIFLERFTEHEERERR) TEEIITL S,

Kodama et al. (2018, 2019)I2T. KEDVE K KABEL L TWIEREDRERER
RiF, REXREOKITIZEY ., RELELRLT S LMD TNS, ETHRTIE, HE
D1, AEETHEGHENOL . FHELOLEVRENMRESA T, LHALENS,
ENBREOPICIIHRA G EGHERACINEMDELZHFORENEAON, THLEHEERE
FNEWTHLSEH5ENEHEENNER TILY—VORAERICHLEE L5 X 56
NEZBNDS,

BREABRARXKAKBRETILZAVT, REKIMERERERFADOEKRZEZ. SiREE
fA, HLEHOER, BEAEREENTAZIZEY, RHEMICHART-, RETOKS AL,
Kodama et al. (2018) KN mE A=, IREDHMIKER CKKMERMN 5745 Thar DR
ZERE L=, BEBMIEMAICDOLT, 0°, 15°, 30°, 45°, 60° #&E. HLUEHDET 0 M
50.4FT, BEAREFIREDOHBROMED 0. 1-2 ZEO&HEEAEEE L=, HRE LT, Bat
DADEHEEICKDE - KK - KERDOAHADEIIZEY ., BRERERFANKELEE
ZIT52 &L ofz, BHLXDERE. NEFTLY—CORBIBERIEHPDEDRS T—E
[CREDEDTIEHEL, REBBDNTAZIZTKYELRT S, FUYBREE>HERTHDH
LEEKELTWLS,

AEBETHEK., REERERAOBGHMEMAKTFHEHICERZET. BRI LHFETHD,
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Validation of spectroscopic classification methods for D-type asteroids using
lunar hyperspectral data

OWAER", EiZH—ER?

1) EXZINEEMAN hERATRG LY - 2) BEEAFAER RIFFMAN HIKRFHE
B

DEUNERE(L, (ROVTILARZERL., AIR EFRHNZARINIV B TRL, SRR 8L UX
ERBOWARIMNV(DBRIZRIMV) ERTINKEEEEZINTINS, TDARIMV
DEFFHNS, —RICEYESUEANRBICKEMICHEEL., RREBRGORXE
D—DLTEZONTER, £e. KEDFE THZ 7 RRAETAERIIDEIZRSML
ERTIEND, BEHEKBLURTERIN/ZDE/NXRENIEEIN, TORBTELL
TKEBZEREARLTN\SEEZZONTEZ, — A, AOSHMBEROF TFEFHERILEZ(T /=
EEZZONBFRREDRBEDIRT ARINILORIZ, DRIRRIMVEIEEICE=HDH
FHEIDEHNPRESNTOS[1] FLKEHEOREELT. KEANDEKRKEHETHE
CRAERBPTEBLTERLZETIV(EXRERR)MDIRIBSNTEY, EXHE
EERICBWTDERZARIMNVERF DBERANEDIOICHEREINOIZDMITDNTDE
MBITHONTNS, COXIEEREZNED, THEHDEIZARINVEZFAMITDIINT, &
HTEZETVLEESIEHIN TS,

ZITHLAIBELARIMNVT—IPEFSINTWSHEROAICEBL. BELEDD
BIRRURRINIVD, EQLOREM - ERMEREY, EOLOMHhBEHERT DN
[CDWTHRAEZETTO[2], TSR IBEHDESIER DT (NA/R—ZARIMN)EY)
THRARINNTAT7ASDT—4%FE>T, (1) BE L THROTIVRRBELD DR
WARZMLELTHISN TV BDark Mantle Deposits (DMDs), (2)B{LF 4> %%<
SUTIARRB4% L TOROWKE A EMEE. (3)E{LF &2 IS LWNWARIE
IVICHFEWEREEMEE. (4) ADOSHICIE<S T 245 RIRE RS /EVEETR
(FHELCLEZFTEHRESLBIREINTND) DAEEORI ST —2ICHL T,
DeMeo#|BIK[3]EL THOND/NREZARINV D EEEZERL, EOQONKREZIRIB
IWEATITHEESNDDICDNVTIREEZ 1T o7/, TDRERE. (1)-(4)DIFEAEHDEIC
TEINDENDPom, CDZEE. DREEHFIENTWSNXRETH>TH, TDXR
BIZEBN P EETHEERST . KREHROREBEZFDNRENEELTNTS,
PHAZMITIIX BB HFRENEEEKRT S,

ARKTII, LFEDEROBNE, TOHERICEDE, bOVE. AXEC9HRTSD
BRI, KEBFHEICHITEHBEITD.

[1] Yamamoto et al. (2018) Geophysical Research Letters, 45, doi:10.1002/2017GL076612.
[2] Yamamoto and Watanabe (2021) Journal of Geophysical Research, 126, e2020JE006669,
doi:10.1029/2020JE006669.

[3] DeMeo, F. E., & Carry, B. (2013) Icarus, 226, 723-741.
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OffmklL= . AMTE#RTF®
JAXA FEMPHRR., ‘RIEXF

FEABIFEICENT, KAERICHEENHFINTLSKKGEZIROH ET H. BERIFES
BN ERNLGREA TEADDOH D, MBHMERERICEA. KAFBEHOZ L ARSI T,
BEDIVE— bV T2 ZEREL-BITNEA TS, HIZ(E Lunar
Reconnaissance Orbiter (LRO) 3&# @ Narrow Angle Camera (NAC) YL —H—FE:t
(LOLA) 2L B2 EfRBE (~2 m/pixel) OB T—2 ZFE--AFK - BE - EROT 2
L—Yavizky., BEEBAROO—N\OETRERANTHOATLS[1],

—A. RFARY MLZAW - S M ERBYMEZ IR E LB RFZTE. B
BLWTEHFYVEATWGEL, KEXORFEFRALI/\Y S TLHRNEEIX. KBLAS
ANBICKEFVABETHFEENHEL <. BEOFWVWARY MLEFHOONZO—ETH
Z

AR TIE. JAXA D AEEIRIZE SELENE (M <CRO) [TEHSIN-TILFNAY FA A—Dy
MDD F—R2#FE--AfBE (BE 60° L) D9/N\Y FRFRARY MLy TEEK
L. ThZRAVTREDOHMERZTET o1z, N CPOOMEREICERT 2EERILTOTH
(. LOLAEETILE M RETILRITDI Y FUoJICEYBEEZFAHATHY [2]. EfFE
EBETILEFESIBINBEICIY ., BREOBLWRFET Y TOEREAEEICLTLNS,
FITIDOVADRHICOVNTIE, ERkDMPRARZERIZ L BRI [B]IZITEEHD L,
HBHEWNY L—2RABICENSRFEOFVNI D =V ZHEBEYMNSHE DN o=, FEED
WERICEHEDNHSHI L—2(CD20TH, HLOWRHFETY TTRHELYGEHE ($92~5
) 1IZRAEDAH o= (I Z 1L Schomberger A, Shackleton. Grotrian &) , FHEAE
31% 5000km LA EIZ K 5% Tycho 7 L—A2 DIt &EH it L. Shackleton 7 L—2 DT H 4
ERELTWD, INODOFMTHBERERENE. SEOBEEFEEICL>THELNDIY T
ILOEFEZMEH L TEELGHINERE S5,

(&% 3Cik]
[1] HEFEZEFM, (2018) ABIEFZEEI v a VREFHKR (GBRER) , BAMZEFEHERESR
FHEPRIESHER, 2B08. [2] ERELFEIFN (20200 ARBEN S —EH A 7 DER,
BAREMPEMEERTSEE, 0-DI-BI16. [3] Fortezzo, C. M., et al. (2020) Release of the Digi-
tal Unified Global Geologic Map of the Moon At 1:5,000,000- Scale. 51st LPSC, abstract #2760.
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AFEE & Plate Tectonics o 2297 D 5 75,
JT2k  DERE —ICHENShZDH ?
KBBEEL LTOEBILEZ 7Y 2 532> TEE35.,

Mpystery of Ocean Floor and Origin of Plate Tectonics, Why is it spoken with together Origin of
Moon? Let's talk about Evolution of Solar system Abduction.
OfEF % Taneko Akira', 'SEED SCIENCE Labo.

KB DF DI, 1T DI EERIFRIEMHTR(CIE (4 LB/ LRIRIE A BIShIEDH?
FDERDRESHC(L, T LT EJE DI BRI = A S L ETHY, [PILF—1>/KINREE | 72,
L BDEEH)EI L —,FINIRDEEET, B IEDIERE/1VE Abduction T2 TH —EI(CIREETSE,

Pacific uplift is due to Isostasy Magnetic pole
Arcuate Islands FEarth's axis
M Plage Back | (Japan) Manile
arc batsns | ter ¢ Liquid :Fi
. Japan sea QOuter core [Lig ]

N

\

Qrigin of Moon and Earth i in Multi-lmpact Hypothesis
__Et ﬂf“;'b:f_* arc baisns

Inner core [Solid :Fe)

Darwin's

s r’e'fm_;.

/ Brazilian central
position

Magnetic anomaly
The altitude of the Van
Allen belt has declined

Hﬁfu re prositios.

(Befiee the
nl’.’r it

[t Plate Back
are baisns

by T.J.Sherril
Origin of plate tectonics and the Pacific arcnate back-arc basin
Abduction to verify The Origin of the Asteroid belt

M} Plate back arc basins Motion

- ™ Ocean plate

Moment of inertia
/ in unbalanced state
\\\ = Couple generation

1" Ocean plute ==+ Drive force generation
[¥) Plage back are basins

\ = Couple resolves

[V] Plate back are basins
Lt " Ocean plate
Motion == Stabilize at the End
w Movement stops

FLTAXBERTOEROCKED I 7 Y vF, AEDAFH, 1, toDEE[1% »R/EE,
70 % ], LPEEL, BAREBFE-1B TN, ST =L BHWKX, I NEEHK, X-F
HEL —~IBBFBE, ST TS FHBW=NEESSIBEE, 5+ FIF)SHBATRETH 3.

RERIL, BIEDBREFIALETZ 7Y >3 > EFSRBREDREM—CIICIREETE L.
z, 5, r it ERRIEDLIE 7 L — FEGRYI L ~ D TFIZBDRAL, £FH#DB 7L — MDA,
RS, ZRBRE DERRER—BICHAT BX DA N—Y —) & Atk THAE L 2
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Tal—YavicLd HBREERICL>TERINS
AV KU 2—-I)LERES L UNEEDRER

O/MEH a8 HE E—
'BEHBRERFER REFHER

IR CEUIRTELIEETHIEEIL RS54 FERFIZIEI Y R a—ILEFIEN S mm
A ZDERMENFRBDIZLEALEEZLEDHTWNS. a2 F) 2a—)LIZEERL DR IE KGR
AEODTMAINTAR LIz M BIENEONAINEINTRERSIAIZEEZ SN TINS.
EEOERAENOAXBROEK L (ZFRBHICEBE SN LAHLM TS DFY.,
KEZRDPERENLBECTEANBRT DL IGMBAAARNY IHAZHELEL TNV EEZS
hb.

Nagasawa et al. (2019) TIEAKREWREE. PLEXBLGETCHAEOMBREDHMEEZRECE L.
FRRERABICH L TRELHESEEZE O LTINS, Tz, RELHEEEIZEL
SDTHEAENFHEREEHERL. TAAAD R 1—LERRT HOTIELELNERESL
f=.Nagasawa et al. (2019) TlEa Y K a—/LHA RSN S 2HEAHRBEAETHD N
RENTZH, EFEBICOVWTIEER SN TUOVEL. £z, a2V R 2— L&, MXEIC
BUBLDLEZONTLDD, MEBICEDREEI R 2a—ABYELINELBHLH
(2752 > TLVEL.

Z ZTHE, K&, RE. #MHRE 100 X{Kk%E 2~bau ITHZHICERE L. 1000 HFEMMBRED
MEEOBMBEFHEZITL. 32 FYa—/LEIREZRD-. [RIAHRERARCHE UIERK
DAVEY1—)LEF0.6hEREEL L. ChEx 300 FEDMT 4~bau ITHHET 5 & LT-.
T, WEREFEZ tkm. 10km, 100km, RIzRERMABROHABERREZ 10 5E, 100 5
F. 1000 BENRTA—FZEZ, BHEICZ2L—P3 VLT

ZORE, a2V RYa—ILe2RHEECH LTI Y R a—LEREUREDE|&HEIKIZS
WBE DL WBEIZHMINE. 512, 1 DDFHEDFTEELTY R 2a—/ILEERT
BZRAN 100 RIAFHRA, 2<ERLEVKENZL F#HHBENSHERICHE o 1=
NN ELY, AR a—LELLSARRT EREANGFETIDESCHETHD S
Ehhhot-.
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EERTJDOH L WFEFAGEIZME T 7=
A ATLYZaL—2 3 UEER

OZE mET'. K FE ', MEp RE'. 1% FAF2 AR 26’ Tk HE-.
=K {E8h*. Chi Ao°. Itziar Garate Lopez®. Sebastien Lebonnois’. WUA £ 2.
N EEE2, A+HE B2 S+ B2, WA B AL Bt §H EFES sl &

'BEERRE, THEKRE, CERKFER, ' RBEERE. CHY TAHLZTIHKE/NASA Dy MEERTRAR.
SINRYKRZE, TVIRYRKRE, SAMKZCRANEHRARR., CEERMREHRR

BRI RATLYIaAL— 3 VEER (0SSE) (. T—2REEFZZAVTREMNLZERA SR
TLEHRBITDFETHY . MRETIRZOBREEICE > THAFEZFMET S5 EMNT
5, HEKTE, BMERUAZELHETIHLHANEASNEORRFARENDEE
RIEHEICFEBAMICFIBE S TV AN (e.g. Masutani et al. 2010), REFEERFEIZH
(1% OSSE DFIFIFEAELL, REFAEFRAGEITIEMBMICHLERMICLBROA TS
&. EBFNZOSSEZANTZEDEUMM LR, BARBORATEORELLZRSZ &I1F3E
BITAMTHLIEEALOND,

BHONUFHEXAV-HERERERBAGEIE. EE2E0SEH 48~T70kn DLBRMICE
SEVWERBICEZELNSZ L4, BEH 40~90kn DEREBES HE SIRAIZSEE (ZER
BTEHIENHFEIND, F1-. £EFER (HHDF] OFRATIEH, ENHAATDEE
BRC K BDKTFRIR., FREFNNDASICEDBEDKERTDT—IENEEINDDOH LD,
HNDOZOHRALOHKEEY AL, BAUEE (BRE. "RE. FARES) . HlEES%
SEIFICERDILET. FLLOWAASHAFABEOEMNEERAET S LMNTEDZS 5,

CHOLE-EE2FHEBHRREEICINT S 0SSEZEBT 5-DICIE. KRBERZBHTEHER
HEOBEWRRETILET—FEIERTLOMANKLETH S, AFEETIE. HLAHLHEEE
EOHTE, Bk = 2 L— R ITE&E{E Stz AFES (Atmospheric GCM For the Earth
Simulator) #~_R—X & L7= TAFES-Venus] (Sugimoto et al. 2014a) ® T, Local Ensemble
Transform Kalman Filter (LETKF) ICE DK £E2#DT—2E1E T X7 L TALEDAS-V (AFES
LETKF Data Assimilation System for Venus) | (Sugimoto et al. 2017) ZFHL T, 4D
RIEDERRIETEIZxt T % 0SSE DIERBMEZBNT 5,
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BEEERER D L—5 - REFEET OB

A study of the ground penetrating radar and permittivity meter for planetary lander

ORRAERL' EAEM? FEEERE® TEHL' ALHE’
"EAbK, 2EK, SUAKA, ‘EEREH

REEEHICBE LT BERIEREBOMTEESE - FEXZHATILOOBRAULEED
Wit EITofz. ifL—4 (GPR) (FRBEZZEALGASERT S ETIOI—DEIERARD
AL KEAMOBEDHENTAIEEE LS. O—N\EBHOBAIE, O—N\rBEHEESOT,
CHOLIBALTAREEL G 5D, HMRICEE SN-BERICEEL, M OKEEEZHES
MMILES ETEBEICIE UTOESHRMIGKEZELCLIDELNHD : (1) BREHIC TS
BZERTTPR7UOTTORMNBEIZRIEEE T 5. BER ($10cm) BET S LT,
HEDOHA M TIO— - HEDHEWNI SV EADREINNBEZELY, SHISEETHHTIO
—DET - FETHIDHBNELAREE L -T, MTHEEROKEITEHICENELS. B
L, AIEEAH =02, FEZFLCLOIGRIERZRET S L, EHMK - MAMKD
A CHINHE T BA8EMNHD. (2) ERETUTFTFETLAKICEEL T, #RIE - (i48
FHIC L > TCE—LAREK S IERT U TTTEREETS. ERETUTTOHMAED
HEEATEZEETO>TEVWT, T—2UETE—LZEELTEZEL-DLEMEE
AIERE/E2EMNTES (MIMO-radar) . AIEEA LNV, REHEROE TIXEREL,
TUTTOEHZFEOTE, BFE- 7OV FI YV FHBEOTRENHTLEZDT, RKHBK
FEEDHBREL RINBBHELRERET T HERICOVTIE, BREFZETS.

GPR AEEETAIT 2T —DENEHMAD, REEELEH>TVWSIFERIV SR DR
TERDD=HIZIE, HWTOVEDFEXRDEMENDELLD. FEEDMRIEEZRD D
CENTENIE, TEE, KKOSEXFOMTOMEDHEBDZBR/MNAREICHESE LS,
MIM (Mars Ice Mapper) THREI SN TS LS LGERBAOL—FDIRIEIZENTY, FEE
HxHED Ground truth & LTEBATES. MRICET LI-BEE THTOSEEROMRE
EFHELELSETHIHRICEH, UTOLSLGREEREZELCIVDELHS : (1) thDFEH
(& point reflector L Rt 5. AIBEEOAEBEHENEL LLET7 LA 7o TTOEHEAD
WMTIZCS LE-AAAHBNIE ETFT - FETFTII—0EEHRHEZALT, FERETED
HEMNTIREEL 425 (Chang  E-3, 4 O—/\#Z%; GPR THEAH) . (2) AIEMEL RKIZFNTE
NTUoTTHRE, HLLET7LA7oTHERDEES, MEHT7LAICKHMERRESF
HETELALONDE 5% CMP (Common Mid-Point) £% @A L T, BERENEDIRES
MEHTEITDHCENTES. Q) hTO—TZ2ELIAAT, BEH/VLRATIEEL, &t
MERREEZMAIT A LIZE ST, REWE - TO—JEO-HEBT=ZHAL TEE
DFEEEFHATS. Jo0—7 -ND HICER BRI 2EENDFERICEREEZ LD
FHRlE D128, thDEEIRXLERICERIBRLDHET DKL 5% TO0—T - GND 24X,
TOo—J#%cE LADEE, FORNEET 5.
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MNFAVD)— 3 VD
MEZIaAL—aY

OWEFE— ' HEHEMT' BERE? ZHZHE—1 Marjorie A Chan’
'ZEBRZAFRBEZMAERR IREXFHERH ‘ATERFEYE
* Department of Geology and Geophysics, University of Utah

TAYALZMPEVIILTEMEICENT, BRKHKa /) —2arvhEEIATLS.
LLEST=BDONKEICBEVWTHRRESNTEY, TOREITEENEFE>TLVS. Yoshida
et al. (2018: Sci. Adv., 4, eaau0872) IC&nlE, KEREDI V) — 3 UAFTEES
N, TORBEICEKIKERT S LICK YRV V) -2 avhBlidnd. Bk
)= a3 VvDORKRITBEE—DRTHIN, ZD20EADEA-ELDILRERINDE (K
1. Shix, BBV TERIAEZREBIEIV -3 0BKRERBLTWLS
EEZOND. FOEBRLGHIREENLT, MTKIZCEFIAILSOILSAFTY DEEHLE
BRBOHNERES S aL—2a vtk UEA. 112BOXRAY D TILOEGZHENL,
AV =2 a v AEOFEELBEEHOFELHAL-. BECIaL—2avIT@F Iz
RT74—ILFEZERAVE. 22— YaviER (R2) & RAYUITLOBKELRT
52 EICKY, DL DOLAAY EEIES mmol/L LLE, ¥EEUREITHAKSD 0.1 EZLE
THHIZEDPDETHD I D o1z, Ffz, ThoDEHZEHI-LTLSIEE, LEO
BALRT—)VEEBRE A LRT—ILEY L BLGY, REGRIEFEF-—HREALGEDHIED
Hhh-ot-.

50

Wi x (mm)

1:RWFaAvs)—3 0h. 2:23aLb—varn—fHl. LW<D2hD
R H T HMRETRT.



P01-09

BUESIEIC K 3 RBEEa v 27 ) —vavo

B CHERRAY 70 22 [ 5048 O IR

OHF Lo, W F—1
P RRERABEEREE AT SR

ZEMDARY =7 T v PR TEWETIE, WORMBHEY) CHlo R Ihizarvy s ) —vay
DHEHET . KETH a7 ) —vavPRAEINTEY, T OFBEREZMAHT 2 2 & CTHEID
HEREIICOWTHEET 52 LA TE 5.

Inboavy ) —vaviFAEYHKRTIE LR, VB CRIEA VS Y LR TRy 7)) —va
VITE, T ZRKHA A v EEDHTKRRRIVAD Z L cay 7 ) —v a 3R L 72. (Yoshida et
al.(2018)) ZDFEMETALICL Y, Ko v 7 ) —v a voRlEIC X > THEDHa v 7 ) —v a v
DEENRE 2. AFECIH KBy 27 ) —v a VOISO A IcT 2201 kay s ) —
a v OZERISAICHER L 7=,

ZRMNARYF—T7 Ty VEFETaYy s ) —y a vy ORI EEL 2L 25, TV X LLESHET
13 7: < BB 7204 ©H o 72. (Potterand Chan (2011)) X HICEEL KBTI 3720, =R A 7
VELEGAE VB TH EDETHE00MOFHI R~/ 25, JEL 72t & OMHBERERES 5
e bhrot.

AR TG Y 7 ) — v a vid, KB CTREEA N > T LBRIB L 78, Z O3 R Litto
R e AT 2. 70k, T KOEEZEIC X > CTHBMPART 2 L £27-. CDLF ) Ficho
TIREZALICES 287 A — 2 %2 2 THUERI R 217\, BolBEEstz B L 2 sk L, B
LIa® 2RI M CThH - 72208, b HRRERRT 2 L B nfiiliz o7z, £, BUEFIR COmME L 77
6 DRFEAEA L 72854 0Em E UL Tn2. 20 X d i, EEoay 2z ) —2 a v 0%/ h & Bl
ARIC X 2 EMAAERK T2 LIk o TR 2 v 7 ) —v 3 v ORI T KOBEEE{LE#ET 5.

