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P-72 RAE ik BEMEX A S oOBIKPKE - B2 FEAKICEG R 3%
pP-73 AT % LREARKUICH T BHIBERIC & 2 /KELKD/HEED FE
P-74 -y e R [FIFR BRI A D I BOERIC & D TERL & L 3 R IR S O BRI 25 E)
P-75 AR KA & R EURGE D HAREZE [ 258 o fiAT
P-76 A Tl O H IR B ORK D SIS © &8 - Wiy EERE - HiERRE AR
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WMERER R OERMRIEICHIT T
AEREEICBITARA M) —I VIR EEDEET S
HREZRAFNDMEKREBEAFIIR

OXi #EF Y, Bk &EfE ', B{E § ' Elliot Lynch'
IRREREXRE

INRIKPCEREDOME E RBMREN WD EZTEDLS IR EINT-AZBRBONIIT S
ElE. REFEARICBIT2EELRBFETH S (e.g., Drgzkowska et al. 2023), TFE, ¥Rk
EHRADEIAFHNEBEERICERT 2R M) — v 7RLEM (Youdin & Goodman
2005; Johansen & Youdin 2007) 2L 2 XX MEEARI-WREFLRHIERLOBEH A H
ZXLTHDBEEZSNTWS (eg., Drazkowska et al. 2016), LA L. THOARLEMIFZL
2 MALBRLT-RERICE T 2RAMNAIRRTH DO ICKXEANERETH Y (e.g, Os-
tertag & Flock 2025), CHOERBIMIRIEN K EARE L L THERINTWD

AMERTIE, INhEFTEFEBIN WAL 72, A MY =23 ‘/7‘7F§E’|‘$ —ctél:'?%@ﬁ(ﬁ
IR H ZBELDAER E ZNITHES XX N OBBNICEBRT 5, LITHIE NP SEliE]
BRI ZAF I RICEREHTTCEY (e.g, Li & Youdin 2021)\ ﬁX%ELODj(
B A EHREEC LB XX b DA AOEEBIZBEONICE > TWEN >z, A FU—=I VIR

BEMICK > TRATMICEIR S Nz A XBEAHE LEBICH T 2 KM AKX X M EE % FE)
FTNIE, FABRREZIRZ 2HRABEABFNCL > TEZ ORI ZRHTE 20]8814ENH 5,

Z Z T4 1220 3 — K Athena (Stone et al. 2008; Bai & Stone 2010) Z#H T, J&{THF
REYHMBEABEICEWS T YT RYy 7 ZACEITEXA M- AR 2 FifdyIal—vayv
“iTo7z0 Floo AP —IVITRRERZTHEHT AR LIZZRXMIMA T, HEXRED
MR FaREL-L YNNI BTXMFEFHZICEAL, REATHRANICHEINIZAX
BENLEEBXR P OXBNLENN5X 2 EZ BEANT,

HEORER. LEBICHEET 2HINE X MIEHKT 2 H XEELIC K > THEER (e.g., Ro-
sotti 2023) AWM T 2EDEHBENDOINEILEZ T2 I EABALMICK -7z, £, Mk
FATICEY . COHRBIEILEERFICH T 2FEME—FTHIEMERE L TEIRL T
5Z8%RLTz, E0IC. RETOERICHEINIZHMINFNIR NEDEAZKE (B
A TC—RICEHL EAN B EHHRZER Lz, ZOLIBKRBNFOERIZ, HERED
Tnﬁih?/\}’ﬁéfﬂiwﬁaﬁﬁ’] EERSE, BANABELEOEXZELC DL &I, T OEBHRE

o THERICEBEZKL 5 %, RBETIE. ZOMELLHRANORHE ERZ KRS
CEBZARNEE#REDIER (e.g., Scardoni et al. 2021) ZHAAEDLEDL I ET, A MY —
2 /7T§E|§E®§E/ﬁ' FIRREE IS 7o F R ZIRE L. T DEMEICOVWTERT B,
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BABONFEACEHEE U IR OWRERR & EREER 0 M BRSRH ORT

OERrmth ' - KEEfER 2% - HEK*
" RERSKE, 2 H K, ® Université Paris Cite, * Westlake University

TE)V VT ERBRTRLEBZECKERAY OKRABBED—DOTHD, Vo ITHD -
EDLSITLTHHELEZONMNE VSBIWEREMZIZIE ITARAMGHONTHY, ThET
REBRINTE, BERESNTWLWAEREIFULIE (a) VoI 1 EFIFERICHAK
LizEWWS THEWY VTR ITEDCEDE, (b) VIR ERREZERBLICHEAL
fzEWS THWY D8] ITEDCHDITKASIND, (a) DRERMGE ST UXIE, RIEHE
ERTOEBRTELEBREMNS Y VT E#HAT S [eg., Teodoro+, 2023] ELVS HD (UTF, GiE
EBELFUL) T, (b) DRERMGSFTUAIE, TEEEEZEBT IEIEY M AXEDFHS
BIEICKVELEBAEMNS ) VT #HAT S [eg., Hyodo+,2017] EWLNS (D (LT, BIYHRIES
FUE) THD. EITHARICKY, BAZERTIFEFBRSLUVEIZEY A AXAEDFH
BIRDS I aL—2avEThnTERED, TAODOBABENZTORED L S ICHEEILEL
BIRBICY DIONEZEDZDOMNEIINETRARONT I AN o1,

TRk BEEREDFTVALHIBESFT VAT OVTREEDITEHRL, BRHEEE
BLENGESZI AL a3V EBANEEZRAVT, BRBEOEREAFE L EZFMICHANT,
ZTDHER,

o FHWYIJEH (@) ITEDIKFEFEIF VAT, BABIHAMERKEICLSI R
ILF—BURIZK > TEEMA TOAENEIZINER L, Roche BRFFEFENICHABE) VT £4E
B ERFTELRNI ENM D= [Hyodo & Torii, 2026], i, HEEY T ELTEEE
SWAEDHTEICAVVONTES TMAEHFERE (equivalent radius)] OBE L, BEFE
BOWAOAZELEICITERATELENILZEKRLTWLS,

& THWITE (b) ICEDKHEHIBELF A TIE, BABROBEENA (ip) iR
BB (grp) DAREIEDF—INTA—RFTHDHZ EEBHLMIT LT [Torii+, 2026], ') >
TR FTREIE /NS A — 2 8% (itp, qrp) /NT A — S ERTHIRT S5 &ITHTL,
BEWONRSGA—SGETHIBIRICKD) DT BENAIRETHDS L Z R LT,

LEDHERIE, BEBIRIATOHEIENY VIRICEDICHEHR T VAICHLTE
EZHHELH—AT, WU VTRICEDCHEHABRFTVATIEERIZY D TZEBELS S
EERLTLD,
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EMEFEDORY I Y —ZFRL\/E
2N HRAREDRNEREEDHETE

OaaEE' BERAZ BHEZ ' JEFER "> BHhE* MuSCAT F—L4
VRRAFE 2KRAFE *7RON\(A40I -t 89— *EIRXE

HARBDOHATEEIZOWT, A7EBETIVIFETRITEKBEANI VLD RNO—F
WS EEEE FHITA[1], — AT I EEDOREN T EDEHGEEINSIL, REHIZHHE
UEETTENHTALIRES UL EZE D7 (dilute core) DIEENEREINTWS[2,3],

ZOFHUVNEBOEBMEDMRIEIZIE, R ERNREANITRT2LENH D, LML, FEHES
EEEVADIENTELROVRAKEIZE WO T, NEEENSEINIZEHR XG0,
ZOHT, KBERHAKREIZBIIZ2ENBICROIBERHEL LT, FATAREDSTH N

ZIFohsd,

FTEIL, EENSCZITFBEWHIIHL, REDEWDOEEL2R T, TLUTCIDOWMWEFRIZ
BEOHONNIEENEFTBIFLENIRE-D, I7TOEEXHNEDOEESHIKETLL
EZ26N5, UMNoT, BREDEIWETROERIMNS, 578 EELC TRATAREDHEEE %
MEIZHITX 5,

HWERIL, BREDIEFRNFREIRKE T 5N EEH DMUNLE L& 5 Z & CHlE W EE
H%, BEARRIZIE, BHIEICE W TREN T BICREL T DL R DM ENREEE LB liliz
35, DEEBRE | LIRINIHEEZDOBRENBRETH S, TORBICHELERNL, REICLIRE
DREEERID BT EOZ B L, BEHEEDHEZRTHS[4],

ZDEHRBERENGB LA AKREIT, EENSHWVHW L 22T, BENHFINS KRV H
TVabA— | LIRENDERBOHNAKRETH D, —FT.BWEIWHE2Z I -KEIXRERIZ
MHELBITELTALEZONTW 20, I SR EDERIIINETEB INTI R N7,

ABETIE, BEOT — R AERLITHD BN AS DAY FD 2 Z—WTS-2b 0,
2024 FEM5 2025 F0 2 ERITOALBRIOREREHET S, AEEMORD ORERICIZ
1-2m 25 ADEEBITHER I N MUSCAT V) — 2, HMIHEDRERITIE 8m T132 EE i
I # XNz MOIRCS 025X DHINEE % Fiu e,

BHIDOHER ., COXREDREERORADKEZFHERL., X561 1-2%DFEHEEZR S
UZz. NECRHADRA RORIZIIMAR L UTLIEENASND — T, ROYIRALERNSIE, R4
HARETIX 3 HIEBLR2BRERT 7HDEIR (k,=0.14£0.08)IZKIh L= [5], Zhix
BEEIT7EE DRV N 2R —IIBI2EHNRTFRIEERENTHS[6], 5&IF, TRIEMEE
U7-fR% KA9 2720088 H % TIXPEREBETFEL TS,

X5, INFETRWEIW 2 ZF 5Ky N at 8 —TIRBE ORI FRELLWEE Z 5N TX/EM.
WTS-2b DOFEMEEIL, FROREIMUZEFET IR EEMEEZRUTWS, 22T, ERAEAT A
BREENRLUBELRY —RAINS EEREBS LSO 7HEIRISE U KR & RFEITHER
THILEEFHELTWS,

[1] Mizuno 1980 [2] Wahl et al. 2017 [3] Mankovich and Fuller 2020
Ragozzine and Wolf 2009 [4] Kawali et al. under review [5] Wahl et al. 2021
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HESNDEBROHIREE U1 X5mElL
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VavlZo%iiL®wed 7 74 VWNEKEORNIISGBOARICTEDONL TS, &
o DEBIT, FAFRIEOHEE - FHERIC X > UNRERTEI X 1Lz, BUNRIRE 220 BE
FFIT X o THEHE - B - MR Z 2T 5, 95 Lzl@ftid, KEaEgle /NS i ~0
BHEBHZEL T, Sl A X0 EZ(LE ¢ 5, 207k, BERM S h 25894
Ro3A B> & /N R T K IRE O WA 53 Ai 0 2R THI SE R AR O JB IR % Ft il < 1T i, SO - H
- MIRAL 2 4 X9ARICE 2 55 2 E-bT 20 H 5, L L, BYEITIC X 258
FJE O FEE1,2] % BREM RM/NEAEZ[3] 2, Bt L ORE oM CHlR L, Blllxh
YA XA EORREFET 2 » 13 Hor il S v in vy, BBRANCER S 1 iz/h 7
L—&—[4-6]1F, BRICXBAEMEHHCX ZHEDBHEAZILHL TV B -0, HHER
DI - BEHTEFE & HK 3 2 ) R BEERE & A B,

K ClE, Y2y 77 ER ED/NT L — & —3 4 XIS (CSFD) 20 & H R [ o
HIFEE 2 H#EE L, Sy 4 X0fEic 5 2 2582 M L7z, 9. Vav 7/ vEmD
927 fHD S Ot 2B 7 v — & — (il 78 > CSFD[6] % fi##T L 7z, HiF#IC X
D 7L —2 =L e WVEEINT BB, fRIck b 7L — 2 — Bl T 5 LR
£ L. Bl CSFD &/h7 L — 2 —ERFEO LD b HIREE 2 HEE L7, & Hic, B
X B ABLDERK - I & HIRNC X 2 58BN O R 2 HAAA T, INRERTEHRD V4
ZoHECBIEE T A ZHEELZ, COETAZHCTY) 2 v 7Y REDEWY 4 X454 D
RFEFEE A IR L. A4 X0 O B8 L s L OEBHFM 2 ]~ 72,

V2w 7 7EHo CSFD DT 61, HIRLEEA(0.4-1.5) X 107 m/yr & H#EE X L7z,
Z DHIRLERE % F o 72889 A X0 fiitEfbe 7 A Cid, B m UL o B0 Fdar s ik
N BE QMBI 7 12 FGTH 5 10 Myr[7T] XV Wz L3R E iz, L7=23- T,
V2w 7y RAOERE m L EOERIZ, HEREEHE TS 2 U2 O FEL TV S
AR D B, F 72, BV A XA OFEIEEIT/N A4 Xz Sfgerick by, Bllans
I [8] L AW TH B, ZHIZY 27 7Y DN A XD GBS 4 X425, AL HIH
IC X 2RO EEZ T T BN EZ R T, UbEb, UV av 7y ogilir4 Xofit
Rt L ICR7x IR 7 — NV OELIEE Z K L CB Y RIKFE R 7 — v o/ R
L & SRS 2 27 — v D S BRHIRAL G D /7 % 3 it < 4B & 72 2 ATREVEDS D B,

Z:# 3k ¢ [1] Moralo et al. (2020) Nat. Commun., 11, 2913. [2] Sasaki et al. (2021) 52 LPSC, Abstract #2010.
[3] Keller et al. (2025) Nat. Geosci., 18, 825-831. [4] Ballouz et al. (2020) Nature, 587, 205-209. [5] Takai et al.
(2021) 52 LPSC, Abstract #2044. [6] Aikyo et al. (2026) 57" LPSC, Abstract #1452. [7] Gladman et al. (2000)
Icarus, 146(1), 176-189. [8] Michikami et al. (2022) Icarus, 381, 115007.
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EXERAOIEEIMOMRERDL SRS B O KA EER
OWT xE!?, &)1l KB, fEl %23, ok =AEF*, 55 &5 !, Jessica M. Sunshine®

(L ERAFHEF AT RN ERIPEIY, *Institute of Space Research, German Aerospace
Center (DLR), *dtiBEAZ IAXA FERIZEHAZFIFR, *‘University of Maryland)

H oW K BGEEI O AR 1Z, H N O B30 & NI O IR 2 BE L. Btk st 2 4
9292 THARTH S, HIZ39~15E4ERTIC, =¥ FAVANORURTETTR O RIERAEFICL 2
BRI cECE-RREaE~ 7 ~0n4 L, 2oEHIck->T, BHERON S ADWBIEK S iz
(e.g., Morota+ 2011), L 2>L. HIEHKERZD HK) 39 [EFERTE TIIREB 2 BAHIPK % &L%o
EZEDHE Z - 72728 (Wilhelms+ 1987), YRFOHIE LGk IT KB ICEHAZ I N TS, ZD0,
wﬁi%u%@ﬁ®kﬁéﬁ®ﬁﬁ%%@ﬁ&i*%%f%%

CCHEE e B DB, HIRNICIREE I Nz K O B AGHRE MG CTH 5, Mz
L/{FJ'J I HIHNIC ﬂﬁﬁ/ﬁ’ﬂ&ﬂﬁ#iﬂﬂé , w7 BRAMEH T 2BEAHEIN ORI 272720, 1]
o~ 72 i3 NICE A L 72 REECRIFI N T 2 ATREMED B 5, FEFEIC NASA D GRAIL D]
HNC X o THE I NZFIPEEFE L, 39 BFEU EATIcHEN O KEER BRI W -B A S
IR T % LRI X LT % (e.g., Andrews-Hanna+ 2013), % Z CTAMFZE TIZ., 2K

CHIGEAVE 23R S HERE L 72 EE(Y v ) CER L. ZoMRE T 5 < LT, @B
PARTc i ic EA L7z~ 7~ DR ZiHli T 2, XUEE < 7 < dmE > FeO - TiO, & & & Ca fifl
A (HCP)D BHLBKIC X o TR DT v s —75, T RIS E 13K\ FeO - TiO, & & {K Ca f#if7(LCP)
BEERTH S, COFBICERL, 9T — 220X REaEEAYEOER B LMK EHEE L 72,

AWFFE T, HENGRE LTV v ZISHIRET RE 2R ET 5 Crisium @ L (Andrews-
Hanna+2013), Hji/E & 0¥ 7 2 K & HO B FGHIC TR & 117 Orientale ZiH1 % 3% E L 72, FeO
B - TiO, EDOHETE IT1Z. Kaguya D Mutiband Imager (MI) 7 — & %Fﬁlﬂf_ (e.g., Otake+ 2012), Fk %
DFHUCBIFE L 72 MI 7 — 2 DRPEHIEF R Z W CHIBEOBIC X 5 ) 4 X% 27247 60
m/px O Ml ¥ A4 7 HRZVER L. REKAVE (Lucey+ 2000) % > CHFH AL 23 5/ INR o Hr it
N7 L — & — (IBEf£300m~2km) ORHEYIO A% L7z, X 5IC Chandrayaan-1 ##0 M3

7 — & & F\ T LCP/HCP D EE (T > 77, 1) > LOFERIEAICHS 3FeORk - TIO2R

L Lo 18 Crisium!') >4/ Orientale') >4/
Z DFEE. Crisium & Orientale Tl FeO * TiO, K . o]

% (&7 572, Crisium T FeO & 0-15 wt% - TiO, & 0- 12
2.2 wt% & JAWHIPH A2 R 3D ICHK L, Orientale T FeO &
0-9 wt% * TiO, & 0-0.75 Wt%IZIN E b . X v ek s
fiznd (AX), Crisium DA GCFHBEIF X, FR: R
RaEfgro KRECMEHEL T, TR E#@E@%ﬁ
A% RS 5, E7. Crisium TldHh v 7 VHICH ;
St B WA R X L, = v R LB AHERY L 72 = i

FeO (Wt%)

15 20 0 05 10 15 20
"HEM: %R, —J5. Orientale TIZFHB AR 235k 2 TiO, (Wt%) TiO, (Wt%)

DB, Crisium THRONS X 57 XHEEVEOFSG IIHNIC/NI W E@RINE, 5,
Crisium TlX HCP & LCP D HIHIHVFFE Z R IR AE L. T & KaE Sk &
BERIBAPELTWE Z ERB I N,

M aRRE LIERF 2 v EXREYE ZIE L -MBEAGETMICX D, VY 7YEICEIT X
HRAE DIREE A X Crisium T 10-25 wt%. Orientale T 5 wt%Aiii & 72> 72, X EAVE % T XCH
NEHKEIRE L, BAEHE L BHEARTOHRIE X 225, HBHNGICRFEF ST izE A~
~DHEMEX #HED 072 & T A, Crisium T 2-9km. Orientale T 1-3km Kiij & 7x o7, TN H
DX, BOBFRICHEH L 2BOES LEETH L 2 Lo, FEREHFEARTNICE VT b BICK
DUFHEHIAICICH T 2 165 7n~ 7~ GBI FEL T 2 L 2R, S Hic, Mo E AR
DT KIEB ORHHIN 7B Y — R & e b~ v P A O B R E % KM L T\ 5 AJfRE
Wrd b, Lo T, RIFFEOMEIZ. 39 (EFERTLART D H NER CTIEFE 7o KGE BN 23 TE L |
Z OHIBIA R IC Sk CTH > 72 2 & R T,
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AT DERY A X-BESMETRICXKD
ARBELBEFEDFHY

OMHEEAM'. BAEE'. AILZER"'. MEHEA'
'RAEXRE, "RRERIHEMBAE

BBAEZEIHECRED HEN2RIEL 702 TH Y, BAZEL TX /NI WHT
FHERT H2RMMBEEE, WTOYERRET 2 —T =V 7 %2WE5 25, BAEZRICX 27
— T =V 7 ORMEZITETALEMD SO I E N TSP, REEFEO GRS 13H
LTy, RAKEHOEMEI L, JEFHEOIRC 2 O GERE %2 §il#) 3 2 L cHE
BIEHE 725, REEIFOENES 2T 2720, Al —x—ic kb AT
DY A X -HEE 534 (rock size-frequency distribution: RSFD) # 51l L 72, ‘&4 3 4 XD
. A4 XD EDER D BEHN (D) DBIRIZ A~ Z FHIHE >, EBr 2 HVTN(D) « D77
VO BRDIK D V0, rARE W ETEMAEA TR I L EERT 5, ZDOrDOEI S
M OZALL HRE DOr & OFE W ZFH~, REKFOENES ZiHli$+ %, #tpL — X —I138E
Bexk 72 TSRl TFA C©H %4, Kanda et al., (EPS, Under Review) Tl Chang E-4
(CE-4) ® Lunar Penetrating Radar (LPR)IC X 28lHllZ > I a1 —>av L, HllE2E
Lo bEA BT 2R R L 72[1], oMo SN EmE L 72,

LPR i3 X #7 40 m ¥ T% 30 cm Kiii O 53 fifae CBUAIF 5 (2], CE-4 &Rz 30 (%
FHICHB L 22X 2m o7 L— 2 —iMicEbnTs Y., ZoftE < 113 fdo
abaxBH L7z, CoI b AXZHEECTCE L 2THMoEAEZHWT, Y& CHHTD
RSFD # 8 L7z, RSFD OFEIEFHZFHR72L 2 A, 3m LY EVHEEKTIEr =1.92L,

7 A ZEMENC X 5 HEED RSFD (r =1.8-22 [3,4]) LRAOMEEZRL 72, —F, B
Sm UKD TIEr =1.00& A X 0 bR WEE o722 26, BAMEZRIC X 2RI
ProBEEZ T 3m efiml 7z, LY RBEAET (5] TIE 30 EEROL ) A1 [
LHEBEGINZHEI IZ4m LHEINTE Y, GAWROFEMNRIIZIN LY DE WV, LE
BoT, HRMEH T 2 I 21z 1 oA — =2 —v &5 &2 TEAHEZRIT
At BEEBOA — =2 —VICHY T L EAEESLE L RR I N, £7/2, 3m
WITHRIICHAREREOr 2R Lz, WIEPEDIZ ErBREL AL D6, 3 mUE
WHREO X S R ERBRL L9, 7L — 2 =Y DIEIRI 7 RSFD % {17 L T\
bLEZLNDE, ZhHOEMI2»G, CE-4 Gk TlEs X% 30 BRI, JEX 12m D
7 L— X2 =0 AR ICHERR L 7288, RiHlB L OHUT 3 m ¥ CIXBAEZE O 2 Ol
DHEA 72—77. T 3 m DABRIZIBAEZE D528 % fui THEREIRF O RSFD Z{R¥fL T 7z Z
EDRHL T2, 2D X SICHHT @ RSFD GHHlIZ. & A Z8H 7 Efek o BTk T
ZELECTE b o L EFMEOREZ ERL L. TBHGBR 2T 27 FiETH 5,
23E R ¢ [1]Kanda et al., submitted to £PS (under review) [2]Fang et al., 2014, Res. Astron. Astrophys. 14(12),

1607-1622 [3]Shoemaker and Morris, 1970, Icarus, 12(2), 188-212. [4]Li et al., Planets. Space Sci., 146, 30-39
[5]Costello et al., 2020, JGR:Planets, 125(3)
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Salt minerals in returned samples from volatile-rich asteroids reveal di-
vergent final fates of liquid water

Va7 XY IDOEERG AR S AN B RN ERDIRIEK DR E
OJinfei Yu!, Hiroyuki Kurokawa'

"The University of Tokyo

Volatile-rich asteroids are remnants of icy planetesimals formed in the early Solar System. After the
accretion, radiogenic heating melted ice and drove extensive water—rock reactions in those planetesimals
(Lauretta et al., 2006), producing secondary minerals that preserve important records of early aqueous
environments and the chemical pathways relevant to planetary habitability (Meadows et al., 2020). Alt-
hough liquid water has long disappeared from these bodies, its final stage may be recorded by highly
soluble and fragile salt minerals (Sekine 2025).

Returned samples from Ryugu and Bennu provide a rare opportunity to access such records with
minimal terrestrial contamination. The two samples are broadly Cl-like in bulk mineralogy and ele-
mental composition, suggesting similar aqueous alteration (Barnes et al., 2025), yet their salt assem-
blages are markedly different. Bennu contains sodium bicarbonate-bearing minerals such as trona- and
nahcolite-like phases (McCoy et al., 2025), whereas the sodium carbonate salts identified in Ryugu are
dominated by nearly anhydrous natrite, accompanied by subordinate thermonatrite (Matsumoto et al.,
2024). These contrasting salt assemblages may reflect different terminal brine processes. Bennu’ s salts
have been interpreted as evaporites based partly on terrestrial analogues (McCoy et al., 2025), whereas

the origin of Ryugu’ s salts remains unresolved.

To resolve this contrast, this study reconstructed late-stage brine evolution using thermodynamic
calculations with the FREZCHEM model (Marion et al., 2010) for the Na-K-Ca-Mg-Cl-SO4-N-P system
(Klenner et al., 2025). Starting from alkaline Na-rich brines expected after alteration of CI-like materials
(Shibuya et al., 2024), we simulated evaporative water loss and freezing over a range of temperature,
pressure, and pH conditions, and compared the resulting precipitation sequences with the salt minerals
observed in Ryugu and Bennu samples.

Our results suggest that Bennu's sodium bicarbonates are best explained by evaporation of mildly
alkaline brines (pH ~9) during mild warming, whereas Ryugu's salt assemblage is more consistent with
freezing of more alkaline brines (pH ~11) generated by lower-temperature alteration (Zolotov et al.,
2011). In this pathway, natron initially formed and was later mildly dehydrated to the natrite-dominated
assemblage observed in Ryugu. These different pathways may further reflect differences in the parent
bodies from which these two rubble-pile asteroids originated. Bennu may sample a larger parent body
or deeper source region where liquid water persisted longer, whereas Ryugu may sample a smaller par-
ent body or shallower source region that cooled more rapidly. These distinct terminal conditions for
aqueous chemistry on icy planetesimals have implications for the stability of salts and organics and for
the form in which water was ultimately carried by carbonaceous material delivered to Earth.
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[1] Quaide and Oberbeck (1968) JGR, 73, 5247-5270, [2] Yue et al. (2019) Icarus, 329, 46-54, [3] Di et al. (2016) Icarus, 267, 12-23
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References: [1] Carrier III, W. D. et al. (1991) Lunar Sourcebook: A User’ s Guide to the Moon, 475-594. [2] Xiao, L. et
al. (2015) Science 347, 1226-1229. [3] Li, C. L. et al. (2020) Sci. Adv. 6, eaay6898. [4] Yu, G. et al. (2025) Sci Rep 15,
16507. [5] Zhang, 7. et al. (2025) Commun Farth Environ 6, 640. [6] Toida, A. et al. Planet. Sci. J., in revision. [7]
Miyamoto, H. et al. Planet. Sci. J., in revision. [8] Kobayashi, M. et al. Planet. Sci. J., in revision. [9] Fa, W. et al.
(2012) Icarus 218, 771-787. [10] Olhoeft, G. R. & Strangway, D. W. (1975) Farth Planet. Sci. Lett., 24, 394-404.
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BREOESRRENMEESINTz, O LK) Y ONARENZKDKBDIFETIEA <
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Experimental Investigation of Linear Mixture Models for Mixed Spectra of Lunar
Major Minerals
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DEMFEL. REBEREETNEMSHEEET IV GEREREEET V) ICHESND, #
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T IVELTHapkeETIVSEISNS [1]),
KO BEDKENE. SERILDSZEMNSZLITURTEDLNTNSRIENS, CNETHDAD
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[1] Hapke, B., Theory of reflectance and emittance spectroscopy, Cambridge University Press, 1993.
[2] Ohtake et al. (2009), Nature, 461, 236, doi: 10.1038/nature08317.

[3] Yamamoto et al. (2010) NGEO, 3:533-536, doi: 10.1038/ngeo897.
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VIR, FHEESEN OGO 5 A 51 Lo 228 O R ELERE ISR B 6 7o & Al
BT 2 L ICKIN L7z, E 72, FBERERIRO AP, REAE~RT Y F A DAY
FATRDE D B REIRZ T 7 EHRORE A HEE TE 3 A[REMESRE X Nz,

PAE &Y ARWTSE CHESL L 72 SR B BRI EHINE . FERRIE ol I SR ru s Hi 2
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Rock Texture Evaluation of one Lunar Surface Rock Obtained by the Multiband
Camera on SLIM and Comparison with Terrestrial Rocks

OXMERLF", ERMA? HREH? RER? BHEEK
H#HE RASY, BBREYC, EBRLES, FABRFT
BREH", BARENS, RAGES, BEREMT

*1 FELLIK/*2 STEEER/*3 JAXA/¥4 BRRFZEK/*6 KFKR/*6 §fEK

CNETOHET, N ABEEIIHSLIN ICEBEH L=< ILF/NY KA A5 (MBC)
THELE-AEEEONABBT—42 ZHT, Kaiken & B FIT-ERDMEMMERD
HBREHE L. Kaiken FREDH VS VREMREEEC AV FSA4F (XTT
=2 v DOELBETHRICEALEZYY FLHAEDT T IAMGRERE L TR
L=5HR) THY, AoV RMEPHF (V53X4F) OREMNRATH 3om EXEL,
AFIERCBULBRTHDOREN—EDARICHALEZEEZFD.

Kaiken LEI#DERMERIE HERETEITL— FDXAHAHT ELBERIERIC
U, MEMLTEVEE-EA- G HOBETERSINS. ChETARABFBIZIE Kaiken
D& O LEHBERFODOBERIRON>THELY, ACTREREEBRERFEI 5GWeEh
TWa. £ L Kaiken SR - &F - BATTHERKLI-OTHNIE, ThIZAICHLEE
ERAEAMRIYBI-aREEZRIET . 1212 LERAEROHRE S R ERIER LS
2%, ITIBEYRBTOHYDOMERIL & THIHE  HIE - EHBER, < I Y DORE
ZICK>THFOER®, BINEIVEFIERESNTEY, Kaiken DERMEBED
BRENGEHEBRERIZCLEDDMN, TI9IBFEYOMEICEL2OM00NY R FTLALETHD.

4, Kaiken EBEEMETHRE SN TSR EEDHEBBRRER DK EZS
Hl-. KB ADFEREEZFZRW=-m A S cm Y4 XETHOHRBEEFIZHHZ DD
D, Kaiken DEGEH A X (cm h S #+ cm B4 X) TOHBOAERFIIIFEAEEL,
HBETE DA ENEIL L TWVEW =8, BROMBICR T SFHEFEESEIC, ABE
T SA4 A MRE (BRHIBEDIEIE) THE L. #R HHEOF e LI-8EET
(&, Kaiken EHBRDT I IBEYDMETHEBRLIZBREIEING/INTA—2DIEDL
B bEMZEHF > T = KaikenDAVPABEF/NES L, T4 A2 MREITKEL).
=L, RUTBFEYOMEDFHERE L THEB SN ERHBICEKRELEN) T -3
UhHADITH L, K TIIHIRERDREHZ 2 HHEE L CHEFHET 5 F TIZEKE
2THELYT, SEIVSCDHIELRTEIFETHS. oI, BRAYA X TOHEKE
ADRNERIC K DEBBARER LR T 5120, BRBEZR DAV VELET T«
whE (LBERECTERINEER) IZDULT Kaiken &R HEGE /N1 /83—
AR bAA—STREL, HBELEBERIZOVTEHRET 5.
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Ft=. BHDBOZRAEDERS A JHITFe¥/sFe thIZAELRERFR OGN o 1=,
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Description of Internal Gravity Waves on Mars as Observed by InSight
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(b) An example of the detected high-correlation signals
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Groundwater flow and valley network formation in a warm early Mars climate

BETORNEIIRICE T T KRB EANAL—RY FT—T MK

O#fEAH ' RAEMIE >° NEEFR ' THEIE® FHEH®
'RERBEKRE, CERBEMREE CHILXE,

The evolution of the Martian climate and water environment is one of the great mysteries of planetary sci-
ence. Geomorphic and mineralogical observations imply that Mars once had an active hydrological cycle,
including valley networks, deltas, lacustrine basins, and phyllosilicate-bearing terrain. These features imply
a long-term interaction between the atmosphere, surface water, and groundwater reservoirs. Further evi-
dence of groundwater sapping and of possible globally connected aquifers suggests that subsurface flow
played a key role in redistributing water. Previous GCM studies have reproduced warm and wet conditions
on early Mars and, to some extent, the formation of valley networks, under various climatic scenarios.
Global and regional groundwater models have also been developed to investigate subsurface flow, ground-
water upwelling, and the long-term water redistribution. However, groundwater processes have generally
been treated separately from atmospheric and surface hydrology. The objective of this study is to examine
whether the formation of valley networks and the distribution of groundwater simulated by a coupled
GCM-river—groundwater model are consistent with observations under plausible early Martian conditions.

Here, we developed a coupled global water-cycle model that integrates a three-dimensional Mars global
climate model, a global river flow model, and a saturated-unsaturated groundwater flow model. The model
calculates the following within a single surface-subsurface hydrological system: rainfall, snowmelt, infiltra-
tion, lateral groundwater flow, groundwater discharge, surface runoff, and river flow. We performed nu-
merical simulations under conditions like those of early Mars, assuming a 2 bar CO>-dominated atmos-
phere containing 6% H,. We considered obliquities of 20°, 40°, and 60°; permeable layer thicknesses of 20
and 200 m; and permeabilities of 10, 107, and 10! m?. We integrated each simulation until the ground-
water distribution approached a quasi-equilibrium state. In the initial state, we assume the presence of a
northern ocean and lakes, equivalent to a global layer of water 500 m. We assumed a pre-True Polar Wan-
der topography that represents the early conditions of the Martian surface.

The simulated river systems reproduce approximately 60-80% of the observed valley network regions.
This generally improves at low to middle obliquity, suggesting that the spatial distribution of precipitation
and snowmelt under these conditions is consistent with the observed valley network distribution. However,
groundwater flow modifies this pattern in two distinct ways, depending on subsurface transmissivity. With
high transmissivity (a permeability of 10 m* and a permeable layer thickness of 200 m), water infiltrating
the highlands and seasonally wet regions is efficiently transported through the subsurface towards low-
lying basins, coastal margins and lake margins. Consequently, groundwater tables become shallow near
coastal lowlands, including Arabia Terra, where groundwater-related hematite concretions, known as
“blueberries”, have been identified. In these regions, groundwater discharge contributes to river formation.
Meanwhile, groundwater tables remain deep across much of the southern highlands. This produces a clear,
topography-controlled groundwater structure. Under lower transmissivity conditions, however, lateral
groundwater redistribution is weaker, and groundwater tables tend to remain shallow over broader regions.
The wet subsurface limits further infiltration, meaning that rainfall and snowmelt are more likely to convert
directly to surface runoff. In summary, the high-transmissivity scenario is the most consistent with the ob-
served data because it reproduces both the distribution of the valley network and a topographically con-
trolled groundwater system. This system includes shallow groundwater in Arabia Terra and deep ground-
water across the southern highlands.
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Evolution of Martian moon precursors
under solar nebula bow shock heating

O Ryo N. Matsuoka (#aff] 52) ' and Kiyoshi Kuramoto (B4 £) 3

'National Institute of Technology, Matsue College.
*Hokkaido University. 2JAXA/ISAS.

The D-type asteroid-like spectra and low albedos of the Martian moons support the capture
theory, which proposes that these moons formed through the capture of planetesimals origi-
nating from the outer solar system. Among the variants of this theory, the gas-drag capture
theory provides a natural mechanism for achieving capture into orbits consistent with those of

Phobos and Deimos in the presence of the protosolar nebula (Matsuoka and Kuramoto, 2025).

A leading mechanism for delivering planetesimals from the outer solar system into the inner so-
lar system region is gravitational scattering by giant planets (e.g., Raymond et al. 2006, 2009;
Walsh et al. 2011). Planetesimals subjected to such scattering would have followed highly
eccentric orbits within the nebula for 103-10* years. During this period, the relative velocity
of a planetesimal with respect to the nebular gas would have exceeded the local sound speed,
likely giving rise to a bow shock and significant heating of the planetesimal body (Tanaka et
al. 2013). This heating event would likely have significantly affected the retention of volatile

components contained within the precursors of the Martian moons.

In this presentation, we numerically investigate the volatile loss of Martian moon precursors
under such bow shock heating, and discuss its implications for the pre-scattering interior

structure of these precursors and the possible heating history of the Martian moons’ material.
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2 MMIENKGFTEICK S
X2 NEERDR AWERE £ 7L DR

O RS R+, A FHE >, | FHH°
PR TR RSF TR, 2 ENLRE, ? ALK

REFR OB ICB VT, XX MIEHREMNEICLD XRX MEERZERT 2, ZhHXR
MEEKRD < I alg IR, WEKEICE 2 RIBRIC B 1T B IR B E 5/
REDWHZREDT 2 EETDH S, 7 0 RIBEER, WS 2 XX~ ORERPRE L AL F —
EWVolkI 7 ufPECKFEST 5, HAIZINET, ThHXA Izl LT &
A NEARDOFRIBECEMEE R D~ 7 a2tz 2L L T Z 7% (Tatsuuma et al. 2019,
2023, 2024), L2 L. BAWHREICE L TIER 5N/ 8T X = ZADKRFE L IS I E T
B 53 (Seizinger et al. 2013), THERYRPPLE 7T VERZHEL S ATV,

AT, XX FOMNEZER LT NG E (Dominik & Tielens 1997, Wada et al. 2007)
RO, FBERSEA T TEM I N XX NV EESROEANRE Z KD, B AKGRE DRFETE
AR BN PR, BRORE T AALF 10T 2K FEZ KD, 206 2 TEAINCEHAT 2
HERET NV EME L, MITOMER, M1 oXk512, FX NESKROTANGREZ, [5[5RMEAE
(Tatsuuma et al. 2019)) BET T5I5RIRE & EMETRE (Tatsuuma et al. 2023) DHFEFE)) D5
B, REVWGOMEI Ko TRlih TE S Z e AL, REEZAZ X PREEKIIBVWTIE, BA
WITREEDS G IRBE . F L KD, T BAMZEERIESRNEL TR 725 R SR
N 27DeEZ b5, —FH. BEERZXAMEAERIIBVTE, ANSREDL S REE &
JERfRE DR TR EN D, U, BAMEIBITHEWHERTE IR & MO BT AEH LT
W3 ZEERBLTWVWS, ZOREFRIE Sirono (2004) IZBWTRE N TW 2 1B RE BUlEE &
WEDEIT2HDTH 5, R THELEAMBEET VIE, SBROMKREDEEIEE
WZBWT, o2 2VHREZHAALTDDEMEL 725,
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The first calculation of meteors by the 4-D dust trail theory.

{kBk B (Isao SATO) (FHEEZEWES)
LR #7Bh (Shinsuke Abe) (BARKZ)

TRBEO THEHRE X, 2000 FR1ZO L LEREHO KB 2R SE/-2 L T-RICEBESRIE LR, LL
JE IR BRTADOEG RMERETH Y | MOFWEEOG AL, 9 E NNV T—2ARD D, TORKDJRAK
. ZA RN BML—=ARKREREICEEL TREREBEH ZZT LN TH S,

ZOREZEMRT DI, BREDPOHRHSND XA NDOE A I U7 L@ EE 4RI T IVET VICT DM EN
HbH, ZOK, BREDLKEHESNF A M, & F S E200E 2 #V THIBRICHEZE L CTL D28, 2 b ORI
HHGEEEDS . KN EZE I 5 5 RF D R (Zeuner velocity) Z FEIZVE, EERICTESHBLT 2 /IREMER &
LT LT D,

IO AWIGEIEIL, EFICHERON0 DA THY, ZNETIZ, L LUERER., ~Lbt v RETERE, 10
HY @ 5T ¥ A ) RERE, 6 A9 LMWEGEY R « EX/)RERE, 12959 BRERZ E O/ HBAEIC
OWTHEMT IS T E R, FIZ, GO 1956 D1 9 8B 5 JEREREO KB O FINOMEIIZIL, 20 F£0
FHEEEE RS TV D, £, 192 FOY v a E=iERENHEBL L e > 2B A S7- ol K& 7epk
REFEX D,

2024 1%, 10 A D @ 5 FEFEERECIZ O 368 0 FEREREN, 4 IGtPGROFHEE Y ICHBL L7z, FrlZ, 1F9 B0
VERBEIZ DWW TR, RO 1 OtEER TIN5 H b T4 T,

2026 1L, U LHEFERE2S 11 A 19 BIZMKZHZ 25—, 10 D @ 5 (Y ¥ a B =) 2B L 20T
WL T D,
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2018 - 2025 £ 5= CEEFRE R D A & RIS A
MoRoN-HAZXNH - TSV IRAELUIE
RIS RE

OFEp#rsh ' - BERER ' - AAZE - FAR ' TARB} - )IIpERE’ - BRE® -
BRHAM - NEPTFEM - HRLEA
PHAKRE, PREATF, CEHIIRXA, CFEHEYE, HELKFE, CBIRERT

BEEZRE (LIF) 3, NERE - EERROREFHIKZOBRWVWAANBERE (~20-72
km/s) TERLIERICEL 2 %K 0.01~0.1 WOERFREALRKRTH S, FERAZEKRL
BHERE AT LIFERIE, FE (mm P A X) LAEE 1m) 2B em~+ cm
DRERE, B KLY 2 e VWEBNERTREA OND, BRETH 2 EBN
/NERE (3200)Phaethon A T % cm o XKL F 1, WERBEEC R ) — LAFERER
TRDBBER D,

B4 IFAARAKRFOE 40 cm/20 cm [GUNDAM | Z5E$ET 2018 £ - 2025 FE D 37 THEFR
ERBABICLIFRAZITL., 22N 118 - 9@ (p>0.7) . 5T 20 @%RE L7z, Gaia
DR2 XIEAE A b EETEFER 7 7 v 7 X (48%x107,5.9%x107 km™?h™) %57, HaE
Yo7 204)) 1&77 v X52x107 km™*h™, BE#EH s=1.89+£0.08, H A X5
B1=3.67£0.25, 7L — XXM B,=3.14+0.32, FEMIEH r=2.62%012 %5z, \WTh
H NELIOTA £ W) %<, KA FBEZ R L/IWEKERFEREFATNNTH S, I 0ICEERHH
ZWLW+3FMRD LIF (ICD2WT, LRO/NAC BN HBERNA0Om 0o L —X—%RE L. &3
REEEERY 15 m ONREEHTE LT,

—FH. ZROEHEBEORIA DD, FEAFMILKIE 3.8 m ELHWEREFED
TriCCS T2025 &£ 12 B 14 HIZ g, r,z/3» K (98 fps) IC L B HFMD LIF3 ERIEHRH IS
B L7z (LIF251214A) . BE—24&T7 1w FEE 7L —LT x?v=42.0-15.0 L E SN,
g N\ ROZRBHBE (FEBB) 324 IV I/HEELEEFEL. 3RER T I AT LER
B DL A ET L& T 2 W ORI TH 5,

REETIE, 7T FHELEL cm Y4 IREADERBE., KA FBBIN R /NKELR.
BFLUO3IEBHANTRTEFEBE IO ITNORFEEZFEF®L. LROB®KRICLES 7L —XEE
AN LR ERIE R ESHBROELERND,
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H H 28P /Neujmin DERIRICE T 5
SRV b — L 2 MRTEELO T

Detection of Strong Coherent Backscattering in the Opposition Effect of Comet 28P /Neujmin

O RFFESCY, (AL 2, S e °, T 2, HEARE S, <FEls,
FHE Y, BHEE >, #rh&iE 2, SH3E0, )RR T

VEERBERIR, P RHEESRY:, S ENLRNA, T IEENRFEEIED $RIEA,
S EHCE SIS, ¢ T LK PERC, "ML TEEEHMEK

HEOBIMNE, HBEZ0H0DEIRE ELZHET 27200 TR L, MRESRKGRIMERA (TNO)
EDOBRZHRNZZDICHRAIRTH Y, FRCEHERZEEBIN T2 EETH S, EEMKE
HWOBRFNI DI WD Y TN EERT e N EEN 2D, BEREZa~ IR TEEBHIT
RNV ENEL, BEBREOBINIHE LV, L, 3132 HiEH Hyper Suprime-Cam (HSC)
@ Public Data Release 3 (PDR3) O 7 — A4 77— ZHWT [1], BHIKOH/OEREE TS
sV EEZERL, HSCD g, 1,y D 3 N FTHHI TN TV 2 EHE 28P /Neujmin D7 — X %
i U7z HSC 2 & % 28P OBIHNI KRG & OBERE 10 au XAk, (ifHA 1 ERBEZ WS, D
THRETTERERZBIL T -2 ThH oo g 1, y NV FORBEI I SEONTH T —1F
g—r=0.67+£0.17, r—y =0.41+£0.19 THbH, A7 FUER S =8.8+4.2%/100 nm (& D #!
NEREIWHA T 2 ETH o720 —J7, HSCIZ X 20t 0.33 D7 — & L ROEH [2] ZHiE

T NAHREAR 2 SRR BT L7265 R, 28P MR 7 AR RO CH - DAVNERE X h g, SAI . MA - E
AUNREICILH ST 2 K2 X OEREZ AL TE D, FcEfhaTak —1v ¥ MEFHEGEL (coherent
backscattering) DFHFGNREVWI LA L 7zo BEEMT IO XS RHEWERNIRIME SN 7D
&, RARBHIDTTH S, X612, HE 67P/Churyumov-Gerashimenko d Rosetta HREHIC
K OEHLBR B 2 &, 28P OFEMRIE L D P IR — 7 2R L, 67P L3RR B K
HEGEREZ RO Z e RSN, ZThoDRRIK, B 77— AR PAERNE D B/NKREICHH
PILTWTH, FEHHRE WS RG2S 2558V TIEEERKE D BV/NKEDSNT
LHFRICHEEZR 2RV 2 E2RLTWS [3, ZHEEEFINC X 2R MOZELE KBLL T
ZAREMED D D, SHROBERL LT, KDL RAIREBOBNIEETHL I ZREL T
W3,

[1] Aihara, H., et al. 2022, PASJ, 74, 247.
[2] Delahodde, C. E., Meech, K. J., Hainaut, O. R., & Dotto, E. 2001, A&A, 376, 672.
[3] Ootsubo, T., et al. 2026, PASJ, in press.
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[EERRM 3I/ATLAS : 2 oEEMBICOWT

Interstellar Object 3I/ATLAS - Its unique characteristics -

OF: 515 RN/ L - NI TIR| A3 1 SN 2 N E R AV 7 N C SR N/ S 2 O~ 8
URHSEE SR, PRt 7 o+ b 7 o R SEEEERIRY:

THEMKED 3%H & 72 % 3I/ATLAS (7 F 7 2) 13 2025 SFiIC KB ICHEHE L, %%
HEEE AR LTHSL &Y, 2 coEEMEAE (11I/'Oumuamua (A VLT LT ),
21/Borisov (KU YV 7)) CKEGROER L4 a i CRAZFFEERRWE I,

R EEZE R AL FEHRFAREFERT - LR SCE © L% 1.3m RS EHIC X 2 Alst
BHCIX. — WA KEROER L FEERIC, CN % Coic k3 2 MR Bl S iz b o
D, NH, DR FRD T2 o7z, NHolz 7 v E=7 (NH3) 25K 0% R cEn 4
Iz LEZLNTHEY, 3/ATLAS OKB DT v E=ZTDORZ%ZRTHDTH 5[1],
SLICENRXAEDOT X2 EiEH 2 LI X 28l 21T 4R, R a~Fhok (H0)
g2 “EtikE (CO2) DfFfEkt (CO./H0 H) 23, Kgi$an GEHR) o
R CELLTCWB Z e ibro, &b &EH SREATIC I35 Lm0 RN 72
Eh oo T CO, ICHET L SN TW»iz2s, i HAEEEZ IC1X CO, D &IZKER O FHIY
BEREREICTA>TW0TH 3(2], 20X nERELE %2 LT 2 EEAHRIER D
DB DZAIZRE & NE B B 2 [ REE 2 "B T 5D TH B,

ALMA (i X 282> &1k, Ko Fic BT 2KRRMAKL (EKRE/IKEL) BKRERO
BED30MFUETH B Z e BRI N3, KECEROFNMAELEKGROELR
X0 RIFBICE N EDHHIAL 72[4], 2o DENARDOF A &, 3I/ATLAS IZ&EED
DT, FHOYIHERICHAE L 72w E O FIRRE R CAE T2 2 & 2RE
T3, —h, a~vhicdPESE T X OF =y 7 VT2, KBROEE O
FELU EE BEICHFELTWE 2 b bho72[5], £/, B S BRI b K55
DEBEL IR Z L IRBINTWS([6], RFEH T, Db OBLAIRE R % & CH
ST TR o 72, [HRBKMA 3I/ATLAS QR EMEIC O WTHET 5,

[1] Kawakita et al. (2026), ApJ., 1000, L60. doi: 10.3847/2041-8213/ae4c5b

[2] Shinnaka et al. (2026), AJ., 171, 281. doi: 10.3847/1538-3881/ae578d

[3] Salazar Manzano et al. (2026), Nature Astronomy, 10, 988. doi: 10.1038/541550-026-
02850-5