14
- 112
i & T 10

@

- 8 - 8
i . 16
i N 1.
i @ 1,
1 L 1 1 L 1 0

0 2 4 6 8 10 12 14[cm]

1: 2ZMARYY =TTy FEHRD 2: FEEtRICK 22 v 2 ) —va voliliE

227 J—3av(S. L. Potter and M. A. Chan) (HiBY o EEEL)



PO1-10

HilR = AR 2 T2 7 o 2 0 )V 2 ORuE 2 E MO R

O 0 A H#w]

PESE R R

ABECWHTFEORICHOEZED, BEL 111 LB A TWRWREE v Z LA LI
5o TUEUINNAT AMHOBERBENS OFB 22T 5 - OWIENREE T, J1FHEM I
BETENSET HELEY, 2070, FrooZ o) A0RRIIHE EELIEICH 5 KIK
FELERRER) T, TNORT7 o Z ULV AFEBICEFIICHEE SN TWLDEEEL LT
Wb, T7hbb, BELKERNTIEWENBEI L TW5, ZOBENCEE R &E %2 1T
DN, WEEZIZILOETHIHELOEIRAEEATH D, KoliZERE L DL AERH %
ROl H -7 KIE»N, KEE, LR ELVNAIOHKE L#LERZET S L ) itk d 5,
DUVMNIARRBIZETEE L VX ULV ADLNIARE E OEIMAEERIZ X 0 KGRI
HEs0, #ICk NloBLEICHE(L LRKREBRER SIS K o172 5, UL EoET
X, HEE OB ITEERICLAEELE WO TR TE S, KoT, o ¥ UL AHH
WA IXERE DS 418 B B A fuE L o Fm R X HIR = AR cilik T & 5,

KRR TIIr o Z o 2O8LEEE FHIR = AREOERQGHOE Tk L, RIEOEIE
J7 R E ORI Z TS R, B, AMIOE TR &5 2) OXENTH - 72 RIKBHN
DB %R B ZIERKER) OFENEALZRE T, IMIBRROZE SN L BFRCEBR T 5,
E<mon-HERAKMEORGEE TH DT A AT RT AL (Y ab o r X —% M
LEEEZETELELD)Z 2D 2KEICONWTEL, FNEHWVWTHEET A RKEOHIE %
x93, FLTIMUEKEIZOWT DT 4 AT /3T A ZPNAIEREIC LD EGEL TR LT 5 %
RffeF 2, RIKOWGE, 2HEO/T A4 (B, i), EBROA /37 bRT A X O
L LTHRT, AR TR, WRIEREOEELC X VAMUEEIZ DWW T DT f AT /8T A H N
3EBxD L. TRIKFINANCEN LZ) EReT, ZoERORFIESHELFIA L, X
ROWM « SMAI~DHE LD LT S OENZ i T .
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NEFGEIEEREE (MX) (285BI D
A7 rkall

Oas'. mEE? BREZXS MuaFIF. ELHE—°. Nancy. L. Chabot®,
=E¥RE 7, Frederic Moynier®, Sara S. Russell®,
BEE'. SR °. BHEM . Michael E. Zolensky"
VIR KEE, 2EALKEE, ISAS JAXA, ‘REKE,
*dbimE K=, Johns Hopkins University, "B K. ®IPGP Paris,
NHM London. '"iEi¥mrZchaFt4E. ""NASA JSC

KERGERFRESHE MWX) IXEFE 7+ HRAMLOH U TIL) Z—FEITHY . 2024
FITEEBITETFZFEL TS, AFETIE. F+4RARANDE v F A% 2E{TL.
A7V UTELVEREY VT U HEBICIURBLIY REA#Z 10 g L EEIRT S
EZEEEELTWLS (Usui et al., 2020) , T+ RRADERELVKE-GHERELZRE
IR SAEBAT 5128, HEMHIT—F 5 F—L (SAWT) THEOLHHTO baLEE
MLTWd, TOMHARRIEREXE LTHiAHRE Nz (Fujiya et al., 2021) ,

KEBEORBBRERICIEZDGERE (EXER) SN REREGRNHDS, FESH
HEBDOMEFZDODHRTEEL D, ERAFMEHRE - 2ELFHRI T - EERGES

(BBFR-78L-F22165E) PoENGIHOERMGHEZRESE L. ZDORKBELZX
AMITHIENTES,

EXERRDGE. LTRREERAERNS., 4 V08 —NED XS BBRIZFERIL
F=RANMEATE S, RKRERICEIGOSHREEER TR (ERGE) ORGEAERBIND
FEEORELZHETTE., Rb-Sr FLEZR P U-Pb TR ZFIAL-HBEERBEN SEHBREOE
KOALNIG S, MNREFEHRDOGE. JYFHAGHBORESR Bk KF-KkHF-E
%) BEGAHERK - BEMHERK - TLY—F—RFHEAEE - (EIZEFHRAEREICKLS)
LHMOERERLTENSBEMDER T I —TLHERKEZLRT S, K-Ar EFRES DT
DOHYA RDY L= —FENS, INEENAA RN M EBNTAETHICHESIN:-E
KEHETETZLHARERLHD, EELDHRDZEETH. ChoDAFHEREHLREL T, MK
AHHBRB R BMEFEABESINDSI TOELR P, TADBKEBABLZTEELZHEAT S,

Tz, KHOXRAEBOBEL, FHAAMMICLKZ2FERERRBEORBROKREICELY .
FHEECH—TZ U B ERERRE IO RIZET ZEBRNAEONE, BLRE2H2 TV
THA MBEUVRLG DY T O BBICLPEMOLRNEELY, T+ RADREAN
9 FILOFHEM (bluer unit & redder unit) AELCEREANKARE IO AN E S H.
HEOAMLEBATESLINE LN,
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Transition of the Oort Cloud new comets into other SSSB populations
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https://confit.atlas.jp/guide/event/jpgu2019/subject/PPS03-P05/advanced
https://www.cfca.nao.ac.jp/~tito/ftp/psdoc/jsps202011_ocnc.pdf
https://doi.org/10.1093/mnrasl/sly057
https://doi.org/10.1093/mnrasl/sly057
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JRUE K 7% B ERURTR D YK BRIk K5I
Bl 5 7 4 KRDOHLEEL

OMHERT. FHER. REAM. FHEH. SHRHE'
'R XZFRFIREFHARR R EFER

KEIZTHRRALTAFAD 2 OOHEZA L TEY | #ulfififh LoD NI En
I LR DD, Zhn 2 SORREROERIL, NEENSKBEOENCL > THESN
7o LT DD, RIKDNKRICHEZE L, BERICE VRSN PMERT L Z itk -
TSN LT DX AT " X7 N ERET oD, RN RS TS
BHE LT, 74RAEIDAVNKE & TAVNKE, XA FA XD A/NKE & ZNE IS A
N7 MR L TND Z ENRFET HNDD, BUEOHIEGRA & BELRORHE AT 5
TEEFHLWEEX LN TWD, lEROSGA. MEROET L — OB EE 2 D
TN 5, BLUET R LT —DOBRBEOHE LT, KKRRFT v IZRE TN, KEaNERE
LTWBEA, il sn/ P EEOHA (KE~OE TR ZIRA KT v 72k 0L 72
0. BREAGFETE 202 00 - 7= (Hunten, 1979), Z OB, #LEIXH HRREEML S
HEONEN, HERAZBESES Z STV, & 2 THRITIIR TR, Bk R K& Ok E
R A BIEICAN T HUEF R M T Oz, EORER, §iEHuET B W CBITH R DO Fm N
IR < 720 BELRSCHLEERMA NH WY A AR — LV TRET 2 2 L RE Tz
(Matsuoka and Kuramoto, 2020), L2>L. f#ifE#% O EO#LEHELZIE D 72DI1I2iX, K&KD
LB FIRICEE T D2MENH D,

FEATHFFE Tl R RKUTIRAA R R B E A L. KRR EEEE L TW SR A E 2 T
Too EDH%, FRAKMREEITH®R L, KEKRKOTWAE I FZHBGENE Z 5, AL T,
RIS FROBORITAT LI RFOBERH R 21T o7, 2 2T, RERDEEGEEIZ DU
T, BRI RRORHGERE, 5005 10134 EB) B R AT OIERNCHE - 723 & (RE L
7z, Yoshida and Kuramoto (2020) D72 /KB RO A, FLHLERHT THiME S i/
BOFMIBAEF LD LB nroic, —FH T, WEIIFNEGRE L TW R o 2K
RUIRFEEENR S D70, AIBOFBERTHAE LI KRRDOEE L B D feEnd s, 2
T, MIIKRE DR 5 REMEICB T i SN/ NEEDFEmEZ RO D, o, ZOHE
ST/ NRESHILE 2 HEFF T A 72012l Wb D X A 22— L0 7R KRE DL
TEHEMEND D, AFETIE, LLEOTFT U HTEBT D 7 4R AOEEFH R L i %
HIBGR D & A LA — )L & i U flERL D 2 S HEIZ OV Cilgam 3 5o
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AN X AHEENLZPIBEEIETIND
ShE S T AL REVERLTR
O fEIFEEYR L B ERR L, NEPE AL L

' R LSRR MR R B R

JFIGRERMBICE T 2EIE. XA MRECHERERRICKRERPE L5 25, EETIEH
BILKOEENFE LT WL DDROREALEERNTEHEINTED, TOS55D 1 DWBHEY TR
ZEVE (Vertical Shear Instability: VSI) XN 2 £ D TH 5, VSLIXFIERNO A #HE DRE L
feAY 5] E 8 2 AL EM (Urpin & Brandenburg 1998) T®H 0, MEBOBGEHINZRI LI 5 Z
EMFEESMTH D (Nelson et al. 2013),

VSTELYE L, M OEGEM % H 5 XA MEEDORE 2R 21 5, MBOBRMMESEIX, XA b
DY A AR DHIMET S, N5 E2ZERMULBHEN LRI A MEEEZEZZ 5L, VSI VAL
TENZ TR B HEIIE M D —HIZR 5 b (Pfeil & Klahr 2019; Fukuhara et al. 2021), U2 L., M
iR AN AL 7 BGR RIS RIS T CEREN S 5 VST ELIR O FEM A2 E I DWW TIXH S itk -
TV, VSLELFRIZ X A M#EEIZEWEEE2 5.2 5 (Flock et al. 2017, 2020) Z &6, HE
()70 P94 N CEEE 9% VST ELIROMEE 2 S 2235 Z & 1%, VSIELF & & A b D AEiEAL % fiFiH
5 ECTHRERAIRTH S,

AR HIIE, T4 o OB PR EGEEAINEE T T VST ELHE O 72V % BUERAR >~
Ralb—YaviZkoTHHT AL THD, RLADOEMERARS I 2L —2a >y TlEk, MEXZ
DZEMNAE & AN 725 & 5 BB 2 22ME b Ez, Z0r TORGENREEE LT, 2
FRFIDS R Z 2 AL EEDPFREH PO HDEI EFTHELTWBDIRFEL . VSI DLZEREN
TERMAEIZFEL. TOREREEALERPFEATHEREO _DEFRE ULz, Th o %2 EK
WO Y3 alb—hU, VSIELH O BRI O 22 M o A iRk 2 iR 7=,

Z DR, RLZEBIRET» S5 D5 L THEIEL TWBIRIETIX, VST AL IR ZE - D
ATEHEIL, TOREMPHEL 25L& VSIFLIRWIEE D Z e 23bn o7z, FHZ, REEREDEANAT
ADAT —=NA M E DN WEEIX, VSTELRIIEFEE L7225 2 b bhroTz, ALERIT
XA NP E - %S 5 & RERAMAEIZE S5 (Fukuhara et al. 2021), UL722%> T Z OfER
X, MBOEERIFHFEF A = ZLNVSITHE LT L, XA NPEE - BT 5ico0HM
BOELIRPTH < B2 g2 RBT 5, —MRICIHIRA XA S DARKIEDOHELEKNTHE I L %
BEZXDE, TAMREDY A XETHABBEETEE0NX A M VSIELROLE»r S E S
ATREMEDY D B

— T, BEEE RLZEEPHEATHWSIRETIX, VSITLERTOREEe2E@ L, ZEET
LEIRDEEEN T B Z e’ b o7z, T OEGERANREEIE, AREHNITEF IR W72 D BRI R A
L2, M8 EEIESERICE - O BRI EA R < 25 FTBRGGE IR L TWd, 2 Ok
Bk, VSIELFE DSBS 2 M BRGNS T CHEREI T 2 ATREMEA N m W 2 & 2 BT 5,
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Scientific goals and mission requirements of Comet Interceptor

S. Kasahara, H. Kawakita, Y. Shinnaka, K. Yoshioka, N. Sakatani, S. Kameda, A. Matsuoka, N. Murata,
Y. Harada, R. Funase, S. Nakajima, N. Ozaki, N. Usami, T. Sasaki, and Comet Interceptor science

team

Comets are pristine small bodies and thus provide key information about the solar system evolution.
Remote observations by ground observatories have characterized various comets, while in-situ
observations by spacecraft have brought much more detailed information on several comets. However,
the direct observations by spacecraft fly-by or rendezvous have been limited to the short-period comets,
which neared the sun many times in the past and thus lost some of primitive characteristics. The Comet
Interceptor mission, led by ESA, aims at a long period comet or an interstellar object. JAXA will
provide an ultra-small (24 U) daughter spacecraft (probe B1), whose closest approach will be less than
1,000 km, allowing the first-ever multi-spacecraft fly-by observations of a comet. Here we report our
recent programmatic progress as well as scientific strategies mainly based on the ISAS science review
held in February/March in 2021. A special emphasis is put on the science traceability matrix, in which

scientific goals are linked to mission requirements.



PO1-18

IEXE Ryugu OHE & BEDEIL

Evolution of orbit and spin of asteroid Ryugu

O&FUCI Y, S8 BEM . FIF S L R ER !
VAT TR A - TR IR

/N Ryugu 2> b DIFEREARI O T 3R LT 2, VE— v v 7EllIcHELN
THE AR Z S LI L/ NRE D ZBEEL T 2 e kDb b, NEEDOH
B L HIROELIX, Ryugu ® X 4 v v b 2 & HIBRIE (5~ Ok afe 2 Biff 32 E CEHEET
H %, FHT. Ryugu OHUEMEL ORI R 77— ix, REYE O F 8 JB L 5 1 FR IS ik
FEOD D LIEBH I N5 Z B RFT& 5, kA ld, /NEE Ryugu o 1L 2B S 221
352 2T, Ryugu it & 72 2/NEKEBROFEICHM T 2 2 L 2 HIEL TW 5,

INER OB HER DT, RIFEZECRE L oENMAER I Z T, BVlshicER
TEEEIC X o TR T NS, RIFDEMENEPLABIRIARIC X o TA U 2 IEET7 ) 70 BCH
3. BUERFEOZIL (Yarkovsky 550 . HEERW S X AT 0% (YORP %)
) zilET,

Kanamaru et al. (in review) Tl%, /NZE Ryugu @ 3 Xtk Z AW WY I 21 —
vavEiTe, BEtic X o T L % P r2 (Normal YORP; NYORP) %3k 7z, #EE &
N72—0.59~ — 0.040 N'mi3 £ ® NYORP F v 27 25, /NEE Ryugu @ HiEZ# i X ¢ T & 7=
LEZ LN, BiREGE (HEEY3.5h — 7.6h) ICE3F 5 K2 77 — 112 L C58~870/74F
WM 3%, Zii Urashima 7 L — % —% Western bulge ® 7 L — X —4FER EIEL, 29
L 7= B BT 4 ~ > b 23 Ryugu 28 Enk HEZDREED b HIRHOEICHR T 2 2 ol & 7o 72
AR D 5, —F T, RIEKREICH 2 m A7 — AL ToEHIE, BnEick->C1HD
EEFERAEM X 0 PR b, B ORPEHIEICE T 2ImEE IR, NKE D i

HICHFG T2 LM bNT w5 (Tangential YORP; TYORP) , /WA Ryugu ICH1) 3%
EHI DY A AT A S JAARED 2 & TYORP i< X 2 hii iz NYORP i X 2 Jl# & [FAFLfE
@ Twz tEzoh, HIRELORE AT — i3 T oItk R 3 AIREMDS S 5,

Mz THFA L, LB OBBSIC X 2B 2 Y A7/ NEE OWUEEHE 2 — F O RfIFEICH
D #LA T3 (Astroshaper.jl: https://github.com/MasanoriKanamaru/Astroshaper) , &2
E OBENMHAANER & Yarkovsky FH % E & L T, Ryugu OB ZEHE L 7z, Yarkovsky
R ZWD & T BIEENINRINEKRED N FNFMICE 2 558 w5,
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#6 A super-Earth o K5 DZ&FE A 9 fhEE b:
N RNV

OREHIZERE ", e ™, fex REH!
'HECRE TR, P T A b, Fn Y —k v ¥ —, TEH K LA

ITAF: Kepler G2 i dii s £ OIEHEIC & > CRPREREDIRZ CHER L, #% K %44
BEPFHERINTE %, BT super-Earth D F HEIIREEWICEEML TE D, FERI N
super-Earth i& 10wt% D3 E W KREAZFFO b D6 I1F LA ERKRZ R R 0Wb D ETHL T
Hb, £, FNEEOGAD 513, 8 1.5-2.0 HBRERR DO EE D 22\ (radius gap).
HERY A ZDREDD 7> (Neptune desert) 7z W O DORMEDIH 2 2 b 00> TE
Tw3,

D &) RN EREDOLRECHETTN 2RI B T 2RO IZIH S Ik > Tk
D, RED S DRLABOADEE L REHZHoTWwWBE EEZ SN TS, EHEE, B X DR
SNTVLLIRHD WL D2 F, RABGRICK > THHTE 2L w) ZEBTTIIRINTY
5, 7L, FATWIE IR, RABGRZ #EET 2 R OWEIZ 2 L v ERE L CGHEDS
b T&E 7, Loy LB, POE-REREROWEMETREZERT 2 &, KK
BICK 2 EHEBRRICHE > TREMMINICRE T2 L) iEElbEE 2 L EZ 5N 5,

AWFFETlE, super-Earth O'HE-WESMOBEZ HIWE L, BERKDNZEFEIFE ) L
EED A 2 R E R ORIEIC G 2 5508, 2 L TR N RETAGICE T 2 R0
B2 & THHIINL D0 Z2HN7, FHEOREER, 20 K9 LuEiE i3 iuEkE o
P2 super-Earth 2 CIXFFICEBIZ R > T B2 2 B30 o 7, 612, WuthiEkz &
DIGETORETMICE T 2R HE I, B EEET 2L \0w) 2 EDHERTE 2,
SEIZBIHNIC k> T M BER D @ super-Earth 203%BFHER I N2 2 LI N2 79,
AW Z D K 9 R BHINC GG 72 BEm Pl & 2 5, S o102, FERICIZEBII T — % L5
B2z T2 LT, COMBRET VEZHWGEET 2 2 L2V AMRBIC R 5, ARHEHTIEZ D
&9 BH5BORNRERAE L OBEEICOWLTHEER L 72\,
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KB WEREC OSURERE S ) v IFE ZEER/NMID Y A4 X - FEIRIC
52 558  NTERBROMRNKRE~DIGH
O& TR\, BIMRHEA 2 RSS2, WY 2
U THAE, CHUR TR HUBRE AT

Iy uRPLI VT XAD L) RHEERNICTEFR KRR, KB T & NG %
TREFL TV 2 ZEAHIONT WD, 2O X5 K TEDNIMT ., Ed a0 Bliks 5
FHZEDTW D, NEEREIC T 2HEEZ b DALY OLEE L 5 2 &1, NER
W COEMIFAED AIREE R TR MR IC B W TEHE L 72 5, HERAEMOEARFK T
b 5 MR XAV EREE D © WA E % Wit 3 2 BERE 2 R0 7 o, HIBRIMEMmIC L 5 THAH]
RIEFEETH D LE 2 NS, HEREGOMIMEDHKL S 2 OfEIL, <> 7V e IfiENn S
AR 72 BROIR —E RS IE 3R 4 R BREE A R T T L TRk 2 e FEZ b T (eg.
Maurer and Monnard 2011), X< 77 v |3l
B T BUK IR B Z [ 0 A& 9 HET

M E R (D). 2 OB ki %; e
:_L,'?%‘,’E:OD é b A N /j A ~ Y }“\ 7“]1/ wf& f"/// \ﬂ‘ A‘Q*\Q\‘
RFAPE DR X CARE AR 4 45{(/{{(.“&\?\?’* R —

— 77 & OB T ORI S 5,

AWFFE T, KEEONEREO MR 4 7 v & WO BB ICR LT, N 7 1rDH 4
RPTRZEA . Ry 7 VRS 2 MBS T OB & 5 LT 2 0 % i~ 5 AL
HEALTEBR &2 AT 5 o KRR D NERE & K78 0 Fi < i, SRR 38 VIR LE Z o T
2LEZOND, —JT. XY I NORME TR 2 RS 5 2 & THEfT T A T L 3o
T3 72 (e.g., Sunamietal., 2010), Flé DR O MM T DMK ZE IO W TIN5
FEL 7\ AR T, BIN S I N7 E D Y VIEE (eggPC: egg yolk phosphatidyl
choline) #flic, ZNnZHWTATHIE (R Z70) ZIER Lz, T D eggPC Ry 7 LI
BAE R & AR ER X 721k, BIROCELELEE (DLS) VT H A4 X2 HIE L7z, % DFEHE, A
WHDORY 7 NWVBEREWGEICEWT, Ry 7 LD—E25%7 100 nm 2> 5 200~1000 nm
RT3 Z e ans, TABEERICKY ., BHERYAE 1 RIE L 2 BEH T A4 XK
MO HSNTz_T 713K 3 wtW D B 8 wtW ICHEIM L 72 2 & b o 72, RICHIEZ v
~ b 77 7EBEMEE (LC-MS/MS) #FwT., ¥4 XOMIMAHER S Wz 7 Tkt
LTI 21T 2 720 THIC XY | HASANAED I DI E > THA AWRE L 2Rv 7
H Bk, ARIFIED 2 A EORFEHZFED Y VIFEASERIICHR S T 2 &3
REINT, ZOMEMIZRFEHOMOR I LARBIC X S FTHN TV, b DFFRIT, Bk
Al A 7 N ERERT 2 2 LT, AEAIEDR 0 £33 1 0V VIEEESCED XY 7R
EIRWICKR T2 WREM 2 "3 5, LA EOREF X 0 | Okt & NSO FLi <2k U % B
AR T, R 7L DI A XREEZF ERTET TR EREOMBUELICK E i
Br G52 5 REELD 5,
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7ROA BB TRA-EEABEERLEIL—2EER

Search for impact craters detected by Apollo seismic observation

CHPE', FNER MFFEW SIBEL BREAN, KTERLT, HAHBRE
S.Tanaka', E.Morikawa', K.Onodera’, Y.Imagawa', N.Yokoya?, M.Ohtake', H.Demura?,
I FEHEPHRA/ FTEMEHERAREEE 2H/RX, 3HRTFX 422X
1. JAXA, 2.Univ. Tokyo, 3.Sokendai, 4.Univ. Aizu

BEFRIZHESA NI IZY AN EEMIZERIS
n(&51274Y, ARARFEREICL B0 EEEEE L
SENLITKIET BIL—2EET HIEITHIILTL
3. INLICKYREREDEREE CYEMGTERBRN
HEATLD BIZIEN]). 1969F-1977TFICITHON =T R
Ay ar T4 R OME (AR SElRy T —oMn
BEIHh, 1TBOBREREREINSABRIRUMY
BAISNTz. BBEA /ORI 2 0BAINEIN T
BT, TNOEERMLEZIL—FIEEESATLVEL.
NOEHRETEHIENTENLE, FlLIRIILF—NE
HERLSMIGEYERRZOYEBMEENES I EITM
Z, NEBEREDSRELLHAFING. AHMETIE
WMIARET7IILTIVXLERANTIURIABAR UM E
ERLIZIL—2DBEEE AT

FLKERSN-IL—2ERETEH-DICITEL D
HICRICEMERELEEBRRTEAVTZEDES NS
BT BHHENEZLND. Speyerer et al.(2016)[2]1%Z
DFEERAVT200EHFEY DFHIL—2EHIZKIIL
fz. LA s 7ROy avBRICIKRGESN-AE
Efg L0 R B EREROS N EEEEGRORTEE
BT 5DILFEEMNRESN, M OELESEHTOEIE
HELRETH D8] HLEFEFTHLLERSNIZIL—
AEGERTHSREL, TNOEHET—2ELTEES
HAHIETHEGRIOHIL—2REERAz. ALV=T
—AFAEDLEHICHIYImUT OSSR EEETD R
HEENF SN TL SLunar Reconnaissance Orbitor
(LRO)DLROCE&ZE ALz, BREAEIEERMIZ[21D
FRICENTHH, HELABBOTILTYXLEREHEL
f=. R0 R i CEEEREL THERLER,

191D VL —2Z&EBICEIILE.. ChoD Aoy

L—A2D458EFT 528D UL —42%HE L THRERT

—2ELTHW=.
MERRET7IILTURELTIE, —fRMIZALLRS
YOLOVA[41Z AL =, BAETT—2DVHESHoEEDR
EHEICREER LT, BT —421Z&DAccuracy
(£67%%#5F1-. COFBREZAVTTRAIYL 3V THEL
NE=AV R AEDHIZKENEDIFIZDLWTAE
BB ORESN-BRRBREFIDIIRRETE
ST#ER, 12D AEA AU KIDLVT300-5007L—%
NEFBELTRESN-. ChODHAITDNTESIC
AEREDIL— 2O O RS 1 ~H1E
LAY AL ZEICRIILT-. TR, BT —4H
DY THLERE CREATEEL7IILTUXLEZEALT
BEOEVVREAZOBMAELT THTLS.