[4] Cordiner et al. (2026), Nature, 655, 870. doi: 10.1038/s41586-026-10771-6

[5] Mura et al. (2026), A&A, in press

[6] Choi et al. (2026), Ap]., 1000,1.29C, doi:10.3847/2041-8213/ae497c
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Comet Interceptor DFEEA X G T (2 [T 7= E R DG EE T HIFHA 2:
S ANETERAZ DT

off H ' AZHMEHE | LT i 2
VORI RS R AR 2 R EESER R THE BE - R G R

Comet Interceptor(CI) 12, REIEEZ HIE L LEREEEIPEAZ 1AURRE TO 7 7 4 4 B
ITHOWEEHTH L, BREAMEREIKGORCL 252D VRBL T o T, HAEMEYE R
Brr LIEH BRI ISR 2 R L Cw b LHEE S NS, LA L, ERMER T, HOEEH
10-20au T TEOE L s\ EFERERCE R - 0 WS R L 212 IR B2 8E, 475
F2oTIEEICADRVEWIMENRD 2, ZOREZFERT 5-0I1C, CLIZEEEERICH
L COEEREZITS LI, 777 vy amiiffox—% v VB IS¢ Ch &, H L¥E
FICX 2B SEEICGHE L ZRAMERES RO 0V RE 7 7 4 AWl ICER S &, HEil
119 &\WwH 7 7 a—F % L 5(Snodgrass & Jones, 2019),

ZD—J7T, Cl DFEENRERZEL LD, BERT - v — v v EEiE%E o EiEiiz v o
HIZH2ERDOERY —AHHEPTHOIT WD, 2000 2> 5 2024 F F T OEHEI T IZFERFEY
3.5 D C1 D BER & 75 2 Wl St % i 72 3 REIAEL R 28 FLD 2> 5 T 5 (Sanchez et al., 2024), CI
O EF E, i EEESE A AV C HAOEEE 5—10au TR CTEHEEZRR i EBETILELD B,
L2 L. Z 0 H/DEREEC IR 2 B2 3R < SRR T o0t Billic X 2 MR E 23 K
HThb, TOROERONEEICHE W TCGEH fffE(~1au) TOWEE 2 FHI L, HEEZ3EE
T 5 Z & HKD 545 (Ivanova et al., 2025),

HEBWNEDIKIE H,0. CO, COBETH Y, ZbDKMMIC XY B 2EEARS
2, MATERTIETY FN—R T EMFFNZEFHN LN ALK R MHBHER2BHE S ., 5H
RANECRENIEHARVB AL NS, COBHROERD—D2L L TEXZ LN DD, HEKD
KA R TO XX MEEKTH 5, AHFEEENIC X VB I N X R+ O—ER25 V& L
KRIMICX A MEZRKT 52 LT, I OICKBICEAL L 2RI X 2 M ET OKFIFERTE R L.
ZAMNBFTICHADEREINS, COEBMEINE-HTABLRA M ERBLREENICEBEINE L
TT7 Y PN FBEERIND &EZ LT B (Ferellec et al., 2024), L 2> L., fthic K
DEMNGZEIERE LTEZLNTED, TV PN FOFMB AN =X LIF L bhr>T
Wi, Cl TRAEREDT Y by —2 + 28Il < & i, REPEREOES)IC X 2R HEL
DERPYVICRE, L2L, CIOHEZEERFTIET Y PAN—XFRRETCWARWEZD, B0
LR OB O FHIL THELBERD 5,

AHFFETIEZ ORI & LT DSMC % v & H O cEEMEm > S S 3 2D
EEN 2R L. HOBEECHE S X X MEOBIK - FESRMFOME R TR o72e XA MEHT 2
AN 2 BT 2 -0 I E AR FHEE 1T Meech et al. 2017)D FiEE2 H VT, H,0. CO. CO;
DAL ZNE L CEHEEZ TR o7, TOEPIII A6 X2+ OUBSA % 3740 L 72555, H.0 O 5F-
DAL EERL-5E. EHA lau fHET Imm A7 — A DX A MMIMH I N B —/7C, FIHEHR
FEERL L T dau BUETIE lpym A7 — A Th XA P SRS T 25587 & 7o 7z,
S#liE. CO. CO ZE O THE A MEHKSEMIC O WTEHE L, Cl © BELEE I 72 Y6 dhi
SHEICHET DT TCT 7 PN=Z P ORETFHICORIT T FETH %,
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Comet Interceptor IFEEHNDZALE)ZHE D
HEAXNEENHTOHEFEZORFE

O #& ' TR B' k4K &L’ BB EH’
'RRAFRFRELZRAARFMKBRENPEY, "FENEARFAEEE HRFARE
M9, ‘FEMZEMERREHEE FENEHRR

ESA & JMADKRB CTEH LI REAYMEZIFEEI v 3> Comet Interceptor (2029 &£
TEFFE) Tk BEAFEOSI X MNREZHBAT LI LN, BEDFHAH=XL
PREZRDVHEL TO LR EZERET L5 LETHEHTEETHD, AI v 3 VDREKX
DHETHIERDOBRERICEIARZ ABHAOHNZEMEEZZKRILT H1=-0OIZ(F.
HAOA X FMHRIFREZFEGVEERTFHEB OBELICEVWTH Y X MEREIRE
L. ERTHLEEMADHAOHERIZHEETLHIENEFELL, BEDNL—EEFEHK

MFLEWN IZBNTIE, SR MERKOERZELIVRAEVEEOERENALFR ME
ENTRIEZHETERZENTEINATNS, LHL., REVREARTH > =R
[Zxf L. Bl (F=8ZRBFEERAL TS, T, B HAADEEHEILZITT
B, FRAMERIZHESHEL ML & TNEITEET S LT 5XBHERDEIRL
BEILEZED. ARBFEAEOHE-LHEEETILIOBELTARTH D, T THRH
KT, ZBFIHROFRINT—FICEBL. SR NDEEFLVTORNMEHET
DFEERELIz, BESNDTITANAFH LB OBEETIVIZEDE, X5
MERELEZEVTALO - OZ2aL—2aVEERL. EBFHROGELEFHZH
LTz, BITOHR. BRIDZEZBT—AMNLEHEEIRX MNEED TIRIEFHEARET
HEENHEREINT, EoIC, HEETRELEFEOEHREELDRELZRBEAITA
(. PR MEEMEDTAHEHCARELZLOZBNHEREICRITTZEIZDONT
LERET oz, RRRTIE. ARLEHEETILI)XLOBEL, TORBESLY
REICDOVWTERT 5. AFEMNEILINANE, TR MU —ERBEBOEFEEKTH
DTHRARDEBT— 2 ZFRALERZHANTREELGY ., FROREREI v 3
VIZHITRREBRBECS R MEEY RV FEMADLELISANEFIND,
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Dimorphos N\ DART X DRV DRE-BEENT: KGR D OLEGHEZ LA DIGH
FEHN Y, BHEL

"HMEXRE RZERABREREZMAR, * FTEIEXY REREMEEV T —

SHEREIKRZ KRERLFMRR

R, NELELEVONREDOHBEEFERIEESR AIDA(Asteroid impact & Deflection
Assesment)H\EFT L TUWL 3. 2022 & 9 BIC NASA D DART(Double Asteroid Re-direction Test)
BREA/I\ZKE Dimorphos ICEZE U/ [e.g., Daly et al. 2023, Nature 616, 443-447]. Dimorphos
(d/\ZX2 Didymos DETE T 5. DART &2 IC Dimorphos D Didymos & D D AEREEANE
BRICE{LUTc 2 EDFER S iz [e.g., Thomas et al. 2023, Nature 616, 448-451; Cheng et al.
2023, Nature 616, 457-460;]. 2026 £ 11 B | (& DART EZEDFER ZEUAI T % ESA D Hera IFE
BOEIET 2RAHTHD.

DART BIZMS 4 EMRESELTHED, RABEHADHERNMRLICHESINTWS.
Didymos-Dimorphos R(ELF D-D k& E)DRIFICE 2B & 2B DEEEKREA I S
KBERBE D DRNEREANZE U2 & HEN D S5 Tc[Makadia et al. 2026, Science Advances 12,
eaea4259]. Dimorphos @ Didymos [& D O RExFERAZ (L &, D-D RO KFZE D O RERFEHAZEL
D2 DOERFERZFIALT, TNETERATH >/ Dimorphos DEELBEEHHEIN
fo. 2 DOHBEZE{LE DL IE Dimorphos Dt HERE(8.7 cm s")Z B X 1o HY, D-D R Dt HRE
(24.5cmsHFBZIEM > TePENFE E - IEENE DM, I 7405 DART &ZEIC K S D-D
FROKGZRED DEEIEZE{L & Dimorphos @ Didymos A D DEEHEZ LD EL(LLT Tl kp &
EZOTREL>TWVNBIEFTED, 2OLSBRERBEDDNERICEDEEA U AN DOWNT
(FRMEEATH 5. D-D ROKGRE D DREFEEZEL Z IR U fc Makadia et al. (2026)(3 «, (&
0.9 BELUTZDEDERZER LU, Dimorphos DEE L 15404220 kg m> & TN X TODHE
TEfB(2400£300kgm>)MSAIBICTAHEBIEESND & ZERU. ULH L, EBEOD k, DIEI
Hera BIZ CHHSMCR S, EEFELTWS.

EAELETIC Maxwell @ Z model ICHEEIRED T RILF—INZXZMRcHREBETIL
[Kurosawa & Takada 2019, Icarus 317, 135-147]Z 13 L TH D, DART HREADILAHITHE > T
& fz[Kurosawa & Takada 2024, LPSC abstract #1869]. AET I TIEINE THEHESI N TR
MoTc k, ZEREFTE TE 5. £ I THAME TIE Makadia et al. 2026 IC KB k, DEEEDE
WUHEZRIEL 2. ZD#ER, Dimorphos @ Didymos & D D AEEEIEZ{b Z AT %/8T7 X
— 5ty NENXEEROEHREENTIE «, (& 0.6 BEXFTETULEZZ &N bh T,
Makadia et al. 2026 H'1T >z kp, DIED Dimorphos BEICE X 2 EDRERTDOERZS
E|Z 9 % &, Dimorphos ZE (S 1700t300 kg m*BE X TLEABIEINS. COEEII/NKRE
Itokawa ¥°, BlDEE/NZE TH S Moshup DEEITIELN.
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N — iR EBEEDOFRAD KRR T LD TIERBENT
Bt L X TOXEERD IEHL

O=727 FF )L Kk ', BrynKing', Kieran Brown', Emmanuel Vu', John Lipor', Ryan Park®
'R—F 7 v MR, 2 =y b HEERTSLHT/IPL

L RFBAT AR TEETH D WREEDNRR SN TN D, 2FD, L RADOHIX
MR R R UCA TR T o TR M TR OMAEE D LOFEND IR D, BITREIZ
KIEMEOEARA L, KEZSBOHATHAETKEELEBL W AERRRHINT
W5, NASA O R— U PRERE OB K > THUE PRIl O HUT S T OOK ORI &
Mo TR VAR SN TWDS, KOMEOKR bHFIIOH L5 LUTA Y 1 Fv - 7 L
— & — (dbki 19.86 B, BUR 238.85 i) IZHFAET D, LU, JKOFEMEITE L A THRER
ThDHH, HE L THEISE X TONEE RS OO TR, AL ClIm A ¢
D N — U PREREDIRIN3eds A7 MV ORI Z > T Ay B FUITIRSIK O
R DRI A ROV S 2 AL EAH T 5, E@fROMBEZRET HHELZHNET S,

AWFIETHIHA LTS F— A O L « JRAV5 648 (Visible and Infrared
Spectrometer, VIR) D AT MVITIZZE O (EX&=7—714 777 ) DAL
Do ZALHDOBIRIL VIR F— LD H CITEE IR, BIES N/ AT kLI NASA
Planetary Data System (PDS, BEEET — X DA T —2 7 —H A7) IZITAAI N TH
RN, BECEE T K D00, T < OB ORI Z FTREIC T 720, AHFETH R &
72 VIR A7 M VOREIMETEFIEZEANL TV D,

c)

g 107

(o]

£

o

£8

2 097

8

2.0 2.5 3.0 3.5 3.0 3.5
Wavelength (um) Wavelength (um)

1: a) BWERIZED9 Ty 7 bv s 7 L—F L EFBRIL TV D AT MO (D).
FHITUL < OKRBEVEDEIAD AIREME D & 7 A~ REEIRAER STV b, b) QOIS D VIR K
2T Fv. o) arT 4 =a T AREICLDRIART MLOT =T B X OURERE I B
T AWML DOIFET S 3.0~3.5 pmfEEE. 3. 1lum DWIUIT v E=T LEZBND.
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Hayabusa2 MINERVA-II1 @ —>"—®D
INEKER Y 2 2T IS BT B RBERIR T

Trajectory Reconstruction of the Hayabusa2 MINERVA-II1 Rovers on Asteroid Ryugu

OREHIRRESA ' EOCHUME 2, ALfags, FEBEH . 025 o0 A o
REFANZ, B BN T, EHRE S ARIZE®
VHRREER, PJAXAL CEERRHE. TAC, CIRER. CREER. TR, PHEUR. PHIAR

133 & 2 3 vy a v MINERVA-II1 @ —~— (Rover-1A + 1B) 1%, /NEKEV 2w 7'

DRUNENEREEICE W Th Yy v 7HIIC X 2 AR EE 21T o7z, 2018 4 9 H 22 HIicHE
B2 & SR 50 m T, Rover-1A 1349 113 sol (uBko> 35 HFE 5 1 sol = 7.63 F#ff)
Rover-1B 1347 10 sol (3 HfE]) icb 7= W ikHEHL 7=,

Mo — oS — (3B A T T Dlifg (1A 5308, 1B:3540) %#BUS L7, 2hboF
— Z DRI NEKE ETO R — N — DRI EERPEETH S, £ TRIFETIE. B
—N—DFy ¥V IR E . BEEAKRON AL AT (ONC) 28 L% LR L 7%«
EfR% L4 5 2 & T, v—"—DERE & BEIRIEOEICE 1T - 72,

H{R D BB D#E R, Rover-1A H{& D 22 K. 1B H{ED 6 Fic>nwT) 2 v 7y EoF
T 2 rEHEE T L7z, 2 X b Rover-1A 1356 89 sol FTICH 1.9km (V2w 7
VRO 4 5L L) Ot BB L 7 Z & AR 7z, Rover-1A (35 113 sol £ CifEh L 7=
729, MBEEEEE IS b IcRVwWeE PRI NS, 72, Rover-1B 135 10 sol £ TIC#J 240 m

(D 2y 77 EORNLUE) ZBBIL A EAVHWL 72, BERL 13X b ICHER Loz
¥, Perspective-n-Point (PnP) %% W THRIRIFD b0 — N =3 RITHLE - BEDHEE b i
HTW53B,

B2 EITT 2 2 L it EERE L 2BRO A% 53, Z OfEgHh o R TG T
728 ecm~% mm HEE O (R 7L AEEREED) onwTd, Vav 7/ veRNTo
frEZHFIT 2 2 e85, MINERVA II-1 Hi{§IC (3R EAMIC X 2 B & EREGUR
EDOEMRREX v v T N AN—TELIREMDBH 52, & LICAHFEOMERIFIAMD 5
8T, Vav sy olEeE & OBEERRL 5 2 & A AREARANMMED ST — 2 & v
e D,
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FORT2HCXB/NEKENY) 72 BEEET 7 4 54 OFIHARCR

OH &1 =Bt !, mulifes, ek !, Skl JLEEF Y PRIER S,
M EEWY, S, BEIER Y, FUIMEE |, SANUAE |, ML, 1LY,
Al R 8, TSRS 7, KRR, AL,

FeRT 2RI v vavF—L4
U S ATZE T SE BT, 2 B S BN G T ZERT, S ALiE R, N S IR R,
593 — U7 TR SRR R T T-1 T2 R 8 K B PN S PR, A K

FRX 2 I vravid, 2020 FIC/NEKE ) 27 Z U bDH Y I X — v ERIERKL
2%, PRI vy ay M3 24 L LCEHZMELTVw3. 20oHED—>2L LT,
2026 7 H 5 HIicHEREE/NEKE (98943) Y 7 x0T 74 NAREEFEML 72,
Y7 A%, M EBGENC X o T Sq Bl n, BERREY 5 EEE, MIREWERkE Lo
Y7 Fa X — P UROHBGEFE/NEKE TH 2RSS LTz, —T, FElllARBIR, &
A, BVRMEE, REHBICOWTIRBO LR > T iad o7z, ¥ 7F 0o A — b Ao
S/SqBUNEKR X, 4 P AT R GEEBIGI D CTRON TV 2, P Y 74 ZFEIC
BT 2L, 2OHA4A X7 7 AD/NKEOIA - LB AR 2 & &b, o/l
RENHEECEONEZT — 2 LD ZE L OUNKEDO LM ZH O 22 1cd 2 ECHET
H 5.

BAEBII MY 720X LT 5.3 km/s OFINHEE CRIT L, REEEEREY 1 km ook
77 AN B F L Tz, LA A F (ONC) , BuRdbAa £ Z (TIR) , GRS
(NIRS3) H X UL —#EEFH (LIDAR) ZAWCBMlZIT, EEEOE, LG 5
FOEHlY — 7 v 23T E E B D B S vz, 2 ofER, 4 5T CoRIAEHIBES
OEHT — 2% RS T 5 C LTI L7, BUS &7z ONC HifR & LIDAR HIfE 7 — & %>
5, PN 7FDEREIS0m Da v &2 N4 FYRIKTH B Z LABMERI N, KLk
DIFIR LRI % B 22 ERE IR 2 2 T L ICIN L 7=, £72, TIR i X 3 BRI,
NIRS3 IC & 2R AR T P A BIG I CE Y HE, SEHBEERIC X 2 57— 2@ %o
TW3, K7FA4-401F, ¥ 7F0 X =27 72D S/SqR/NKE O & E 7R iTisllliks
7Y, INRIKDIEAL - LB NI EE O BRIcE T 2 EEARE T — 2 2 & L 7-.
—77, TV —EEZHNE LCE I N A A WT, BE S5 km 22 % R
T CREFL2 S 800 m AT L THAL L, RSN ZBIHIKEREINIC 3 X T oRABLIHIFE R
CX2EMAFER L2, ORI, Sl CEET 2 /NRIRICH 3 2 % AuEik, £ —
TT4 v, BRI B X CERESHEREToAMEE RTbOTH Y, FRkOT T %
2V =T 472 VARICEWT, HR) 27 E2HT/NRE~HICEERL, 2ok, Big
IREE, KEER 2R T 208 v v a V~DIGHERIH I NS, KREEKTIT,
B 7 74 N A R EHL 740 - 23S X OBIIERICOWTiRE T 5 & & b g,
ONC, TIR, NIRS3 # X OF LIDAR IC X % #IHAELHS R 2 E0 3 5.
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OZA fid "2 WA %° #l #° ##E Rih°, 2 BES HE Tx' B #HE'
WE B0 e mEk, A E#° TE K°, A & B RFE" BELE FLKT?
ME B XF A MK Hh BR EE' EW YR TR AL MR R
HIE" B E' = Bt FORE2F—L4
VUAXA FEESHRER, N RXE, CFEIZKRY, EERNBSTRAT,
"REBHEKRE, CHT U TREMERARR, 'REXE, ‘U3 —UTF7IRKE TEXE
ViEmERE, "AMBIUREXRE, VEHKE

INEREDHI 30%IE. ZODKRENEMUIEMREFDIAVEI MNRAFUTHHZ ENMON TS
(Virkki et al.,, 2022) o b DZKENEERT HEDOHEFEED. TORDBELEILEZRSHI LT,

INERERIANERRET 2EOHNZAEINHELMNCLEEZENAFIND, CNETHRESIAE:
(25143) Itokawa %°(52246) Donaldjohanson £ 329 bN\AF ) THE EEZ SN TULVS M (Fujiwara
et al., 2006; Marchi et al., 2026). WIFhH ZRKEZ DL CHBEILRMAL, —A, #1EL—5—#
BT, BEBELNERICHCEMEREONEVIVE PAMFTULRERIATEY . ZXEH it
LTREEWEWNI R FNALF ) THAREEMER SN TIVS (Magrietal,, 2011) ., LAL,
CO&ESLEMAMBAERECHDLEEZONDIUE Y bXAF ) INERE ZREFE LBl

INREBIRER TIEORET 2] 1F2026 £7 A 5 BITEMEKNEE©O8943) R TRETTA N1 L,
COESLERADNBORRERFLIZIDE2I b4 T THARTREMZHLMNC LT, #ESA b
A—THAN S ITHEVVEKTHDS I LITREIN TV =HDD (Popescuetal,,2025) . A>3 k
NAF)THAHAZEFHBALTWVED =, EEXAFEMENAS (ONC-T) 2L HmEBRBEER

(E1) . F)IZRDBEZFEERYAXDZ200—TMh6RKE2A0397 N4 F1)THSZ EE5# L

TEL, BER (R1A) NEETEORSHL., BRBERFEICRES. ZXAQEMEBEIEBD T/
ST ELRTENS,

ETolz, REVSEHTHEREZAL. FRUREEHERRLL-CELTEIND, HIZE,
Z2L DY L= —ITHHMMEICL > TEBESNTHEY . EHOFTEMELEITL SHEIENEL
f=AlREMED B, Ff-. K8 (B 1K) CEFEEARICETSY v DBENKEL. TORAIZIEY
L—2—ZEMNEL EL., EBMRAFERAVEVEBRDLNSIEHFNLEN D, CDKSIZ. TR
F-RXAEDEFREROBRELCRET S —AT. RETIKERGHMEELEZERL-RHZELT
BY, MEBZHE—MICHRATELIRA - BT VT OEESKRDONS, —H. BEEHEEBOAHE
ARG PLBLUVEROY A ZFEEA T LICLUTEY . Z200—THHEBEORREFOE VS
EDAVEY) FNATIBRETILELEESHTH S,

AFERTIE, ONC-THBEMNSFBONI-ZD& S GHBEFH - HAFHFHICEDE, MY IR
BUWIZAVEY b FTIRKDREL - EILBIRICDOVTERT o
SE XM : Fujiwara et al. (2006). Science, 312(5778); Magri et al. (2011). Icarus, 214(1); Marchi et al. (2026). Science, 392(6804);
Popescu et al. (2025). PSJ 6 (42); Virkki et al. (2022). PSJ, 3(9).

X INEERE(152830) Dinkinesh DEE(23H7=% Selam £F WAL AT NS F Y BXEKOFEEF & LTEIFLNHA, BMILT
BFHETHAV5 9 bNAFVIREEBERGDIHBRRICBREREF-ATHEENATL,

1. TEEPAET 2] [CBRESINERKEMENAS
(ONC-T) I2& VY. iR 1.5 RaNmRE ST
INKE M) TR DREFREEER. BEBRRT—ILIE
FEETHD, ERLAIZFZNREDOILEAMIZ
®HMIGEL, BEEEOILLAMELEFEF—HLTWNS,
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MmEREEDER) L—F—HTICEITS
HIRIRICEE I S RERHIDAZE

OLIgESR ' RIKE' KRIALH, RBINE?
'HERFRFREZHRY, (FENERRRAEEETERERER

KE, LLR, BLUVNEREBRAODREBMSEZETICIEBEICSEADKNFELIZEZEALONTHY,
CNEFENEFEY T4 %5EZDLTEERERTHD". ThoORETIE BFETROREIZM
AT IMBREFBRLFELGHREDO—DOTHY, MEERIRICK ZMANRULIZ K LWREME~NBZHIG
TEHIEMNTES. Yasui 52021) &, SABETEHBEL-YMEZREL, MNREBXREICE WL TEHZEM
BN L—2—h T TOKEEEOCEMERERICDELGREZRALEBLILERLEY. XEDE
LR, INEREBRADGEE REBIFHFEBCTERINDLEZONTVWSAPWE KFXEBIZHIT5E
T L—A—HTOEESFICETIMRIKXFEAELRL. S5, HFHDERIZHEDKNEE
THIHEICIE, TORBEMEWNMEER(CEY I L—F—h FTTORBMENMEE SN DEARENELH S
—AH ERBIESEBREEICL-TRELEMIGBI SN SEREEL HDH. KAMRTIK RFEICENT
BARDKNEREY L—F—thTORELRICEZHEEICOVTHAN.