19725 B 13RICRAISh = ARAAN UM ELTRES
ni=yL—52(EE39m)

[1] Suggs et al., ICARUS, 19, 1-29, 2014

[2] Speyerer et al.,., Nature, 538, 215.2016

[3]Dauber et al,LPSC abst. 2232, 2011

[4] Bochkovsky et al.,
hppts://github/com/AlexeyAB/darknet. ,2020
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AL LTk E DR OEEIZRE T 5 RERRIBAZR

RN, OfFRHALGH, FIIBE
MR RFRFEFIR R

EE  AOKIKRBELIEORLE, BERREDY 7, HA3—~YL MRIK, EHRESIZRBWOTEE SR
WETH5H. HEEHRFE T, WERERLOEZE - FHERIC LV FUREENERESNZ L& X
HITEY, KMREOEEHSIDKKIROE A5 2% ECIERICEETH S, Fio, KEEED
ORGSR~ E LT DIFE T, RIS X DKW E OO bl K ARl Slc kb, 2L
BRI DIEKRIEAE NEVBEED I LT 2 LB 2 DILD. DT, RINELOMZE IR LS
THL Z DR E <, ESEAREDASE ORI e bV Y [Shoemaker, 1962]. LAcL, 40Kz
T AEZEIER MR D AL T L N DIFZEEIY 70 <, I BIT, SR EIRIT3 D EZEA D
PBE AT TR RT & A ETTOIL TRV, 6o C, ARFZECIIRE & 72 B Ve 20T K e 5
OFFEE L L OKER - BE (BZElUK) & -l B EZiiisdn 110, oK - SO/
P (FEZERE N O RE ) (k3 DB OB E T~
EERAE - NI TEAR60~80mmOKER, TFE (ZEHES0%) &V, HULIZIE, EA2mm A O
47mmDR Y F—RFx— FERE A, EZSHET0.8~42km/is & L, EZEAEIT0~15/E L A L&
o, FEBL, M RPEOMRIREICERE ST By 2854 Vo, SR ORI ERRI -
15°COIRBENTTo70. FTe, BEEOTZmdl A 7 Tl UTc. 52 I T EEZE 2905 &
LC, Bl AT OGN HRE Uiz, IEEZ OB IR L, Bl EE Lz,
R E7, EmEERICHIT DK E BOESBEEREQ" (AEL DRI E Somy D3 e E &
M D537 DREO T VX —HEFEQ, QIHHE)
BAEEDT- VICE 2 BV HALOER) = /L%
—) HARRTRER, N EII3.50kg, 489)kg &
o, Fiz, IEmEZHII TS LR
Frmy/ M 730.03 & 72 5 T L X — B DS T 107 ¢
T, EEAE LS D LK TII30ELLTFC
my/ M DRSS, T CTIFSOFELL T TR e i
DG, IEEEZIZITm /M 530.3 & 72
DR RN O TTIE, k- FLblc
T—HDIELDENRKE L 72 oTehd, EEEAEN | © 40°-60°
INEWE Emy /M AN LT, = 2, Yasui et | 5 308
al[2020] 2 & B2, AT FI X —FE Qopr = 108 i N
2 i 10° 10 102 10° 104 10°
mp (v Sin O)°/2My & JHU"Crm /My 2 HEFR L T2 Effective Specific Energy Qu, J kg™
B R LHF - oDNFRRTHAT ofts < K9
&, K- BOEFAEIC L LROEREEEET  m 1 Rl R B AT kL
FNEN15.6)kg, 462)kgL 72o7- (K1) . DI,

10°

m,/M,

102 j
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TP 5T 2 ERE L MRETEK

OFEM—BR Y, LAER 2, EHER S, @ bk#E5h Y, FHEZS FHKS, BAEFH?
KHREE] S, FEER 2, JLBZC, SARRAT?, WEE 2 RIBUE S, HbhE 2
PHEERYE, JAXA FHBFADITER, PR, GEEKT, SR,
CRHERY, THENIRXA

PRI 2HEEHICL-C, CENKEY) 2 v 7V DOEBHL IR 572. 1.19 g/em® &
WKWV IR L KRELRRAVX—DHIET 5D 7 TV NAVRIKEEZEZ b
TWw3., IHICHERE 1-100 m ORAANL X —DORMES 4 FHESFOREIZATHY

(-2.65), I#EHAKIOERE 21 mm QR TFORNZIFEHICATH Y, ~1 mm OELEDK]
TR 52 2RRT 5, T, ERESE CRTFRREZ D 2 VN30 700 &
HEINBE L, SCI ALZ L —Z—0DEEDLRETORTRIME AN E v R
NZZLEBAENTH S, RKAHFNVZ—DEEED L /NI 26, mm P4 XDX

FARDBERZ D > T L ICES L AREME 2R > T 2[R E .,

ﬁ%mﬂ HORADOHEIZ XA+ 2 OMBREOKRBERTH 5. XA MESHEKS Lok
FEoKE S CEREAKRTHEL, XX b - HRARATIRICE T 5 resonant drag instabilities
(1172 &%\ L C, HHALEIC X 2RENRLEICE S D030 20> > Tz, Bouncing,
fragmentation, radial drift barriers 7z & D X 2 b &R EZ HE T 2 BRI WO b fEHHEI LT
BY, 2brbT7 77 2ABEAERPa Y0 RESK (TL) Tk em 4 X%
ZCHEES %ﬁﬁ?é@i%bw&éhé T LT ADREIRRE T S0 I
FOMEREEZER L 727 5 1F, EE~100 km OMERE#RRIE L T2 /NKBEICITRT LD
WW%T?%L#ﬁéhf%% 7272 L, BERIRNECOESE « R, % OkOEz ek
DFZEIC X o THERETEEIRE O = 7 A RGE S AL L T 2 ATREED 5 5.

ESA @ Rosetta I v ¥ 3 ¥ TliZ 67P/Churyumov-Gerasimenko & 2> & fiTH! & 3u 7= KL
F DR L fANT R E GAIDA CBAEMIRIZ X A F 02 MIDAS IC X 250056, 2 v %X
M ERFIGRL 2 TEDSEDTT 77 ZNERTFRFEET 52 &1L 7R - 72(2,3].
CNERTADBENFRETCEGL CEREKEFo2 2 L2 RBT 5. NEEEE LY
TH, RIEKEOEBERE /% OGP, RE»bEED 726 I iz liEakl2 o, fEK
KFo3 A4 Xtttz BAEFELIiRT o2 Licky, BRIAETO 7 rE R
210 307, WEkE ﬁ/ﬁxﬂd‘@*i%‘ﬂ'/f Aotk rH T eI _XETH S, LoT, Va
v 7y KO EaHTIC , ZOMHGE & VIREZ RS 2 2 & 13O THETH 5.

[1] Squire, J. & Hopkins, P. E., 2018, MNRAS, 477, 5011
[2] Mannel T,, et al., 2016, MNRAS, 462, S304
[3] Fulle, M., & Blum, J., 2017, MNRAS, 469, S39
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71V 7 v R~DESNCIE % F v 7 T B R RS ER

Space weathering simulation with UV irradiation on olivine

ORSgE— 1, oo Ry, BHseK !, EHER 2 FEHFEA S
VRBRRE, 2 SRR SERT, ° 77 v v R

FHE(L &1k, HC/NEKRE R EORK[E Rz wa A RER, REFRHTFH 22 MIC X
% C LT, RAMEIONZREDRIRZ I L T 22 TH D, FhAEREOL L
LT, KBt A~=Z7 P roffb(fidZ ofhn), BE(@EMIciE< & 2), RIEo55ko
ZOoNHbLNT WS, DX w2, BUNEA OEZEC KGR DS, KRG oD%k
A, FER R SIC X ) RERT OIS 20k b/bF i ickddbnHFx
LT3, FHEEDOELRTEOVLEDTH IV E—b vy v I/ RETHLNDE A
I NN ER G 2 B0, FHEICOWTIIET 3 2 LIZEETH S, $/2. ARY
bV DZEALD O RIKDO R O FHEM~DBINRHAZHEE CZ 2AlRMErHE 2L b, F
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The eddy diffusion coefficient is important to characterize the efficiency of
vertical transport in the planetary atmospheres. On Mars, recent studies highlighted the
efficiency of vertical transport of water vapor in the middle atmosphere, which drives the
enhancement of hydrogen escape in a short time scale (Chaffin et al., 2017). This new
discover of water loss to space requires the update of eddy diffusion coefficient in the
middle atmosphere. On Titan, Voyager UVS implies an eddy diffusion coefficient nearly
two orders of magnitude larger than inferred for other planetary thermosphere (Smith,
1982). However, comprehensive understanding of large variability of eddy coefficients
in the planetary atmosphere is still an open question. The purpose of this study is to review
our recent studies to quantitatively update the eddy diffusion coefficients in the Martian
and Venusian atmospheres. On Venus, Mahieux et al. (2021) proposed the new eddy
profile. Their updated profile improved the agreements with the mean VEx/SOIR CO and
Pioneer Venus He profiles. On Mars, Yoshida et al. (in prep.) attempt to determine the
eddy coefficient in the mesosphere from new solar occultation observations by the
NOMAD onboard TGO, which allows us to study the CO and CO: profiles in the 60 to
100 km altitudes. They found that the inferred eddy coefficients 10® cm?s™! in the warmer
season in Ls = 240-270 implies nearly one order magnitude larger than inferred 107 cm?s”
"in the colder season in Ls = 120-150. In addition, we aimed to determine the eddy
coefficient at homopause by direct detection of homopause from new stellar occultation
observations by the IUVS onboard MAVEN. Our tentative result suggests that the
inferred eddy coefficients on the dayside at homopause could reach to 10® cm?s™!, nearly
one order of magnitude larger than inferred on the night side on Mars. The inferred eddy
coefficient during the planetary encircling dust event in 2018 must be more significant,
which exceeds 108 cm?s!. Our results highlighted highly variable nature of the eddy
coefficients along altitude, season, local-time, and dust condition. It is noteworthy that
the importance of large-scale winds induced by solar heating via the dust (or haze) upon
the mixing in the upper atmosphere thus appears to be common in the terrestrial planetary

atmosphere in the solar system, as seen in Titan’s atmosphere.



P0O1-26

DESTIN(EHRF X C7F 545D
GRS & th £ BIERTIE 2021

OFH# Bz ', /M ER', TH BF' AF &'
ERK &% BB uNd°® XEF E° M ERS, FE THY L0 =° XF Al
Tomas Ludwig’, Winfried Schwarz’, Jens Hopp’, Trieloff Mario’,
Hillier Jon®, Khawaja Nozair® Eckart Lisa®, Postberg Frank?,
Simolka Jonas®, Krtiger Harald®, Carsten Henselowsky'', Srama Ralf®
DESTINY+F— L

"FEIEXRS 2KIRKE, LEXZE, “JAMSTEC, °NIPR, SJAXA,
TINA TRV KR, SRV VERKE, *Ya by y AL MKRE,
Y2y O RIS KBEZRHER, "DLR

EFHIEEBMTEI I DESTINV'ICEE SNEA X 7 F 544 (DESTINY' Dust Analyser,
DDA) &, # R FMUFDRBERFRICKYRET S/ OEREFACEESHINL, &
A MRFOEECLFHEREZHE T I EFHAUZETH D, BEAMIIERITERAE GHA
BEHHE :m/z~1,000) 2R, TR N EERT 588 EIMD NIV ILEEBORE %
B L TL 5, DDA [SHhEREE 7 = —XH 5 ERAZHR L. KMPICITHREM AR FOER
SR MDERETS., T, FEIR/NRE (3200) Phaethon ED TS5 A /A BRIZIE, IMNRE
HEDFZ R FEHRIZEHRT 5,

HEREICOVWTIE, BEENRVRATLEDA VA T T —RAEHOFHMRIEEA—D—.
BREWIRATLF—LEELITED D ERIFFIC, REDEREE - HEZREET 50D
IVOZTFIVUTETIL (BN ( BB IR TLLEDESEAEHEEZRHICERT 510
NELRVIaL—4% (ESIN) DAL ETHTHS,

BEARY MLEBRT D=-H0M ERIFIZDWNTIH, ¥ X FMEBRMEDRTE & MAIED
2., HEMRFOULL LT, BAOBEENNEEZF - -FHRAEERRLELZEDTLD,
AERTEINLDEBKRERET S,



PO1-27

BHEEKHREDEBRYE~DERER
DT Y RIVBGRIERIEIC L BRI ER DKL TR D EHR

OHHMHR LRINBUE RIS 7 & LB LRANE 2 REFT) U !
L AF R ER AR EAARTSE R 2. F B A2 T SE B FE MR 5 1 Rl A T Je T

ER OKBERE IIBGE 2R < KEER L7227
ELILE= Y PV DERNEZ b o7 b b Tn
%, T OKMWEEE ISR L HEM AR VR L,
BIEDOKRIE~E R L7z C OEZREIEHR %
B d 5 7-0c, INE CHEEIEEREQ 25 FH~
LNTE 7, QHF. FE100mLA Rk T I3 bk
BOHEJICK WA OFEBTRE Y EISCR
SO MIEWIEEL Q) L VT T\ B, AW I,

INE CTENERTHR 2 00 WNEET D > 72152
PR Qp % Sk @ B 7230, KM AR E %
W7 RIE R IR 2 AT, R OB R OB ENIC
ONTTF VX AEBRHEEDIO R 7 vy a
XHRIE 5 % F v CRRFT L AR N o R 5y
iz i~ BRI O E & — M 2 P~

KERAE  ERERIIMT R & TR
DR BB R A TIT o 72, HALIRTE
f£4.7mm & Tmm QK Y A —FF— FEREHW,
B2V 13 1.5-4.0 km s & L7z, BuEL2RE-
KMEEZRE T 2720, v~V LB LEOE
RERI2:1 TRALZD D (ZERE38%), 27
WY b A EREEE 102 Pas v ) a—v
FANEERIL 3:1 TRALZS xR CERS
ERER 2 ER L 720 2 T EZE 30mm, =~ P LVE
1% 60mm T, BRECPEREEMN 2R L 72, JEtiE
B e D D, v v P AYEDOAD LS
VBRGNS AER L 7z, DIC KiC X 2 f#fr o 7=
@, BRI RINIC 1T 7 v & L0 Sl E 2 1 72,
BREER I 1E 12 8 0 $RER (A 3Smm) % Hi— 1 1
CitE L, ERERIC7 7y v a X RolR&L 72
W% AT, SRERO BB % fE#fT L 72,

0.8 |
0
o
£ 06
[}
2
=]
&
= L
= 0.4
S
]
—&— 1.5km/s Ml
0.2 | -
——1.5km/s 95
——2.1km/s R
0 1 1 1 1 1
0 2 4 6 8 10 12

V.m/s
1 77 vy X SEHGRT 2 55 5 h - B U
HHEE &N FRE O BR,

&R : DIC EZ VT, NS OB EE 1 % &
BFREDRD 2 —EDRE RS T 5 L AR
TE 7 Ims % T L 2855, NEREEICBD
53N DR B IS ZE A —FFiE W RO R
U TV, = 4km s~ 1 T~6ms~1,
T~3ms~te7n b HEALOMEFT IR & [R5 1N EB)
L7eo ¥ 7. M2 dUEps 13, BALOMETIT IR & dfiln)
¥ ICV; = 4kms~1ClE~10m s, V; = 2.6km s~ 1T
13~8.5m s I CIEENT 5 2 L BSb o 7z, JERIERE
MTiZ. Y b a7ERTE Yy 7235 0| i
ZERGERED a2 713K ems TV CHEBI L 72, —Ji. 7
Ty va X BEREHCTEON SR EE L,
FRBR D Il 55 BRI & SRBROEE & E L TSR i
REBOBREZSZ (K1), EBRoFSE., s
ERKEL 73S &, BERICH R OMRBORE S K
EL B ebh oz, Z LT, [HUEETI,
EERGERE IR T, SN TRIZE AL
DR ORBORE B KE {72 d Z 2 3bd o7z,

V; =2.6kms~1



P01-283

ABERNEICHEREDFEDRHA
Investigating the existence of a new planet
in the far outer solar system

oVI47 UHhT4h /3M) v (Patryk Sofia Lykawka)'

E#KE BEHEFE (School of Interdisciplinary Social and Human Sciences, Kindai University)

How many planets are (were) in the solar system? Do the orbits of trans-Neptunian objects
(TNOs) indicate the existence of a new planet in the far outer solar system at ~100 au today or
in the past? Previous research without considering such hypothetical Kuiper Belt planets
(KBPs) cannot explain two important properties in the trans-Neptunian region: 1) TNOs with
very high orbital inclinations (i > 45-50 deg); 2) A large population of TNOs with orbits too
distant from Neptune’s gravitational influence, the so-called detached TNOs with perihelia q
> 40 au; 3) TNOs on peculiar orbits, such as Sedna and other extreme objects in the outer
solar system.

Here, I performed N-body computer simulations of the outer solar system to investigate the
effects of a new planet on the orbital structure beyond Neptune. First, I considered a model of
TNOs representing the currently known orbital structure of distant TNOs beyond 50 au
including resonant and outer populations. I used the intrinsic CFEPS model for this purpose. I
also identified the stable distant resonant populations based on up-to-date observations. I took
the observational data from the AstDys online database. Finally, I tested several combinations
of masses (Mars to Earth-like) and orbits of potential KBPs that could satisfy the
aforementioned constraints.

First, I identified the best candidates for a new planet in the current solar system by
constraining their orbits and masses that would preserve the stable resonant populations.
Overall, KBPs should be located beyond 100 au for masses within 0.1-2 times the mass of
Earth. There was a trend of more massive KBPs with more distant orbits. In particular, more
massive Earth-like KBPs should be located beyond 200 au. Concerning the gravitational
perturbations of such a KBP in the trans-Neptunian region, an increasing population of
detached TNOs arose for KBPs more massive than a few tenths of Earth mass. In particular,
Earth-like KBPs can create a substantial detached population and objects with very high
inclinations (>50 deg). Therefore, observationally testable predictions for distinct
distributions of TNOs beyond 50 au are possible and link to specific KBPs’ orbits and masses.

Overall, these results will guide future astronomical surveys in the search of new planets

located beyond Neptune and new populations of TNOs.
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ZREVPEE - NKEEVWSIKEFZNENELZBELRERZHE5. AE - £EIEK
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INEBEDERELLRIZIE, BNV L—2DESL EICHEORAEDIEKAHhREIZIE
H L=k kUABAT L TULVA (Carrozzo et al., 2018), CKNILEHEMILREEF ~US
Ls (NaC0s) ZERD E L. NBICHFET 2 TEOILEREZHMIBL LTEBIATLS,
—H. ELRARABTREDIRFREIY RS54 FE2ECK-BEREEHEICLD L. HTED
PHIZ IO M S 10 FEELEF SN TLVS (Castillo-Rogez et al., 2018; De Sanctis et al.,
2020) . ZD & S EBKAHKRICEL - BT SHBE. LFZFHET IO G (XREKRES
1) 7 Ls (NaHCO:) AER D & L THHET 22 ENFRIATNS, TDH., ELAMED
Na,C0; 1N > % BIEDERIF. 7 L—2 EEE(CHBRAICHE S t= pH 10 LLEDIEKIZHRE
L. i FiEEL TR THSaEEMEEHZR SN TUVz (Zolotov. 2017), LML F—FEEHIC
KBDENFENDL. VL—2HTOIEK) F—NILFEEBOHTi#E L ERE L TV DA EEMEAR
INTL ST (Raymond et al. 2020). HhERILZFERISIE & BRI EBRMERBIAER T 51K
RICEHE-2TWA,

AHMETIE., ELAMTOEREKSMKREAICEETSEETDRARMEEL. TNITHES BRIKOH
A - ERICERT 4. AR TIE, FTBEFRBEEAICECIEKD pH Z/3T A2 & LR
EERZEREL. BERLBEZERENAS TOHE., MEEOHMEROAHTZEIT o=,
ZTOHRE., BERBERSICEOCEANBEIREICHKSE - BT 5158, EE2EHETILND
NaHCO; D#THEAFE I NS pH 9-10 DEEMN 5. NaC0s FERHN &L T HENHHT S LA
BN oz, CHIFRBEIZESTEHE - BRICK > TNSLRRBHLISHER L. DE
MICBERRBEEDOFREARMNEIY ., RELTILAVELIZ-OLEBREINS, AREDOHE
RiE, PHEXRUEBSORENS L. BRERHUBERRZAILOKRKUNELRIZHEET H5E.
pH AY 9-10 D TFiEM 53 . Na,C0; AT I 2 AIREME ZRET B,

—AT. ELAMTEICETZUVOEZTHLEENDI LN, KREADT7VE=DL - YRF+4
FOFEENGELSTEEINS, FHiE - BRICKYTUOEZTHRTRT D56, BHEREBRK
DEFFITHEFELERERMEILT D, RERTIE. TUOEZT7E2EDERBEERDL RHMAIZITL.
Na,CO; AT 9 5 7=6 D Z €0,/ Z NH: D TIRIE # EERMIIZK D D, £L T, £TD K 5% 200/
INH; AR 50D LADEEMERRERSMNZT B,
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due to the strength of planetary magnetic fields
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hick b, REMEDOMITIE. ~mm—mt -« ZHRFOFLEARNOBFHHEEI NS Z ENHES
MR o Tcoe —A. BREHFERMIC h#o?&%ﬁﬁtxwmni HFDOFRLEARNDEE) Z N
ﬁéﬁéo MEDHENMEAEDLI D EICED ENEMIDOKFEEEIF. REOHFEZRE
URBRWERICHERNTEAT S t#b#ohoit\ﬁbﬁwﬂ\ﬁAmi\M¥ﬁ4xx&Uﬂ¥
@%%quvivéﬁmﬁﬁbmémitﬁ%caégt#bﬁotoﬁﬁ%ﬁ%ﬁB\Uyﬁ-
ﬁvv?%ﬁ%%é\ﬁvﬁxtﬁ%@%%ﬁﬁﬁﬁ%ﬁ%Bh@m&5@HEWEH\Z—N—T

HEREOXENFELU TWBAEENRE NS, BAMICIE. R—/\—F—XEEDKEN
F%§<EO#9TM% Ehs, REEBBREICOWTORKBREERT 20

[1] ALMA Partnership, Brogan, C. L., Pérez, L. M., et al. 2015, ApJ, 808, L3 [2] Andrews, S. M., Huang, J., Pérez, L.
M., et al. 2018, The Astrophysical Journal Letters, 869, L41 [3] Lin, D. N. & Papaloizou, J. 1979, Monthly Notices of
the Royal Astronomical Society, 186, 799 [4] Rice, W., Armitage, P. J., Wood, K., & Lodato, G. 2006, Monthly Notices
of the Royal Astronomical Society, 373, 1619 [5] Johnson, J. A., Aller, K. M., Howard, A. W., & Crepp, J. R. 2010,
PASP, 122, 905 [6] Fernandes, R. B., Mulders, G. D., Pascucci, 1., Mordasini, C., & Emsenhuber, A. 2019, ApJ, 874, 81
[7] Ormel, C. W., Shi, J.-M., & Kuiper, R. 2015, MNRAS, 447, 3512 [8] Kuwahara, A. & Kurokawa, H. 2020a, A&A,
633, A81 [9] Kuwahara, A. & Kurokawa, H. 2020b, A&A, 643, A21
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Atmospheric structures of terrestrial planets considering the radiative absorption and
scattering properties of CO

OFAMA Y, BIIEZ?, HIHLKE?
LR TERY:, 2. R LSERY: HIBRAEMIIZERT , 3. BN RXA

REREORSHNK - #5813, RKRBGZ2SCREORBERE 2 0EMICERE LT E Y
KIET, VRO TIE, HIRZIX T D T 2HIBRMREDREERTE E LT COy IKEATR
KEDEZ BN TETz (e.g., Kasting and Ackerman 1986), —75 THES D HIBRIL AT
5. FIHHIER K SUICIE CO B EICHE L TOWATREMED R X T W5 (Endo et al.,
2016), FIMIER~< > M OUIGBIE X DIBETTHITH - 72 (e.g., Aulbach and Stagno 2016) FIHE
Mz Zed CORREHFANNTD 2, E@EDHKFFTHEZED o 75 5. )
HIERR S - WK ERK - KEGRILO M BEFE D ORERKTHRED CO 2RET 5
AJREMEDSE Z 5N T W3 (e.g., Kasting et al., 1990; Zahnle et al., 2008; Hu et al., 2020),
RED CO HADET 2355, Z DS « BELRFIED K AULE & RIEIR ISR 2 &
T ZeNEZIONED, ZOMBIXZNFE TREMTTARS L TVRNY,

Fxlx, KHD CO DIFEPHIERZ X T o & 3 2 BRI E O K&AHEE - REREICY
D& SR EERIZT PO IS TRIMIFEEIT o7z B4 7% CO,, CO 7N L CO
DI » BEL %2 A AR A 72 IR R R R SR B 2 5379 5 Z L TREREZ ST
MRS - KASHEZ KD, FIRICITIRAE - UL HE 2 — F Atmos O RXUIE
FTHEEY 2 —LTH % CLIMA (Kasting et al. 1984) ZHZE L THEH L7z, CO DRGSR
PUZDWTiE, HDED S ORFERGS & RED 5 ORI ez e E R L Tz

TR EAIC X D k& 72 CO,, CO 77 HEITH ULRATRE 2 KD 72 HER. COy 77D
0.5 bar Rii Tl& CO BZVWRKUFERAREIFMEL o7 THUE CODIER BT
BEDOTNAURRID RG220 THZ, —FH. COy 57HED 0.5 bar L ETIE CO H3ZWIZ
CRMEMMEN LR T2 eDbhrotk, ZHE, E2FEMPERT S Z T CO, DmERERD
et X572 (pressure broadening) TH %, 7z, CO HE DB EDRIRIZ,
RERMREZEIIC LA ST E 52—/ T, FERK (BE 15-60 km) Z2BH1T 5 Z
ERbo oz, THUIKRKTEOME D IRIRE RIS S BHEB OB ER ORUH & DO,
RS DHENC & 2 IFREBRO B B O THON 270D TH S ( “blocking effect,”
Goessling and Bathiany 2016), ZERKDOLFARKINIEWCKERTEZ 2 Z & 2#iA b
. 2 ORERIFHIERAIER B R QONLEIT B 2 PIAXTRIRENED D 5,
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Life-signature Detection fluorescence Microscope (LDM)
AanRKIEEFEERICIAME (LD

OKeigo Enya', Yoshitaka Yoshimura?, Satoshi Sasaki®, Sohsuke Ohno* Shunta Kimura',

Hajime Mita®, Akihiko Yamagishi® Kensei Kobayashi’, ®Eiichi Imai, and ®Atsuo Miyakawa

TJAXA/ISAS, 2Tamagawa University, °Tokyo University of Technology, “Chiba Institute of Technology, °Fukuoka Institute of Tech-
nology, °Tokyo University of Pharmacy and Life Science, ’Yokohama National University, ®Nagaoka University of Technology

Though surface of Mars is cold and dry, Mars had a large amount of liquid water on the
surface in early stage of the history. Several billion years ago, Mars was similar to the
early Earth from which life arose, and |ife would have also emerged on Mars. Although the
Viking mission in 1976, which explored life on Mars, did not find evidence for |ife, many
findings supporting the habitability on Mars have been discovered since the Viking mission:
past and present aqueous environments, organic compounds, methane and reduced compounds
supporting microorganism as energy sources, and so on. These findings tend to suggest that
microorganisms might still exist on Mars surface.