HEKEH KU ISAS (JAXA) OMEATRAZZRAVWT, R E L UEKADEHEREFTo1-.
ERFALTmEBEIVT.0mORY) H—HRA— bEkZE, HIZEE1.1~3.5 km s ' T, EKE0~13
wt. %) ZEE S E-RENAREICERS . FERTE EHNEORLGLMEICS KOBREXNZE
WL, VL— 42— TORELELZFZAEL. F EMLEAICKELEZERFINMNMEAATERNT
EHREZHIL Y L—2—EBEICATREMMZIME LT

JL—2—thTORELRE —RICEEAMISHNALFENSCHDIERMERLI.. LML, BE
DAY L—2 —BEEOBEEISEREL TV, T—2BEOHIZMA 0 F#REZE 0,
BEAETZI0EER)FEALTz, BRIV L—2—ERELFERBTEE VS, BELR
FEREHASDEHELY L, Y L—F2—EBEALDEMEDANBLVEREZ R Lz BRFELN &I,
BEKETE—BOAERIIEVWTRHGEEREELR (RS V) BERASNZA, 2L S5 HGEEILER
BTIIEREINGH o=, TAODRNA Y FERAEEL T THL, BN HETHERAS
niz. £z, EKBTEEARKLY L BFAMICEVEELRZRIEEIEOON. ChLDERIL,
MBS NFZREDK E MR F LR FRIDERZE > THEEL, Z-model TRRISHhDRREBAT-
EEFETEELCEABEEMBALLAREEZTREB LTS, Thbhb, BRIADOKILEELENEC S48
BAEBKESEIREERE-TARSENHD. HRlL V-2 —EBEEISHBAETOEREZ S
I M) L—EA—FRITHEIET S LT, RREBELR EBEAMBEDORR, £ & WEREHFGK
MEREFAMEDERNERATRIEBETELSZLZHLOMNCIL. REETIE, ChoDHTEE
AAICETEIRT—) U JRIERT EEHITBERKIZE TSI L— 2 —TORELFEEHENE
DEELRKS L UEHRT 2ONDNTERT .

[1] Cockell,C.S., et al. (2016), Astrobiology 16(1),89-117. [2] Yasui,M., et al., (2021), Comm. Earth & Environ 2, 95. [3]Chevrier,V. &
Mathe, P.E. (2007), Planetary and Space Science 55(3),289-314. [4] Prettyman, T.H. et al. (2017), Science 355, 55-59. [5] Brear—
ley, A. J. (2006), Meteorites and the Early Solar System II,University of Arizona Press, Tucson, 943pp, 584-624.
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BAIIFRIF (EDB) 12 X 2 EKRKQHIIE ORI - SN 23583 5 145
— it & A BEE 1A R

New Developments in Planetary Atmosphere Study Using the Electrodynamic
Balance (EDB): Heterogeneous Reactions Driven by Microdroplets and the
Synthesis of Organic Molecules

HH
PIEES, ETTRE, IWAREC, XIERE, FPERE. FARAE FEDh, SpH
TELfS

P85 0 0 0 XF

ERADHEL MK ORE 7 1€ R ICEB VT, SR T TlE S
OHhF, BT R YAV EKT 2 IHEKICOAE— KRG (heterogeneous
reaction) DEEWINEERFHIN TS, L2 L, WEROENEHEDL L 1X
NN ERER GO TH Y | MUNEHEREA OB AR E & o i PR
TE TR o7z, FRC, HIBRDSLOEKE KRR ICHE W TIE, BRERRL S
WHEED O FTHIBRD EERERZEAT 2 2 &b LIFLITRZ T S, HEBRE
L - EKBRR A REESEROMECH o 7, TARHEILKFICBNT, B
— DI & IR c 22 R L. RE RSB 2 B RE A BRI ER
7 (EDB) FEBRFRZHEEL 7,

AREDBY 27 L1, Genetal.(2023)%% b L ITHEEINTWE, ZOEED
%13, V= 7 NEHOBEHEEICL Y, BERNEENO T v 2 E2HIH
LT, H—Du NGz Z2hiciglt x4 35 ThH b, Tk, B & D
fih (BEMZNR) ZHEBR L 72BN A RICH 2 EH L Cnwd, v VKT 4 AR
VI —TEL NI IIFFEEm ([ v X svavTL—1) ZERTLL
T, EOBBMAZHOIRETTF v v N —ICBAINS, ZHIC XY FEE
m~30 u mD¥—7x ¥ 4 XD & B  ARPRETH 5, EDB/II T »
voi— BemmF 2 —7) Wik, A—7 v RF7 L& L THEBEN A RATRIC K
S THEKEBEAHEINSE, ~270—ayv tua—7—(MFCO) %\, 84
2 (BEFEEOEAIXCO2) KHEDOKIGHT A (SO2, NO274& L) %IEHEICE
ALTEATS, Fv vy N—HEHATOH ARENICHEE - #HEE (RH) & v
Y—%ikE L. EEREE (FiR - 150E. RHZ0~80% Cii%) 2V 7T x4
LTEHT 5,

W DIRRE 2 JEEE « ) T & 4 L TRl 2 72, Mie{ELIC X 2 K FEEHH
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&I~V Nic X BT, BIMRIBEI S ARE R v AT Lo T, H
R ZHRICIRE L. 2 OBELEZ 963 % 2 & TMiex <=7 + L& RS
L, v —7[lEe> oEEResBEH T < RNERELZHR~NS, £
oo L= —ZWRE L, F~vEELEZHMET 5 2 & C, Wi oL/ % [
ET 5,

AFEHRTIE, 2D EDB v AT LZHAWT 250 FEAIFICHIIAKE % &5
%, HIl, ERORFINAICE T 2EELRMEHBECH 2 [EF D SO2
DI IC2 T, FEEHH o NO2 12 X 3 SO2 D RIGHIEL Y 3A & % FEEF
L 72 (Ubukata et al., 2025) , EEOFER., NO2 OFE T CHiFEHR S SO2
Y IAATHRET L 2RE ko, ZoRIGHEEEZERLL 72, KFER
(X, W Lo RIGZ AL B IAB D ERFICH T 5 SO2 i ic EE 215 2 3R
LT ARHEENEZRET2HDTHY, @EKAFTOMIAICET 25%D
B2 EET200TH 3,

A, BRHIERS KB Ic BT 2 EdoFEICBEbS, AL LAT AT RN
(FA) 225 DA 7 v 2 % WGEE L 72, UMM IG X, S 7 BTR L
X U C LR AR R Z |, HIEREAR coER O RHME 1L R ERTE D
BHEcbET 2, £z, CORKRMBEORE X506, WIHOAFIH S 7%
7R BMEAREIC 2 B, I HiC, Wtz A L F—DZ bic X D, "7 B
R GTZRERDIIZFETIER b A3 v 7 &7 o T2 GHEE R IR T A A RIS
Kigicim B3 2 a2 H %, i BEPIHABR CIZ. A2 & A~
FAZRYATNDE 2Tk, T/, HNEE (RH) 2EKTIXE5C
ORI L. B A NS T u v A B R B L IR L 72, Ak DG
iz, AUEELFETFTH, HOFBELBEIKEO I A4 X (0TI IGE
DOHEFF) ZRETIEELRKRTFTHE L EREL TV 5,

AT, gz, &RERICE T 2 KA ORI E D fFEH
L. KEPLERICE T 2 CO2 EMBEDMIHICOBREE 7L A7 AV—%
O30 EHARFL Cwb, KRFETCHEO NIRRT, A 23E IChF % &
DLIEMEETVICEAIN, IHICHLE LTI TICSE L T3 BRMNEERE
% [EnVision| & Wo2FHEEI v a Vv TOEIFNICRIT A Z LT, YK
KIFAREICE S 2 2 L 2 BT 5, SRITWH - BEREOIGRIC L Y, X
D Lk REBREE~EH % HiE T,
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Prebiotic Chemistry in a Non-Reduced Early Atmosphere Induced by
Solar Energetic Particles
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Abstract

Hydrogen cyanide (HCN) and formaldehyde (H,CO) are essential precursors for abiotic synthesis of amino
acids, ribose, and nucleic acids. HoCO could have been photochemically produced in the early atmospheres of Earth
and Martian atmospheres under relatively reduced atmospheric composition (Pinto et al., 1980; Koyama et al., 2024),
while HCN production is limited to highly reducing atmospheres (Zahnle et al., 1986; Tian et al., 2011). Whereas
prebiotic chemistry requires reducing atmospheres, geochemical evidence points to an oxidizing environment on both
early Earth and Mars (Armstrong et al., 2019; Noda et al., 2019). The production of organic compounds under such a
non-reduced environment remains an unanswered question. This study focuses on the role of solar energetic particles
(SEPs) on the production of HCN and H>CO under non-reduced atmospheric composition. The flare observations of
solar-type G stars by the Kepler mission suggested that our Sun should have been much more active, and that intense
SEP events could have repeatedly hit planetary atmospheres 4 billion years ago (e.g., Lingam et al., 2018). We focus
on new pathways in the SEP-atmosphere interaction: atmospheric ionization leading to the dissociation of water
vapor via ion chemistry (Nakamura et al., 2023a) and the complete dissociation of CO, into atomic carbon near the
surface.

We developed an atmospheric ionization model based on the continuous slowing-down approximation using
stopping-power data, and a one-dimensional photochemical model including neutral and ion chemistry, based on
PROTEUS (Nakamura et al., 2023b). We found that the surface deposition fluxes of HCN and H,CO increased
sharply with increasing SEP intensity in a CO»-N,-H,O atmosphere, reaching more than 10° cm™2 s™!, comparable to
those previously estimated under a highly reducing H,-CH,4 atmosphere (Yoshida et al., 2024). HCN production
under non-reduced conditions becomes possible due to the formation of atomic carbon in the lower atmosphere,
which reacts with nitric oxide (NO) to produce cyano radicals (CN), which then react with H; to produce HCN.
Enhancement of H,CO production is due to the depletion of O, by enhanced HOx, which inhibits the oxidation of

HCO, a precursor of H,CO. Our results may expand the limit of atmospheric redox states that may have supported the

origin of life to more oxidized state than previously thought.
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MARBEIR2 T, KERAEDRERAICBZHEETE THS. NGSR (&, 2026 F£5 AD
FHEIZZERICEWT, MMX (i< 2030 FEREFOERMFRSEE U TFEHERIE
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NORET - Bk - AR ZE S/ NRUERERE (F1%) Hod. 20 2 #BRIickD, Ki
ABE M EEZ 2HEEREMEROY A IMNSTIDEL DD, EHMENS OHEHFEE%E B
B9, VE—REYIVIIREZLIKOTI - 1 - ¥WE - WHEOIBEICMZ, RBESARS
M TIREDNEBIEDTFERUERS OE EZDBEEN T, AIEREXBEIMEICLS
NEEETRE, FE-TFEEONA R T v I L—5—8HlE WS, EHEER L HRHE
BERZEN U BRRIFREZERT 5.

NGSR-C/D/E @ 3 E(F, EPRE « [FPRE 2 - MMX DFEEAL TE e ABREDIERE %,
I5RZ2BE - ES - EMBELEVWSBHEEAEIRYT 5, BAONKEFEENRD B IR
FHARAMETRT. NGSR-C (IAREKREE 289P/Blanpain * BIZX{A L U, EARYEEL
EWEREF BB OREBE%ZEIEY. NGSR-D (& D BU/KE (162998) 2001 SK162 %= HIZX
e U, MHHABROREBEDEREEE/NKEDY V7B, NGSR-E (& E BUNKE
(4660) Nereus Z E1ZXR{KE U, HERBIKEDKERKDERL K VHRAXERDELE % [H

2.

S#1%, NGSR 07Oy =7 Mulcrls, BfRE - BREE s oNExTlr, EREHSE
HEEHTEHDD, TJ1—RA7 v TH{To>TWL,
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“The far-infrared space telescope PRIMA:
Progress report 2026 and the necessity in star and planet formation sciences”
“EFNMRFEEERE PRIMA: TIRERE 2026 —E - REEEY M T RICHITIEER—

oShota Notsu (27)2 #K)'2, Yao-Lun Yang (15 /&%), Hideko Nomura (8347 ZZF)?, Kenji Furuya (&5 3% #2X)?,
Hanae Inami (R #EFE)*, Tohru Nagao (RE &)

! Department of Earth and Planetary Science, Graduate School of Science, The University of Tokyo
(HRARF KFREBFZRMRE HERRENFHR),
2 Star and Planet Formation Laboratory, RIKEN GR{L Z T IRHLE - KEFMRARE),
3 National Astronomical Observatory of Japan (E X KX &),
4 Hiroshima University (Jix &K %), * Ehime University (B &K%

Understanding the origin of solar-type planetary systems has been one of the persisting questions in astronomy and
planetary science. Formed in dense dusty clouds, the high extinction challenges direct observational characterizations of
the physical and chemical processes at the onset of star and planet formation. In the last decades, most studies rely on
sub-mm and mm interferometric observations using especially ALMA (Atacama Large Millimeter/submillimeter Array)
to probe the cold dust and gas (~10-100 K), constraining the structures and chemistry of planet-forming disks. In recent
years, the JWST (James Webb Space Telescope) provides unprecedented sensitivity at mid-infrared wavelengths, charac-
terizing the hot gas and dust (> 1000 K). However, the bulk energy of protostars and protoplanetary disks lies at far-
infrared wavelengths (100 - 1000 K), where we used to have access via ISO, AKARI, SOFIA, and Herschel but not an-
ymore.

The PRobe far-Infrared Mission for Astrophysics (PRIMA) is a mission concept which is leaded by NASA and primed
to provide a unique access to probe the dominant components of gas and dust in protostellar and protoplanetary systems
for the community in the 2030 decade. The concept features a cryogenically cooled 1.8 m diameter telescope, and is de-
signed to carry two science instruments covering the 24 to 264 um wavelength range: an imaging polarimeter (PRIM-
Ager) and a spectrometer (FIRESS). PRIMA has around 100 times higher line emission sensitivity than that in Herschel,
and as one of PI sciences it allows us to conduct survey observations to constrain disk gas masses by HD lines and water
gas amounts precisely for around 200 disks spanning a range of ages and stellar types. The majority of PRIMA's time
(~70%) will be open to observations proposed by the community (General Observer science / GO), and all of PI science
data will be publicly available for archival research (Guest Investigator science / GI). In November 2025, The PRIMA
General Observer Science Book Volume 2 has been published (see arXiv:2511.10927), which include 120 new and up-
dated contributed science cases which could be performed within the context of the PRIMA GO/GI program (23 of 120
are submitted from Japanese community). In 2025, the special article featuring PRIMA's sciences have been published
from JATIS as well (4 of 28 papers from Japanese community).

In this presentation, we will introduce the summary of PRIMA's concept and discuss the unique science cases on proto-
stars and protoplanetary disks that PRIMA's 24-235 um imaging and spectral coverage can enable. In addition, on behalf
of PRIMA-Japan working group, I will introduce the overview of recent activities in PRIMA-Japan working group and
discuss potential unique science cases about star and planet formation: such as locating the water snowline positions by
using various water lines and to constrain the gas dispersal processes by using HD and H: lines in protoplanetary disks.
We also report the current plan of Japan's contribution to level 4 deliverables for PI survey data.

PRIMA mission webpage: https://prima.ipac.caltech.edu
PRIMA GO Science Book vol 2: https://arxiv.org/abs/2511.10927

Kamp et al. (2021, PASA, 38, €055): https://ui.adsabs.harvard.edu/abs/2021PASA...38...55K/
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FHRREREICHIT =
MEBREF/EAARY O AT 5 7-BESINE DR

OBRBEH"2, NIEHkth ¥, BREEZS, BAME S, EERS
THEKZE, 2AR—ILox—T, SUMA, ‘A —F52 FKZE

KEX, BEISRADKDFELIZI LD, RMELMTKNFET SAIREMEN 5. ks Edn
BREICBIT2ENGEERETHD. EHOEMCOVTHEE DAY RIEREZBLNT
WA LAS, HIBREGICEET 2R FNA A T2 F v —DIFRZEME LI-BEMATITHEDL
T77A—FD—D2THbD, EMIHCEHYMDER - #£ILBREZEMRT 5 LTI, D FIMEHHE
T A EAEETHY . BIAIETERFHICHET 258U TIE. BERBERBRLEzRER
BOBFICLIBHEEDRYDELDIZENMONT NS, ARISITIZEVTEESHTE

(mass spectrometer; MS) [FHEXTHSHHN. BEFHROA THEEMKREZHANT S LICIFRE
BHd. TD=H, AR OT LT 57T (gas chromatograph: GC) ZAVWTHFENET S
GC-NS A HRRLREBIFERICK D ZDEAMTHAINTE - (e. g Mahaffy et al., 2012) ,
KEZFEO—/N—O Curiosity (&, HEAIL=BEHEMZMEL THRE SN=-Fi#EYZ GC-MS TS
WL, RFEH10~12 0EHBIRIEKFT (FILHY) 2ETHRALEDFEHRE L1z Freissinet
et al., 2025), LML. Sh&EYRFHOREVWEEMIZOVLTIE, +HERETORBILE
WINTLVEL, DATRELEHEZ & U RFBOXRE VMUIZHGRT AL, BBIAIRRIEKZODF
DAHEOFTMES. KYLEGTEES FORENHFETES, COLSBERDE L. HAlL.
FFRODBREFEICAIT-REHOKRE VERYMZAIE TE HMERLE (thermal desorption
TD) GC-MS ZFAF L T 5, REAER TIX. TD-GC Z5AEL. EHHPOEET LA DBIFHHD
FHEiZz—fFlE LT, D FAMIEREIIGAIGETHS L EHEL 1=,

TD-GC DRAFKIE. EAFEREOAZTARE=ZF Y JAICAEINEZFOULH A XD G0

(Iwaya et al., 2022) ZE#E L TITot=, 300°CHRKMEMFEF-ICEARE L. AHHARR
% 200°CLALICIET 5 Z &L TEBRIEEMDORITICHIG L1z, BERAHZRAV-EERERT
FRFH20 EFTOEETILADOSTICKI LTz, RHAHTORIETIE. BAELELLIES
EFECHBREIPIZEYE JSI-2 (RL—) ZXE7FOJEBELTHW, BRGNS IZ&
PANMBERESRT 2L L. AMFROPTRERELBE L, SRAATLTIE. KREHI0
~16 DEETILAUIRESA, BERTZLHAVICHTEIFRTILACOE—I EFELE 0.7 58
ET. BR7ILHUIERTH o=, &k TD-6GC &ERDMEBE LG E 45t (quadrupole mass
spectrometer; QMS) ## A EHERATLIZEWVWTH, REH 10~16 DEHETILH VIZHIE
FTEHIE—IhBRE S, ZOBITOE—VEBLEISBT—2 LRAEBETH 1z, ULE&KY., H
ETD-GC (X, BRRERINEECERS TORFAMFM~OBATREHZR LIz, 51T &
MEIIL—TTHRFEDOD/NE QNS L3586 LTz TD-GC-NMS S R F AIZDOVWTEHBNT S,
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DESTINY* H A =Y ARUA P27 X« 75T F
JERE 7 v DI RINT 7B 5 3R E O 2L

OARKN Z WA it P Ez L P a2 MY 822 Sl @%E“
NGR BB A HH HER O, Il AR S, EH 3 B R A vE
TRK AL L K IERR L R B RE i, DESTINY © #lgsF— 4

VFETRERFPREHFEENS L > X — (PERC). 2 MFE R, 2 EEERKL,
YENIRXA. O BALKTFA, C BT R SR

JAXA FEFEHHFERMEAM DESTINYY X, ESA ® RAMSES tH3us v hOMHED ICX-
T. 202 8F AT LB 5 (1], 2Dk, (3200) Phaethon X (99942) Apophis 7% E1EE D
HOEFE/NREIT T T A4 N4 ATV, BRERIER S X 7 (TCAP KU MCAP) T/NRE L& % Bl
T3 [2]0 Fio. FIOEEBIEEEIZZ A b7 F 744 (DDA) TIE, NEREEACHEET T
HENTWEAP 27X 27577 FOXRAMOMMSCER - HERELZZDOHINMT S 3. 25
LT, BFERIEBONIAD 2R - 779 FOZDGHET —REeABRIIE, AP0 % -
2729 PO S 2 BRI ZH A KRNI e iff S hTwd, 22T, bhvbiud, /)
REFATDA Y =7 &+ 759 FIERICET 2 —RNZHGRE T VOMELZHIEL TWVWS, A
VxR 7579 REKRETNOREANMT RN BRI D HAO—ER L LT, XX hOENE]
SRORFEICRE S 2 FERI R E L 21T o 720 Db BEIE. BENERS RS0 FEI1 A B
Relig322, YOUTAEEREER - 4 XTHIAFINBINGIRBEIEHTE, X
2 M EF TR IR BIHEARTRE T H 2 Z L VI L7z AGETIE. DESTINY ' £RE 5 1H
OWE & X 2 + DI IRTRE IR § 2 BERAVIFZE DR R 2 & T 5,

BE Xk

[1] Arai, T. et al. Current Status of DESTINY+ Flyby Mission to (99942) Apophis and (3200)
Phaethon. 57th Lunar and Planetary Science Conference 3160, 2016 (2026).

[2] Ishibashi, K. et al. Development status of DESTINY " two onboard cameras for flyby imaging
of (3200) Phaethon. 55th Lunar and Planetary Science Conference 3040, 1750 (2024).

[3] Simolka, J. et al. The DESTINY™ Dust Analyser - a dust telescope for analysing cosmic
dust dynamics and composition. Philos Trans A Math Phys Eng Sci 382, 20230199 (2024).
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INRIKFAHEEA > X T LBRFEIZF (+ -8 ELF 24T
Analysis of Scattering Characteristics for the Development
of a Seismic Observation System for Small Bodies

OBMEEE" BPE’ RAMEME® JIFK—7° NNFFEH'
1LEREKRZE, 2. JAXA FEHEHER,
3. LT RF/N IR MEBARRT, 4 EILKFREVMERER

KBERMRONFBEEZERT S0, MREOREBEEZMRAI LI LEEETH D, —
BONRKE, KIFREEDHOMEE L LT, BERAROYMEFRCASBELZRFELTLD
EFEZADNTVD, IS, PRERBEERT 2EROKRE S OER DML, ML - FRME -
BEROBEEEZRMLTVWSEEZONTEY.. IKREDHAK - ELBEZHWT H5FNMY &
7%, BE. BROREKNRES VTV 2 —VEE T, KBREIEOHEAAKEHD—D
ELTEITFOATEY ., HHERRAICK ZNEBEFEENRFTIATL S,

WEREECEVT, BAIFICHEBEROREIER LTS, MEROREFEERAERBO
FTHEBEZRRY 576, MEREOREBEEETLEHNT 2HNGEREL D, HhIkKDOH
BETK., hENBOTHEREZAET H-OICEMNEEERERIAVGATVLS 1], BRI
AM2] TIIHELZEHRT 2 RERICH T SEMMEER B Z/DXREKITERL, L1 —KDE
ERAS - B—aRELS - SERERD ZHETH LT, HELICK>THAE S D NS (Mean
Squared) ToAO—TJEHEMICER LIz, TLTERORESERLSELHBER. HERDORK
REBHOKREZFSHARFIZLEDE N ToRO—THE—Y &HLLEOEBRKRERLEZ, O
KT, ERECTHRLEBEEN N RAZEAT IEROKRESEHETELAREMEET
LTS, —7A. aORESOETEITHEMGRAREFIAONTHELS, ERAL X TAITK
HONDREHEHAREILTH S, TTABMEDEMIE, IREDEROKRESEHALMNZT
BEOICBERVATLOREHERS L. LT

TR ZRIC, ARBEERRORESE/NTA—FIHERTZEZTL. @EDORERHIE
HFECERSREZRE L. BR. AREROEMIZHFED, EERSIVE-RELRIITHL
TEEREATDHFEENKREC LD EEHAE Lz, Tz, BROKRESHNNES G D ERKRD
ERAERENT=, ARTIEZOHBRLFARZED TV SH/PIRERBBERN S AT LIZDONTH
R

[1] Aki, K., & Chouet, B. (1975). Origin of coda waves: Source, attenuation, and
scattering effects. Journal of Geophysical Research, 80(23), 3322-3342.
https://doi. org/10.1029/JB080i023p03322

[2] B+ et al, (2025). /NRATOMEHBOEZHER BB MBHRARICOLT.