For searching extant microorganisms, a microscopic instrument is a powerful tool, which
directly images life forms and identify their shapes, sizes, and other morphological and
biochemical characteristics. However, it has not reported results in planetary exploration
missions yet. For in situ imaging of particles and microbial cells, we have proposed the
Life-signature Detection fluorescence Microscope (LDM) which visualizes organic compounds
by staining the samples with fluorescent pigments. The current LDM scans a volume of 1 mm®
and detects organic compounds including cells and other biological materials in high sensi-
tivity. The fluorescent pigments have been selected to identify the fundamental features of
cells by differentiating organic compounds surrounded by membranes or those show enzyme ac-
tivity. The LDM is also equipped with a high-resolution imaging system which visualizes de-
tailed life forms as well as regolith and dust particles. Our investigation goals are the
followings. 1) High-resolution characterization of regolith and dust particles. 2) Search
for organic compounds in Mars surface samples. The compounds include cells, other biologi-
cal materials, and abiotic polycyclic aromatic hydrocarbon (PAH). 3) Identify cell-Ilike
structure in which organic compounds are enveloped by membrane, which may represent Martian
life.

In this presentation we will report the current status of the development of LDM and po-

tential application to planetary explorations
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Hera &5\ H 4 7 TIRI IZ & 2 BRI E0R 5T E
Science Operations of Thermal Infrared Multi-band Imager on Hera

CHIEERR 12, Hh 2, Iamsk s, EABETHERL Y RHEES il &S
Hitms 7, BSOBAE S, &H{-HA ', Hera TIRI F— LA
UAXA FHEEISEHRA, 2ERAS, SIUHAT, 4 TEIEARS SHIBIAKE,
CEEERMM AR, T&E2AR, siLBEHBE RS

Herastl : /N2 X KGRV ODER - DENRIRELIBE L TRET 2HBERRETH Y .
KIGRDEREENDEAIZE > TRAXBREENRTH D, REOHMBR TIIER - #HIE -
BEBHIBEEARIZR-LTCELD, TOBRIFBELHRVTHEY ., BEREEMULO/NKED
HERICERT 2 &, NELERICERAEEEZH1-5T, I DOBENICBERAREDHEREZ % [
BT 572 DR KT (Planetary Defense) DES A ERAIZIEA TETE S 1. NASAYESAT
FFHEHEFECEAFEEH EAEOILEHARIL SN, NASAODARTEHBII£2021F118 125
EIF. 20225107 12/ 2% 265803 Didymos (S, BEZ#I780m) D7 £ Dimorphos (E£#J160m)
ICERS Y, FRAEONEABROZE & LA THRA L, BEOMES FHET 5[1], ESAD
Herazti@|d, 2024F108 (25 LIS, 2027418 (ZDidymosiZ 7 > 7 7 L TIR#E %17 5 [2],
EEBEHI30KkM A D HEFEN 1F C2QkmUU T £ TEIL L, ZDD/NKEOYER - R R OIEE & |
DARTIC L 2R AT 2 13h. NKEOHEY B & #EEL z FFMICEHR T 5,

HFENAH A STIRI : HeralZIZEFRA D X STIRIDEH SN, BALBEHRCEAN%IBY S 3[3],

[EPRE 2 | TIRIC & 2 2RERER TIE. CENEREY 27 77 ORI R HE S N7z [4].
TIRIZIEAEI AR A X — & (Lynred PICO1024 : 1024 x 768[H1%) IZ & % hFKRAE (7-14 pmfTifr)
DERBREITI IED. ZED T ALNRICLI2MENHIRET 5, 1EMA1313.3°x10.0°, BERE
130.013°/pixel T %, HeralZREED T > 7 7 H DODidymos D KIGEEH 31-2 auTHh V. FICEIE
B#IIKEHKRBAEA (~70°) TEHAT 2 (REROERGEICEY . @BELIRET LHEE
TZE3) , NEKERERBEIL150~400KE BEI N, ZOLEHEBDRENEN LB TH S, BE
DIREEIINETDTO0.1KU T (@300K) #BiEL T 5,

TIRIBUAMEE : TIRIIEIER(IC, NWKEOLIBE RGRL, g L DOREBRE, O BE % E
HL., @XBEE~Yy T721ERT 5, 2B/ FTH BN S Christensen Feature(CF) X°
Reststrahlen Feature(RF)h n. ARk, ERE. REOYERBRLIET 5, ZOEREL T, S
RUNREDERZ A 7 & DLE. Didymos & Dimorphos DB R 7 E R DHE, EREANER & /A5
AT IR EOYENLERDLFAET S, 2D LS IC. TIRNESEUNERE TH D B4R % =
L. M OBELERNOXKEOHFRENZITI LT CROY 277 T7EDRATITLEER
PREVARCLPERZHR L, —ENREOERBREZERT 5, SOHITNREORETIL
ZBEL NEZSBECENT 5 LT, EELCBYORPHRD M Z1T >, & ©IZ. DART
BRREY, 4127 2HEY. 7L —2RNEORELZRAN, FEYBRFOBHRZ FMT 5, &
LI, BERAOEBRRIZIERATIKRET LOBEHICERIL D, FICERRREOER (RIFEL7ZE
MEARZBWGEEDHY) TIIRRERND X T ITEBMAENH Y . EELRFIRET LOBEDIZH,
H - ESEHERIC b EFET D,

BE WK : [1] Cheng AF. et al. (2018) PSS 157, 104-115, [2] Carnelli I. et al. (2019) /5752019,
Fukui, 16-21 June 2019, 2019-03-04, [3]Okada T. et al. (2021) LPSC,52, #1449, [4] Okada T. et al.
(2020) Nature 579, 518-522.
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N&AETED— F GPLUM OFH: SHREGEMREEEHEICLIIEE

oBHIBA Y, INARE—ER’, FERRER’, BEALESR’, ®WEFEFE—HY
'RRXE, *FHMENEFREHE FTHEEEHRR, "EIXXE, ‘#WFXE,
THEERMRA SHENFEHREE

—fRIC, HERIE DPOLEZRVECRBERERABRIOERALIZEEZONATNS. E
ARREBONAREDI7IE, RIEXERABNT km 4 XOXEWEE)DERICK YR
BLizEEShTW. BMREDEEBEIL EITHRERODEHNSHAEWFFE)IZL-
THRINTLS.

AR T, KFARGHBRER NAFEEZEITT 578, Particle-particle Particle-tree j%
PTHR)ZHAVHLWLWNEKFHED— K GPLUM 2B L1=. GPLUM T, & YBhEML
F=RBTILT)VRALERETSET, HEOPTZI—RFLRYRERESELTEEXEIR
L7z. GPLUM D4EEIX, REEDPITEZI—FEEBRLT, RELEELOODVW-EESR
MEBEODAFRNDIIAL—a VT LTIEKRBICHESINS. GPLUMIZEK-T, =
NETNRHETRS SENTEUI - ILEE SHREED NARHEEITS I ENTSE
5. 51T, FEIARXMEIRT S ET, NEFHEICED/ITA—FH—RA(75 L, i
HEBERLABEEGDZELHFIND

AFEKRTIE, GPLUM ZRAWEXKRELGREBEREBRED N RHEORRIZOVWTHEEKT 5.
FIDEMN D 0.5-1.5au DIFEROMEEIZ, MR FHRZ TN ZN N=10°, 10°, 10°& L THER
EFFBEL, NAHEZToEHBRICOVTHEZITS. NAHEORGEELELSIESZ
LT, MEAEPFREXEOBRRBREICEOLISLGEEIHINEERL, MEAERD N KE
BEO#ROBEBEKREFEIZOVWTERT 5.

EoIT, MBREOFFEICHTIELOF LEREELSEEFHED, SPHEEICL>THEDL
=&k YIEEMLEZEASIRE T )L(Shibata et al. in press) B Y AN-FE LT, BMERERD
NAFHEOHRDEREREFHICHT HIKFEICOVWTEERT S £z, BEEICHT
GPLUM Z AWV -EEEE N KR EICIOIRERER I I aL—Ya v DSHROEEIZDWL
THRKTD.
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FFH AT E XGT5200 ZAN=EKKEX D 1) —
> 3 U DERE A RIBTE D EERRfEER

ORf#z ', WEE—"
'EHEXRY XFERREEFHAN BHRRENZFER

KEIZMOFNRBERICZE, R )—2 3> (%K, #Hm~%on, R@E:
BRLgknk, MER: ) AHFEET L. SEHBREHF OERLER SN LN, KEIETH. £17
AR TIE, HTEEMEIKE CaCo3 Aifiity, REICEKALERL, HMBHAEHINFZETEHETIL
MRIESN[1], FZF 15[mm]d CaCOsa >y J— 3202 2.2[mm] DEFBELER SN BIZIE,
HE~HTEMBIENTEIN[2]. FEIE o329 —2 a3 DREOZEMA R
[CEZHEENEBRINTVVGENI L L, BEEBREIETERMICERSNATVVREWIETH-
f=. 2T, ZEEI’HBEBREICEZASZEDHETEEZEMEL, 3 DDOXER/BHTZEERE
L7=.

imE2EER - CaCO3 ¥Rk - T RE—X - fili/K - FeCl2 #E@M 5, AL CaCO3a>v)—2
avEFeCl2EMMEBEZERL, Chox i v—LIZESD, RibhoEREEL:. UAE
DEGED, 3202 TILOKHFE 35.2[%], #i% RiE) 282 L. Inaged ZALTHEK
REZHEL, [UBDBET ENLERLI-BEEE) ~OEEE#EEL. BR ETH
K& YERME - RHEEICEHEEEI RSN, JNAEICHELT, REDEL S 3Step THER
NSz, BEFMIBCTHRETSLRE L-ERNBAETFRRI I 7LERL-. &
1, 2Step (FXE5H & EREDBBTRMFERG TIHIFFREHERE G >T=. 5 3Step 1L, 02
MERTOYy—LERE~OVY -2 a3 VRAICET HFEE—BL, 02 RANRR L& HA
L7z, VIR RIEEZ3IMADHYUTILEYE L. EEEEFIRELVISEBEFIEELL
RNI#ER, FERCIETH>7z. ATV -3 REBICIE 2 EOBEFLIER SN,
RKARADI =23 VABBOKADFEEINRE SN, X RN - RIGEIE 5 Rk & 6.7
B&EDY > TILEBTLIZFER, 229 1)—2 3 RMET CaC03 HiafE LI-fEig L, Fe Ak
BLTLWSEEN—HL-. BEFOEERE W& Fe A&, Ca [FEM 2 EMD,
CaC03 NiFfE L T Fe ICEEMDIETILN] LEULE-TRBINREE TN LHERIND.

mEERKLY, ERIE HKBOBBMEREZRODTAREENREIAT-. UHERLY, X
ROV )—2a v REBBICKAZEODIENHERSINS. XBREITELY, [NIMIRET
BTHRERNTREINT-.

S5
[1] Yoshida et al., (2018) Sci. Adv. 4:eaau0872. doi:10.1126/sciadv. aau0872
[2] Sirono et al., (2021) Geochimica et Cosmochimica Acta 295, 194-206
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BHTARY NI L—2—BRIZCEZ 5L

oRARE' REHN’ BEREHM’ KREAL RBIEY
'FEHMEMRFAREE, *TEIXKFREREME L3 — IHXF

[FOSS 2#EHO/NREFREE SCI [(F/MERE Ryugu REICERE 145m DALY L—F—&RAK
THEREKFIC, ATVL—42—Z200ETHRDAROMBEILE Y L—2EBE L VERE
H) & f2k L 7= (Arakawa et al. 2020). C DB EILIX, FERETHIFIKKRDEAS 1 F— LB
[CHHEENS SCIRTABAN R LI-E#HEESN TS, M ERERM S SCIRTABAFDOEKETER
BEEHOLEAK 3L DFRABKRTHLIZ EhHM>TWS. BV L—2—DKRESIL, IMEE
ELTOUL—3—R5— 2 JR#BETILTEETHDN, BABKLEAZEZEDY L
— A —WRIZEZ BEEZIE L hD>TWEL. ZITAMETIE, TARY hHEEESET:
FAENATERT 5 L—2— B REKRBREZRANST-8, iSALE BIEERE L UVERNEFHRE
BR&1To1=.

iISALE #EFHEIFEILXXE CfCA DHRFIAHEMEGTEY—/\, BHY—/ “\ZRAWTERL
f=. EtHEIZIX iSALE shock physics code % FAL\f=(Amsden et al., 1980; Collins et al., 2004;
Winnemann et al., 2006). EAIZIEIE S/ERLLE 1 4 ICEESEZARDO ALV Cu &, B
[ZIXFD (fused quartz)IZx3Fs 9~ % Tillotson KEAEBXZHA V. BEEREL 25km/s &L, EAM
HEFBMETEEIC 98m/s2& L. ZOHEE A0S S/EREAILLEDESE, BEI L
— A —DRS/EFERLENBMT 5 Lhbh o1
ENEEEREIFEAOLTCR_BEXBEAIFLAN:. EAFAROSS/EREL % 05-15I12
FlSE-AIBLUPCUERZE 2mm, B 1-83mm)ZALY, FZRERE 2.1-2.9 km/s TIERZE3E
S ZEMNRBICIXIER 45.0cm, S 16cm DBRBICHKEL-HERSSEZAV:-. BEHD
EHDEBIEEEREH A 5 (Shimadzu, HPV-X) E EIEE L—H —HBRZHAWN /v I 54 Mag
(k> THERE L. BEOEKRFIELE, S EI RIS D A S (Vision Sensing, BOL), EEREED A
(Telops, FAST M3K), &E3EEH * 5 (Phantom, v1612) THRE L. EZEIL 1-10Pa & L1=. HE
BOYL—2—BRIEL—F—TOIT7A5—ZRAVTEHAIL, 7L—5—DRSLEREA
Lf=. 2L—42—0OFFIE694411mm, FEL323-549mm TH-1=. CuBADFZE, &HE
BEEOERFATICULOERBENRESIN, IV L—2—RNEORERICLSESRMBEEHDIESR
FHREE NG, o=, JL—F—DRS/ERELLE, BHAOER/ESSHLA 05-1.5 DEHEETIE Al
T# 020, CuTH#0.25 LIFIF—FETH-TI-.

#1%E: iISALE DBRFE TH 5 G. Collins, K. Wiinnemann, B. lvanov, J. Melosh, D. Elbeshausen @& F 12 &%
BB L FET.ISALE Dt EH D DOEMIZ(F pySALEPlot ZFIFA L& L1=. BAFE®D Tom Davison K2
BHBLET. BESE L REMRTIIEILRXA CICA DEHEY—/N\EBY—/I\T, HEERIIFTH
HERRFTOBESREFRMER TITHONELE.
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ABETRE SN-EXRERS DEEHTE

Behavior of the detected volatile materials
at the lunar polar region

OXMERF (RFEX), BHE (FHEH, HRAEH (FHEHD,
INEFFER (RBTK/FEEH, RER (BB

BRIEINETARAEFEZ N COIITBE SRR MLTAT 74 S
(SP) [C& B HEAT—2 ZRANTABIEOKKDIFERZITLY, BHOMBEEIC
BVWTHEGKS L VhOEBERMERSORIRERTE - |EL TE1z (SP XAHR
MNoEFRMEREZEHAL, S S/N ZHLTHEY, KKOFEFRITHEL =&
T—A2THA) . SEIE, RELEKOHOERMERDITERT 2RINE DO
BT —2 ORER, ZEEMAGESEETILE (FRX MOERMERSDEICHIET
%) ICEBLTENEITL, CAICEDOWTEERERSOEHIZODNVTEEL
fz. £z, BRISNESREZ NFETOMOBHBER (ChETICHESH
TERFEFMATD dust levitation DIEBHEELRE) LT BHZET, §
EDEAESDRERRIZDOVTHHTET 3.

SE, FITKOWRINABRFEIZ, N DSHEHRMICEE SN-RED S5 LEis
2EANITEB L, KAEBBEZONATORERERSEDELDLESKRED
HRIZOWTHAELE:. R, KAEZUSNOEE EETELERERSNRE SN
f=. SNOEBIO2A IV TRHEEOHRMBEE (AE ICTKBEEIIASF LTS
59, BHMICIHEREHTHD (ROBFHITETHD) LEEIN, EXRMERS
NEHENSZELEEFELLGL. —A, BFT HEHKMERS DEHOETIGATIC
FYUZEIELTEY, Hkn~F 10km DR — )L TRY—THD &, HEBEET
EERENKELELRTHI LMD, BFHICTHEVTERMERS E5E VR (38
FBE) ORI (FE - BiEICHE-ST) BBL TV AAEELHLEEZIDOND.
HAESOLME AERREYS (AEEE) L DERICOVTEAZEO TRt
THETS. £, TNFETO levitation OXREFRIZFE->THAEASNIZF R
FRABR LR T S LEBELAHPRE LI-ESOREIIEIMIEERS LD, Fit
TERFHAXDNHIEBEKRELY (100 nmH 4 X) ERETHIE BIFIZZ 0
FRANEEZRET DA LELGLKIETREDELZHATESIZLEMHRALL:
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HER RIS 2 RIREZRIC BT 2 AE ) Sk

O BRIEfE—", REE—K!
A=

KGRMNICFET 2EEITVThD HIZ WO EHOAEH R L > T\, HERRE DA
EHREIIEEEEAOERKEZI > TRIBICD 0 INZeEILNATVWS., BRI RAEKED
ARESTREIX, HRBEE IS AEFIRICK > CTHIZAEHEZESEL TW5 ey, BEAKEK
2% A2 HEMOERAEICKE GREVWAALNS. Fic, KEEIXEEEER AN IR
FLTIL L RELMENTWE ZEPHSLNTWS. ZDRKITEETIERIEEZRIE - TR
SNHMBLLEHEVRD REINTE D, RIFEZOFEMH 2T 2 Z L IFIEFEICEE LR 5.

AHFFETIE, KFBERRE 20 %Fiz8 72 HERS 2 KIRISH LT, IKER TT & 2 ER KK EZE
XH B EHE % Smoothed Particle Hydrodynamcis {£IZ & o TiTo /2. HEsliIARE RIS S ICOW
T, HinEhe FECAMES X OEER GO FEEO A AN L TOE R I XA -2 EER L. K
HOEZE LD, FidRo RO AEHED o EEERO BiniERA0LH &, RHEY
FHE L. FHEOMR, ERICHS AEHREOERRIX, X —7 v PRIKE 4 Vo7 Z—RIKDTE
ZEfIIBEIC X BTEZE T X —ZIHAF L, AFOKFHEIIRE S BnZ e bhroiz. 2L, Hz
W TRET 2 AEBIEREAAEE, L TORVWKEDGEA AR TH I LIRS, &
I RARDMFF & 2 EERIE, - T XN 2 AEHE L HERICR—7 v %
FLTOWAEHEONICL > TRIT LN TEL I dbhol. X512, HEEIIIHES fAE
FiEinHE, HRICHES RAHEORR &85 22T, FMINCTHT 22T
BZehbhol. AMEOREIZ, RDEIC L - TH EHE I XN 3 KR A EH %
TR 5 FCEELRMREEY G X5 Z e IS,
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ABIEIFEE (LUPEX)—7 7 Ty Bl Z@ (1= iE E—
Activity for maximizing output from Lunar Polar Exploration mission (LUPEX)

OXMERTF ' BEX® AERFH? #LEZ? EF1EE° BILKERS"
FE43E BRAERE® EEMA° BEEX BRE? B, BILE?
B KEFEE '’ BARE Y, FHER Y WbFiE®
1. SERE, 2. JAXA, 3: BILZEMERT, 4 EERKE, 5. BiXKE,

6: KBRKZE, 7. ZWKE, 8 BTYTFUFERKE

CNFETITITONE-AREEBICLIEBOSRAER T —2OREFMND, AR (85
FELIE, AL DEED) [SKKNFET HAREMNREINTINS. ABIgIZKKA
+REENDIBAIFREERSHERNICHFEL TN, ThoZx ALLZOTEERA
DEBERDI-HDERELTHEALAREENHS. FTHMEREHFFEMKE
UAXAMEAURFFEMBE#KELE, ABFICERELTHAATRGE - BEOKNEFAE
FTEMNEINRET B DEEZE 2020 ERICHB TITS>=-H DIEEZETHEOTL
5. CNLEBEZTTIAXA FABEEERLUPEX)T) IO Y F—LERIL
L, S FE TIZ Mission Requirement Review 8 T L, EIIN TR I 58RIt DE
EEHRATLNS.

LUPEX Sv2arTIEA—NIZEHTLIEROBAHBERAL, ARBALGHT
Im BEQRSETORMICHFRET HEETEINSKKEETLLEMNSBRIE, HEHLE
RAMIT 1.5m BEFTOEAIEHMRERICIVAETSIEEZFELTNND. T
SEBEBOT —2EHAEL, DEMLGEAERKRS (BIZFEAMADETE)IC
RIS HEHO, EFOERGONIEANT —FZEITERT H57 IR T vk (K
BEBROT—IEMELTERT HIFEMBEEICETHKD 3D vyTRE)ERHAITE
L, BESvavIZ&UBEoNbBRERKICTHEMT, 7O ybEIHF— LA
(Output Data Creation Team; ODCT) DERIIZFFELTLVS. IRE, RIF—LHKIDO
EREELLT, SARSBHARF—LO)—FRARELLERMEZMIBLTEY, Ch
FTITLUPEX2var DR ERITICLIMREEH-TOZ VL OBECLERNE
DEER, BAEROE-OHDHRE (BRI AREETTOBRTIO—&EH, O—/N\-8
B REOSANT —2SBEROEE), SAKSRTMICAVNSASIASUIDHE
BIZRIT=-Bma Ex Tl HRTIE, CNoBREFDHREIZCOWVTHENT 5.