%60 BIFEMNZFRINEGHERBES #BEES 3L

[3] Sato and Nohechi (2001), Envelope formation of long—period Raleigh waves in verti-
cal component seismograms: Single isotropic scattering model. Journal of
Geophysical Research, 106(B4), 6589-6594.
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HWO 2@ F 1= SR HMIRERBI BN B - D AFEED
REHIRS

OZRHEE' HZEER' #BARaE’ ZFREE'. HEx2 LEsKE ZEMXK®
BAITANY. ESLL . Dmitry Vorobiev®, Brian Fleming®, Kevin France®
TITH R, WUAXA, PEK, ‘HILK, *an3 KX

Habitable Words Observatory (HWO) DFZE#IFE L TENMRSREDAEECEHSKEE
DEREFEETE L THAREAPED N TS, F-INLDEEICEENHA LIEEZSDH
BT ELRIFINTUND, AEXRTIE. BRAINETICREAZED TETEIHAALEF
(HRS) & & VE 7 F88 (IFS) DIKR & ZN 5 DEEITKR SO SN 5 RIMREARM ORFIKR £
BNd 5,

NOEEDFEGHZEME. HIRKERNREOLBARIZE TS S0Py FaXaAl
KEEDKEK TN —LFEBDE=2)T. KE -2 - 2342 DLEXRK. MEED
REtnk. BEFH., SHIRACEOELEZRRELTEY . REMENLFEYELRF
FCHEVEHEICESLDTHS, CNoDERBIZAEEICT 57128, RERTHOREENMETF
BHERFEETE [LAPYUTAl FICRIFTREINBRAZEREME LT, I+ bohDO T
A VTHAOKRE - @9ET /NI /O0FroRILTL— MRER., BLUERFED
—TA VT DORREED TS,

FUV SR E D B ARG EREHERRIE LT DRY TH S,

FUWW-HRS: U A—2—35— ITIz)LEFEF. VART 4 AN—H— BLUKE
MCP iz HHBS TR S h, KR 100-180 nm [THWNTHAEEE R > 120,000 #ZERT 5, £
EREFERH C N 0BKUAAUEC I, NI GELNBARELELD,

FUV-IFS: 80 MDEIFIEF. 4 ED MNP Lz EEH L. FEELFEIELT100-180 nm TH 5.
BRE 2.47 x 5”7 ( X1)w kg 0.03” | KESAEEER ~ 5 000 #EKT B,

I B IT, ISR (NUV-IFS, NUV-HRS) & & RT3 (VIS-IFS) IZDWT H P TH D, &K
HERTIE, TEGHZEMAO HN0 [T ERAEEDREHRR. £IMRRMNEREDO RO EH K
RIZOVWTHET %,
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IKER DR IE E 7 6H E122EER -
IRIILF—EEEEEI RILTF—~DEHE

OfH BEER'", RH #4H°
'"FRrANRAAOAD—E U —, TEIXRXE, ‘#MFAEXFREZHIE

AHRIE, TE A-B ULTICHEITD) VM FRERBEOCEMEZBEMNETS. A-B 1)
2% dense rings &EMF(EhN, 184 40 5 km, ESH+ m OBV HBEEEZED.
NoD) U TEBRT ARFEE m HDo+ m A XDKKHFTHLIEEZONTSH
), Cassini FERICKHEAN L, MFEAEEEZELCKATFESATHLAREENRE S
nTWWBMP dense rings TIIRFERENE=SH, VoI DhEEL%#IEBEET 5 ETH
FREGEAREOEENEEL LS. RITHAEPICK ST, ZEROGLVKERWNTY VIHF
FICTOEXMEREE (B cms ' UTF) Z2BHRTLHL 5 GROEBRERNTHONI. LML
KHFEEREZMERE L TREETOMOEEL R L-ERAITL <, ERA[EKFEE
METMIICEAE SN TULVEL. AR TE, FRMGKNFEESERDOEREEERICEITT, KEK
AV -ROBEREEREES LUV AT L ——EME TRV BT EOREZTo /-
BERIATHHKEKIE, HESEKEKED)IBITEAL, 20 °C ORRETHELES
BAH5ZETHERLE. EMICEIREME SN -TERERZHERAL-. KEKIZBHRETICES
THEMRICEESE, HEMOBREGIIERTELIILEHAL:. AREEFETESEE
EEEHZETHIEILA (vi = 10-150 cm s™') . ERAEIIEMROBZEAEZELSE
LA ETHIEILI: (6, =15, 30° , 45° , 60° , 75° , 90° ) . fEZERIRICH(+HIKEK
DKFEH LI VIREARDEBEREFAET 51280, ZRTL—F—EHMFEAVTHES
FUEERAEDORETILZIMEGE L. ERIFITAT -15 °C DEREENTERL-.
BEREERERBOBREZRAN-HER GERESIVEERAEQEMICHEVRFERK
ML T AERNER SN, ZRAAOEERES S WERAROREFHTEET L L,
6> 45 DGFBICAERAEKFUEEZH—MICEEBTLILENTERLN, 0:,<45° D
SEICIEERAEDEMICE > TERARADORFEFRENBL T HERANE->T-. —AT, &
BARMORFEFRBIIE 1 [TEMEZRL:. £z, BEMZOARELILITIEHEEERED
BmE ELITEMLEA, PAEGERAEKGFHIIERING,N -1, EEEEZ5IERE
TELGERE, HRPDOLEEMIBEODLINGEITNISERT S ML THLZ NG o1
— AT, BREZHHAIIERE LT, BEIZLD ML BLUEERFICHRE SN ZERIZEK
LEBEMENTENEZOND. AMETIE, hoDBERZRIC, EEEROEESIC
ALHIRINF—HE L EEEEBAD I RIILF—EMRICDOVTERT 5.

[1] Zhang et al., 2019 [2] Ferrari et al., 2005 [3] Supulver et al., 1995
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IKREBEEKDYI L—F—ANEF
SEIK R B SRR~ O 5 [ 1ET SR R ER

OME Hf&' &+ BF' EH)I BE? @A KE*
' REARFREFHRE, FEHNENERARRETER AR,
SENRXE, AT RRFRAE

ABERATIE, WBERMGNRECEELGEDKILIZA U\ 2 —DERICL>T. XAKMA
ANKDHEEINTELEEZONTLS, LHML., KIEIFICEI2EEREMEICTHZ ZBEEHFT-
B0, tREADKEEC/INRADEHREZERNICEBRT S LFIR#ETH S, —AH. FBH
f15%& L= aH S fBEM A~ D SR BADE REEHEEER (Libourel et al., 2019) TIE., ¥ L—
A—RNEBICEHKRDKDEFRET DI ENREINTEY.,. CHIETENKDERBERR LKERIAT
PRTKEHESERREERFNTI-OOERRLERLGE D, TITAHRTIE, BEMABESE
RIS EIZNIC KT PEREELEELSE. Y L—F—NEIEET HKICTOVWTHAE L.

ZEABIRFEANT, BRKOOUSVESLUAVI VR (EFH3 mm) Z&EEMIZ3
~7 km/s CEEBR S €T, REIZ sub-nm R —/LDBEWVKE (FB) 2B E51=8H. ZH
(FEBRERTE CTHRAZRISFLTHE Lz (ERFEEL 90 CIEE) . LBD-H. ERE
I T 2RELITofz, BREICEBINZI L—F —EROEH AN 5E-DREFNRE R
R MLZEFTIR TAE L. BEEAMEOKINKEZRAET L=,

EREHICEST. JL—F—ORFARY FLIE 3 um FITKIZHET HEVRIRZERL.
HIBEMITREKICKDEIDRIRESE R LIz, FEEZEMNIZEVTIE, 3B KU 5 kn/s DEZE
BETIE10%%Z LR S KELRRINETTERAALNIz—A. T kn/s IZEWVWTIEY L—2 —RER
DEELGKMEIR NG oz, KMLE-EREAZRAVV-EREEFHEEE (Daly and
Schultz, 2018; Matsubara et al., 2026) TI&. Amt L =MEIELT HIRIC, EAMEN O
HENFKEINBESN-AIERZRET S 3 i FORINARENTNS, AEBEDIH &
U5 km/s DERIZEVWTH, JL—2—RNEO—EIZFEICHEKT KN EFT 5 EARES
nt=—A. 7 kn/s TREEWMVEEIRILF—D=HIZKERIINEEL. FRYMEICK SHEENE
HTHo-EMRENG, =L, B—RBICBVTHRAFEEICE > TRINES TR E L TE
L. KIMOFKIENDRH 5N BBERAEZ S THRVEMMNRBEL, CORXLD2EDREEELT. ¥
L—4—REICITEMENBES ITHE L. #5123 kn/s DEETIIRBMMPEN S BET S
=012, ARy FE 1 mm DBIE TIXBRL TKZERYAALZENMEIZE S 3 un FHORIA
FEOXRFHMECHM_ L - THOH LN, BEICKRETETEL > -AIEEMELAH S,

AHAEHND., KEEO/IRAEDEEZF1EEE LI-RERIZH T, EFEE (3~5 km/s) DEET
HNILEBREBRDODKBLDARARE (V L—F—N) IZERFET DAEEEINRSINIZ, §&1F. K
BOESZHIE L - EHEERFEDEILLHIC, BEBHFRNDRICKIBAATETL. BREH
EFRIMERIE S OBRROEENLETEZBIET.

ARG A FEEEARFTOBRE REFRRERERS S UVFERFREEOXRFIARRICELYITVELS .
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BGEAL U 7o JERERE 2 R DR PR Ol St R 1 BY 5~ 2 BRI 22

IR L RIEA A L TRINBOE L RIS L ROREREE L )13 1
RIGHREE 1. RIFHERER ', RAJINE 2, 14K 2
L MERFEREGHE AR R A HY 2. FHATEN RN THREITT

XTI BREEZ R MEREOLEERY Th 2/ NKESCER T, REREWIH OfEH
EREFELTEY, ZoRFLELZERT 2 2 L RREROBREOMIHICEETH 5, /)
REYV 27 vk, AP L EKEREIMZEEICEL 7 TANA VRIETH Y, 2D
FERAR T AR BB i 22 BT X > COKDElfiF L KEERZ R L - E 2 b T»
%, ZOMER, MitEaT7 ek~ev b Ah bk b E@#EEEZ KL 2 gtk mg S hTn
%, Z ZCOARMIZETIZ, C DX 5 B L 72 JEEo KR 2 % B L 72 1220 ~ o flif 22
R ATV, NERES IR IC G 2 28 2T~

ERF: EICIE, EE60mm © 27 - = v b AKESERE v, 2 730, 40, 50mm
D 3FEEEAFRLL 72, K OFR % R L 72 R E 2 BT 5 729 < v b Ic i3 ZERRE 40%
DLIVEK, a TRV b FA MR E v Y avd A ass ks iitx 7z, 2
FERIT TR K B X TP o8 B R e v, B 2, 4,7 Tmm
DAY A1 —FR A — FER%Z 0.85~7.23km/s T & & 7=, IELERE (L mH 7 X 7 THREEZ L 7,
FEL . MR AL R B Emy/M, (m i3 KBERE R, M 3ENER) &, = AL
—HEQ R~ Y PVES ty/d, (6l <Y PR dy I3BOLRE) ITKFEL 72, FIL
TANF—FE T, ty/dpBPRECIZEM/MIIRE L 2D =Y P ARBECIE RN
WEINICK K o lz, T, R~ Y PAHFTHEET 22 2ICX Y, a7 ~MoEI N
LRI ANF—PETTE20LEZLNDL, COMBEEET 2720, HIEEOJRE
ZHGE L AR T AN F =B Qc ofr = Qeexp(—k tyy/dp) 2 BAL 7= (K1), Z DFER k =
09180 & %, a7 OBIMILERIEFEEIAN T ANVF —FE L H—-DO XX m /
My o = 102594035 70972099 (> Eq.2) CEMT 2 2 L T& 7, BLEX Y| EihE
BLOVYY PACEBIAALF—FEEE 10 [T TERY TS

LAk zr— U v 2R, Bl L8 i
K e R o T e e % ST 2 I A
THMTH 2B Z LRI NI, RS

= g

S 4

E [ |Core-mantie layered

2F O tm/dp=3.2
O tm/dp=2.1

1 a7 OBRLRAIHER AR g2 || % mes
F This study

X —HEORR, Gk~ P % |2 Mooz x
Eé %Z]—‘_\.\j—o *ﬁci:v}-?klabq:%gﬁ{zlg,\oj | FUVUUTREPE S | N saaaal

10° 10° 10°

WEEROMETD 5. Qe x exp{ok(tm/dp)) J Kg”
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K- BRESYNILLLIZHEXRAELD
HL—A3—HRIZBET 2 EERBITFZEE
OHNER' RKHAEA'. MINKE'. RNPE'. BIEESRL . HILEN .
KOOFE', KIBHRE'. HFhEth ' KIEEKER'

WA KRKEREREBEHTER

[(B&

BERFIANBEREBROAOBERZRET IREMNLGERATHY, ELDFEEIZE > TEOHERK
OABRAICKDIRAEL, RAICZHOLZHNFEET DI ENHALNIZHE-o TS C
NoDL FHICIFERERDLDAEFENDAREMENHY, TOMHBEEZEBFTHI LI
HEROREBEECNNYMELZETEISILTEETHDS. F-, BEROBREIEREES
ERELERRRICGERETHEEZONTE Y Y, Y L—2—BRICLEEEZRIFTLFE
End. ECTABETIE, K- SREAREENAOEEREFRERZ/TL, FJL—42—
BRELVI L—E2—H A ADEREEERERZRARNDLLEBIC, SREEEFRLHEN
BMEXREICE T L—F—HBIKERT—) D JRIICEZR HEEEHRANT-.

[EERFE]

HEMER, BRERBRSIUERROMBTIEL, -15°COEEBENTIT>-. EEREFEMN L
LT, E#E 100mm, =< 60mm OFERK - ERESHMZER L. HAMOZEREE 40%T
—ELL, BEBAICEECEVAQFA L (PR 2um) BLUATRAE—X (HifE 250, 500
um) AW, BEREEEHEEL 30, 40, 60wthé L, 60wWthTIEERHBEDFZE LTI -.
HRERICEIHFAZOBE_EXBEARAHEZAL, EE 2m OFIILI I LKEEHREE
1~6km/s TIEMICEHESEz. BROKRFIL2E8DEENAS (10°fps) THRELT:.
[RE#HER]

JL—2—mKIE EBELEERAFOMRICEKELR. AOECE)OFA LEZRE
L-EMTIE, EMICE-THERENSE Y MEEESIRICK > THRA SN S AR—)LEE
DEAREICHBEL Tz, S5IC BHREENEMELLIC Ey FHEEEAEMNSFYOY b
A4 T ISHICHRETEHBRKALERLE:. —A, HHAOASRE—XZRELIZIEMT
(¥, WMEBEOERIFHBEELY, LYBLHILGEHRRDI L—2—MNBRENT-.

I L—2—RFFEAEARICH L THWMRELEZRLE. EL, EEREFERERED
EmeELBITNELL Gtz BEMETTEHEIL—F—FENILKT HERANH LD, D
DREIEREFENBVEFEGERNBRINSCEICIYEMESINI-AREENHD.

UEXY, BEXEEICETEHI L—2—HAlERMEBERLTTEHLS, SREEEHEIC
LiEkBEL RT—) U JANEREESRAELTEAT HIRLEMNTE I
[1] Keller et al. 2015 [2] EI-Maarry et al. 2015 [3]Arakawa et al. 2004
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EKMREFRIEL-EN-AEEMN~D
Er2eEER & @ixﬁ%’fﬂfi@ﬁﬁﬁ“

OXIEEXRER' - RAALEH' - FBIBE' - FFROE' - HAKE' - BIE ERL'
Nl GEN - KIE RE - Kifi BE' - RA)IES
MR RFERFREFHEMNXREZER "FEHEEHER

(&= - BM]

INERE ) 20T 9HBICIEEKEMAEENME LTEEN. BREATKEEENEL-C
EMNTRENTULVS (Yokoyama et al., 2022) , SO &lF. BREATHTRIEADKENL
FKBEBRPELI-ZEZEZRLTWS, CNFETKEEZEROTELRRIRLE L TIXEFHRST
MRZEOREENEZEZ SN TEEN, IKRARBEREICES BAINAEMBLREREE L THEFSL
F-AREEN H B, ERDDKITIEREFD I RIILF—BUELCREEICHETHIEEZONDIN
ZTOEEIETHFALMNITE L TULEGL, KR TEH., ERESIUVEKZSAEEMEZAVVE

EREBREITL. KOFENEERDEBEREL I L—2—ERICEZ SEE TR,
[EERAE]
EBICiE, EREAEREE. TNZ 1BULEKICRELTHERLEEKBEZAW:, &

EERICIIHMFRES S UVUFHHNEMEFOBES S UM _BRABEHIAHFEAL., ER
4.7 mm DR A—HRR— FEREEZZIRE 2~6 km/s TIEEMICEEEHRE S 1=, EHRNERIZ 5
~6ARMND K MBI ZIBH L THIEEZAIE Lz, EREIRICEE L XECTEZGM .
MERMDMEZRE LIz, BHRAREFSERMENDASTAE L, £, ERED X
BRCTEBISERICEYEBREIN=I L—F—BRELUVRNEBEERTLT-.

[(#ER - BE]
EREnt=o9 L—2—I%. EIU&@#’*?)L%%EEQ&%@Jﬁlﬁl@xﬁ—»ﬁﬁﬁ#%ﬁéﬁﬁfiiﬁﬂ
BOL—3—TH-o1=, GKENIZEEIN-I L—2—ERIX. REEDEHEREIZHT
DEIRIERIDF 1.6~2 {E&tiot=, F1=. a?k#“ﬁ’]@?l/ q— J'E'C'F( (iillp“éﬁl@ﬁ*ﬁ:_b\
BRI, ZERDPOKNHKIE - TRARBICEEEZRIFLIZC
EATREEINT-, BIREMTIE, FRRICENANBOEREN
BRRICERL, RKRBEICEL-%, BONETLE (K
1a) o
—FA. EKEMNTIIERERICRBLEELFNSFA S,
AEFROFERRBIEN1.3MEENI - (B1b) , TDE
WE. RN TIEI L—2 —BHREICERE LI-BHh L DH
EEANMEELRICEST 5—FH. EKENTEIL—4
—WRFICEE LS RORBAKIAEEELRICES LT
fH&EEBZ NS,
SERFNBEHIASICEIREEEFROHER. HIFIENT
100°C#BAPERBENBEAINI-DIZH L. SKEHND
BRKEBEIFHACIZEEE S, T=. EKEMTIE., L
— A —BRBLUVEEYOBREIZH# > T, SREEMEMR -\
M DEON kb=, UEKY, KZELELAEENT - \_‘\
X, ZRENEFEGIBREZDREBRENERSIA. KD e
FENBRICESBROBES L UVRBAREZEIESEDH & " Elapsed time from impact, s
AREENI, B BEOBMEL, (%R

. (b) 7K

~

Temperature, °C

o e e T
Elapsed time from impact, s

Distance from impact point|3
— 13.98 mm
17.11 mm

15.60 mm

(b)

Temperature,°C
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HTRILE —DREEEICEAY 5 RERMMER

OXIME'", WINKE' RBRHAHEH' RBIIE?
P KZRPIREFHER
PFEMTEMEAREME TERAEMEMR

INERE Ryugu B & U Bennu DIFEICK Y, T TIUNRAILKEDREBIZIZELEVNHESFE
BOHF - el FEETSHIIENHALNELG STz, — A, SNETOERRERERDZ C(FH—
HHIAENZXNRELTEY, RN —LENICHE TS5 KAFRMFOMEZES T+ 572
BEAINTULELD, ARETE, PRSI VEFRESIN IOz VI EHICRIFTEELFAN
51z, 100 um HSRE—XZFRE L-MFAEMFIZ, ERSmmBELUP10mm D ~L—
H—E—XZBEL-EENFEMNZERVTERERRZER L1z, EERIC(X ISAS/JAXA Dt
BEXABAIHELEAL, #H4kn/s (TR LEALEZZENAERESE-, BRBEZRLL
EHEDERENASTHEL, RERICLIYZRAPEZTEBALT,

I AN—TUDEEMID, RPATDO FL—H—E—XIE, BERESITK>TI D
DADh—TUATOMEBERGRNPELGSZ LA 2Tz, FL—H—E—XD=RTEHEH, 5,
PR, EERFES, RERESLUBRHAEOBRZEZHEMLEER T2ICEELEZE—XT
(&, EERSIBEREICH L THEEGREEZRIGN > (B1) ., —A E—XHERME
[CEHLE-KEBDOEE, BHENS(LLLERAITHEERENELLLHI LR INT,
Ff, MEHAEIRERFSITHUREL, EERINRVIEREAEIN/NE (LG HERDS
Boont: (B2) . ShoDFER, BEELERILY—IEHEMY L—2 —EEEICHEH#EREL
PFUVVAREEA TR SNz, AEIL, 5 TS IVINKREIZE TS EROBREHEE % 1BE
TEODERT -2 ZRIHT 5,

30 0.08
10~ 100

1 E®ESEIY NO—LULEBADIVIYY M2 EERIICLZIVVIREAEOE,

HRED, WHIFHAE, #HitEEREEREZ R, BEIHAE, fMEERHaEZRY, 7Oy
78y hO®IFE—XDEERRS ICHINT o DEEF N —T—E—XDEERZICHIET B,
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INEREREARILY —DERBIRISHT S
BB M FDE

OBHAEE ' HHEBET'
'HFERERFREZHIE

RILT —DEEHIREREIL, MNREXREDEILEZERET LI5ATEELREZRD—DOTHS.
COHWEBREIFABEOYMEDFEICEREINDI LEZAONTVSD, TOEMKMNLZEEIZD
WTIFEBMNZ LN 0.6-0.8 mm DEMZAWN-EERTE, SREMNEAENL I XITEE
LTWABEIC, EZEMOBIENIH SN D Z ENTENT- (Durda et al, 2011) . LAL, &
FOFEEMICKSHEAIE, 4 bH T (Fujiwara et al., 2006) , ') 294 ™ (Watanabe et al.,
2019) , NX— (Lauretta et al., 2019) B UT 14 EIL T+ X (Daly et al., 2023) EEDPE
INEERAMNMEIMZLIYRIZZLL, FITRILET—ORILEBEIZEHODR TS Z EHLH
MLz, LEzA2T, RIS —DHBIRBIEBICHTIAEOMEDFEFEMBT 51-5HIC
X, FYRESLHFCEBEINIPFENREZTEZEZDAENDBETHS.