P02-03

KERTERZE LU TOMERADKIE XS 2AL—Y3 Y

O3KR IEfE, XH =#, BEiR RA
BRI R MERE IR

HIRNDKDEENND EDERELEUOZHESMNCT B EEEERRFETH D, INET
DR TIE. FRIBRERMABE N AERR I/NREFTDEICIE > e EKMREHNHIRNEET 52
& (BRERER) ICk > T, HERAKDPERXRINZEWSEZINEICKRT SN TE e, BB, €K
DKEES I 2L —2 30Tl REQEDERREFBRICERNT T LTED., FEHMEKEEF
FEREXRAB A IOHEEZRITRVWTERERIND EVWSHEBREEZEZI T W, —ATRIEDKEG
REBRYZIal—Yavickd s, ERREDORRPHIERENN\REFTOMRENHICHEZ
RIFT P, ZOFEFMEAENZITZ2HEBARIBMOBIICKET S EMNERILTW
Bo

IR TIE. H&¢T%ﬁij RUOERZERENBIRT 2EBEISKEEI2L—YavE
IR L. BICERREDHEBRHERECPHBBURERREE TZE-OTWD, COLKSBRYIaL—
vavick D, BEBETOMIRNDKEEDRFZHASMNCTZIENARETH S, TNETD
\/\:Ll./—\/fl/@jf‘i% HER D R EXBE IC & W T HHIEREFLE AN DS KMRE DEIENE LU TWL

AEEEEN B B Z EDh o T,



P02-04

T EDES A DEBCE(FF D E(CHEIE B,
A DEBAFICHIRICE T 3 X=X 4,
FLTASWBEL S NILEGFISTES LS DIES,

Reason why Basalt Sea is only on Front-side of Moon and not on Back-side.
Mechanism by which Front-side of Moon always faces Earth,
and Real Reason why Moon was made only from Earth's Mantle.
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Discovery and characterization of transiting planets
orbiting young field and cluster stars

o Jerome de Leon', J. Livingston', M. Mori', A. Fukui', I. Crossfield*, R. Wittenmyer®, J. Jenkins®, G.
Zhou’, N. Narita!?*, M. Tamura'?, and TESS architects’

'The University of Tokyo, NAOJ, *Astrobiology Center, ‘Kansas University, University of *Southern
Queensland, ®Instituto de Astrof'isica de Canarias, "MIT

Studying young exoplanets is important because they inhabit a very important part of the exoplanet
evolutionary timescale. We currently do not know how different planets form and evolve over time
because the majority (>99%) of discovered planets orbit old (>1 billion year old) stars, while only
very few are known to orbit young (<0.1 billion year old) stars (See Fig. 1). Discovery and
characterization of young exoplanets therefore is mandatory in order to fill a big gap in our
understanding in the earliest stages of planet formation and evolution. Currently, less than 10 young
(<100 million year old) stars are known to host transiting planets. However, finding and
characterizing transiting exoplanets orbiting young stars is notoriously difficult due to the intrinsic
high stellar activity in young stars that induces photometric and radial velocity variations orders of
magnitude larger than the planet signal. This problem is compounded by the fact that most of the
young stars usually reside in star clusters or moving groups where the false positive rate is high due to
the crowded field. Despite the small sample of known young planets however, there is tentative
evidence that the planet’s size depends on the host star’s age (e.g. Mann et al. 2016, Berger et al.
2020, David et al. 2020, Sandoval et al. 2021). To confidently corroborate or refute such trends and to
have a complete understanding on how exoplanets form and evolve from birth to maturity, the
community needs a statistically significant sample of transiting planets orbiting bright young stars. We
present our work focused on accelerating young planet discoveries through a dedicated search for new
transiting planets orbiting young stars observed by the Transiting Exoplanet Survey Satellite (TESS)
space telescope.

Using a suite of follow-up observations, our L‘;"g];"f' b
= 2]

preliminary work resulted in the discovery 0.1<t<1Gyr
and validation of a Neptune-sized exoplanet _ — & t=0.1Gyr
orbiting a young star named TOI 179. The 10* e * .
brightness of the host star would facilitate

precise measurements of the fundamental
parameters of the host stars and planets
which in turn lead to better models to
constrain their bulk density and atmospheric
composition. We also present a new set of

L ]
Neptumne &

Planet radius (Rg)

Eaith

follow-up observations of a known young 10%1 wne HORORIN -
system named K2-95 in a star cluster
observed by the Kepler space telescope in .
10° 10! 104

order to refine its planetary properties Orbital period (days)

which is valuable for future studies.
Fig. 1. New and refined young planats in this study (star) in the context
of ather known young (t=1 Gyr) planeis (circle) and old field stars
(contours).
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Nakamura[3]IZ&n(X, ZRODAEHAA DY
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[1]1Banerdt et al. (2020), Nature Geosci., 13, 183-189.
[2]Watters et al. (2019), Nature Geosci., 12(6), 411.
[3INakamura (2021.6), pers. comm.
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Monte Carlo calculation of organic synthesis by the matrix-based bond model:

Toward the constraint on sugar synthesis conditions on interstellar particles

OfIR 1='. ER KfE* #@A %°
'"HRRIEKRY BHPR MIRREMFER, JAXA/ISAS, *HRERIEXY HBREMHAZA
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DKEA T L TENICEIRE Y TS C LI X 2EMAEYOLERER T\, %
BOENRERKT 5 2 & Z#HER L 72 Meinert et al., 2016), L o370 OO &K IZF L
E—ARIBICL DD TH S L TFHLED, HL T THE RO EZHETWiRw, 20
FERTIE 10eV DI Z S L 72121c, sRl 2 HIEOERBREICRE L TH o EM o
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HLTER, EHRAELT, ER/NERE, DENKE, FHNIRE, BERNEETHIEER
TWb, MNEEFRAICECHFATIERNMKBEIIVORF 54 FMIECEBLEETSEEZILN
THY. hHRUXBEOHBBEZERTILTEETHD, AEFOVEIZZ(HEET S D EIMEKRE
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[1] Binzel, R.P., et al., 2019, Icarus 324 41-76. [2] Jewitt, D. et al., 2015, in Asteroids IV, 221 (Tucson:
University of Arizona Press).
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[1] Yasui et al (2012), Icarus 221, 646-657. [2] Okamoto et al. (2017), Icarus 292, 234-244
[3] Vedder and Mandeville (1974), /. Geophys. Res. 79, 3247-3256.
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FEHHBASR Y, Sk 0, FIDHEES, AAREEE ', LAY, BRRFEE 1 /NIAIAE!

1JAXA, 2 @HRIKSE, 3 AR, 4 2ERY, SMPRY, 6 RKIRKRY, 7 XX vy 4 AR¥E, 8 THIHE
K, 9K, 10 45 ) 7RCYBEAWIIERT, 11 EEEBARAWIZERT, 12 PR

AR, NRERERE (3R] 2 [1Fesx2), A4V R Ly 7R OFBICLY,
INKIRICBEIS 28 L WA R 25 L T 5. NASA % DLR, JAXA 7 Y o#EE <, B4 /R
HOEENIEINT WS, ThoDMHZRERALT 21, BT —XLZDXXT—X, i&
BirE 7 ol 2 DEWB ) v 7 3, 2ok 2 —FOHMNDIGL TY HE 2> 2T LD
BB BETH 5. SHRBERNNTNKEOFEEOFEE I —EE L 5 729, fthoR{kic b IGHHE
T, 2L TVRRS AT LBEENS.

INRIKD T — 2 %#FHE - RRBTE LV AT LIV ODFEHEL TS, iz 1E USGS 206
LCTw3 PILOT [1]ix, &2 RiKicH T2 2 XoulX L CclziEE s 5 2 & T, ZDfEic
HEDO 7y P 7DV BEINIMREZRRTE, A 2T —xeHITH L34 VEBRPER X
N, 7—2%RUFTE 5. INKIKETIE 3R LT 2 RR L 2l T — X ko %8
sz bdEEL LS, 3D DMK ETT -2 %MK TE LY A7 4L LTIE Small Body
Mapping Tool [2]23% V), Z iz FIH L 201981352 .

BFEONKRED T — 2y A7 28 LT 2D & 3D #[FA—> 27 ANTHIKF RS 2 Z &
X, BN 2 e 3 2 LTl CHRATH 2 L EZ 65208, BEEDO/NRIFDOWRT — & %5t
R LBV AT LI, 2D £72133D DL L2 CHIKFRRINZDDICRONT WS,
Z D72 KHFE T IRRARIICIZ/NEAD 2D & 3D %, [[—v 27 LAHNTOY) Y Bz 25Al HE 70
MRRETIV T VAT LT LI 2HEELTW S,

AR TIINEKE) 20 7Rk H LT85, FRRI2EFERCE-T, NKEY 207
VDMK AERT — 2 %G T2 LKL, ChECORETFT—20h Ty E, BEORE
KETH B, THICY) 27 7Y DBITHEHERIZICEW-®, 2D & 3D oY) v F 2 0f
%R T 2 ECidBENARETH L. $4Y)av s/ vo7r—23BHEINTCHIRPT
HY, SHERODSGHHAING 72D, FPRE 207 —2FHAVTHlatL T ZLIFERATH
5. AFERTIE, BHROL AT LoRFRR L EWITIconTlET 5.

[1] USGS PILOT <https://pilot.wr.usgs.gov> [2] Ernst, C., Barnouin, O., Daly, R., Team, S. B.
M. T., 2018. The Small Body Mapping Tool (SBMT) for Accessing, Visualizing, and Analyzing

Spacecraft Data in Three Dimensions. Lunar and Planetary Science Conference, Vol. 49.


https://pilot.wr.usgs.gov/
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mERFEZEERELT:
H - KEMTHEROIERIRET

Otk EEAN" FHE B2 =K HEE2
'"BEX-EBREK-I

BHERENE (eg, L —X—PL —&X—H 7 &—) |, BARXEKTLSHOBECHED T
REEMD ECEERBUAFED—DTHDE, TOFERICLY., 72& ZIFA TIE Kaguya #EEHD LRS
x> Chang’E #£&(D LPR " FDEFZRE L [e.g., 1,2]. AETIE Mars Express £& D MARSIS *°
MRO #& D SHARAD A\ T X E TDOKCAKDEFEZHEE L TW5 [eg., 34]. £7=. Mars 2020 I
RIMFAX & WHOHIRRL — X —%HEH L, HTIBECKkDFERHEL LS & LTWEY, LUPEX H48
PULIHFRL —L—TL IV RFOAKDORHEHZER L T2, 25 LEBAICKY, SEBAPAE
DT RERDOERE IIFENICED EEZOND,

BHOERAEIE, BN YMERZCE L YERREDICSVWVTIRNT 25EZ2MBT 5, BHOKD
CHERECREBEIPEOEIFEICERTFL., 8AVCIENREICODVWTEFICEEXIER LS,
Zn1-H, BECIEPHIFEOFEXRDIERLREN. HTEEDERLIBIECHTOK - /KD EFE
DERICOBN D EER D, LA LFEXRIL, NI 2EBHEOBE KB CYEDRE. K. ED
BENRERTRET 57-0[5]. #IKRET CREIN/-HBENLEEREZ LD EHEITICAWS
JEEFTERY, ZDOBHERFNETCHAVWSIAKEFT TCOARAEDOLIY APLXZX M, 5HD
MR EFORMNOFEEZ, BYILRE T CRET 2 2 LV BHORRENEDRITICEE L7135,

EREOIIINETIEBTOFEXRAT S AT LE2HAFEL, ZICHHPL X —THLOLNIFER
# (UHF-SHF &) TOEERTORA - KBV 27V FOFEXRATEEIT-> &, TOKRE, <
ME (0.5 wit%) TH-oTHAKA L TV RFRICFEETNIE, Pl — X — CHRENITEERKETED
EENDIEN DI oTz, EHIC, INEFTOBHEREEOETICAVWONTE-FERE IR
T2NEERELREBELEONTEY, ZOBER, HTOMEEREY 10%EEILAFICRELONT
Wb Zehbhh o7, THLAFHAIZEIC, BRPAEDOLIY X - FX FRICHKIES L TWT5
AONKBFHEELFEROBKR L, KEXRBICB I IRBAORE - BESEOHZLICL 2FBXE
LICEET 2B Lm0 T, AEETHET 5, 25 L7-HReTIE. LUPEX TOHAFL — & — D ERF
DRI D72 T, BERFTHO MIM BEEE TOFERIEREDREN., AR—KEET
DD FHEIEIBIZOEAICE D L S ICEBAIRN RS Z ENTE %,

Reference: [1] Ono et al. (2009) Science. [2] Xiao et al. (2015) Science. [3] Orosei et al. (2018) Science. [4]
Plaut et al. (2009) GRL. [5] Campbell and Urichs (1969) JGR.
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Bk R R ZERERFORNE - REEIL &ETRHEC
OEEE 2, Blll BEx?
ERTEAY HIRRERSR, CHERTEAY HIREMFRA (ELS)

PR R O RFERE IR B IC X o TREKBECRMBEICSHRENH D, KECH
O E BT 5, B ZTHIBRICIEWFED S D Z0E L 72 i 72 [ D3R 7z T 5 — 5,
SR ORI I R EAK DS LT B, B ICHRTERICEATE DHIBR & 1344
B 2RO EHR 2 R T, REERERBIC B VT, REOEE T 2 B TEENLED
EIICHREDTENZDDZHEITT 2 2 ElE, HERRIRE O L EERE ORI 2 i 2
oo TEHEETH S,

AT TR BE O RIEEREL 2 R0V 2 RESIFEED LRI T H 2 fFME:
% (C, N, H) DG - il - BomERICER 7%, £ETOEORETIIKEY A4 XF
THET 2 ERLAZERMMRET 2 LR TELLIICAD, BHMAML -~/ ~t—
Y UDER I NG, —HOMHBUITLRIIRLAD» S22t — v UANBITIAA, W TIE X
SICZ DB E@/EkB a7~ £5, 22t — v VITRITIAA O ERETE X
LR IIR U C—E8 A L b D £ £k~ PV ABUD AT N2, — 5 RETIRHIAR
5D UV EHC X D /KRFEEGRDS, RIFMEHEIC L D fBEEREL M) KABORIEE) X 1, K
LD TEPFEHEMANBORT 2, KBEd» 6 2 HLS B EIZ K2 © DIEECRTE T 5 720,
HEIC L > CTe At — v v OWHBEERC KERORSIHE 2 L, RE DS KE - #Hi7
ML EMR I E T2 EEZ 6N 5,

AT LD ESIOERICEH L AR REEBEE T VI ) ZMEL, HED
BuEfb L BV — NIl I n a MO TR REE 2 FRHCEIRE 2 2 LT, FFRBRICE
BRI CEREEN L . AN ERERE Y A LA — L E DR~ DR % R
%, HARICEE & HBRISWIR T 2 S5 CORMHERTE & B2 6 B o v K5 - £ -
<Y MV OEBERMICEFERZ KT 2 2 L TETLVDREEZ T\, REFETIZEE L
REEsOAEY 7L - V= OWIEER % F 72 CHUEHPHIC B T, BUEERICHRE L TF
J&§ - <Y PLZENZIUIERINS C, N, HEVE I T 2002 ARAEREZHENT 5,

H escape Impact erosion

EUV radiation
T T Planetesimal

accretion Giant impact

T o
p- Planetary Atmosphere
'71 radiation “

Magma
Metal é: R an

Solid
mantle

1 AR TH W 2 SR REEME T AR
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INERERBERITOSS 2 BEHPRFNHDAT TIROT—E2))—R

OFs HE ' FH ZEB’ H &2 |BE T&° Hi wE
e mECc B4 AE? T ERS MU &° B0 BET i C8?
'AIBIRKRE, CFEMERRRRERE, THXP, 'REXP,
CFEIRKE CEFRRMKEMRERN, LEEHFKFE

INERE AL X 2P RARS A 2 2 (TIR) 1%, 2018 42> & 2019 i 5>
J<C, MKE 162173 V) 2w 7DV — 777 4 —%HUS L7, TIRIZY 2w 7 v
DAEER, I XY v T AERIUERER IR L 72 RFTHIEICON L <, HiER o %2 ik
EL, BTl <, KEORIEME-CYEN R % B S 2212 L 72 (Okada et
al, 2020; Sakatani et al, 2021). Hizd 3 /NKE DY —F 77 7 4 —OHUIS XTI
THY, INRIEORENCKKNZEES L TcEBEAT—2TH5. TIROY 27y
BT — 213 ISAS/JAXA NICH B 7 — X H— "= TTF Y 2 Al (Levell) i
T, SHEKYDT —%2 =2 HEAT (Endo eral, 2017; Suko, 2019) %\ T
KR RS SR (Level2) 1AL L 72, Z Dk, Vav 7 voikeT v (Watanabe
etal,2018) kic~v v v 7 L (Araieral,2021) , gD 7 74 2E7 1 (Senshu
et al., in preparation) MY ANZzBAET AL CTT7 4 v T4 v LT, BVEME~Y 7
#{ER L 7= (Shimaki et al, 2020) . IIFEE TIC Levell & Level2 77— % AFL T
WE A, 2021 F 12 HRICY 2 v 7y BRETNMVICHEREZ >y ey I LT —
% (Leveld) L#MMEME~ v 7 (Leveld) 2 AT 2 TETH 5. AFEKTIlE, TIR
DEIL 727 — 2 DR 7w £ 27 + OFFHICO W TN T 5.



PO2-17

BRER MR IS B 1T 2 X & MEGEL

OBANE H1, BRAER!
I TR

JFIR R R R OHOEIRIC B T, BGIFHEBEYWEOBEEICE K DL 5 2 Tn»
%, ABEZE R UG ELIRZ N LCol &R 2 30k, MERE25I Sl
T, L7edi>T, MBNOWEOKE 7av 22# 2 5701213, MRS % B
fed 52 LBRETHE, L LHBEZEIWSGOBI 2EEEBIHIT 2 2 EI3H L v,

KA B v A PV ORI 12, FI8ENEGE IS 2 55 7)1V (Lubow
1994a)ic X bk 543, Okuzumi et al.,2014TIZFZDETLZH LI, KA P
W DN E DI & AHA E DILELDSHI D & 9 EFEIREBICEH L. BHIRZERMRICE
F ARG E R Z K, Takeuchi&Okuzumi 2014 Tl D A 2L % #58 L 72 1%
oW RBEZ A7, L LREDOMHIETIE, BEXREEE LR DREERE L 7
X=FE LT TZETNLTH o7,

AMEOHMWIZ, X OBHFENLRBELRMEEE LV ADFEERBEZM ) 2 £ T, FRERE
FHBICBIT 2 IRITCOWUREIEDE TNV EER TSI ETH D, AFETIEE T, HiR
TR BT 5 MBEHEE 54 D € 7L (Okuzumi 2009) % 31, EEEEAES 2 51
22 LIk THBEEIC)E 2 BXEERL RO/, F7:Bai(2013b)OMHD >
Sal—varkh), MERERTREN A LGP EE LTSS, EEICHD)»)
KON DFEGDEIL 2 TSy YR 2 2 7 H 72 h OFEI T\ BRI E 23
BIT\Ww3, ZoOEPEEDRNERZHEATHS &L, MBECERIIRN S EHE
(Mori et al.,2019) TOREERE 2 L 72, 2 LT, 205 D% JuI il limE o 512
Xz, MECTOWHRELZEZ 5, ARIELTIZE TNV OHM & PR ZHNT
%
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MBBIZREREICB T 25 A DY A F I 7R

OB HTHIER
UINRA

BEOREGHTIE. FIFARERMBICB LTS A FELEPHEEL, AEREL T
W EEZLNTWS, MBICEIT 2% R MEDEMIZ, fEkFIC Class 1T #fE LT
fTon<T&, —J., EEDEM (e.g., Tychoniec et al. 2020) 1% class 0 BT ZKETF
HOBHEZTRZLTED, XD FVLER., > ) HBEERERICEBIT25 A MEET LD
MEEOEIMEPH L TE T 5, MBIPEGERD A A DEMICOWTIE, 3 RIGHiAEY S 2
L—yavzihd s LIBERIIE E ALMA 7 S X 28I X o T, A8 7 UG % £F
) EHEEGEBEDSH S 2 D D0 H %, ¥ A M OREBROMHOFER E LT, £
I AEGERRICHE) S A DI A F 27 RAZHSICT S 2 L IIRBELRTRTH 5,
AWFE T, 3 ROTIEBMRAEIES S 2L —va vy a— RIZHIcP A RF2EAL
2o AE S A FRiFD 5 A AND back reaction 1FEEL TWiaWwh, FHiAEHE» S
Bt A OYHEZ T3 2 £ ©, H AL E FRICHETEZ2{To7, ZOB. &
ARG TEa7EPELEE L, YA EZY A X287 X—% L L Car7aicid s
THUEZEIT 2 Z LT, MBIERICHE) ¥ 2 F OB EE2ZHS IS Lz, HEL
FER, 10um IFDOF R ME, A E couple L GEENT 2 Z E3bdrot, £/, ¥ A
F SRR T H 5 A FNUMEEICIRE T S 2 b ok, RO EK 1 ITRT,

M1 : #HEasHhAEEEL0" cm®), AR Y R FRiF2RT,

AFHHTIE. &0 ABAER R ORI E L bic, YA MDD T 7T vy 2 N ERY
58 A MR DERNLHHR T,
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YR 22—V AOMBEHICBITA2ERBICIAEADORED D

OMAE AL, KA IEHE 2, #RH
VENRX A, 2 AV 70V =7 TRERE /S =y MEEWVISERT, 2 7V 7 4 =7 K

AV FIA4 MEADERDTTHZ2a> Y 2a—LOHIZIEY A FEIN S X R MR X > TH
FNTMEZROD DN DH 5. VY 412 fine-grained rims (FGRs, e.g., King and King, 1981) &
coarse-grained igneous rims (e.g., Rubin, 1984) @ 2 %535 5. FGRs OHEMEHED 1D LT
MENTOEBNIE X 5N TS (e.g., Morfill et al., 1998). F7/-HE X N7z FGRs I FH AR A
NV %R 5 Z & T igneous rims DB L7z £ & 2 5405 (Rubin, 2010). FI#EHTO FGRs
DEME L Z DZEIAERIZ X D igneous rims BB L 72356, MEBHTEREINS FGRs DY 1 X
MEBRICHIE 7z FGRs X igneous rims DY A4 X & —H T2 Z e FFEN 5.

Z ZTEHRAIIMHBHPTEEINS FGRs IZOWTHAED D, F72 FGRs kN igneous rims DH 4
RIZDOWTOXERZHEZITo 7. PP THEEINS FGRs DY A4 I ZTH X TIZH LR
INTEBD, HIEENZFGRs £ 2 Y RV 2 =D A4 ZOMREHEZHE T2 Z e on T
W3 (e.g., Morfill et al. 1998; Cuzzi, 2004). TN HDIHFETIEFI Y FY 2 — T K5 XX MR
e ZOBBOMB X 4 AR —H 5 FGRs DY 4 X& B 6N T052, XA reav R
U 2 — )LHFRIRHCFET 2 5B X A AL OEEBED % 4 127 —uH%E < (Ormel et al.,
2008; Arakawa, 2017), 2 ¥ RV 2= UIBELZX AN 727054 b2EBELY 220, £/
VAffEay FY 2a— LA LOERKHTY LOEADBBELZRELZ LEZOLNS. Z0LHD
REERL, BHEICE2Y) LDEAZHEG o7, FLAIEZa Y RV 2a—n1¥ 4 XD a >~
RV 2=V LERDZEXAMNDEIEEZNRTA—RE LTI 2OV A X2 HAED 5 7.

FGRs DH A XIEZLL 2 Y FZ A4 D a >y FY 2—)b (Bigolski 2017) R CM 2> FZ 4 FHOD
a2 Y F VY 2—)b (Metzler et al. 1992; Hanna and Ketcham, 2018) TE 5N TW5. FHADRED
DIZLL 2> K74 b CM Kivesvaara, CM Y791198, CM Y74662 ¥\ W07z > KZ A4 D
Y FYa—IVEADDFGRs DY A X% X HI L. CM Murray %> CM Murchison @ FGRs
DA RFHADHABED D XD H/hXWV. CMaYy FI4 bDay RV a—/&X X HIIZIER
CTH27%D, ALaryFVa—n¥A4 XTERED -7V 234 XIEFA LR 203, EBEIZ CM
Murray % CM Murchison O & 5 RN\ 2 Z2HK20a Y NV 2 —A2FET 5. ZhoZ2iifld
21213 ) 2HEE D (Liffman 2019) REERAERE 2 W o 72BIO@ROE BABERE e Bbh . K
Igneous rims DH A X A Y FY 2= DI A4 X DHEIEHE D H SN TV, Krot and
Wasson (1995) & O* Rubin (2010) ® 7 — & 22 62K {EHA & LT igneous rims  FGRs D & 5
WAy RYa—nAH AL TY 2OREAPEMT 2EAZHER L. ZOMHEAEICDOWTIEF
CayRIA4 bHDay FY 2—E igneous rims DY A4 XD X HZ L OREIC L DIHEREINS
725 9. Igneous rims DY 4 ZIXFGRs DV A4 X LD BHKREXL, ZADORBEDD XD KZDo
7z. Igneous rims DY 4 RIFFAD XA v 2 a > ) 2 — L2 TH—HRICEET L2 TELHR
Z2HAXEIDBREV. ZORE LT, FIOMBOXZ FE&DBEAFHIroHEEINSE XD D
WD Z Do T=DTRITIUL, igneous rims FERFFO AR A X2 MZBWT—HDa >y Y 2—
NDBEDBY LDXRA M 2FELT 2 X5 BEEMEE L ePEZIONS.
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INRIRRERRIC 1 2 5 0h 1 H 8RR A D e 5
Ok HEK L, M 5L Rt 2, E1A% by 1
L GO TAE AT 27 SRR HIK
2. RS AT I

INRIRERRIC X D, INE 7 (Mkm BRED) WRiKOXRE I KB ALK T C&
bILTWEZ EHRHL IR o7z [eg 1]o HHOKRRLZER]., RO 9 I/ K
KEIRBL-IFIERE T n e X2 KM L TR EZbNS[eg 2], &2
AEAR TR R S RBICIFEEL TH Y, BRSO MBEEDHIRI7Z T T, Mt
Tt ofEfkeRImMNIC X 22, KEEOLKTFOERYAVEOFEICLY,
fifl # DRI T DINE LR OBER % K@M 3 2 1 IWREE LS . 2 2 TR
23, INEREXREOEMWICE L L 2o BB k2R T 5 2 L ©. BEIN
DIEfEIC K E O/NRERE O @R EGR oK T oRfE (BEY 4 XBEES ) K
DZERIDHZITL X9 & LTwd,

ERRTOEBENEE LT, Hlz iy S o X 5 hos & — v iR
CHDK D DD 528 [3] . /INKIEKE D SR T 13EREE A IEH IS ABLR e @ HEF R
TR THELORKFRa v+ FZ2 /NS w0, 25 LAFEo@EMA NS %
Vi, FZCAMETIZEAAR=Z2—F 0% v F 7 —2 (CNN) % v 72 Hif§ 0 Hi i
MR EZH I, KFE2RY) T CHEBNT 2 FEERE L, BT —%& L
TiE, /NERERE O SR EERIC R SN 2 f 4 ALK T DIGE DO & % T8 TK
Yyave LT L, KEICERRTICET 3T — 2 x—2 %2R L=, T5IC
BT — 2 OHED -, ERECTNINRIEK LOBWEZERL 2WEZIRE L. MK
RORMBRE Z A[RER R Y T L 2R Z Hi72 1B L 72, 2Hic X b, 700 FZLL
FoEfgicxt L, 20,000 ML Eo SR FOmIICBET 28T — 2 2 HEL 72,

R EETAMICLY, NREREDOELN T % Precision 89.3%. Recall 66.2 %
DOREECcHBERI & 72, % Z T/NEE Itokawa D Hayabusa AMICA H{RIZXT L H#)
WlliEREH L7282 A, @l I NG RRFIEREH-3.7+ 010X I FTHMZ R
L. JefTiffge [5] & M AR A E o 7z, & O ICHRUEE CRIR I SN 2 i
PR D B AR T DEF % Itokawa D Gaskell FEIRE TV [4] D EICFKRRT % C
LT, 3 ROTMZRZERIDAR 2 AL 22 L7z, AIFZETIZZ OfERIC A, RO T
/N Bennu X UF Ryugu D &SRS IR % fdT L 72465 R D R 3, X Hic, Aif
FETRET 2/NRERMO S HKT O HEERFIEIC X 0, IREXREOHE 1 7
0t ZOMENRE S ERT IO NTiHEmT 5,

[1] Sugita et al., Science 364, eaaw0422 (2019). [2] Michikami et al., Icarus 331, 179-191
(2019). [3] Wang, Pattern recognition techniques, technology and applications, 197-226
(2008). [4] Gaskell et al., Meteoritics & Planetary Science 43(6), 1049-1061. [5] Mazrouei et
al., Icarus 229, 181-189.
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L3 AERMFEOENICHIT S L—2—¢&
ERMIO TV IN—TUODFEE

ot B, FRINKE, RAHFGH, WWAHBHE, KIIDF
MFERFREREBZH TR

[(BR] EE7 L—% —%, BEERETEELMEFHREO 1 2Th 5, Fo, PMERESHE
FIZIERIE SV R L R a RHMTEDMFAET D, ST, 1305 S 2X° OSIRIS-REx 72 &
DREEIZE T, NEKEY 27 7 U0 XIREICE RSV UHIEAZBE L TND Z b
Mol ZOX I 7pERME EICERSILD 7 L —¥ =R 2 BT 251213, 2o O
Wl L7227 b—F — 27— VHIRKETH D, X610, ZFRUCHEI =V = 7 & igHhEfR 2 g4
5 LI REOREENSCEmMMEOFEMEZH NI T 5 ETCEETHDL, LL, ZTHET
Bonrs L—2 =X — VAR Y = 7 Z g B ICBE T 2 a %, st LTItz
HaEHLIH/ONTLDTHLD, NEEREOERMPEOXELZET LLETHDL, £ 2
TAMFETIL, NERE LV TV A 2B Lo RICERME 2 BB L 7 L— & — Bk 5%
TV, 7 b—2—H A AR, =¥ = 7 Z BRI 5 BRMIE OB 2R~ T,
[EERAE] 7 L— % —TBRERIL. #E RO — B R 2% VT T - 72, AL
P& 3mm OT VI FER, BERYILERS 100um OAFED AR Uiz, AL, NERERmORRHIE
ZHELT 2 7 OISR AERR L, Z O ILTATUT IS L 2 758 S W7o, AR OB 13300 & 20°
E L, WA DA E TOHREd %2 1~22mm & 2L S8, BEOEFIIEED A7 T L.,
TV 7 AR ABIE L., £, EREO I L—F —E L HHNLT XV AT TRE
L. Y7 hU =7 Metashape ZH\TENDLDEENG 7 L—Z —0D 3T & FESE L T2,
ZORRETVEFIHL, 7 L—2—ORIR, A X&F{~7=,

[EERFER] ILIRBUEMISER SN Z 7 L—& —i%, BHEFBOEE Dm (Zxt L, BERG O
& Dma DEWKEMEIZ/2 572, Do IFFERICTERSND 7 L—H —OEZRLD b RE L, EHOD
R 307 DL EDHN20° OLEXD b RELS BT, —FH, 7 b —X—DOEIERLITJ
DRELRDIZONT/HSLKBRY dP Tmm LA EIZR 5 L 02 L0/ pote, =¥ T XD
—7 0%, BHE G A O FEE Rui (2% T DIEZENLIE d/Rmi 75 0.3~0.5 D & X227 L—& =W [LTHA
ZCHE L, %8 L7ofhim CIREARICRE T 223, B2 OGHIORE 2 B Sh b =
= 7 B I1—T v ORERH AR A < FERPFR AR TR Ae o T2 [1], — . d/Rmi 23 0.8 L ED & X (T =
VB —T U RERELAEAOATHREL, EES L
— X2 =R SR G IS D 2 2 LT D 2 &
ST, Fo, BREEOTY 27 XITEHTHNC T L—F —DJF
FHICU K& UCHERE L721%. Z DI E A EXRRHE T HHIC
IV TWW 2o, EBRth, PIRZHER Y A2 MR T 52 L1
T&ERMMoT, (IR = B —T
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DESTINY &80 X T D #h b YCEREIEEHE D s
offif WMt ', A &\, IUH 2, ¥ B, FH =32 Wi BT, £h BifS,
KH Az23 BSKE W3 g5 #3
T FETEREREREPR L V7 —, EEEMKRE,  FHM BT AR FH B ZE R

2024 FFEFT S BT E OFEFHIRE BT HEGERE DESTINY' (Demonstration and Experiment of
Space Technology for INterplanetary voYage with Phaethon fLyby and dUst Science)!Z /N AIBE R
HEE / 78 Hh X F TCAP(Telescopic CAmera for Phaethon) & /)L F 3 N4 X 5 MCAP(Multi-band
CAmera for Phaethon) 2358 X 41, /NXE(3200) Phaethon ZEiE 7 7 A4 N4 L, A X 8N X -
TUTD 4 2ORFHEEZER T %5 2 L2 HHE L TV %: (1) Phacthon D 712 — )UK O fighH:
Tigh iR & 7 A & 71— 78U, (2) Phaethon D 2 70 — \IUJER DI HIRIIKRE %7 L —%
—PHAE L 72 M 72 & o HIRE D 3 RITTARBLI, (3)Phaethon D 1 — A VHITZ DFEHH: 5" 2 bk
7 & ORI 72 K8 O FERHITZ B, (4) Phaethon RIEDOWE A ORI <L F NV FAX T
X BERBEOEEIN. Cno OREEEZERT 52720121F, A X =Y FOREZIEEL,
Moot R % G & BN MO ERE T — 4 ZHES L TE PRI R o 5w, 207D
Ho FowRE AR BR D FEICKOE 21T 9 & DI, TE hiFRICERRZ (LA T 2 2 LB o
57O L TORIEZRTT ). B 2 M FEAEE, BE 2 G AR E WS, B EOE AR RIS
B L TIRINEREE D HAK BRI AR CRE 217 > 7o, ARL T OB ABIE DRI D v TG
#4179 . DESTINY#&# A 2 7 Cahsi & 72 2 M YRR, U D@ —(c) 2 SR 5,

(a) 4 X — % v 5 DML

A A=Y Y OHEAEROMR, 8LV T —FBRICLE e v 7= DG z21T) 729,
X V2RI TR, ¥ — 7§ - N4 7 ABROIUES, V=7V T 4 ORER, 2N
—YavirAvolltE, Ay bEsel s Ty FEZ eV OfEZ{T). %7, TCAP, MCAP T
fifi 1 %€ @ CMOS(Complementary Metal Oxide Semiconductor){ X — & ¥ ¥ OfgfIE M EHIX, T
NE TORMIC & D ASDERSPIRE IR T2 2 EDPHS IR > TS, IS ICiRET
%7 2 ORMEMBROREZEET 2.

(b) BEERIE

A X =T vy LR w2 flAG b 7o REE(Engineering Model; EM, Flight model; FM)T7 —
F G2 T, (B RICBIT 2MEPEREMER 2170 . YRS X 2 A0 I X 2 I
L7, HRHEDEEDIESDE Lo If 2Ly 270D 7 7 v b 7 4 —)L Pl
DT, ¥ LTRSS A7 v Ml & ASDCDBEBREE & DBRIFR 2 1% % 72 O K LR
DFFM, PR 2 R DI ORI TR v VI AR 20T 21T .

() BMIERRIE

A A=V vy LR A GDEIREEM, FM)TT — ¥ B %217\, 22EIEHRICEE T
LHIEREREMER 21T ) . RBIBIE OIS, BROEAZFIET 2 70 DEMMIE, &atSh
TP - T IRRE DSBS LT 2 DR 21T ) .

WIET =2 fHIE A X FHlA LFRICETTIDBEE L, L L, X 72RoiR R
2179 DIFa R b EREROUE( - TREOMN CHREEZ LS. HFARVBBE R, H 5 0LIEHEFEHR
DD\ v ORI H (a) i D\ THE, JEARID fHTRTIC 2 v S E O R 2 17\ 722
NOHEET 5, Rz EOIHIADb), ) I 2L —3 a v ElAaGb T HBE & P ClE R
izt s 2 E2lmaT LT3, 7, 215 TCAP, MCAP ® EM, FM DILIE%E A b — RIZHE
Wi % 72012, AF2ME L B IE 2 HAc TV, FESR OO U@ ko, iE
Wy —VOEELZFEET 2 FPETH S, BEZD X ) LEFIRIEO 2 ED TW» 5,

ARFEFTIZ, TCAP, MCAP i A A 7 D X 0 #:l 7 b FYG2AR RG] & BB 1IE D HEIR I I S
WOHRET 5,
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Influences of solar energetic particles on the Martian
ozone

OEHZEN" HINEHE ' dHEE ' FAEH L IREKRR ' #EY ' ZREX?
'R RFPEPMER R EZERREASYEZLEH
2Swedish Institute of Space Physics

Solar energetic particles (SEPs) consist of protons, electrons and heavy ions in the energy range be-
tween a few tens of keV and GeV. SEPs are originated from solar flares, shock waves driven by coro-
nal mass ejections. SEPs penetrate the Earth’s atmosphere down to tens of kilometers at high geomag-
netic latitudes. The penetrating SEPs can change the composition in the middle atmosphere. During
the large solar flare that occurred in October 2003, penetrating SEPs caused NO2 enhancement by
several hundred percent, accompanied by ozone depletion of tens of percent between 36 and 60 km
altitudes (e.g., Seppala et al., 2004; Rohen et al., 2005). Considering the increasing human activities in
space, such as future international missions to the Moon and Mars, it is important to understand the
behavior of SEPs in planetary environments in order to assess their impacts on missions and human
bodies. In addition, the ozone layer is essential for understanding how NOx increases in the Martian
environment, and the increases in NOx can have implications for aspects of astrobiology and the past
Martian greenhouse effect.

In this study, we aim to identify the response of the Martian ozone layer to SEP events. We use verti-
cal profiles of ozone number densities observed by stellar occultation measurements by IUVS onboard
MAVEN, and the energy fluxes of electrons and ions monitored by Solar Energetic Particle onboard
MAVEN (MAVEN/SEP). Comparing the data during this SEP event with data during another period
of quiet solar activity with similar seasons and latitudes, there was no significant difference in the
ozone profile.

We estimated the production rate of CO2+ induced by the SEP flux using a Monte-Carlo model. We
then considered the process of ozone depletion by OH increased by SEP, and estimated the amount of
ozone depletion using a photochemical model (Nakamura et al., this issue). As a result, no ozone de-
pletion was observed during the November 2015 event. On the other hand, the model suggests that OH
increase by a factor of 10-100 at around 40 km compared to the quiescent state, and ozone decrease by
a factor of 100 during the large flux SEP event in the September 2017 event. The results of the Monte-
Carlo model suggest that particles above 5 MeV for protons and 200 keV for electrons effect on the
production rate of CO2+ at below 60 km. The reason for this result is that the SEP flux in that energy
band is three to four orders of magnitude larger in September 2017 than in November 2015. However,
there is concern about cross contamination in the SEP flux data during the SEP event in September
2017, the estimated ozone variation can be assumed as an upper limit.

Since the MAVEN data are only available after 2014, we analyze the data from Mars Express (MEX).
The ozone column densities can be obtained from the observation by nadir observation of Spectrosco-
py for the Investigation of the Characteristics of the Atmospheric of Mars (SPICAM). The Analyzer of
Space Plasma and Energetic Atoms (ASPERA-3) can record the penetrating energetic particles
through the instrument structure as background counts (Ramstad et al., 2018). We analyze ozone data
observed by SPICAM/MEX during several SEP events identified using ASPERA-3/MEX. We also
evaluate the effect of SEPs on atmospheric chemistry on Mars using the aforementioned photochemi-
cal model and the Mars Climate Database (MCD).
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The effect of high-pressure ice phase boundaries
on the dynamics of icy solid-state convection in icy bodies

OF MIER, AHTE
RBERFR PGB 2 FE R

IKKRIBOWER Tl RIEDH A ZRLIREE S JHEPHIZHE - Thk % Z2AH DO R H0 JKIERHELT 2,
KB IITARIEAB DK Th 235 72 2 KEBFAET D — 7, BIZIEKRERET = AT D X 5 IeER
5000 km & DRKBLOIKKIENES (FES1~F GPa) ITIBWTIEL, Hx 2@EMA L, V., VIZRE) D
KDEE LT 2 @R DK~ > MV EIRd, 295 LIzE—EMHESE % 0 5 OKE o iiEshix, 24
HIENLSST 7 =2 A, WEEER EICRESHElDL EEZBND, —HOKRIETIIOKE FIZ
BERA WA FFOZ L DRIE I, MR TOK - SAHEMERIC K 2WEAERDELE R E L&D
HCHIERSME My D FEA FTREME D iR STV DA, KL OO OK RIR CIIMEE LS @ oK A HBL L |
WKk EEATEE DEBROHEENZRET 2, TRhbbEEKHOZ A F I 7 2 CaiiiEs) 23,
EAE D OBSCYWE OfikiRfEE 2 he— AT 53T THhDH, DX Dk, EHEHEERS A R
O RHGES) O BB FRIB LI OV TL, ek ER~ > F Lo 660 km FHERRS I ORI HEH L
HAEY R 2 b— 3 VRIS OBFEBIN S B0, KKRIENEECTOZEK~ > hLRIC
KL TIRIZE A ETAALN TR, ER H0 KOFIEBER (7 74 v oakd) 1ITx LT
% OEBRIFTRDEE A 72fEE IR L TR Y | T OREEDSKHREENC G 2 5 284 E &I
b2 L HbEETHD,

Z ZCARE TR, Ml EE D gk~ 2 MVORFRICBET 28l R = L— 3 U EAT
VN, MRS KIRD X A T2 7 A5 2 D5 AT DK RIENER TIIkR 4 222 KR N5
ZONDHHT, AEETIIKTHENMEN ETICERST-REIRE L, HEBBERDOZ 71 1
VAR LA ) A S ESRICEZEHAICBT S 2 KT OB O R R 21T o T,

ZORER, 0.2 ~ 0.3 MPa/KFRED 7 71 0 U AFRUZEBW T, LA U —H 10°LLF D
LAX R EN 2 2 @O 2 L, FEo S OBW E RS Ml CHES S, LYK
T LA U —HCITRAEE N IEE RIS D . ETOEBEHNICANEDS 1 Ei e 2 )E
KM OBEB2ZFBE R LT, T7hbb, LA U —EBRKREVNGE TITEAEN D OB E N
FRERR 1 CRRE ST, EHMIC B E TS ST D AIBEMER B 5, AFE TIIHEA 7237 2 —
X DB L DR REE LRHRGFT L, T PREEAGEESC XL MU E 2 28I
DNTHELEEIT ),
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avkFYa—niiav o4 MEBAOFEELREEYITH S, 2V F Y 2 —VITHIEATS
5 XA b DEGIRD., JFRIEKGREENTEMRIMENZ Z T CTARM - Bt L 2Rtz
EZbLNTW5, ZOMBBEEIC O IR, Kk, F. X-wind 2 L4 reT
APREEINTEZ, LrL, 2o T M (e.g. Desch etal., 2012) 2> T
Y, av FP)a—-LoEEEEIREIARED T ETH L, av P a—BKOHiER%
BT 5 2 2. JFIEKGREECHBICKRX-THA IV - {LEHKZHO 2T
32¢THY, RERPZICBW MO CEEAERK 2D,

A ciIEIc X amEe s viciER T %, JRIEREG R EEN CHGIRIENE & 2 0ic+
S BENER I N T, HETEOKRELE L2 IRET 5, D LT, B D & HIFG.
HEa Y P 2= VOIBRER RN A O HEIC D CTHEER - ST DGR & A 7 &4
X%, Alexander etal., 2008 [Z2 v NV 2 — A ERMUICED Na R RFFL Tnwb L
o, AV EFY)a— AR e Y 2 FEL ) DBUTE WA A P EE 2o ZEBREECREE 72 L
HEL T3, ZHFHCENIUEC X 2MEREFBLGRRE)ERE 2 v F U 2 — AR
FIRfICAE X 7202 "d, LoL, 2OV FIUFTIEa v FY a— L OFMEEHAST 3
TEDREHELWEWHHELED L, I CAHEHIZ, HCENALEZRI L TWLI XA
FVYITHTOaY F)a— Ay 2 BENUTOXRA NEEEZROHCENNICEE
BECOay V) a—VERD 2 0086 % 30 TEL S,

HOE IR E RSk, RBEHC X 2 5HERINICEB L FodEgcEEa2 v FY 2
— N EREBICIE, BUBTEOFED FRE LTEEEE 2 bNT w3 ETOFYHH{TRED
103- 1045 FRE X 0 b RE WEEBMETH B,

HOEHIET 227y 7HTay F Y a—Aw2E3 54, EHEEOa Y PV 2 — L
A Z BT 2720 I B Rz ANVF—%2E251C1F, 7277V T IEREIN-ESGOZ A LF
— %2 ERTALERD L, RENERMEEDH AR 75 v FTORXI2]KT B LT
VR a— A ERIEKAIRE R B O R EHIRT A 2 LA TX B,
HARETTRORNAR DA Z N 2 2121, HRADIEHMA T =L XV +onRvway F) a—u
R FEIR 23 L BT B B (Cuzzi & Alexander, 2006), KX A R DIKRIC X 20 HED FHZ#F %
N, FROLEEIIZ 5N d b Lk, Ll Z DA, Eimy A DOFES)NC X 5

ROME D ERT 2 bEHBHB725 9,
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Science Target and Development Results of MIRS:
MMX Infrared Spectrometer on the MMX Spacecraft

OFHEE, BRIILEFE, TRBIEFE B+ %4 Maria Antonietta Barucci®,
Jean-Michel Reess®, Pernelle Bernardi®, Alain Doressoundiram®, Sonia Fornasier?
Michel Le Du*, Eric Sawyer® and Veronique Tyrou*

VUMASFE#E, 24t K. °LESIA, Observatoire de Paris. “CNES

The Martian Moons Exploration (MMX) is a probe which will be launched by the
Japanese launch vehicle H-II1I, and it will navigate the quasi—satellite orbit of
Phobos and will make a fly-by of Deimos. MIRS (MMX InfraRed Spectrometer) is a
push-broom imaging spectrometer in the wavelength range of 0.9 to 3.6 micrometers
which is one of the candidate instruments to be installed on the MMX spacecraft.
It has a field-of-view (FOV) of 3.3 deg width with instantaneous-FOV (IFOV) of
0.35 mrad, which can be scanned by inner along track scan mirror in the range of
+20 deg.

MMX aims to elucidate the evolution of our solar system by investigating the mi-
gration process of primitive bodies in the early stage. MIRS will observe absorp-
tions of hydroxide or hydrated minerals on Phobos and Deimos in the wavelength
range of 2.7-3.2 micrometers. By analyzing the behavior of the spectra, we will
distinguish between structural water in hydrous silicate minerals, and water ice
particles. MIRS will also try to detect the absorption of organic matters in the
wavelength range of 3.3-3.5 micrometers. These results will be crucial evidence
to answer the question of the origin of the Martian satellites and identify wheth-
er they are satellites formed by a giant impact or primitive asteroids captured by
Mars gravitational field. MIRS will observe Phobos to survey the sampling site
candidates, to investigate the sampling site precisely at the touch—-down mode, and
to make global mapping. The global mapping of Phobos to select prior areas and
landing sites will be performed on the quasi-satellite orbit. Precise mapping for
candidate landing sites will be followed on the lower altitude. Observations for
Deimos will be basically executed from the fly-by orbit. MIRS will also monitor
the Martian atmosphere with particular attention to spatial and temporal changes
as clouds, dust and water vapor. Models for ground tests are under manufacturing,
and some of basic functions and properties have been confirmed. We will report
and discuss on the observation plans and the development results of the MIRS in-
strument.
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Y 2900 OERERH DO RERAREE
M, AVREERR?, BEHON S 3, HRELRA, AiFE |, fAFHEHa"
"FETFE K, *Universita d'Annunzio, > [R B K

BPRT2E/EICED, Vad Tl IFERERMNCZ UL, ¥ LERETHDZZENHESIEKES
fo. ZDERMERD DDRS ZHBT 2HENIKREE 3 D D [Sugita et al., Science, 364, 268-272, 2019],
ZD5ED 1 DIFBEDKRFEREFFOMBAIC K > TERERDZKR T D TEZERZIEH THD
[Sugita et al., 2019; Michel et al., Nat. Commun, 11, 2655, 2020]. MBI (&Y 2D/ Vg Z BV
FHEREAARRE ZNICHINT 2BEFRAEZERL, FEIRETZAERIEL, NEREFICHITS
HANLGECREREEDOEHEEMATIEY 207 VDREZHRAIT I ENTERVWI EZRE L
[BE5, 2020, HIEKRERFZEGAR]. SEIFZFDERER % TTICH A AEEZER U fz[Kurosawa
et al., Communications Earth & Environment, 2, 146].