Z T, AAERTIE, BRAGHZEOHNFRBRZRAV:-RHNLGEERZToz. BARILT—
ZEELUAEMICIE FIFE0Imm, 1lmm 3mm SXTI0mmDASTRAE—XBREAIZH LY
FERIImmOASAEK, SEUVHFEI mm, 0 mm BELV S0 mm DFTILIFE—XBRE
[CHEWVER 50 mm DFILIFERERA:. £, BFEL LT, R TRALI-EN (BHZE
FI&H) OFEEMIRERLIT oM. A5 AKEMICIIERE 32 mm DH S ABREEE 200-270
m/s T, ZILSFEEZMIZITER 15 mm OFILS =) LEEERAT EMAEZEEE 800-900 m/s
THEES . BALEMNDOY A XLLIENThE~03 THD. ZEMOHEES L, RAE
FEEEE (EMOTOEEICHT IRRBERFOEEEE) L LTFHELE

HEHRZEEEHEORB TR, RABAEEISEETOEMIZHEINT~05 LiEof-. —AT,
E—XBRETHHETE, RABAEEENEIEE—XBRRITIKELT 05 hdZEikLf:
BEHERT HIHFHALBEM/NEVWEEEIRRABANRECHAY BHEOMF) , £-EBxiE
BT DHFNLEBEMRENGSIEIRRBEANNES o= (BEDORE) . IMNREXT—IL
ADIEADE=HIZIE, BEOHIH - REDEBRERET IEREZHRTET IVELNHD. BHiE
DIRENBN D FBHEEEEZMNERDIIX, H5RKIEMNT~1, 7ILIFKRKIENT~02 T
HY—BLEL. ThiE, I - BREOBBIENERBRMFORT—ILLEITTHRL, B
MEER BIZAIE, BALEERE, BLUKRKBERFOEARE) ICHFEEINLILETE
LTW3. BEOBMBIKRIREICE > TRILE—DBENNFIH S WNITRES NS &SRB
ROFERIE, NMNRERETORILA—DEREF (Ballouzetal., 2020) DHEEICEELED

St
AEIE, IST RERAREREOAE T OS5 L JPMISP2148 DXIEEZZ (T3 DT
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REGBAZAMICETRAICH T HERWIREER

O LEIR GER). ~H—=v - T 7EA OLLALRR), HHKHE GER). FEDER
QER). htl (FHEID. BAR)IE (T

INEEEER LRI 203D IR o 2 IKFRE/NREY 2 v 7y o3 v I AR T HNENIC IR,
% DTy IBEEL TS, VavZukiT LR URBEBAO I MRICHETICKZ
BRBHEFOD DL W, RIRMEZE 2B L - ENEEERICE VT, KEANHEHR %
FEOEMIT 3 2 ERII Vv, 2070 O, ERNONFEA NI BIEIC & X
BT 00, X ho Tk, BHEMEORE IIMHEHE T AL F —HE O (LD
HE T AV X — N OERCH o ZHMERY VO AL X —) ITkE T L AH LN
TWwb, FRICHRICK > TENOEENFESICR b L EDT AN F —13, FEEIERE O
LIEENG, 20 ONE. S OKEY 2L — a YRENBRERICL > TRk o T
Wh, LALAEAES NRE) 2y 7 vD X ) RRFENKELRL (NE2 7 v 7 %F50)
RFEEBEAICNT 2ENFEREERIIDRC, OGDEIZ LS a2 o Ty, Z 2 TRIFE
Tld, KERWTBRAZ FFORBEBEA IO U CEFZeiiis 25 % 1 ERIT ., % O 2%
HE Ok bz i Lz, T2, BEATOEMN & HREORABA % X M CT #Ri& L.
WESB A D53 2 AL L 72, B EFIZROBA Z 3XtoERGbE (LY AL —va V)
T\, B2 T 5 2 L CRADKE LMTHORERE FHE L 72,

E2eEE T JAXA FHFFARAT it o7z, Bk 7= v 7 A (CV3), v~—F Vv
B (CM2), 7277 A« ¥k 2fEfA (CM2) ZHwv, KE X3 1-2cm BETH 2, HiAL
IZEE0.8mm D 47 ZER(E & 0.0007g) b L < (FEE 1.0mm D 74 2 FERCE & 0.0027g)
L7z, BEEEIX 2-dkm/s TH %, FEEROMEIC DV Tld Michikami et al. (2023,
Icarus, 392, 115371) & [FIffC. FEMICE0®R L Twvs 3, Michikami et al. (2023)ClE. fEZ2ic
I2BANHDa Y F ) a—AfhED 7 7 v 7#EREICER L7225, KfgeCld, KEBEBA
DEZEIERE O CiEE LEMEIT o7z, EfiL 72> a2 v PEUTAEH41EITH 5,

S D FEER TR/ N T Wiz AP EEMICHEZE T 2 @R ay P ICR D,
EHORED L ENE DL AXRA BT 4y ZH#EE T A RENGT % Lz, £
nHOENTT LEE T AN F —h OEEBIFIEE Q% Ko7, T v TEAD O 1200
J/kgBETH o7z —F. ~—FV VA, TIZT A FALAREHDO OFIZNZ i 1200
J/kg. 1600]/kg FEETH o7z, TniF, REHRBHEAGICFFO>~—F VYV VEL, 777
R PR RBAEO ODEIZ, KRELBRENGICR 220w T7 2V TRALRBRETH 5
TEERLTVS, X# CT R CO/MZERTOEN L HEEORKWMF2HEL -2 A,
ZEHNICHATE L T K E R BEICIH - T, KR OB STER S LT\ 2 2 L 30D o 72,
¥, v~—F Y VIBA, TIT AP A BATE, IS RBAIIERE I v
VR oTz, TD X ICRFEBLGOE G, KERBRO IR & WALOMEZE S DAL ERIRIC
Lo TIRARBER 2V E D /NS AEZEHA IR S e, (REE/NKE TRy F A= LB
ToOR TP vDld, SHAHOKRE RBHIFEL T3[R R S 2,
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ZHENRZEORDERIZHEITS
A EE S WA RDIFREIRTFIE

OXBEFE, RIAALGH, RIKE, KNIONE, WHAKE ZUEESR, FIIRST, KIFEAE,
KIGHE
AR RFRFREFHRENREFER

[(FCHIZ] hBREEERIKNEO) DER XY ZEIE T 51=6. 2022 F, NASAICK Y. FEHKE
BICEYEMEZEILSESDART 2 v a3 UNEIESNTz, DART 2 v 3 VDFEZE (D NEO ~
BATHOICF. BRICEYDNREONEELLICHT IEREHOFELZERT L LNEE
THbd. RITHRTIE., SREOYEICHT HIMOEREDEEE - AFEHSHENFEINEERM
[CEARGN TS —AT. Ryugu G EDZABE/NEREZRE L - EREDEMICH T 5RERIEH
FYTOATUWGEL, ZITEAARTE, BREQEVY - FEEEEMAORDERERET
L, EFERENES S UVAESHEMENEOEMAEKRFEZRA

[EEEFE] ERICEHPFROBE _BRABAAHZHEAL. AR 100umDEEREEEER
A L=ERE60 mm DIk (SI3EIEE Y : 34kPa~2. IMPa (D 5 F848) %#4EMI& L1-, BAIZER 2mm
DRYA—Rr—rERE L, $1kn/s DRETEHREI -, HRAZFEDEHRITEL2° M
THEWNMEREITEWN T FTELESE, TARATOERRICENT, BEOKRFEKEAM - E
EARANSEREN AT ERANT, 10°fps THRFE LT, 20
[#5R] SBEAETAROESHEHENE (K 1a) &, FEHREH
BWNIEREL G otz Tz, BRAEMNKELLSDHE0ITUK
L7zo ShlE, EEEDENITE. BEBICEEIND I L—4
—MWREL, IV VEENEMT 5-HEBFEZOND, D
T. EAETAHRE FTFERSICKRESLEHNEZHS. TORIER

T immnnmnnenne]
+ 2126 kPa ||
1159 kPa ||
866 kPa

+ 352 kPa
34 kPa

o

tion &

»n

i
y |
[y 1
+ ]
A
Vs ]

along the projectile direction
o
o
T
1

Linear momentum transfer efficiency

0.0Hreiil

ELTEMEBALTHANL YR MRS EEEZ SN D, e m w6
HREDOZMEEE (F 1b) 3. FRAEHL TRAEAY, & e e ST

1159kPa
o 866kPa
e 352kPa
o 34kPa

n
o

MEREAENEE Z0 E— 2 (FEBHRA~BH L=, At
BREMENEFEIS IV AA—ToOREANAE (. BN
EE&EAA~HEENZ IO T 408BML, LYS<DOEHEN
BEbEonf-r-H&EZZ2 5135,

HRELICSHRESNY L—8 —(%, EHBRENEVDITELE - 3 SR |
SELITEMLE, E. 4 L—4—RSEEEHEIENFE resdon - impsctange ol ~oviave
KREHot—H, 4 L—A—$ECHRLERAEREEERD B 1 () BAEFAAOEDEGEN
Ntmotz, COTEND, HOBETHENRT-EELEER + ©OORRORNARE
DEFTHEL, KEEDEY L—8—BRICEELEEER-T - ENRRE Nz,

N A ® O
S & & © o
T T

Angular velocity w [deg/s]

o

n
S
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P L—3 —HEREFOERFREERICET 2EBRIMAER -
HEESMOETILE
OfRAE. RIKE. RHALHA. MAKE
R KFERFREEHITR

(B8] AC/PIERERE T, DMRAFEICE > THERSIN-EHOEREI L—2 —»HEH
SINTWD, BERICITEMMELTTLHE S ERAERLBERIN. TO—MITEMREICERY
AFEN, BESND, COBREFLIVR - H—TZ2F EFIEN, BETIE MNIORE 2]
IC2&VYYaDdHoRETS BNRERBREDERNERINDGLGE, TOFENTINATLDS
(Tatsumi et al., 2021), L#=A'>T. BEAFEMEOEMAMETERET S5 &F. IRER
BOYERROCHEBELZERTHILTEETHD,

REDFEEN L. E<LDINREEIESEEETHEMIZHWO EARAELMNIZLEH>TLNDS,
D& S HEBREDERERKIE., BRBOHEBROBIEZHICKELRELTREITLEEZAOND,
—A. INFEFTOERERIEICENYEOBIRLI L—F—BRICEBELTEY., KEE
BEERADERADMEEEMICERT 2FERFIMEISINA TGN, ZITARMETIE. HEH
[CHWVEEARZER L-BAZTAVEEERREZTL. GEREEEITOETILIEEZEA
T=o
[RERAE] EERICIX, AR ERAEZEEEL 1001 TESAS LI-EHEEEL 100kPa OFHE
- AEEAHENL (BER-RIEHIZT 3 FE 10mm OAGER) FERALE, EAITIEXEL
BEHZEREA L. £NBREHT R LE-ESZL, SEAKFDER M EFAIHRIE LTz, B8
FEEMLIYAESFHMEZRAL. R XZOMBE—EBXBHRERICELY 17~118 m/s TH
Tz, EERIEHK 100Pa DFERHGHTTEREL. HEEREELT 2 8DEERN A T THRFE LT,
[#ER] BRRZEZFOLELERDOAROA o S = .
BOLICBARKERERS. MEERT \ T e s

/ll

AL BARBEREHHLE, TOR i e [ e
R, EREEOCBAY A XL OTHEE S N

AEIEY L—8—LBTHRBET ST k*\
HRBEOAMELTRETES, LT, & ° \}\\m

DE—VFEIL—8—RBICEELEE :
1), COERIZ. HREAVEOEHERBIE e ; : : P —
b\a l/ 9 :|: ( J: 5 ’C%}E E’][ EL 7L —45 —$FZHIBRCERE r/R.

- H1:49L—8—2@TEEIELEEESEH DD
TEHIEERLTWVWS, KETILIZEY ., UV EsBamBEROBRG
L—3—AHE L UNADEERAYENHEEFZTEEMNICFMTESLEERL=,
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TR V=2 —BRICEIKWNEEE LY = 7 2 FE 0
Characterization of Micrometer-Scale High-Velocity Ejecta from Secondary
Crater Observations

OWEHEH T, e
HE R R EBEBLA T SE R

HEDY v 7T ) 2 — v EREOERICH Y, BIGIRHCE £ 2 KRR E 0= %25l 3 5
HEWELSESE o T 5d, 2070, EZERFICH RS 28 2 2 @ E Ol X, i RIR~BE S
S5, Thbbry=r 2ORIBEOHELERDONT VS, HAIZINE T, EE3MmOT
VI =y LERALE M ZSE AT km s CA A (—XARRY) ICEREHEE I &, BB EEE (55
kms™) TV 7 X% ZRENICHEEI S TUERINEZZR I L —X—%fEiid 52 LT, mEET
V7 ZDORE%R TR TE 7 (Yamaguchi and Nakamura, 2026), —75, /NKRE Y X — v 3 v 7 b
ICBEINE~YA 707 L =2 =02 R L —X—ThrARREIEHINTEY, =V 7 25
TEDHRE X2 DI S ERET 5, £ & TARIFFE TIE, JefTHFFE (Yamaguchi and Nakamura, 2026)
THRICHN N TRV NERE LY = 7 203 4 XM KO EZFHES2 2 L 2 HIY
e

ERE LY = 7 2 OZRIC X ) “RIERN RICEK T N2 EEBpmD "R 7 L — X —IZDoWnT,
FEAMER MRS X OB FHEMERR» O A X2 E L7z ZRIZVL—Z—HF A XhbTV I X
YA XZH T 2 BRIcid, ZXERN 0 IEFEE < b W 72 #2578 (Yamaguchi et al., 2024) % F > 7z,
BERAICE 222y 2 7 Z2D0EEREIL., AOA»r0D0TY = 7 XAHEEICHICT 5 LIREL. —
RIv—2—DGHENE»bRO -2y = 7 2 OBAEIC, FfTiF5E(Gaultet al,, 1963) THROL I
T B A RS & OSSO B R &8 L CHERE L 72,

ZOfGEHR. TV 27 ZDY A RAAITIIHAEIC X 2 BHE REN TR O N kh o7, —TiT,
BEHENICN L TR, X @mEEo =Y 27 % (>10kms™) AHECRT 28 Ciz — X7 L —%
— DBV, TV = 7 ZOBHER D2 L AIRBR I NIz,

72, AEBCRDEEE (~12kms™) O 27 AR L fEEHICOWT, =¥ 27 294
X0 RBEEBEIGZ, =¥ = 7 XY A XOELEREREEZKE L 72 € 7 2+ (Grady and Kipp, 1980)
Sk B TFME IR L 72, FET A% AT, HZE TR O ORI T 2 #2R5% L 7= 583800 & i &
NEZIV I ZDIAXNHICONT, TATANT XA=2me LT, ERTROLNZEIEEDY «
7 ZDRNKY A4 RICHD ERE I N72m ~7 (Yamaguchi and Nakamura, 2026) & . BU{EFHH iRl
MICH WS L5 m = 9.5(e.g., Asphaug et al., 2002) Z{KE L 7z, L OFEER, mKY 4 ko FF
flie 380, ke LTldm=950Fllofie X VAN TH o7, AFELTIE, =V =7
2 DGR % RS 2 — K7 L — X =R D IHEEEKE R IO W T h iR 3 5,

AL X, JAXA FHRFAITZE T O S i Ze SRR at o FeFIFI A FEER & L <fTv, JST KAF
e B PRERIIITSE 7 0 275 4 JPM]JSP2148 D% %21 J 7=H DT,
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ERBEZAT SRHUAOXRGFEERICE TS5 EEMBOTE

O1I*J? £12 Flg—2" FHEEE?
"Aﬁﬁnk%ﬂmﬁ% 2 HE MR

AEOKELHEDREEF-HEVEARKARETERIN TV AMAIL, HTORERTED
REBEOEANEE LB THE, BEOBAEHERICL>THEENEY L—8—IF., B
BIcA Sy 4 DHBENEET 5, COBEAOERELE LTIE., BLXHIBAO/NKEDEREH
HEARENATWS, LHL, AECTHIINEHIICI., AEEDI L—F—ICRoNB L5k
ASIHEARELNEND, HAEDIOA Sy 41 EDMBMEREXRT S NENEEED
MR, HMTEREET AENREORAER O 2 YEWYICERT 5 ETRARTH B,

REEDHRTIE, HTFICEREEZEF OENICHT 2ERERITHOA, BARKIHE->TS
SO ANKEENANT EAERMICERINATLSY, LML, ENEEERTIEIHEOR
L EMOE NGB L EEENT 5 2 EARE T, EENBFICESIBRASH S, —H. KK
REED— K iSALE 2 ALV $IBHEIC LY, Hﬁ@%@ﬁ@ﬁﬂ@h&l@?é@ﬁ%ﬁbh
TWANRY | ChFBELICDELAFERAOEROEELZEOHIHWICEBABINTSY ., BD
Hh RS OBERE A = X LDRHTIC (iEO—CL\t&L\ 10) 400 1=0.30s

FZTABETIE, HTZERAOXHERICRT B KIKEEEDY \
EEEEEEMNICTES 210, EEYWEMIFTI— K iSALE-2D & o0
AW - BIERITET o1, RHE AT nOEHETLEAVCAE -
BOBOMAMMENE L, HFBHEEM L=, ChizkyY.,
BEDI L—E—WMRISBNTA Sz o 8 2 ERERELHEH |
ROFEEBIEEAMRIEL. RENSEZHET L=, :

l1(m EW@xOS%&I&Hé@ 5ﬁﬁ®ﬁ%®u% ME
E~ﬁ¥ﬁﬂﬁﬁtﬁéﬁﬁfﬁTo%h?h@ﬁ%@ﬁﬁ%% -
MEDRSZ. BIMIOBENKTHBERT . £lo. BBOB g, sxwos s episEes i
[ERBIEEH e EBRREHe, TH o Tze/c O BRIBOER. | B OHFORE. SEGEAL). ZHA=
HEANER) ERT, BEMND., REHSH 20 nLUFEOMEET e
[FRELFRA~YEZERES LT HBERORZNFHB S, BEOIL
— 2 —FoR & YIRBISEEASE K D S EMBDS Moz, IBIS. K
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Forming the Kuiper Belt: The Role of Grainy Planetary Migration
and Primordial Plutos
o/SMIYD Y47 JHI47 (Patryk Sofia Lykawka)'?3, Jonathan Horner®, Pedro Bernardinelli*®
TE#KE BREHSZE (School of Social and Human Sciences, Kindai University)
2EM XX A (National Astronomical Observatory of Japan)
SHHUHL—U XSV KE, A—XMS1 T (University of Southern Queensland, Australia)
s HOXRE, TS2 )L (Universidade de Séo Paulo, Brazil)
SV RE, TA)HERE (University of Washington, USA)

The current architecture of the trans-Neptunian region serves as a fossilized record of the Solar
System’s dynamical history. We present results from N-body simulations modeling 4.5 Gyr of
orbital evolution, incorporating a massive protoplanetary disk, the four giant planets, and a
primordial population of 1500 Pluto-class bodies. These “Plutos” were used to drive a realistic
grainy migration of Neptune. Our analysis of 67 simulated analog systems demonstrates that
while a grainy migration framework effectively reproduces the bulk populations of classical,
resonant, and scattered trans-Neptunian objects (TNOs) within 50 au, significant discrepancies
persist beyond this distance. Key findings of this work include: (1) Resonant capture strongly
favors Neptune’s closer mean motion resonances (MMRs; e.g., 3:2 and 2:1), while distant
resonances beyond 50 au remain significantly underpopulated. Including a primordial scattered
disk enhances capture into distant resonances but leads to an overproduction of scattered TNOs
after 4.5 Gyr; (2) The best agreement with observed resonant fractions and the structure of the
classical Kuiper Belt is achieved in a scenario that combines a jumping Neptune, self-gravitating
Plutos, and an initial outer protoplanetary disk edge at 4547 au; (3) All models struggle to
efficiently generate the detached population (perihelia ¢ > 40 au) and high-inclination objects (i >
45°). They fail to populate several observed niches, including distant detached objects (a > 245
au), low-inclination detached and scattered TNOs (i < 20°), and extreme objects with g > 50 au or
i > 50°; (4) Grainy migration effects are strongest during the early phases and rapidly diminish as
the Plutos are dynamically removed via gravitational scattering by the giant planets or collisions
with them or the Sun. Based on the few Plutos that survive inside 50 au in our simulations, we
estimate that the primordial population of such bodies was 150-500 to remain consistent with
Pluto’s current solitary status. In conclusion, while grainy migration models replicate TNOs
within 50 au, they fail to explain detached, high-inclination, or extreme populations. Our results
suggest that additional dynamical processes, such as those involving a distant undiscovered planet,

are required to resolve the outer Solar System’s complexity.
This work was supported by JSPS KAKENHI Grant Number JP23K03482
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EENRIETIIZOLTOL YO ZEE L. FIEEER OWE) ks, — /Y Y —ERIEH
LAFETE, BEREORENGZYHEDO L ZHRE A2 L, HEHFOL V25D TiHRTS I L
&b, FEEE O(NlogN) 1T THIKT %,

REFEOUEEMGED 2, 1 OB XU 2 PIKBWT, BIROA STV AL, — 21 LTE
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555,



OL-02

BEE X R X A N7 US54 D
FUOLE G RADE B

O WGt WEE—
Hh BRFEREGEER G AT 7R

BERE X, R FRELEAEA L LD BELREICR 2R T, FAEXERMABICBOTHLE,?»SD
B ED XA 77V 54 b CTH#ITTE2EZ NS, IBICRVELREZET, 7707
4 FELOMEETHT NIRRT L E 5729, PEHEXX A POAKRKEZHET 2 b RBXh
TW3 (Sirono and Ueno 2017), X o THEKEIX, Y INRXZAMDEED, ANV —I VIR
BEZBLTEREINLEEZ DN, 2. WEREOEMEMRIFABIAD S 10 /7 ~ 8100 /7
ErHEZNTED (Morbidelli et al. 2024), HEEZERT 2 ITIEINHDE A LR —LT
R2ANDHHEERE LRI R SRV, 77V 54 MIBRINESARTHRELTWIZoN
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FEIRE LT r AMNC 0.1au DIEEFHEDEN ALY TOFEERE L, BEEERBR L7 27V 54 b
DETIAY TN lau 22 HFE TN LTL 2RZFELEZ (M1, ZOME, ENANY TONE
P, BEEDRI BEZ 20au & D NAEE v, BB T NTEEDSHENNT 2 /2% NFMBESZ Lo
BEYHBMUTREL RS, ¥5I2, 77V 54 D757 ZVRot%E 2.4, WY 4 X% 1mm &
T3, % FREPHEREDOERENR BEWNRIERE ko T

AT iR —— ]
AR ——mm ]

BEfb 2 L 4

BERE & 0

A NP1 au?F N3 2R (yr)

210 50
JEF1 30 7 DALE (aun)

X 1: EANY TONBEEZIE EDOXZA M laudE RT 20, 727U 54 ~OWIHH
A R 0.1pm, 7727 XKLL 2.4,
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LTHRERD, KR Ef@m@cihé Y P LT HoO ORI TR & % (Sirono 2024).
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A ZHIFRII HoO DR —F 4 >, 7-9 au I 2 FEE OFERNIC HyO K 720305 5. ﬁﬁ
WERPOHART —=ANA D1, 2,3, 4, 5 fFICXHIET 5. £ L HoO K FHTERE e

£ D HyO R 7R X N 2355, 7-9 au iZHi 727y R — UM a3,
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A MY — IV IALEN (Streaming instability; SI) 1%, JFIERERMABHNTCE R b A
ZDOMAFRIC X > THEL 2MBEALETH Y, SLORFCHMXEHEREL L <L EH
TN T3 (e.g., Youdin & Goodman 2005; Johansen et al. 2007) , ¥T4E, SI T X - THEAK
TN XA MREFTlIE, XX FBEOEESEE ClE 3 5 2 &, MR 7l 28 BT 1L
B % TH 2 2 &R ENTH Y (Tominaga et al. 2025), SI 282 % b (L Z e 2]
Rt EnCnsd, —J., BRI F R oV 4 e REROZEIE, A =27 2%
PEEILE E AL I, FHRERERMBENICEITS SI oEIC7 4 — Ny 7% KkIg3H]
REtED ® %

WEDWETIE, XX+ ORFEFEEE 0.3 &3 2IFHEEELEANL ZHAIC, #ErH
ELZRVEIR L IR LT, ST oIIBEREICH 1) 2 X 2 MIBEAHE 2 C L AMGE ST
% (Johansen et al. 2012), F7-. F4 DL DHZE (Iwano et al. 2026, JpGU-AGU Joint
Meeting) ICHBWT, REGEEZEL I 22 LT, ST ICXoTHKEINE X R+ EEH
CHEEEEE OS2 T & MR L 72 FrIC, RIERED K E W IT EEE B 7 ke SR pr
BRI NI KR Y, XA+ O SEGHREITEMN S 2 M %2R Lz, F7o. SR 7l 2
JEIXMIELEE % Tl > Tk Y, SI PickWw»Tkink ) RfEKER & v o7 XX L2587
THI L R®RINT, LaLl, TRETOFETIEXA DR+ — 7 A RFEFRETE
HEBUCEEINTEYD, BZRIfES 34 X - REKO#EN L, 2o Ik T 2 )RR
BoZl e gD -2 A & SIodEliE, Tl Tunin,

ZZTHAlE, XA OEIGEET VEMEEL, XX F-HF R 2 FEFHEICEAL 72,
EELE 7T VT RFEREOEH L HREHEROFE2 S %5, £ A P RAEBEIL.
Johnson (1985) DH¥HHIRE T N Z TCICHEREE L X N2 K 7O XX PR LKk F 2B
BelLThz, REECHAXNREL L XA P OMZICGEATREIC L7, #EEEMmEEREIL,
FHRICHT ALY —FUkE & X X+ OEMERAE (Tatsuuma et al. 2023) ZH W T, Bkha
BYICHES XA POV A4 X, KR, KERBOELLEZFRET 2, CofZEterr 24
A F=H R 2 FfREE 2 — F Pencil Code (Pencil Code Collaboration et al. 2021) D f#iZE€
2 — VICEREL 7,

RFERTIEIXA YA X - LD FEZZER LA P — IV I ALENDOHEZ
TofiREZMNT 5, THIC, TNOZEFELZFIR L O ZE U T, £ 2 Mzl
25 SI DEINPRIEIC B 1T 2 ELILOTEHE , IREMEMOYIRNIEH . X2 F O FRIEF AR ICE 2
LB kT %o
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h. TNHDBHIERED L, 2.0 Myr YA EORIAMIC b 72 o THERE B ik FE L 5 CAL 23
FIEENICREF S N2 C EDRTRBINT W B[], —JT T, O 2 RJFBERERMBICE T,
0.1 umDIKE /) v —» HLREFH T CrEHE-BREMCEIE T2y Ialb—vavick

iE, WERE PR RE IR EIE X 0 WElof o+ T EMNICERRTRER & L AR S
T2 2], MEENToO DSP O RIARKIRFI OEEIZ Do Ty, £720 ~lmm ¥4 XD
DSP 3KE /) = =DM 27 7V 4 X0 bBEEICEHKIRY L3\, DSP MR %
PHEST 2 0[REMEL S 2, 2 2 TAWIETIX. By 7oRmwiEsrAhfBicswT, 72707
A+ offZREkiuaR Y ICEH L, MEREDOBKAIREL R b6 2HO 2T E 2 L2 HNE L,

I RICHRINAEY IaL—vava—Fic, T2YFA FRIOHERMNEHERN P %
BAL, & LAVEEEBIGRY 2522 ), B & v e Uiz, 7RI E R &
Kepler fA#JE DFED Stokes i 231 &2 T7 7V 7 A MaEaETHTL (LUF, m#E 7 7Y
TAM), BEEEDIREE LD, 2T T, lauiCH VT, WBEHT, = 100 KO, BRI 1
@FL{§T77 V7 A FPEEZFY 7 S C#ZRT 2RO SR E P& LTH 2, HiZEH
ERELS, HEEX 1 20N 13 EMELCT R PR EALE, LT, 77V 74 b
#5i%®‘zﬁéﬁﬁ%ﬁ®h%@m%kb TR LA TR AT BE 7 PARRE % G ~ 72
TEMEFRE (Py=1) TOFHEOMHE, WEKEII~50kyrT< 6.1auTER I N G 11
&3 2). ~50kyrPARRIEFEIMUID S REET T 70 74 P2 T L. B 1HAX ) Afllo<
4auTHRBBICHERE L GE2#), 72, HERERFHRRECE/RINSE —H T, d%E
T 7 U7 A P oMHGIC X o TR - IRESM I 272, 72720, EEFT 70754 oD
MG 3% L < 2.5 auD IR R 1T FIR R E ~ERE X v, TBAEEIEIE2.5 — 6.1 aulc i/ L 7z,
—J7. B LIS WEE (P =01) Tlx, MEREPBREIIP, = 1L IR TSR D, F 1
A3 —45aut o7z, Zhid, MNEBEOKTICX 2% FICHd 2 HEBEEEE KT
&, <3auTEFMITEA L 2 FIRREIC L 2MREOHE L EMICGERT 2, 72, 52 1R
DR IE, FEHE T T 70 74 P AMERRIC X 5T 1.2 — 1.6 au CRERERVICTE R L 72,
PEDRER»S, 72707 4 FRECHEZEBRIGE D 2E LT b, MERE T, HEERIIRL &
2300, MBIMI»SLOT 70 74 MMERIC X D kERMICER RIS EFEZ 5N 5, DSP HH
BENANCTERK S N2 HERE I A BN ICRIAMICRTF S 1L AlRetE2 H 5, DSP 2 &
BT 7V T A D POFHICONTHFEEL, WEREDOIK - K - DSP £ %E 5 2 & T,
R 2SR IAM DSP Z BV A B D OMBNICRFF S N 282 Gm T 2 TETH 5,

[1] Kita et al. 2012, Meteorit. Planet. Sci, 47, 1108-1119. [2] Kobayashi & Tanaka, 2023, ApJ, 954, 158.
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How envelope dynamics shape dust distributions around protoplanets

(OJE#", Michiel Lambrechts’
TRV IN—4 >V KZ Globe Institute

Planets embedded in protoplanetary disks accrete solids through their gaseous envelopes
(pebble accretion [1,2]). The thermal evolution of these envelopes is regulated by opacity,
whose dominant source is often small dust grains. The spatial distribution of dust therefore
controls the envelope cooling time and the timing of runaway gas accretion. Dust grains can
also deliver volatile and refractory material to the core-envelope system, thereby influencing
the primordial composition of both the planetary core and its envelope. However, pebble
accretion does not directly translate into material delivery to the planet, because the fate of
solids depends on how they are transported within the envelope [3].