(Q)EFENYEORMYE, b)BEERFERR, (OXREREEETS. Vavr/vEEAERE LT
W1 ARz Ut RBEBAERM KR ZER LI EZERLTHEL. UTY 207 VKME
EIER. (a1) HARFORFEEYEIFTEESREVWSBEBEDAKICES N, 2D /0 thid-s, (a2) 3
KD FE RS EERA (48wt.%) & BE{L $k(magnetite, 13.5wt.%), (a3) B D BE 2 D[ Britt et al., MaPs,
54, 2067-2082, 2019]IC & 1Id, EKIEMI DK, BEY DR EREIZ~800 K, (ag) NEESEF TOH
DT TOREIEDERDF H,0, CO,, (b1) BIEEREHE T 800K ZHBA 2 LHESNIHEEBOES
(A EE D~40% (FTZEE 5.8 kms™), ~10%(HEREE 3.7 km s )RE, () FEREBR TREINLKE
DEDIE CO, TRIRD 48-71%% LB, (c2) M RMERL(CO/CO,, H,/CO)IFEZREICHEKTT LR,
THB. (ag) RO DFERIZ, HBRRNDRROKEADN O, FTHRIEESNTVWS I EZRLTWS.
BRRE U TEEKIEIDNSME I NI KESEBIEHIBRETINIBICEL Z2BENEZS
N3 BMEENM TRESNTULRWND, EHREEERTIE CO, ITX L T~1omol2Z2E D CO MMERERE (T
L5FRE I N BHKED CO/Co, LIZR AR IZDERENE TRESND. RREBABERDE
ZDEDREMKFIE[Schaefer and Fegley, ApJ, 843, 120, 2017] & EEE TEHAIS 11 fz CO/CO, tED S B A
ZIEDBREEHE UIcE T3, FBEEEICK ST 1,200-1,650K EFo T, Ufeh > THIBESTETTIRR
BenTWRWIRILF—OFENEEL, BAEEEENARELCIENTERIND. ZORET
FEKIEYDTEHRKERIT. FHAE NI H/Co IEANFIF 1 TH > e 2 ERBKERICL DRRDE
L RIS(C + H,0-> H, + CO)E AN TH . AR DBEEREBDEL TEISET Ui EIRE
T3, TORHEIFEHRA ZREB00 KITEL TWBERD~53ZETH > fo. U EOFERITNERET
IR T2 HANREREREOHRE CIERREE TCIRILF—DFENRID, BRETRICE
WTHMENGRARIEISBWT EZTRERT . o T, BREEHGEMRTEY 207 7DEE
FEBATERVWAREEDABEW. UHL, BREEFERORITIEEK, BEYODIE, BRICHKOEE
BITBRENMRETWD I ENREEIND. NIFENGERAMT THRETE 2 RN S 2.
FFE:ISALE @ B % & T&H B Gareth Collins, Kai Wiinnemann, Boris Ivanov, H. Jay Melosh, Dirk
Elbeshausen D& KICREBHH L 9. BUEEEETEFBR O & HEEIC I pySALEPIot Z{ERB L E L
fz. FAFE D Tom Davison KICREFHH L X
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LA RXANBITDREA L ~DOEBEYTT AL ORREERER

O, BIREEA 2 3R
VRO TSR Bl MR ERIYR 2RO LIRS R an T FeiT

Ny v — ZEEBEORIE BN X 0 . 24 2 v odEREKE . KKAOEHE
WT®H 2 5um HEICEC AR LR OHERYI R RO 0o TH Y | KX X v DZEFITHE
S EBMIOZEFA TH 5 T L AR X T 5 (Barnes et al. 2009, 2011), Thv b D7%
FE DMK IC O WT, Bl R~<Z P A2 L BEBFRRIWKETH IRV R TV
{LEVICE DL 2 L PRI T b — 1 T(Clark et al. 2010), Y b2ge T A LiRfRET L
2> BII RSP TR T 2 800 - FEIFIRILKETH 2 72 v T2 F L VICED & PR
LT % (Cordier et al. 2013), 24 X v O T T v VA REHERILKEZESL=F IV L
THRE N TR 2 EETNE, ChoOWEPEERY T v A h Lk X & v ~7K
L., ZOERRERICAFSL L HHE L2 L\, L2LARBES, ZNETICH
W=7 a0V LR X 2 v O AR %2 T~ 750 1 e v,

Z ZTCARIETIE, A= T e 0T Fu sYETH LA 2V ) Vi, RIAX X
VICIHIR I 2R EAT o 7. AW TR, WEOIREE) 2 HIf#H 325 & & Tk A % v
AR 2 2 Lk 2 AT v L ABB DMK A X AFRIEE T L 2o XA XV VY
V1. 500 Pa ® CHy/N;=10/90 DRAEH AD 7 v —%IiC, 3Hla—1 F 77 X~ % BE
FTrzechRTROV Y VEHEE DY ) v 2BEEER L7, TRHX ARV Y v
% 95~100 K Dk A 2 v ~3RHIR L 72 I1C, HEND A XV T A2 > Y LT
5T LT, WIRAR Vv REFEI T, Z0%, BRELEY Y v, B ICEEERICHT L
TR A 2 v ~DEAER S Z PN L 72, B FBAMEEBIS ORGSR, HTH L 72k X £ v D
RS, ORI ZFEO 10um BEOHEYITH 2 2 b dbhotz, £, WIEX XV
~DRFLERFICL Y, NTPRD V) vRILEAEET 27T bR L 72, AJEFRTiE,
o OBIEIC A T, HTH L 728 DALERRK & ROV T 2T, 2 4 2 VR
ICTFET 22855 L O E TV, Z DR EZHE T 2,
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MERP, ERERYE. BEURXECHTE
SR EEEE (LAPYUTA) SHEI D4R 5t

OXEF# ' HLZ=? LB ANE° FEMX B85 TER® AFES FEE,
EHEE ' AERKE, KRNE BhH ' HXKELRERR ' &F85° RRERE
EBBHZEILLAPWIAD =955 1L—7F
"EAL KR, CISAS, PHRREBHKZ A ERERKRE CEAHEXRE, P KIRKE, 'L HKE, NAOJ, NICT

LAPYUTA (Life-environmentology, Astronomy, and PlanetarY Ultraviolet Telescope
Assembly) (&, 2029 £-2030 £DTH LIF# BIE T RNMRERRHE T, KERMZE. R4
BREXRR. ROURXELFICELIHNZERZHBITF TS, KBRHZE - RAREHNTF TR,
RE -FBEICEBI2ENFREREOMAICET 2FREICIMYBEAH. KERHNINDOERE - B2
DEMRBEZEEMREDL LICEBITLHIIETEIET. AEQOKBFEICITEMBFEARER
BEHFOMTENEET SHENENH D, RENSWEHT Plume T XD T TEDHE
HIBAE 4%, Plume DFE & ZDOYEMFHEDIREN S, T EOHFELFZONEEE
DEFEAZBEET . KEICITBRIZKEOKZRE L TOWEHINR DN ->TEY ., £EICD
BEICKEBLTUL-AREENATEINTLESL., TOKDITAIFBA LM E LG D> TLVELY,
HEDKE - €ERICHEITAKEBENRTRORTHRETIRA . REXKKDOELBRE L KD
THZBRHAYT S, REARHREDOHMRIERNXREICHIRTE S, ROREOENRE IS DD
v FARBRANG(E., SRAKOERZE L EKEUREORR L REELLBIEOHERZ
B9, ENMBRIXEEFENY TILFHEERFICEYRE CER LA, SRAIFEROCREREE
WRXZICE L TREAHEDEENZE SN TILND, EREY—RA & BERXABRRICHT S
BB EAZREL 35T, FEHRBICBTEII VI UIYT54 FEEE. TILF A
vy — - FEEERXXZICRYVED, ChoDRFEREICMYBOFEREELT, 2
BE - SREOENETFHERRZRET 5. ENRERETIE, RE - BEOKRKKREZD
RAYICHHTE2HFELEARZRVIV SR MCHRAT LI LENAGETHDI=H. KK - A
ADYMERREZHRANT 280G FER LG D, LAPYUTA TIX, 8RO 60cm $kDEi=H &
RENABAGE [0SZ] THLOEENBIABARMZHEAGOE S L EBIT, BBE
BICKVELPEREREDIEMILFHET 2MBEDTA T+ TEEATSHILITEY .
YINFHERREADEWVRE - ZRSBEEZHFA-FELEREZBIET. OV T7FHE
=R WSO-UV [CHEEH SN B850 2085 UVSPEX & (X, ROMHRERK ORI RS L HfBAR TH
N9 %, 2030 FFFRMAEET S KEKEEHREETE JUICE ASKED Europa clipper AR
ERTHAUNZHFIIRT ARAATH D, ZRIBEZME L -E8ANFEELZ LAPYTA L Chod
FE#LEOBRASRAZE L. 2030 £EDOEBRMEKEE2FEICET,
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Ot 2R i, #H SFECKRKY), %5ib #E(SAS/JAXA), . E GZEIRGESKY)., 6l B GHATK
). AH BlFEGEHEKRY), BA R, &R R, PH BRI GEEKRY). 58 BEL(H 7Y 7 Ky
SERRGERT). HE BB ERSE). WK AT (ERNZRCA). FH (S EKRS) . R B GRAt
K, I ZIM(T 7 v v RS, B @BHCRERRE) . TARIERR(F — N — v RE) . IR SR, B
H SR(ENRXE). W wik, BH BEEQIECRT) . il MOEEEMR AT, 8k HE
(BA7ARY). IUH F(TELZERY). ARH HE, i FAGEHKRY), Patrik Michel(22—+ + Xv
2—VRXEH). B BB, S/ ARG, B ME. IR iE, A S8, BH AR &
JIl E(ISAS/JAXA)

BT I3, BRINEL - mEHI 2R VIR LZ T 2o, AEic@ Ut oo, 727 v 7 (%
) ML CHIEINIBHRTH 5, AhTld. Y CRIREN R 2720 fEakI R
o727y 7 BHET 5, Delbo Hlt, iz v F 74 b, KEHa Y F 74 P 2HWZEY
A7 NVEBRICX Y, B 100 BOBY A 710k, BAO—HAHEINS 2 & 2R L 2[1], £
Tes BMCHICX 22 7y 7 offE st B L €. RIC K SMIEDORFH R 7 — 1 & L T, B cm
DEDY A4 XDETIEEEITIC K 2EPERATH D LM T\ 5,

HE OZALH, FHRAMD 7 Z v 7 2 lE 45720, tiEkoWEig 2], KEXKTD
aao2 2y 731 (L) AR~OsE@A R 65 L v iER»RH 5, NEE(162173)Ryugu
ORENIREZ 29 4 ROER(EL X =) CEDNTVB[4,5], 4 lE, Ryugu lKBBT, 77 v
7 DR A~ DO EHBEFER L 72, BALKEEICIE, 27 vy 7 DJBRRICK 280 AR LN 5, F
2. BBO Y A4 XK IZHA TRV AEET %, Delbo ik, Bennu i W T, [FERDH
RefRTnT FElroD0XLEH2), RKuPSHwibBicE {Rons bl L Twsl6l, &
siFERmo HIRIC X 2 IERM R EZ L2, A P L 224U C, BREZEAZARELREZ O
%, Uribe-S'uarez & [7]ix, B¥ ED/N7 7 v 7 HBHAOZCITISE L TREL T A% R
Bbaoeb, FEiAMD LLEEE2rLALITNEARICY 7y 78T 252 L %2R L7,

—77. Molaro 5%, Bennu K TlZ. GHOKEZ AT L5 REINHELAohs e %

B L T3 (8], Thi. Exfoliation GRIGHIEE) &IF-XNn 2BIR T, Fostihic b nizf
BNTOBIE N BIRKICR D AT, EIdeEX D LHMIATE 5, Ryugu ICHEWTH,
Exfoliation &% 2 b 3 L& X FTES %,
References: [1] Delbo M. et al. (2014) Nature 508, 233-236; [2] MacFadden, L. D., et al.; (2005)
Geol. Soc. Am. Bull. 117, 161-173; [3] Eppes, M. C. et al., (2015) Nature Comm. 6, 6712; [4] Sugita,
S. etal., (2019) Science 364, eaaw0422; [5] Michikami, T., et al., (2019) Icarus, 331, 179-191; [6]
Delbo, M. et al (2019) EPSC-DPS-176-2; [7] Uribe-S’uarez, D. et al (2021) Icarus 360, 114347:;
[8] Molaro, J. L. et al. (2020) Nature Comm., 11, 1-11.
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INRE FDIRREEAL T RBZFIGET 2EEMEMER

OWR #Bth ' W) RE ', RAeAH LA RANEL #EEHEE ", KINOE'

' HERZAFREZHAER, *TENTHAEHAREE TEHHEHER
[IZC®HIZ] /N2 EOREEEBmZEICI - THRAET HHEEERDIE, REXREHPNHBEZEHEL L ITY 205
b Es X L, BEHEAERNTS. ST7ARNLNARED LS 2/ EEREITALY —CEDLDNLTEY,
ZIE, /R Ryugu R LEREOZEBRE N & <, JIFRISRE DY/ N X0 (200-280 kPa) RV Z —TEbh T\ 5 &
415 (Grott et al.,2019). Z DX 5 /&R IZH 1T HEEBERENIC L 2 HZEM %2 & &I HERET 57290
\Z1E, EERREOGRE - MERECHEE T R X — DR =R X —~OERNETH 5 seismic
efficiency factor DRFEIIRFIENMLETH L. LN LENERICBWT, #AXSHEZAIIDRW. ZZ TR
e CiL, L3 RRBIZBIT A EEFHIRE) O = R L X —BIE R seismic efficiency factor ZHA L NI T 5
T2\, AERIREEHLRDR. 720 SR A BRI LT Y b— 2 — B ER 21TV, BERYNSZ T DN EE 2 310 L 7=,

[EEBRAE] 7 L— ¥ —JEREERRIE (A) #h7 RF ORI — B AT 285 & (B) JAXA O#it — Bl 7 A fi & i C
St U7z, BOALITAEA R ISR U CRRELICEZE S BT, EAICITER 1~4 mm(HKL) & 1~4 em(KE) OFER +
W, KT OFEEERE L F N FNH 60, 13kPa TH o7, (A) TIFFRILICERE 3 mm D 5 FFHOEK (8%, 2L =
=T, TNAIF, ATRA,FAar) &, 40~200 n/s THEZES W, (B) TIEHAIZERE 2 mm 0> 8 FFEHOER
(TN, FAay, FL, Dra=Tr, g W, FLT AT R, R A)EHY, 1.2~4.3 kn/s T
WRSE. 7 L—F —JERERIEI A A — R AT (10° 104, 10° FPS) TR L7-. HEZ2phiEiEshy, &H29emN
D OFEBEN B2 % 3 AT R (R SV1111, SV1113, A HREN%: 30 kiz) Z 3% Latil L7z, hndpE s —
HNETF ¥ — V7 7 (U AD-8724D) i L C7 — ¥ 1 4 — (BUABKEE 1 100 kHz) TRisk L7z, FEBREORHIEE
LT, FHEIESHEZZ L—F —DEELESZFHIILT-.

[ERHFER] 7 L — & — A XA OEB = R X —OREREFSTRER, MRAEAIZBEI L TR 0. 14 J~0.6]
DT L—&F — A APRHEI = RV F — DI > TEETIRE—-EL 2D, 78y MEBBRELD
ZERbrots. ZhiX, HMALOEE =L —ERRL T OB N leoit B2 6NnD. o, B
DOZF Tl KNEE & 7 L—2 — U 2R CTHUISAL U 7= B R ERBE O BRI~ R, EH oIz LT
& WL ORESE, 2SR O 9 R RN B LIS (L BEEE S A I~ 2 L BB 975 Z L by, &
KA O FEBER R IC BT 2 LT OB A 157,

Imax = 101.4 X (x/R)—l.GS (%Eﬂ*ﬁ) y Omax = 101.32 X (x/R)—1.62 (j(ﬂi) .

7 L—&— 1 KB DHRAIMELELCEERIC, EARRICL2EWIR N -T2, £72, A7 & FEK
HIf: CIEADZ T DI KIEE 2 LT 2 EEWR R DR o7z 2 2 h, 7 b—F —H A IRELWEE,
FEREEICLOTRIFEORKNEEELZITHEZ2 0N, 61T, FHIILEINEEREAZFE LI~ L, B
P & PR D 2 FREOWE N E L TWAD Z 2R L. WBEOREEIC X - T, HAIEE & SRR 22 S PRt
DOEURZIEFT 2 &, FEAPRIRIC L O PRAMEE 10 n/s® 2B &M charn<Ttsy, L the
BB OB ER L BN DH D Z LB Dh o7, IR OERHEICE L TROBBRREZET. gnae = 10703 x
(x/R)™1OY Z i3, K TEREEALE S BBMERITE BICHIEREAIEELL F E CES N, 0%, Mg e LT
RS L& DD, WIEREIE O B2 EE O R R R E2RDDH T & T, QE~30 LkE-7-
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DESTINY'EREH IS/ MR EEERRE RO

Ot '. AfEE '\ AB#%Z . LHZ'. MiZEZ . BHER’. =EREI’. KAFZ.
ERRIEA . KHER S, EEMZ’ BELME BREE' 5B’
'"FEIEXRE, "FHNEHARFAEEE. "RRERXFE

EFHIEE R T4 DESTINY® (Demonstration and Experiment of Space Technology
for INterplanetary voYage with Phaethon fLyby and dUst Science) [&5F= CFEEREED
BRAEAELEZONTVS/IKE (32000 Jx— U ZAEISA/N/ L, thREDOSHEBGE
RBETOFETHD. FERICIX 2 BEOAAS., AIRKXDTA RNV RTINREZFER
LENCEHBEEMBIRBZITOEZEE/ V08 +5 TCAP (Telescopic Camera for
Phaethon) . ERIRMNLEFADTILF/INY FigtEZEITS5H A S MCAP (Multiband Camera
for Phaethon) A& N 5. TCAP TlE, &EED 7.5 BEAIICI 7z — F U OEZERES
BHIR9 %A%, EEEE 500 km DRFEZESTH 9 2REIE. 1| WEROESEMFEGERGETE
LTHEY. xaZHREREIX 3.5 m/px IZET D, 774 NMIRERICETEHASDRBRAE
miE. BEDFEFTARTONMKAFETEIEERERAOZRBHE-LYHEBINATES R, L
ML. Phaethon [FEEBHDENKELL, PEBERMALKEVO. 774 /4 HxHEREN
30-40 km/s LEET, MDD 500km FTEDIL 1=, HBARAIABZEED 4 deg/s LLEITEL.,
ERAROZDHEEZ T TIINREEZRBFRNICINOETEIEN#ELL, TD=H, BETD
FANARIZERMITNRZZREFRNICRDHEIT. M OSNDOLGVEREGEEREZRGT S
F-ODERMEN N ASBEEIZERESN D,

Z TR FETHREREEFSEERBOBMSBRAEZITL., REZROEFROT A A Y
b, BEROZDHHOCEETINITVALELEEBEL-LT, BEBE~OEREHFREZRE L=,
ZLT. ZDEBEREFBETLIOIBTIVF I — 2 BROEERIEICERT 2AERNEHROR
HETW, BELET7VFaI—28a0OEERERE S MeeilE. AEAZE - REOEEZH
MELT, ERAMBREAV 7TV FaI—3AEREEELIFMELZ, Toa—4F84&U
L—% - Fy TSREFERAVHEEOFMICKY ., AEFEERITIEELEIC. TV
FaiI—ADERAKEECERTEE. AEBREIERIHREHRE-T &R LT,
LAL. BEROFEICK Y. BIERICNET 5/31 TRREDPHIROFZENKEN LA
ALz, T —5DOAERENL, RIROEZEZRN T H-ODFEEMAEATEEDR
HEEBEL, /S TIILORACRESREOREAEFIEORERATYEVTE—2DEE
BHOLHTET D126, AEBRMORLEGLIEO0RREBBORFTMEEREL TS, F
FAEREDOLODA T a BeEEE LTLYIILAORBEIRITL TS, §%. ChbD
FfERERMLT. EM (ZVP=TFT YT ETIL) DOEREEERET S,
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TNAROEREEBAINC XS, X4 &Y - BEROK
BRI RGACT: - YRR O 5 A

O REFEN Y, E)IFR?, BHFFEs, HlEEs, BEEEY, (WHRES
1$§ﬁ$'%ﬁ%%k P HAREESRRY: - B, S ENLRXA, *HEEKRY - ISEE, P
HoE ST

ALMA 23U 2§ 21 EKBERFEOHEHNE, KHRANERE - HEORKSHERD SKE -
R RIAZ R ToOBlEREEL L, ZNETICRVWAKEROENE T — X 0BE ThiTwn
3. ZOEIBIRMTTRERED T LA Z AN —%F|ERTITIE, BHEDE OB (7
ANV Y= by v RN, TBRT — &) B I - EhetE Rz
b2, Kb, FiGRERMEEL, IR E) OMAZEE U HFeiRd] o EE
TH5. BAZBVEBEEEROARRR I L — T THETF — 228, FIFE - 28 (B) ek
MRS eI, UTDXIICALMA AW TER - X4 X > OB OEZ15T
Tz, AFERTIE, MRRE DI, SBROEMDIDDFEEMRDTEEZFEN - Ham L7z w.

BEERRICBOTX, BEREICRET 25D 7 Y {bk#FE (HCN) DIFED 90 FR & D 5
fixhTtBh, ZORFICOWTEMRZHEMDBRINTER., BRAZT LT =4 7h S
L7- HCN @ J=4-3 [E#5BB OBl 7 — & % v, HEPI0 HON 22/~ v 7 ORI K
L7e. ZEMDREEE ~04BTH D, BEEORERE 22FITH L T5ITHEMTH o 72, HIRHRE
el e RiE 2% v G 60 BEAHE CRANICERRME - RIKEZED, F-micsnTHign
V— 27 %82 L7z \EHEEHFEICX D MENTO HCNESIZEH L2 25, REICBIT SR
ABHIEFEE 60 BT L TR 1752 ko, BEEREEICEV T, FREEICBWTHTRE L
oo EEANE R L, EKEE R CEREREA KPS S NS 2 KBGO EN e
XNTWVW3E. ZOfEERETILE, HON BRRE D S#E XN 28RS FIC & b BB cER N
Z2WVWIHEEETAERET ST, BN EEHEHHT2 ZERAJREL o7z, AR
B3 Tino et al. 2020b, ApJL, 903, L1 & L CHRIEATH 5.

RARKRIWZOWTIX, ¥ 7/ 71FL > (HC3N) 70 3D BC @K, Thbb
HB3CCCN, HCBCCN, HCCBCN OfEf&lta ke, EMZEMe ottiick b, Zonibkikic
B 2 LB OHII 21T 72, BRI, ERL3EOERAD S S, 1720 251 140 -
200% IR SNEBAE T B Z ¥ ARENTE 7 (e.g. Taniguchi et al. ApJ, 846(2017)). % DAL
R REFE Y LT, HC3N ORIBMATH 2 CN R CoHAD BC DEENEIFLhTWE. TERKR
KOBERXA XY DRKUTBWTD, HC3N 2 E L2 MR RILKE - ERILAYHIHREB A TS
D, ZORKMEEROMIHIIHKERKILEDOERZ N v 7 TH B, BAIZALMA DT —h A
7 F—&ZH 5, HCBCCN - HCC3CN ¥ HBCCCN —~ HCCBCN DR 7122\, HRB XU
BIHEE LG T 287 — 2 2B L, AN 12K 1DF—Rty F %57k, HEEEEL
X hEH xRN AE [HPCCCN]:[HCBCCN]:[HCCBCN] = 1.17 (£0.20) : 1.09 (£0.25) :

1(lo) THDH, EMEMETHRHINTVWIEEDOREIMEBIhRro72. X4 X ONEEZ
170K Hif & WO N ESRRIE CH D, ERZEENICE T 2 FMED Iz 5 8 2 U FNAEAL
BRIGIIHI SN2 e EZ 6N 5. BB, ARRIEPSI ICZHEETH 5.
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759 va XRICKDERBADEE—EFESMDETA -
#at 7 RO O E R IERREER

ORHI' FIKE' RAALGH W AEOB' KRA/NE?
'HEKRE T FEMZEHREAEEE

REEa VY F 74 MEAORRIKTH 2 ¢ BUNKREIZ, K GEYZ &Y
T % T2 RIETH 5, /INKEF CREBEPEA TH - 7= KGRI IZ. N
Tk - BRI ORAERIEE > ) 74 MUK TR S D &9 D X 5 kER
RTH o7z, > T, T ORBEMBE X, HERICHEAERED X 5 2tk
HEAREC XTI, @FO X5 KA Z 3 2 nlHetEr & v,

100m LA F o> KRR IE, EZEmasisis (¢) 1ZWEEEE X Y & RIRD HE I ITIRAF
LCELT 2 b TE Y, EICEOMEIIERE (¢ L Ebid,
O @I, RIEZHKT 2WE 0GR, BEE, HahhicwgEBinsd, L
LD, RFEMEED X5 ICIEMR R EE 2 R oW E D ¢hicxf L <,
Z DR BUETHEIFARONT I o o 72, & T TARIIZETIE, B SRS
DEZEMWIEIREL I T DREDO R AR R 272017 7 v v a X EFALZ
B R R % 1T\, ERRFOM R O E —E B0 & JH 7=,

EZEME R L. FICFHBEMIAT O BB RHE 77 v v 2 X #

RWTIT o 72, fZEHEE 13 2kms 4. 5kms ™! T, [BELE Tmm DK U 75K % flge
X7z, MEHYEEHE 10Pas & 60Pas DYV avAF A LRy FH A4 PR EE
B 1:3 TIRAL TERL 72, BERIXER 60mm ORIEZCH b, H0 %5 2 i
ICTERE Smm DFRER 12 8 28 TR ICHECE L 72, EBRCIE. fgemisEthicry 7 v
2 X B T, C OSEROYIEAGLE 2 S O EIEZ AL 72, 12 fH o #kBk
2> LEREZOABNIOMEL; %Ko | & b IR O E —H a0 & 51
L7z, COBR2L, BhEEOBEEENMG 2~ MEEESTTOHED
1/2 127 DM HEE (PRBEEE : v) 2Ro72, 2D vVid, TAAF—EKE

(@) ITIZITEHI L TR Z L 2328, 10Pas RGBT 60Pas IRARE L v &
RN K E 725 2 L3057z, FTATHEDL S @13, o vV lzigktflo
BIRICH 2 e300 o T2 DT, Kilkid ¢'iciEEREST LIk b,
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 EHREREEANDEABRICEDELL
ZPABICHITEAE X NRE CWEERRK

OrEHRT ', HEX ', kA AEH >
VRO TR HRA anhif 5
2 SRR A AR T2 =

KERDIETHEDEFEZHHAT 2> F VA D—o L TEKREIUGD D %, KGRIV %
HNCBWTHAAR ERICHIERY A XOREHEZE L, BEE D IS I1E o 7B 23E ECREMB LE
BIZR220VIHTHD, ZOHIKRERED 98 B LW\ R EFLREMERADEIR L Z DfEW 7778
T b % B3 2 N8 T 2 OEIR % FIRHCHAT & 2 AIREEY B %, MBZEEHRIC O W TIIR AT IR
. (Smoothed Particle Hydrodynamics, SPH) Z HWTHGEES N TETHE D, REEDOHIED HER
EAZEFHT 3 v Hic, AR kEEUEEERC T RERESEXEHE LI slrhs Z e s
AEINTVS, FEEREREBRIIERSINIHABEIERI AL —DREINH, ABALIKEDT
EEDKEABEFELTVWDEEZHNS, Idaet. al.(2020) 12 & > TEKRBHRRIC L D AETLER
P D — RoTAE IR BCE L A3 ET R & ., IS 2 DY M HI DI B T 611 1IE O AL % £ o0k
FBPEREINDE Z LRI NT, THICZO/ONTIKMHBONHE D LIC N RetHE2ITo 7
R, BEOHMEOER-YLE RN EHHTE 20 MEERDH 2 2 bbb o7z, LA LT Ida et
al.(2020) 12 & 2 BUERTH I B W QI EFRYE 081 M OB E) 73 FEHE. Sams 0F 536
HizgghTtuwihv, BIEORTEEDOLHEERD 99% MU L%z 58 2 A RKEE O FNTEHEIZEB
k% 1.4-1.6g/cm® THH, KeEARTOBREEPBEZ L1IGELTVWAHEDEEND, 20D
72 DMBEOENE X UBEEDEBRRE TODLICEADEENE 1 ETFHND Z L ZEETH 5,

ZITHRABREENDODERBEREICAE T, KR - ANV T LK 27— 2ELRKAMR
DORHEIREGEL v . 2 OFEHICE T 2KkB XS ) 7 — b OB - Bl A, HEEREE. B
IERUE B OEbic oW TH—3 £ X3EL (Single size approximation) % W TEHE L7z (e.g., Sato
et. al., 2016), T OHE—H A AT, FPEFEOERIM TR Y- HEBDADREEL
BLINCEHE LTV 3, SENKE >V 7 — N ORAEGRMEOHZE, ¥—27HBE, FHRHRE
FE DR AREREE(L . ELIRAEIE S X — & ¥ OKAI L OB 2R AU, PIHIMRE RS X 0N
BAHBICOWTE(L I B TEHE L, ZORER, ELIRRIIED (T X — & L BEZERRFHEREIC & D [ERfL
FOREEWT 5N 587 7V FBIERE WD o 7203, DEEEH T A —XEcET 5L
R ) =74 ANETREERMEOREN IR N, WHES A XETHET 2 edbhoi, ¥
T NGB X DR WX 2 24 IV k> TELT 2 Z e batHEIC K D bh oz, RO
FERTIE NS DFEIC X o TR LN, RERYRERYE O E DML NEREE o, MRS
FRIHEICB T 2R IOV THE T %,
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AWEICEH T4 HEEREEL

Time variation of sunlight at the lunar polar regions

OMit st ', AT SUET '\ A 63, A e ", (el s
R, DR e

MFEDOABRERICL 2V E— ey v 78l 6, ARSI IZAOKDELES 2 nRg kD3
RRINTE e, THUIPHETIC X 2 KK T O (Feldman et al., 1998) R4+
DI X BKG L < 1d OH FICHEA T 2 3 pm (T TOWIN OB (Pieters et al., 2009)
2 & %D DO THIERARDEEZTRTHD TR, ZOHFERLAMIC OV TS E 72 H
Tk, TNETOREHRHSICE VT, HEARER " O KBRS ART7 ML
7u7 747 (SP) 12X 240 6EM T — % OfFNTIC X > THESSEOEEFEISICE W TKE &
O Z DFEFEE R DWINDSHER S N 2 LRI N TE R, 29 LRI EIR
KR TH 2 KARE (—HE2H L TREED AR LR WEE) ISR 3, 2 ofdtisic b7y
HLTWDEZEDRTP> TS, KAFEUNTH KON I B HD—> & LT,
FEAHISI AR FE S N7 AOK D HIRIC & %2 A3 (Schorghofer and Aharonson, 2014) 23%
Z6N5, ZDOBMI NIAKPZ OMBEFEEYE D5 L SP 7 — & HUSRHT B 1T 2 ik
o H IS & B 2 A Re1ED D 5,

AT TR, KE L2 DMWY E OWINDHER S 17z SP 7 — & B HIRF A B
\J % Atk o HIRGEFEZBH S 222§ 2 729 A B\ TEHERLIcoL A FL— v
7 (KRB oiakic X 2 HIOFROHE) 217w, HIEORHZLZ IR, PR L
L C At 81 2 8 H % & — 7 B o HIREORIZLE 6 41, 3524 s 3 #)
RHCIEDE DD - 7 2 3o e, ZORE, RBICIEEES U5 7-D1dA % LD
HDAERTC, RICEFENDY7-2 F T -HEREDL 2 2 L2330 ho7, 2070, BN
7oK Z DEHAMEE I Z DB TREL DOH 2 bDTEEVWEEZ NS, —, Bl
HISEE 65 1213 2 HET E CHEBEED H > 7 2 L DR TE 72, Z DO I 17Kk Z Dfth
FFEEME X 2 DEEED D - 75D 6 AHE L 72 b ODBIHM A X TBREH L TE DT
HHAREED D 5,
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AV RNYa—I)VERICES I 2EDRERREMN

OFAEFRE', BERFE' HHE' KRS, tHTE' (EEE}
'BRRIEKRE

BICE>TOAY R 2—IDFERENDEEVWSETILLH S, AARTIE, REKERE
ERTIAYRYa—ILERICES T 2EDHLET DAREMEZRET U,

£9, RAAGREEFTENRELRFDIHZRTT D, FENRET ZHICIE, BFE
DBEBFEF DY A NNFHINZENICHENTNEL, ZOBICRVWESNIERINDZBEN
HB. e, ZORIREE LT, FRANIFHEHNERAZERS LGN SKBET 2EENBET
HB, COUIRKRANERSINZAREMEDH 2HE LT, REAGREZEDRERICHKRS
N25AKNE, YARNBOEARREICLZDAHRA, AN—IVITRTEROSEESY X
NEE, WRERFEOAR, LEVWOINETSNS,

KRR TIE, NSDEBEDSERAIC, YANBODENRLEICLZERED L ZIR
MUfco EARRENRELER FRANIFHEIBSENICKL > THRAFPOLIBICED
BT 2, COBR, HRAEBRZRTZ2DOTERERERFIY ANIFORESICKET S &
IZ2 D, YRANNFRTOEENIEL D, 2UT, EEFERETY A NIFIERZERS
UDD, Z0XFEBENMNGT DI ETETODBEINE 5, RIENVICIFZDER, EHF
BEICLDYANBOAHTEEND Y A NFEHRERNTENRET 2L AICE L
ZENDbDoTce T, MMOFREICDOVWTHRKDO®RNZIToficE I3, FHRET ST
BELNBEWENZ W ENEES NI,

RIS, TH5UEBICEFZEEIVRY 2 —I)ILEBROYEREZNANROBERZR, JV
KU 2 —I)LIERIZICET 2RIC, Na REDEREDTVWITRN—TFEEESEFN TN,
HBNWEZNSDRMERBINESNAL, EWSZENSTAY RY 2 —/LERIGEH TS
ANBEOEWEB TR > e &iERmI T b DN H S (Cuzzi & Alexander 2006, Alexander
etal. 2008)y C Z CHESINTWBEEEIZ, REXGREENTENRELFZHEELT
LTI U MRERRICESY X MNFIRAL EEEICEENTH S,

UELD, FIMABREEATY A MRFNEXDMREFLRICESDHBICEWNT, EHHE
ALV RYa—IDFEREN2EVWS ZERFRTAHBHI/DIE RIS,
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LIBS ZR W ARATRD T OBER LI

O MEBEDXR', BAME ' RE—B', HRESL ", BEEE ", ZHAKBH'
'HREAY BERMARH, CERAY ITRERWER, CIHKRE BEHER

INETOATFEILLD BIFBERICYI/NA—YvY (IMO) ZREBEULLZ &AM b > TWEH, LMO i
BRI D FHBREBBRIC DWW TR ELHSMIEINTWLWEWL, DS POFAITRERAREGZ 100%A< E0R
& (Purest Anorthosite, PAN) DR 1 (Ohtake et al,, 2009) . RO ETEERERTHIREANEREL
U OIREMNBTTRERZFEREL TWS LI ND, AOBEFE CIOEETHRERZ I BEM THANS
ZEPTENE. RMREICEENZ2EGEIYD Mg# (=Mg/(Mg+Fe)) =Xk 2 & T, LMO O/VULT D
BDE3Fe,0,& ALO; DREICHINZESEZ 22 &N TE S, (Sakaietal, 2014)

IS5 UBEREEEICRIIZTEINFED—oIcL—Y—FR T AVHEALDHE (LBS) 1'% %, LIBS &
FL——%RBET 2 TRRE TSIV L. FOTTAVDORAIEIC L 2HEDHERT 2 & THEHC
BENBTTREEEMITEFETH D, LIBSEBRREANETERTROT A Y AVLHEOXEEEHEICHE
Hah, TmUEEAIHZHBOHE um OEEE 1 MEEOERE AN TE 28/ EF D, LITHE T,
BEOEZETTH—EDNTREELHICEWVWTIZLIBS ICLD 1 wtBDHEE TTREBET AN THZ I &N
Rahiz (Lasueetal, 2012) , Ffc. ERESDBEDHE T, BEDAREMF DRILAWTHEEEDEHET
LIBS Ot EEMREZRIET 27/, AER%Z LIBS BIE UTR AT Z{To CEl, TDHER. SHtBROAME
A NWAT1474 TlE Ca & SiH SEEFEDBBEA NWA479 Tld Ca. Mg, Al DEEFARERH. BloFEE

(SEM-EDS) THIEUEBELBREDHE T—HT D N EHNH SN (REMEER 2020 EMNEHER) . —
AT, FICSHRROBEAICEWT Mg, Al, Fe DEESMEEICHEDRMNG 22 B> TW,

ZDIZHAEFFETIE. Mg, Al, Fe DTRITER U, BERBC/N\N—R UVt 7OHBRRZRBHI 2HBMDT—
# B8 & Partial Least Squares (PLS) 7Z)LTY XLERAWEZARY MLOEZEERIT%{Tofc. PLSIC& %%
ZEMFNTIEHZTROREICHENHZ2ARY MLHOERZHHL., ZNHIEERRICSZ2HEDRES
#HS (ARMFRE) SULTEHETES, ZORRE. Mg DEEICIE Mg R (448 nm, 517.2 nm, 518.32 nm)
& Na R (589.13 nm) AMERINZ &M ofz, TDS5 Mg DIEREBENEEFAKRZAKE<EL
S, ARRED Mg BEZFHFDOBRIEAZNBHC R TEHBROBEAIG 2 FFEEB VMg DIFERREZZET 5 &
MBRFMEDORETH B Eoh ol BERDOEGHEEED Mg BEZRDOH. SHEEKRDOEBEAD K SIC Mg
DOEBGHNMFENICH HIBRIIESNY ., ESEANG Mg BENBSNTWS, Z0Z &IEEHEED
BADLS IC—EHOEARR TRERAREOZECHETROFENEZ ICHEN TV AREEEZRERT %,

RIC Al DEETIE. 569.7 nm. 572.3 nm (Al lll)& 624 nm. 704 nm. 705 nm (Al Il ) DERDE S
MW &b olc, FTCEMARDERADARY MULIZHITZ NS DBFRBREZREARDE D EHEL
fcEl 3, ABAEOHEAUTUNAI ZEFLZWHEERBETH > /e, BHERDOBEAITEHERROBEAICEN
TH3IAD1T UM AIZEFHZWS, IS DEREEXSHERDOEDLDBMETSH o7z, 569.7 nm.
572.3 nm (Al lIl)DEIRIE 568.68 nm(Na | )DIBIREE/R > TWB Z &HY BEEICHT 2 BRAE DR
FEzBtIETWBRERDO—DOREEZI SN,

Fe DEETIE513.9 nm. 541.3 nm. 561.7 nm DIBEHNBENICEETHD I ENREI Nz, LAUL
LIBS AR MLIZEWT I NS DERIZHIE TH DT VWHERDEEFARRICT LTINS DEBROSIE
FEL . Fe BEDEVWSHHERDEATIX Ca® Al DIERICLZ2EFENKEL., /I RICL> TESERMNE
52 ZEhbh ol TSN Fe BEZREABOFIEL DB FRAT 2 HMEICEE. Fe BENRIERE
K DEVWSHRROBER CIRERTHTi S nic s #HEIEI NS, —FH Fe ZRIERBOFHMEDOREL EETEHEKD
BATRINSDEROEMEIE EN 72D D, Fe BEIR@E/IGHEiT N T, BIROEEDENH 2 nm
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DFERDPBEZRALIEZIENRETH DI ENTEI N, Fle. REARICOWTIFERFE T Mg OFF
IREREHN R BB AREEZERB L. HERRL Y MEFTHRIEARABZEBMINREZEVWS ZEHEREBINDS,
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[l 4 A k. Phaethon JEi & A MNhif-fOE &, Hul, (LFHE Z DG T 25BTH 5,
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D, ZOWRICEBOTIARGCEREOTE N A, KGESHER L CONIEOBE P HiKRE L2 2
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[1] Rubincam D.P., 2000, Icarus 148, 2 [2] Thirouin A. et al., 2018, The Astrophysical Journal Supplement Series,
239, 4 [3] Sako S. et al., 2018, Proceeding of SPIE, 10702, 140 [4] Warner B. D. et al, 2009, Icarus, 202, 134
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RODHZENAFEL I oTz, FORE, 71—

This stud
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ZZ3CHR : [1] Kadono et al. (2020) ApJL, 899,122 (6pp). [2] Honda et al. (2021) Icarus 366, 114530. [3] Tsujido
et al. (2015) Icarus 262, 79-92.
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JUICE Z1& - PEP/JNA mEH it FERRIsz DB F

OXRMIME ', FWFE’ ZAEX’ BEEX'. S’ REH@"
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'FEMEAERREEE
2Swedish Institute of Space Physics
SEHEK
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R DAREIEEETE JUICE (X 2022 £ 9 ADITHLIFFETERBNEDH LN TINS, FAl=5I(E JUICE
BEICBB SN DIHFERBRF/ NV 7r—2 (PEP) ZEAT S8R D — DT H 5 IERM PR F
28 PEP/JUNA (Plasma Environment Package / Jovian Neutrals Analyzer) #%E% L TULv3., PEP/JNA
FELLTHERATER SN SFERAMPENRFORANEZI—7y bELTEY. 10 - 3300eV D
HRFOIRIILF—, BE. JXRAASNETS. REESBICEVL TERMFENFORRD—D
[%, Ganymede 7z EDKAREAD TSI XIHFDBEYAAICE > TRISIBARILRUVR/Av A
VIBRTHAH, EHLI-FERMPHNTFEERSOEELZZTTICERERTT 5, COH. 7E
BREALNE=F . KFERTDEAEHUAB TS ATHFNEEERT SREICH (TS IERMM P
FEHAIZ, KFEEREICRE LIS AITBEOERMELOEREZL-56F, ChITHLTSXIE
BHAITIE., LTS AINT A2 F{OoNDIL0O0. [REMICHRE - TEELOSBEISEET
Hd, FHRMPHERFERRIETS AR L THENLZREIZH >E0THY . MBAIZELT
RE/KBEMIEOEMFZLZEHTH E-L, KFEXRTIX PEP/INA OFZEBR. AFKRIZOVTHEH
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JUICEREBEH A=A T L—YEEET (GALA) :
BESIUVAEXREBHN—FKIITDISA FETILORME - B8RS

OIEB/£EFE "2 IMER’ KFE4 HAKRATS? RAEE?, HFHEKXL BLEF
aEEY BE MT', B &X', ATV N\ 5 GALAF—LA
'"FHMEMRN, RERARERERK CFEIEXRZE 'KERXZ,

EMXRXE, P FMYREFEEV S —

H=AF L—FEEET (Ganymede Laser Altimeter:GALA) (&, 2022 E£MD#TH EIFIZREITT
FRNFEHEER (ESA) A X ET 5 KR2KEEZFEEH (WICE) ORZFHABBEOVLEDOTHS.
GALA (K KRIKRICERA SN DHTOL—FEEFHTHSD. GALADEZEZDOH(E (1) thiiziE
WICHEDKKRTY b=V RDEfE, QEHREDAEZE L-ATEEDERE (HTED
FEHEFEORHIEEZSY), QXREO/NMREMEEERFEOERE, THS. HMTBZET
YA IVRIE ZFRAMANAAOS—DEAILELEERZNKEL.

oD EFEBEDT=SH, GALA (XENE LM SKBERE~DOEHAIE Gl 255 E -
BRETRYIRLITS. BICHZATICOWTIEEEKICHhIz>T, MBERETTHELIY
ALGKRAZEMS L VEREES), SSIT/MREEEE RFELZAT S, BIEICENTIE/ =
FILEE 500 km M SEEL—F /LR (17 md, KK 1064 nm, / 2 +)L 30 Hz/&xK 50 Hz)
FKEERACEE L (/ SFILRRY bHAAX50m, XKy LS50 m), RE/SILR%E
RELT, ERE/NILAOHFEZENSERMEZRDS. MNRIEHE L RFEOFRIE, ZEN
IWADBEL/NNIILARBOEEBENYNSHFS. FEGMATORAERERN I nTHS.

GALA MBAFIZ FA Y EFILIZ, BR, R4 R, ARSI UDF—LIZLKIEEHAICEK-
TEHTWDS. BRAF—LIIDESNRELEZDZEBDIDDED1—I)L (REXLERED
21—JL(BE0), EREMERES 2 —IL(FPA), 7FRIJILY FAZIVXED a—IL(AEN) D
MEZEL LTS, ZFOENMBRF—LILGCALA £ADOHEEEEEZ I 2L— T BV D
FIIT7THEINITA—IURETILORFELTo>TLS. BRF—LIF 2020 FIZTh i
D774 FETIORFELENHRELUVEELZRT, BRN~AOHFZEET Lz, J]RE, B
M TIL GALA 2K DHEEN, F-BAERAEARNTIELI DDED 2 —ILIZDWVTISA FARTD
N—FOITT7DORENETRTHS.
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FHHRE (BSA) ICXDL77AIvyvaryThh, BRIV 2=7/3—rF—LLTHM
T %, JUICE ISR O 11 OB ON, HANDIXL—X ®EE (GALA) | B -
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B emug i A7 (JANUS) | B (J-MAG) (2 HARANFAENSE L CTnb, 15 BT
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EZRMMBIER LT B2 B, ZOfb5 « RN Z fIR$ 2 2 LIk, AR R M
IZBT DIFIEARREDHENLESSZ DX A 2 v 7 FAENTORRMED O « ALK
DZEFAT OB B DN D, 2D X ) 7 MERMLEM, FEILPM2BEEN D DI H 0
2 63, JUICE FHENZ xS 5 R E BRI EE LT b, BaFE OSEIIR L
TEY, ZWIHAROHZZLTHRATHRETH D, HRICBWTINLOSEEZ1GD Z &
DXL, BEEFTEOV A = AR RIS D EFRIRFZ, HARDIRATH 5 R AL
i FHAEFICE S A = U AR L, RINOBILEAFZEE 12k LT H ARDAFTERL A 50 <
T L LT DR D,

AFETIE, BB EOKGRIEE, RIMKEBIHISC KRN TOAEMET ATREM OB
KEVSTIR AR E 2. BARIZEIT S JUICE R ED L 9 ekl a7 LT, 5% DKER
DY AT A% Y —RL T O BIE L HIK 2 iEimT 5,
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Radio & Plasma Wave Investigation (RPWI)
aboard JUICE: KREFLUVKBFE~DRFEES
L UVZDERM

EP OEE', = ER', £B 28, R EE', KW g8, 4t 0,
ZH BEAD, Mk #A', =i @it ZE Eth°, /KSR DB ER S
B. Cecconi’, Jan-Erik Wahlund®, JUICE RPWI team'

"HRAEK, PEERERK, CHEIAIEX ‘RX ISEE *&IRXK, *EX £FEH
TIRYRXE, !IRF 9745

This talk shows a view of Radio & Plasma Wave Investigation (RPWI) aboard JUICE
which provides a unique and first opportunity in this huge mission. RPWI provides
an elaborate suite for electromagnetic fields and plasma environment around Jupi-
ter and icy moons, with 4 Langmuir probes (LP-PWI; 3-axis E-field -1.6 MHz, and
cold plasmas), a search coil magnetometer (SCM; 3-axis B-field -20 kHz), and a
tri-dipole antenna system (RWI; 3-axis E-field 0.08-45 MHz, 2.5-m tip-to-tip
length). The RPWI Japan team provides the high frequency part of this system, i.e.
Preamp of RWI and its High Frequency Receiver (HF), under with the collaboration
of Japan, France, Poland and Sweden

We have confirmed that this system has high sensitivity reaching close to the ga-
lactic background enough for the detection of Jovian radio emissions from magneto-
sphere (aurora etc.), atmosphere (lightning), and icy moons. Direction and polari-
zation capabilities are first enabled in the Jovian system, to identify their
source locations and characteristics. RPWI with other instruments covers the sur-
vey of harsh environment around Jupiter, environments and interaction with icy
moons, and their surface and subsurface characteristics. The most key parts is the
sensing of the ionospheres, surface, and subsurface of icy moons during the flybys
and on the orbit around Ganymede. Our "High frequency part of RPWI' can do unique
remote observations to detect the highest ionospheric density not only in usual
status but also episodic plume ejections triggered by expected crustal activities

The sensing of surface and subsurface are more challenging topics, based on the
passive subsurface radar (PSSR) concept which sounds the icy crusts of Galilean

satel lites by the reflections of penetrated Jovian radio emissions
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[1] Kitazato et al., Science 364, 272-275 (2019)
[2] Garenne et al. Geochimica et Cosmochimica Acta 137, 93-112 (2014)
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KBICEE RIREPTRIKFE L LTl R LKERE 7 o 208 2 IR E L 720F5E
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