We present high-resolution three-dimensional multifluid simulations of gas and dust around
low-mass planets embedded in protoplanetary disks [4,5]. By combining models of
convectively stable and fully convective envelopes, we investigate how envelope dynamics
regulate the spatial distribution of dust grains over a broad range of particle sizes.

In convectively stable envelopes, the outer recycling flow remains dynamically separated
from the deep envelope. Small grains, with a dimensionless stopping time St<102, remain
entrained in the recycling flow and are prevented from entering the envelope, whereas larger
grains (St>10?) penetrate the Bondi sphere but rapidly settle toward the core through the
midplane. As a result, the dust-to-gas ratio decreases inward by several orders of
magnitude, implying a substantial reduction in dust opacity throughout much of the envelope.

When accretion heating drives convection, the dust distribution is instead controlled by the
dynamical connection between the convective envelope and the surrounding disk. If
convection extends beyond the Bondi radius, the envelope remains connected to the disk
flow and can maintain a dust-rich state through continuous material exchange. Conversely, if
an inner convective layer is separated from an outer recycling layer, incoming solids are
partly excluded from the deep envelope. The dust abundance inside the convective layer is
then determined by the competition between convective stirring and gravitational settling:
large grains settle rapidly and deplete the envelope, whereas smaller grains are trapped in
convective circulation.

These results indicate that the dust and volatile content of planetary envelopes is controlled
by envelope dynamics. Whether solids are excluded by recycling flows, mixed by convection,
or lost by settling determines where dust and volatile species are deposited between the
core and the envelope. Our findings suggest that super-Earths and mini-Neptunes can
acquire diverse envelope compositions depending on particle size, cooling efficiency,
accretion luminosity, and orbital location.

[1] Ormel, C. W. & Klahr, H. H. 2010, A&A, 520, A43, [2] Lambrechts, M. & Johansen, A. 2012, A&A,
544, A32, [3] Kuwahara & Lambrechts 2026a, A&A, 707, A26 [4] Kuwahara & Lambrechts 2026b
(under review), [5] Kuwahara & Lambrechts 2026¢ (under review)
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Introduction: % X b IIE(T HRERERABOFRZEH L, I FH4FT0ER%
BRI 5 TREBNICERINZREDSKREZEA LT, L > T, RBKGROAE
DENZERET D LIIRGROBELZERT L L THEBICERZTH D, FICRAIERLT
FISIE. FEXKAMICZ DEFENRESND LW ATEERBREF O, AL TIE, HE
E T HRARELXABRICEITE XX FORAFERIGOETE, TNERBRLIZLZZX by
MEEARNDL LT, ZODHERAHZALERLNICT DI EEBHNE LT,

Methods: T/ WABEY A4 X(ISEATRERMEENT 2HABETILERRE L. ZOHm%EED
TAHEXANOMPE BT HEYTHLA I al—ravaBIiolz, BRFIZONWT,
300-1000 K FREDIRAVVEES CHEITT 5 5 BOAAERS (BROELS 3 EOFRE
TABBEORSEL., TRY VAR, 300 K IRE TETT 2 IREBRIS) DOHEITEERIC
RESINT-RIGRERZAVWTEHEL., ZTORIGRODHENM T AN, FICEERKESE
DIERIESHZREDEEHFNT — X EHRT 5 2 & T, ZOEREMI-TRBARGRA
BROMBEHFEEZANT,

Results & Discussion: EBEEMARICH LEAFRKINT [RIGT A > BEFA (shizaki et
al. 2023) &, FMEMFABRET L TCHERATREARICHERL 7z, MEELAEICEIT 5,
NP FERICE R L 7= Z X b OBEDHEN L. RIGCHAENISET I 2NUETH IR
IGZ7AveE, MEODHNRAZHERENAZHBROEE THD [BRRET A ] OMERRIC
Lo TR EINBZEEZPOLNICLTz RIGRR MODFHIE 2 7 L—TICKBIENS: (1) 2
DOTAVHPBITEET 2HE. KoK X MESHERMIC/HMIIPE £ chnxI ., ABRSK
ICIK DT %, (2) 2 DDA AL OEENTULWRIHE, RIDZ R MERAIFALEICH
LABHohn, EBEEABRNLENHZIKRT 5,

KR TRoN2 ESEMEONAEE DRI IL. YIBHOREBERGRARICEVTERLZ
AVEBRREGLZ7A VHEELTW I 2 RRT 2, WEDEETABEX X FHRT
10-60% T2 E DFERILEK & ZE7A olivine/pyroxene tb(d, LLERRY/NS MY A4 X LLEEY
RELGABREE, PIOEEICRLAVELRZFE DRBRGRAER EEANTH 5,
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1. ERBIFEKRE, 2 BEKRE, 3 FibKF

NAIEAXERIF. BE - LBICKELREREZRH D, KBEROARIKEIF 0.4-1.5 au &
KL, BEIX0.1-1 HIKBEERETH D, WRWIC. KBERATIE. #-10 HIKEEEE
DFEEEARX—/I\—F —IAN#NEFEH 100 BT D Ei&tuy;&ﬁab\o—cm%o ZDO&SBE
B - HEDEVWNEDLSICELZ2DOMNNE. REEBRBICHITZ2EELREETH 5,

ZDEWCH T B FRERE E LT, Lambrechts et al. (2019) (&, RTILT7Z5v T X %)X
5%—'3’ EULT, BARRREORTIVEBICLD2HRRENEREZFTE U, RTILEENT

ICHDHE. RIBRESHIREEREE TARICHER L. Type-| LEBHIC K > THEARIAN
%Eﬂbfdﬁ BRERZRTH-10 MIREEMOEEAPRA —/IN—F —RZFHT 5, —H. X7
AN RENRIEE. RBXEIAEEEREZ TUIERRET. REONREZBHLEW
. 0.1-2 au BEOHEFHHICTED. ZDHEA. F‘Hﬂ.%ij’éilL@:OD%ET EEEXREREICK
D, HIKBERENEHR IS %,

UM U. Lambrechts et al. (2019) Tl&. RTINT Ty I AP, RTIDHANDIEEGEZE
FTAN—V ZAHHIBEEILL TEZSNTWS, ERICIE. IhS5IEABOAR - X MEBICHK
FU KA - ZRMNIICENT %, FFiIC, MEAEIETRERY A NDOEFREEZEBLC TAN—U X
HaZz., RTINEBWEZLAT %, D). ABRELICERUZEEDS & T AKOA
AIEAXREFXRBREODIENENSH. FLZFDODIEIMEICK > TREZHDIFEHASHTIERE L,

AIARTIE. WREEFTREICK > TREISN 2 T XEE (Tabone et al. 2022) &, 9“7\l\
DR -HE- NUTKN - ILBZEL. ZOERABRICERL TRAEXEDRTILERIC
R & Type-| BLEREZEBHUTco RTIWEEXRIFZ. RERAD DH RN t-ct%’\7)|ﬁ$§§®
1N % Z B U 7z Okamura & Kobayashi (2021) ®DEFI)LICK DEHIEIL fco RIAREDVIEES
0.1 #IKEE. IHHNE%E 0.2-2 au. FREKZIZ 0.1 Myr & U, REEELAH LLERNE WSS
(a=3x10") EHBHWBFEWFEES(a=10°) 2HET 2L T, REHILRBENEARABRED
HER - $LEBEICE X 2 EZ AN,

ZDHER. RME@ELRNERIGEWSSICIFNT VWA N =7 ZBDORTILHFER I . [RIAK
BIRTIEBZEBUTIEFEAEBRR UG o fce REDODHRAEBHEEVH., RERMNLRTE
HEBIFTRATIN 0.4 au THoTco DK DICHRHBXRENNAIRRICKZIHE. AR XERE
DEEBRZR THIRBREFLBANE DN HBEENH D, —F. FREEALRHILLERIIGEVES
BICiE. KEWA RN =T RAHDORTILHTFER SN, REAXREISHIREERELT THE L. NA
EBRHLEH. RAXEIABAZETBE L, CDBESICIE. FBEAEMETOEERRE
BOAER—/\—T7 — BN EDIRD B A BEEDH o

Lich’-> T, RAIEAXREROEERERE. REBHEELRBEICK > TREDZ A M—7 ZHUC

\H&L}D%o EEALTGREIXAB CEICERD 5 56, MIRBIRER R & aEX—/(

— AR EIE. WITNEFREXERABOZKREDOFRTED S 2 H ML H .
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aETILDEA | REMNLGHIBEFHARICED<
FRRERMABOEE - #iSH=A

BA BSA", oR{E B, & Fi52, BlF —Hk3
TRRBPARE, 25EKRD, SEILRXA

BREFHRDH S 2BREEMT 2 LT, TORMETHDIRAZERAEDH X DHEXB
BICBEITBIEVLWETILIERAIRTH B, ERDEZ K DREFHMETIE. HTAREOET
ILEULT, BERBEOERNGHMEEERT/N XA —Yalc kBl ¥ 2 TatiEETIL,
(Shakura & Sunyaev 1973; Lynden-Bell & Pringle 1974) "BBWSNTW3, HETIE. BR
BREE I L 2PN AEEDRAFOERT/NSX—F T Uie. £KDIBRNA TaET
L1 HIREIN (e.g., Suzuki et al. 2016; Tabone et al. 2022), —EBDEREFRIFARE TEDLN
BHTWVWB, LN L. WThDETIICEWTH, ETILORBELRIERT/ICTA—FD
BICXT IR - BEANHNIEZ L. FUTYPZDNTA=IHNED K S RELEHEDH
ZEDSZ2ONFE<LHENTRERN, CORZERBAEEDCH. SHOKREFXNRIERD TS
HFELLFIRSITTWS,

BRIE, 5D TaETIL) KRDZEBETILOBEZBIEL. RENGEITES
Sal—YavitL-oTRARERHBOEE - HGEXDETILMEICEDBATE o, B
BICK > TSI NDIABR A AROEEE. ARZE K KBNRIMERZOAHICMZ., A
2 EHIBOEEEEWEZ RO DN RABHEDDHBICK > TREFZ EEZI SN D, JDKRFMH
ZIEWITX—SEHEICHc> THLSMNMIT D ICIERHENBRBESENRELA, FTEIX
N DOLBHBEWERR Y 7 AFE TIFRENLGRIRE A RARBENMER TELRVE VWS
fiTAIfEIRE (e.g., Bai & Stone 2013) ' H . RFHNLRFABENRS KHENTE /o AAKTIE.
B SRASTTEIC KBRS O R ZERICID AN, COWERNBASTEICE
[T 2SR E N A REEDREZEHC I EZBASMI Uz, RIC. COFEFEEZRWVWT,
B8 ZXROEIZERE - EHMEKFEHEZRHENICHE L, Z0HER. AROEENHEL
ICEWTIHICEELRI2EERERX @RAROEKROEET 7 v I R) H KEBNLRIME
BiEE L CHBERERBEZ M OIT220DFRTEONEFEKE LTREZ I EEHS
MIC U (Enomoto et al., under revision), <D X —YU V7RI, BFISTEDHE 5T, K
BB URAETE (Iwasaki et al. 2024) DFERHBIRT 5, S5, IMERIZDOEHEER
HABRBHEORKE LTRED I EER U,

ARRICEL > TEBHSNc—EORRAZAVWNIE, ABOEE - Hi5HHDOWNA DREA
Ebe, MENRIDRBER/INSA—FZRET DI ERHETHIENAREICE D, &
FBECIH. UEDORRZBN U, BETBMEICH T B2ERBRRDA /T MTOWTHER
ERCE
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FEBE & *iC

Standard Pronunciations of Comet Names in Japanese

ik Bl Isao SATO (FHHEZEIRS)

30 FEMIC DD —T 4 TOINEAN~DOFEZTOMEHY it/ SI2 L > T EHEA O AARFBERLICE DFRY
%Kﬁ@&%ﬁﬁ%é:kﬁb#oto:h%@%ﬁ%%ﬂ%@wnF%@ﬁé%%ﬁj%ﬁﬁbfx$m%
R DR — A= JITHEE LT,

1990 FEARLLE, LA T DEBEEHER ETR—T 4 Z7OMNMENIHT 2 F OB E MY FHELITV, EEREE
e muﬁﬁéhﬁoHﬁﬁf®%£#%ﬁ%é%@:o“fi TR L A Z TV, EfEZHI LT, 7o,
FHAZENORER &G FRHZHAE L, BROGEEIZTHHIMICKIS L TWD

?ﬁﬁ%ﬁ%%@$~b&~ym%ﬁéhfwéf%ﬁﬁ%@%ﬁjfm\J/&%&Uyﬁ?ék\ﬁé%
BRAFOTO 7 4 —NARELNTZY, BEEBLS ZENTED, LI A L TA LV OREYA MPREELTET
WHD, ERRARANDFE &R CRoniE, FEERICHNEAICE & B0 A L7k R RER0n,

1997 4= AR TAU (EBR RS G) f e
2012 4 TR ACM VDR R E R it R 25
2012 4 Jbrt TAU (EBERSCFER) e
2015 4 7R/ Wb TAU(EBE R SCFEE) A
2018 /2 7 ¢ — 1 TAU(EBE R CFEE) A
2022 4F 2l TAU (EFRRSCFES) e
20234 T T U AK v 7 AMMUNKREERTESH)
2023 4= AFIL APRIM2023 (7 ¥ 7 K -LERFIE ik

W

WH>

EEEE AR

Standard pronunciation of the comet names in Japanese

UIOZRLOIYOTEHE, BREDEEDTOD < —)L. BENBBSEVVEEFET-
TEROEBENEHHIE8E. BEBEREEFETULTVET.

A2SA VDRSS MEREREIFTR. BEORSHARTEEDUTENAELLDADHDERAD.
INETOFR—FT« TOREADREEBEMOFEZEE(C. TORTELTVB LD YA FERTUTWVET.
(FADESEFEDIRSZELTVB YA MZEHDET)

TOJ 4 —ILDRWEREDEZL[F. PYF27RIFORENFOSTT .-

EERERODED. REQOYA MEAAVCEEUTVWETOT. D4FRT« POESEFBFRETZRUTLEZL. .

INEED—
EEZOBFERIDIL—)
:K'gﬂ)j;
F”‘E@‘T;“”‘zfﬁai ﬂ)’““'"=
X (Twitter)

EEAA: 99 % (RANZEBERS CHITIRENTONE. FTEBEXEA)
EE A 95% (R—FT+« TOHEACHTIEENTHOHNG)

EEB: 70% (FETHEBOENE. AUSAUESHA MAEICLDETE)
EE): BEETOERRD

BEL: STUEEH

EE U : A8

EEX EE EE BEERE BREEDFS
Aarseth-Brewington JIVDT—EFE B A=z b -TN—AHEBE Cc/1989w1

Abe = AA EEEE C/1970N1

Abel =i A IATILEE C/1953T1,C/1955G1
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BEEERRNICBITAKTZIL—avIizkd
CN 7\ p%ﬁ%ﬁ‘l’/ﬂ“

OmlIiAKE, TEHHD, MK, BEIBXM' IBFHT’
'"BRREIKRKERER SRATLTHAS VRARR MEFH R TLIRE, *HERBILIKE

HEVERLGEOERYEBIZIERIEEYNIEFELTLAS I LARESA TS, HlEL
T, 67P/Churyumov-Gerasimenko Z2EZ[Fa<vh DT )Y, AFILTFIY, ITFILTIV
BENBEINTWNDS. INBIEFUNIERTI/BOERICRELGRRBEGYFLO,
HERDEMERICH L TEELGERERTHS. LHL, HERKICHBEINLIBREODT, K
SBEABICKADORATIEIT IL— 3 URET D, ChiTk-TUT7UbKkFE, 7o
EZTHREDGFNERSN, MK EICRIEYMHIERYMNRIE SIS EEAONTINS. &
FOMETITHEKICTZEL-BRYOBIANITHATEY, HABICEERROLELL—F—N
BEfTo-Z0EMEEIR L THEBTZTo>TWLNS. —AT, BETERNIZHLIRD
DEAFEIZOVTIEMATOVEVNENZ L. KMETIE, BEEERNICESRIEYEH
MEEOKERAORAEZRB TSI LT, KREBTIL—a VBEICRT SMEEDH
EETORKBEEABO7IL—a 0BICELIMEROSHANEZEEL-.

AERBOBHICITHEEKIZH LTI I UM 1. IwtwIZHESES5FMLzkEFHAL, C,
H N, 0 Z&OmERNERIND I EZEH-T-. KREFEIE 350nm~450nm & L, FExi54
ELELTT—42%HALE. F, AESFORELIRBROMEEDIHED =&, ik
DFEHLHETHWTEERZTo -

AHREAOHER, T oEFMLUIKERIZENT, 380nm~390nm & 410nm~420nm T
CNANYFZREETE, MKEHLYEREVEEZHAUTLIENTE. ZOEH, 7
) UHBEKD INDMEEZSHATEENZSD. LML, 388mIZCN/ANY FOE—Y (X
BTEEN-1=28, PABORNBERENBELEEZ ONS. Fi=, 370nm~380nm
TN/ND KR, 4200nm~435nm TCH/NY K%, TS U EHFMLUKEHRICE N THRCERT
BIENTE, EERFELTEAMNRNI EADI Sz, THRIFTUSUDOFMIZE-T
HHEOBMENELLL, 73T A2 FOBEMICK > THRAMBENEZ - é:?b‘\ﬁlfft%i )
nd. XEXRTHE SEHEFERGLHIERREBE TORABROREREZHRET SLLHIT,

N RDE—V BERORECEAMS FERHET IMERIGOZTDAEICOVTERL, =
BREEICEATASEDEBEICOVTHEKRT 5.
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2025 57 TR A RE D A mE 22 e o BN K A TR
WEE L T A M —TEEICEE T AR

A Study on the Meteoroid Parameters and Light Curve Characteristics Based on
Observations of Lunar Impact Flashes from the 2025 Gemini Meteor Shower
OWEH S & 1, WEEE !, AHRER!, FARE!, FAEIERR!, FAEHE}!

U H AR R A B TP e R 2 i TR K

A #2286 (Lunar Impact Flash, LAF LIF)E, 208 A miZE22 4 5 BRIC iR = L
XO—ENEHTFNVRICEBRIND Z LICL-> TR 2ERMOBEHGETHD. KT
B2 OTE BN I H i~ OB ZEAEE SN L, 572 ZHEERERED cm YA XDV A XS5
& 777 AN TETHA. Fiz, KYEOREEZ b(ightcurve) & I ZE D
WHEREESCHER SND 7 L—F =72 CIZ oW THELRORMN S 5.

ZISBT» T, 2 B60NFEmsE (D88 40ecm/F3.8+20cm/F3.0) % AV CTRLAI S 7z 2025 4
Sle ZPEE R AR R oo A 2P OB O W THET L. #RIBIZIEL 60fps D EHE
CMOS 7 A Z7(QHY174GPS M)Z A L, M 2025 45 12 H 15 BARBH I 202 B AR
KB T v 73 A(35°43'31.0”°N,140°3°32.0”E )IZ CHEfi L 7=. 2026 F£HAE, BT — &
©1Z Johnson-Cousins R ZE#% 12 Tl KEE% 7.4~9.6 ZE#k D 9 /4D LIF A X P MR SN TE
0, TR OIEEINEEG T XM LR A T, BB C ORI L T 5.

9 DA XY MIWT N HIERNT A —Fp PR0.70% B2 TEY, S JHmERZ L
P& T DEREER RV, B NA R MR D Ui R AR E #5.69[g], EA81.54[cm]
LHEEEND. ST ZHER AR T O ZEHEE135.8 X 1077 [hr T km 2] &k E D, T
2018 FHiHIFD4.8 x 1077 [hr t km™2] & [AlA— X —DETH 5.  LIF [TV 340 s M B
SNR=2.5 Z#B X HFNNEE 7 L — A TR I TE Y, FNHkERRHIXI X2 30~100ms
Lo do. RSk & RN B X O K&k & I B RN &1L, 22 REE O
B(r = 0418 X0 = —0.66)13 A LD,

F 72, 2018 57z ZEE R BEBLIIRE O A
Nk 6 HEEMATZE 13 D LIF 1I2ov 5
T, 74 N —T7 Oz SRR <L,
OWTCHIENT Z T 272, T4 N H—T OJE s
ICONWCIEEZEf(r = 041) & X U I

DIRTA=ZPELTND EEZLND. R -~ L
Lightcurve of Flash A (2025.12.25 04:14:08 JST)

—e—Flash A

- - -SNR=2.5

[1]S.Abe et al.,il7 2 N, 33%3 75, 262-269, 2024.
[2] Ortiz et al., Monthly Notices of the Royal Astronomical Society, 344-352,2015.
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HEa<itEBT 5 & X b EfghE

Dust Shielding Effects in Cometary Comae
OFK B SFH ER L D BE A ORE BN EHH RS, PR BE
VALK, P RFARAE, SRR, 1T v b VR

HIE X, WIIKEG R OIRIEN SR Z R 32 Kk L LA CRREE Tw

5, BENKGICELT 5L, HREMERAEL, H AL XX DRAEYT
H2 [a<] BKINE, HRELXZ DY - {LENHEEERIC DWW T
e EA TV B D DD, KIGHEHT 3 2 A kA & LTD & X b
DEFENCOWTIE, ThFEFCTHRICERLIN T b o7z, FiL, XX+ D
RN IR 2~ N OEFMEYE DI A RGBS 12 5 2 5 5B % i ic
AL 72 F9E I3 7,

MEOBHNIC LY, HBEEa<REICE T F /T (F/ XA L) OFEDIH
LI oT&E Iy 7/ XA MIZOKE LRI L P REC X Y, K5
T & RANCRE X ¢ 2 ReER H 5, /2. XX MBS ILELRESKRTH
22, Z DALEMAS B - SOOI Y 20H Y, T
BTHGEL - TR 2 B & 2, EHERGH R ICGEE R RITT EEZ LN 5,
THIC, XAMDBL L 2 E SN RE AL, B - HELERE2E L <
EbbI T, %D 1RITLETNVTIRE SN T B IEFIREDMERFC X 72 <
RBUEEEDEZLND, CROLOHEEICX D, £ R ML 2ERKIIMEL L
Ta~vW., FHICHER DL EAL P BVEE 2 2L X & 2 AlREE 2 D T\ 5,

AWFgEIE. SN AERICBIT 2 LRt QMR ER a~<Ich5 2 32T O N
T, iHizidAA7zdbDTH B, HA T, Hilin XX MEEEHAAALTZET L
ZRIFEL. XA M X o TKGETOFEER & D X 512 % 2T % 2 % 5l
L7zo FIAR AR ERE R, 2 X P 2B ERHRE S GERIRIZEHR T
TWHDTHY, avBREZEMNIEH/LILEZTRRL TS, 2L, Th
SEME T A RIS 21013, XA FEGELCBEHMEED X Y S RELY %
WHRRELTH B, AT TEBIR ORI, 5% 0 a < Bl R E
BifteT VOBEICHERRT 2Ex b5,
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UL 2 HE S T
KREFaYHENVEED TRk,

The Subaru Telescope Sheds Light
on the "Color Mystery" of Jupiter Trojan Asteroids

O =32 Spha S, KMl F250t
VEEREERERY:, P THETIERY:, PENIKA, AR

ARE M VYR NKE OR[N O BT A X MeiET 570, T2 HEH L % OJLHE
#1 A7 [Suprime-Cam| Z# W<, g (0.40—0.54 um) & i (0.69—0.84 um) ®2 v F
TIRBE — A2 L, KED L4 777 vy afifhido&a 9.2 FHEOMEED &
1200 Y H/NKEEBIB L, ChoD ey NKEDOF 2L, g v FitsiTF2
MR AR A3 12.9~16.9 & (7 A F 0.05 &GE L 72 %56, EEIEH 3~16 km O #HiPHICHH
L) DAAHDOANL T ROy IR L. 2Dt A X0k i L7z,
REHARE P vi/NRE X, DA/NKE kﬁé?éhﬁj%%k]ﬁWCi@io 5}
F RS [lessred] KIED 2 o7 N —TICHHEINE T ERAOLNT WS D3,
Ao L72/NEBRE e VYH/NKEICBW L, BOMMICZD X ) R IEERRED S
Nhhotz, TNEFFHA LRI /NI W YH/NKEZFAZZLTRE LT3
—Ji. ¥ A4 ZGMIConTIE, TR TR s 2 007 — 7@%ﬁ#ﬁ“ﬁ®«%h
HBPHEWICERD ZERRINTED, Zld, BEZEAHE %8 U T red KIE2S less red 72T
eI N2 itk 33D LHHINT VB, TRICHLTIRA DY v 7 L% Bk
(AB %&#) = 0.7 Tred Kk less red KAKIZH T TH A4 X0 #HELL THIZE T ATIL.
ZNHIRIEFICEUL T3 B3 bh 0, BITHIE L 138 2R 1S LT,
B4 DR TCHL IR 572D 1% F(l) INEZ b e Y/ NERECIE Tdo2 ) L2ty
e N ———5—] N BRLARV]
o ——a o s f | @ menrerms
1 e g 1 BTl [ticksdy4 X9y
3 | fiomwel sRL ARG
“ tnwiZEkThB, Thb
osf & 1 2 o0H#IE. 5%, K&
& | FevBRE o
002" bz fif & 3 ECcit e 7o
g - 1C0|°T(mag) N giand all):olute:agnitulje N Z)f::% 5 °

INEWARE FAVEOBSH MEWKE FOVEDOY A X DH

C-type

—— & 10037H

Fraction
Cumulative fraction
Bao

0

WS 125w Yoshida eral. 2026 AJ171 240
(DOI 10.3847/1538-3881/ae47ed) ikt b, UFD
LZATYY—RINTH5S
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FPRE 2EE TIROBAICLZ/NERREY 20T VDI INERDORERE
O KE' MMA FH? Ak £ H #HXE° RS W3’ B4E 8
FROEAREY L #° B0 BRES X CH8° "B At
"BIEIRIRE, 'FENEMREAEEE ‘XS CFEIXKE
CEERMBAWRN, CLBEHEKXY

INRBIEERIEOSE 2 BEPERSNANDAT TIR [E, 2018 -5 2019 FIThIF T,/
BRE 162173 )a o wZiaEMNoBREL, REDREEOCYIEKREBEZHELMNIIL:
(Okada et al, Nature 2020; Shimaki et al., Icarus 2020). A X TIE TIR DEBIIZX
STHEREINZ20 7V LOBERBEE(IOTER) OBTERICOVTHENTS. TV
YERIIEAEOFEENSDREHICI>TEEMICTMAShTEY, AELYILEES N
HEARRRLE-HIE THALFEIN TS, TOTERTEIS-BMGHEREZ TIR®D
T—HRRTERANSOEEMIZEHET 5.

KIZ 2018 FE 8 A 1 HIZUaD S EZE b5km Hi5 TIR NERBILI-EERE T —2& 5
#HEET )L (Spencer et al, Icarus 1989)#F AL TROT=ARRL Ty BT YT
(RMS Slope=45° EE)&TRY. FROIZIIIL—2DTORERBENIOIERT,
Z D (FEE LA BB TH S EN LN S, TOURIEENENIZAEALY
BOBELGRIRT, EVORESFICL-TEsh, AELVEEERIZE-o TS,

TP EBIE, Delbo et al., Nature 2015 TIREIN TS EETTIC K> TR O
AEEKLYLEH, BEORBMHETHARTREENHD. BRI IEH NIRS3 DOEAITIE,
TORIFERTMELI-EEL THRESNTEY, BIRLI- g THLZ LM RIS T
%(Galiano et al., Icarus 2020). TURIFEMIHFERLGRREZRZETEY, BRATE -
FRREME) VT ORBRICZTEEEREZRXAILT, BEILEZERTIDENHS.

Brightness Temperature (K
295g 320p (3215

270 370 25.0 100. 175. 250. 325. 400.

20184 8 A1 HD TIRBBIIEEE R () & RMS Slope=45° EIFE TRz 20T EIE
<y 7 (H)
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IEOCRZ 247 T A NAERIIZE D
INERE MY T X DOFARIEITDIRIK
Shape Reconstruction of Asteroid Torifune
Based on Flyby Observations by Hayabusa?2#:
Preliminary Report

OFHER . BEME N WAZE | FARER? #LEC, SAME . BERL .
WA IREHEE . ARHRE S SER—. RRES FTRIBRK . LERF,
LEERE NEE® =Z#at . SEnr BREE RIHEEL BFE’

PREBEARF, PV a VT IRKRF CEERINR AR, | FEMETT IR,

CERRBIFERF, CTEIEKRS. 7jt}ﬂﬁj(%\ ‘REEMEFEENFR,

PRI BEIRIE RS

2026 £ 7 A5 HICEMI N, NREFRERIZCRT 2 DIEI v 3 vICL 2 HEARE
INKE(98943) b 7R DT T ANABANIC K o THBENzT —RICEDL NERENY
73 DIRETDORRERET %, ECRI2ICLB2 M) 7207 T4 N ERIL, BREH
DEAZETE L 7-IRET, REABZILITCOSENAITS, ZD-H, ATLFARDI-HD
RETEABHAIA ZORFEELIZNLY /NI VDLDICLABDAE L, £y 774134
FFD/NEREICHT 2HETRENKE W2, NKEZ+DLBRERE CHATZ 21REREIHL
TLRONTWS, EBEOT7 TANAERAOHERTIE. FELYHBRERT — X DEUEHE
RCERHDOD, RoNTE - BOT—2hLABERRV/NKERROETEZITILELH
%, EE0lE, NEKEY 2777 ORRET MVETTTHWL L7z Structure-from-Motion
(SfM) & Stereophotoclinometry (SPC) % RJ#8i KRN 41 X 7 (ONC-T) OBEHEA LD MU 7
FORRETICHBRT 22 x2ilA b L HIC, ONC-TEB R EAFA N AT (TIR) Eik
% & £ (ICH U Shape-from-Silhouette (SIS, UV AZ A7 74UV )HFALLSIELT
W2, ¥/, IREORXERT —& MEEAICL > TRBINT DL, NEREADT
7A—FHICONC-T TEHAIL/-DHD) ICXD74 b A—THhoDIROEHTE (4 F 5
=74 R=23v) bAVLDE, £, PRETOVWPET L. ZOMORBRENTICES
FICERA A, OREEERRET LHERL TVDBD, TNICOVWTHRET 5,



P-08

INEK E Phaethon X MMM & BEFHIE &)

OF#MiFH ', HFHEK? HEIX® FHEEt’
'"FEIEXE 'EXXXA ‘EEEMKE

3200 Phaethon (&, 1983 FIZRR EN-/NRETHY, BLEERMDLAS-CEREHOE
RKEEZEZONTWNS, ERLK, AROAGLT, wh, L—4% E&RGEESOHIN
ThHhnTsY, BuEdOYSA X, BERERAPLARIKEL>TINS,
REICESEDEHMN D, Yarkovsky IR (REMNREHORNE L TEHEZESIT D
MR) ERINTAIAROON TS, BARAMISKDHSN D Yarkovsky ZHROKE = (L
HEESNE=HREBRLIBETILNGRES Yarkovsky IRDKES LBEWTH S,

—7, REITES RS BIN S, 3200 Phaethon O BERIFMZEL TSI EAHM>TLY
5. BEAHOELRIRELTEY, REAFRDISBREANAV I TELEBOTHEHRE
<, YORP 3R (RN DERESDIEFARNNAEHEEZER T HR) TERELTW
S ENHFEIND, LALEESNEBKEZZERELEZRETILOBENSKES YORP 3
BiE #EHANSKRFLIHMREFLE (BEEFMELTLS) FEMEMICEIESELTLDD
OO, TEMITIE1HEENSIMEL T > TV,

AHARTIE, BEOHEI SHE SN Tz Phaethon OMKETIVICAIMLZMMZEMLT
BRETIHEZPYEL, RAICMOAHSHE, YRP BRI EET LM LN
TWL% (T-YORP R EMEEND) F-OTH D, EEHEMIELT H-HIC, KRR TIEEKT
MEICMMZEEALE, MOWOBEZRELSELETILZERERL T, MOOEELS
YORP $ERDELDEEFRZERD =,

ZOHRE, REOMHIAKELLLBDIZONT YORP $RIZK 2 BEEFNLEHIFETASINS,
THHLLM EERASRKROOSNTNBEIZEDINTPHP L ZEERTIENTE, 2D E
M5, Yarkovsky IR ZFHATELIBRETINGONTEY, MO LEBIA S YORP
MR (BERASDEL) AROLNTNASEEICE, TOELNLREOMMKEZHAIT
EHAEEMENTREEIND,
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Hera & & U RAMSES (2 & B /NRE D &K RE

OmMEZER "’ HAGE' HFawsk' BEFE' RHARE’ FTIEL' DB
FEOMRE S #Lf’, £8{ZBA2% JIGHRt ', Ramon Vilardell-Belles®, wJIIER—E "2
Ozgur Karatekin®, Joris Blommaert™, Tim Titus', Hera TIRI F—L'

"UAXA REBE, PERX, CEMBIK, ‘FEIK CREK CLBEHEKX ELH
S a—rEDa—ILKXE, " NILXF—FEILIXRXE. "VITO, "USGS

TSR —T4 7V RIEKREBRIMKENBRERT 5 LICk>TELIKEZEE
TEH-ODANELXEOHKEHTHY . ZEMLGERAMETH D, MEKEL/NREDORIM L
IR ERERDOHETE (RXF) . BRI XAOYHEL EOREDER (RERZFE) | #
HKEREMHOBRMERLER (FEIF) . REMKRERICLLIEZEOKEREDOHTE (I
K- RIEF) | RAMIKEELFIIHT HEBHEOLESHRER (ZF - 42F) G LD
T. EEMEREIBRETHY .. BFUERICETEEORETH S,

Hera (ET 52 )—T4 7z REXEMET S ESA O/PNEREFEHETHY .. NASA
DART 2k B /NRE Didymos DHFEETH S Dimorphos ~DEEMNEDIKREIZDONTDER
EBAIZIES, 2024 &£ 10 AIZTEITF S, 2026 & 11 AIZEIFEL. HFEENTTEERET S,
Hera ICIZBARDEFN N AZ TIRl A& S, S BUNKREITH L TRAFNETOLEKOE
RBESERANERLYOTEBET S (Hayabusa2#i=zk b S E/PNEE Torifune D754

NABATIIEERTHEROADEE]) , TIRI [Tk > THE/NREOBRYHECHEBZRAETL.

KIADHBBRECELBIRG ERFMARZED S FZH . MHEFEROREICK > TIEERE
RICKDNREOHELFIC L S EHEEEEMDOMEILIZHFES T 5, RANSES (FAFRERITT
SN E Apophis HEEETETH Y. Apophis 432029 £ 4 A 13 BICHERRE A 54 IEHLE K
DEIEN3H 2 FXOA—MLZRBY HRIREERMICERANT L LICEL Y. HBKES
[Tk BDEROHIREILZFER L. Apophis DIFEELEDYMHECHEBEICDOVWTHET HF
BEHETHD, HMBKTEEBDH 1 F/IIZ JAXA @ DESTINY+& H3 o4 v CTRIBFIZITLEF
DFETH S, RAMSES [ Hera DHfiiEMA L. BFHN D AS TIRI (Hera ADT7S54 FXR
R7) w##EH L. Apophis DEYMHEOCHADERZIME L. KEAOREZHLMNZT S,
BFRsNNAS TIRI [FBREFICEAMAOA—F2ZFRAL., T1ILEIRA—ILERWEA
TIEHFRRRICKHAIBEEITORE L. RFHSREDAIFERICK S - YHEDEEZE
T5FETHSH, TRFEIL Hera D 2026 &£ 11 AD Didymos E|F(CF T, EAERGEDERE
O FO%ERF, thtT—2EE - REOEFEEEDHTL S, TIRI [TITLIFEZOMHEK -
A0, KEXA VI NABFHOXKEDLHEE Deimos DIRIZICK DENE LRI EHEZED
TEf-, TOFHMDIRIKAS, Hera & RAMSES DERIZTEIZ DWLNTHBNT 5.

~
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e & 2 MG Rl fHE THEIEICE T 5
AT DA REVEICBE 3 2 FRET

o R KH (THBERP), THIET (FFRP)

TE: 328X 2 WG OYHEIE D —BE L LTRENIIE M ThN[1]. AR D54, 4
PECHEE 2 > TR LI T 28 THE X8 72—H2,3], BEARBIGEOSE, M1t —>2F
DFCH o ORI HTE X 2[1], PR &R FRIOAME N 2EGE S 17z, $ro5a, FIRICHE X ¢
LSRR AR LT 2T L k2720, KT oMWERSR Y, [EHERSRICE

AHEMEDS B B, % T CARIFE T, BT RIS L TRk & 7m0 T LA 7 1R i A
ExFEML, WEMEBEN T2 ULATORELT~2 2 LT, 105X 2 BUGIE & 71l
SENC BT B WA o v HEN: & SR L 72,

FEB: BEOHVHEE LT, ER05m DY) AR (£/~—) 5745 60-120um ¥4 XD
BEHERICOWT, ESNEE D~10-3000 155 D UIILEE GRS LA 7218, & 2HIE L
7. BEERITEROE cm L5 5R2 W T35 2 & TIERL 7=.

ERLEN: EIEE 0~30 5 F T ORI T LA 2 5RICHE S ST, LA
FELCHEINBEN BB X2 LT3 —F, EIIEED~100 5241 0@ O #EE ¢
LA 22520 CHE S N2 NI K E R DIEE T LA 2 13 ERE W L A ER S Lz,
AT A CHBEYI SR REE A V> 7 L ORI CllERE S N7z & AR CH 5. i LA
LoGe, BRERITFRE 3B X2 3 o0KRMAEMKE / ~— R+ CEAill LT 2 AalRetE2sm e [3] 2
L, BEHHEE D~30-100 5D OIEEIC X 2 LA T D /233 2D E ) ~— DB IC 2
225 ENZHET 5L, Rumpf DX [S|ICED K BEAEOGIRME LI TH o7, 22T, TP
BE2mIGEREI O F 4 v vy avidlEcHEonEX[1]E, KFEEa VY F T4 FofEN
HIE 2> & HEH X N 2 BRI 2 R MY 4 RBIC2 22 E N T 5 &, $CHL- TERICHE
XE2BE, R 2 BIGARHI ARG AT Z R L2 EZ2 NS, 2ol ki, FesX
2 MGREIOME I BRFEI Y F 74 FOMENBIE D K& CHE S N2 R L 72 - 72 TREM:
BH 5. SHOEEIC X 2 EGUE: EoEE AR O A EEICH T T, BEEEER Sk
VRO BRI IR R RS 2 R H B

SE XM

[1] Nakamura T. et al. (2022) Science 379, 6634.

[2] Nagaashi Y. et al. (2021) Icarus 360, 114357,

[3] Nagaashi Y. & Nakamura A. M. (2023) Sci. Adv. 9, eadd3530.

[4] Lam K. K. & Newton J. M. (1991) Powder Technol. 65, 167-175.
[5] Rumpf H. (1970) Chem. Ing. Techn 42. 538-540.
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TSNS 28R T—F 2R E LI/IMREERA
T—AEWAQIS 7554 D%

OmINER' £ HE? A /K3 EH #—H' &Lt Eth' (&8 5% Hayabusa2 Open
Data Science Working Group

"1JAXA/ISAS, %Instituto de Astrofisica de Canarias, °*£&EKZ

TSRS 2HERECE Y T4BENTE, FORS 28T —2OFERRES L UFIEERLE
BHMELT, GIS7+—T v MZ&BBRITOFZY FORAFK - BlgZEDTEz, ZABETHHELLE:
TOsy kI, RAMGZGIS VI oz 7TORAZEELTLS, LML, BEFEDGIS VT MEE
[CHERERBI T — 2 2R E L TEHRETSNTHEY . MRET—F QN - AIRIEICIEL DD DEED
Hb, PIAIX, BAMICIIHEAARBKZRIIRE L TWSO. IMREY 207 0D& S5 EFHRAK
KEADFIGH TR TIFGD, FHEARTEH., AR MLERE VS -RENFEREOLENTE
BICIEEHL > TOWEWED., BEEY—ILEDT—2EBRMENREMTH S,

INoDFBICKL. GISPDTS 51 VgL ERL, MNRET—2OBRYIRWVWERSIZT 51
ODEENRIRZ T o7z THITEY . EOSRI2HAUAT—FOMFALTREL. FH-LHEHRRED
BIEIZDRIFH I L EBAME LT,

ARYEATIE, LEOREICHETHL 16 BED TSV M4 VMK LI, THEEILUTOE
YTHb, (1) AR MLEEE : AXY FMLOAIRE, ARY MLAO—T5HE, RIRES &
VXV IEMBOEY (2) SRTETILERAW-AHRIL - FHAIEE : 3D Ea—Fr. WEERK. B
B - @EFOA Q) thy—ILEDEERMEE : KRBT 2 T7+—< v FOHEELEE (4) SELAEIE
b - RATHEEE - BRAARIRTR. V3R A2 ) VT8I, ERA 24 (PCA)

NoDEEEFWVITNE QU R—XTEREATEETHY . GIST+—<T v bDT—2E2ZDFEFEAND
ELTHATES, COfzH. —EDEITEEF WGIS ETEETEI L LI, T332 %
HEEET, ARG T —IHEROEBT IO —OBRENAIREE 1D, BREL T, BINERS K UEE
2(CET SR FNOFIEAEEIND, 512, U OBFICKYBEEARLEL., GISOTOTS
SUJICERLTVWENWI—YTHLRAMEL LD ML, T—2FERAOEHFLKIZCIEET 5,
SRIF. ARLEZTSTA VEEMEMICTIARRELG /v r—S L LTRART 2-ODEFEEED D
EEBIT, T—FUTTIL—TTOEECER. BT —V a3y TORMEEZEL -1 —YELKX
DARIZCOVWTHREFZESH TV, SBIC. RTSTA VIEMO/NKRE - RET—FICHLIEAAEER
BRETELTHY., MMX o Hera W2 zfth T v 3 o T—2ADBERLBFICAN DD, JRICKE LT
Pk - EFTS L CTHEHASKHBEDOIEKER S, kY., REMEZLFICETA2T—2FFAD
—BoREZHET,

B COMRIFEOCRT2#EEECEY TABEICKYVYR—PFIATVET, FLXHBEEEFEHIH
RFIF - £ REFEIMAEZIE T DY S L PXP0723830458 B Uf JPMXP0723830458 DBIF %2 (+1=HDTT .
References: [1] Hirabayashi, M. et al., 2021, Advances in Space Research 68, 1533-1555.
[2] QGIS Development Team. (2024). QGIS Geographic Information System. Open Source Geospa-
tial Foundation Project. http://agis.org
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DESTINY+ v avIlETB/NEKE Phaethon DFIR
BEBIUFEORET — X 2=AWRE - RS
Shape Reconstruction Methods for Asteroid Phaethon
in the DESTINY+ Mission Using Simulated Data:
Preliminary Report

OFMp !, BEMB\ L HMEE2 TRISLS ERAEL"
eSS TRIES, HETEY BEES EHETS
Ak CEEAR PTETEAY SERESAS
CREMEARERS. S hF U T RS

FFERERATEE DESTINY+1L. /N2 Phaethon ® 7 7 A /N &R %17 5 5TE

o BEDIE, 7 ITANABRFICEREBINIEBE®RT -2 2B, /INEKE Phaethon O
RETFEDORTZHED TS, DESTINY+ICIFERENFEZE AW/ KEDBERGEN A HE
. BEZEEH AT (Telescopic Camera for Phaethon, TCAP) A& . 774 /34
DBRTIEKEDBRBREZITIFEICKR > TS, RRFTD/-HIC, # EEAIT — X ICEDLC
/INEKE Phaethon OFIRET LA R—R & LT, FlRREME ., DEBCALZE. FH
FEACE DI =% E B L - B % N Z 7= Phaethon OEIEE T IL (1#E Phaethon) %
ERLL & D &L TWD, I HIT, FREKRDOERETEIZHE > T TCAP TREHE Phaethon &%
T2 EEELABREGREZER L, TCAP BEgEGKREZ AL T, BUARRETOFE
P, BEBELBEGROME G EEBET L TWD, AFEXRTIE, & Phaethon (252 5] - #
B, RERERTE. BREFCERERMLE - AX 7HEABRICHE B4 DRELE
DEAMBEEZ AT 2 & &I, BESNERBRESR % U 7-&# Phaethon OFRE
TP % DR A FHERERIC O W T H BN

%P]
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DESTINY#e&/NEREEREEREN A5 (TCAP)
BEEUVTILFNY D AS (NCAP) DEAFEIR:

OftEE ' MAm#t ' WHEPE' REE' FREE: KBAZ? ABHLZ’ #WEEZ’
AAEE A RHARF SH-X', R/FANY SHEE’ S5
"FEIK, UMA CEEEMK ‘ERIEKX CEHX

2028 FITH B EFFEDFERFEHIFERMEI S v 2 3 > DESTINY+ (Demonstration and
Experiment of Space Technology for INterplanetary voYage with Phaethon fLyby and
dUSt science) I&, HEKEBDF X EAIICMZ, /IEXE (3200) Phaethon & UZ DD
EGEENRED T A NA(IEEEEHRT 5.

2030 FIZFHE SN TLVS Phaethon D75 A /3 A BAIDEBZMB BIIEL, FEH S HIBRAR
kI EHFRAMDERE, TORHBETHIREHBRAOMELZMHBAIT LI LICHS.
Phaethon (ZEBEDHBKAEINRETHY GHE, ZXKREHD—DOTHISCERE
BOBXAELELTHMON, BEEMEEST TR FEMERAEHB L TLSTEEMEA B 5 EIREL
XKATHS. ChITHkILH, 2029 FITIE/NERE (99942) Apophis DT A N EAEFES
NTWLS. Apophis [& 2029 4 4 BICHhEkFmEA 5% 32,500 km DEREZEET 5 & FHIS
n, BEMICERKRG/NERE (PHA) IZH0EEShTWWS I &ML, TI3REY—T4 TR
DHERTHLEELEEXRRTHS.

DESTINY+IZ(Z, IRTEBAFEGF®D 2 EMDH A5, TCAP (Telescopic CAmera for Phaethon) &
& U MCAP (Multiband CAmera for Phaethon) AME#E &t 5. TCAP [ZtRIEA M ELEEOIREN
BEREmA, 274 N\MHRIRMRPREZRIRMICEBETES. TCAP ITLEHRBHIFED
FEHMERBIE, NMCAP [CLHRBUMESHTOEITICELY, NREOHM, $FIZ Phaethon D F X
FRHEBICE T 2 HE=-HMENEONE Z ENHFEEIND. MO ASI(E 2027 &£ 1 Adha
[CEBEMATLANERTZFETHY, BE, IbEFETLTHSTOLISA MET
U (PFN) DELES K UREERBRZEDH TN S.

TCAP X, MEFEDMEEERRKATIE, TUOP=ZF7UIUITETIL (EN) ORI THRAE
LE-BEHDOFEE~OREKRZEH TV . TRk, MEZTHERL, HHHRITEE (DR %
BT PIM DEEREABIT L. WEKMEIARET L, RERE (PFT) 0%kfFEbTHS.

MCAP (& PFM &ELES KU PFT 5T L TLWVA. BEZEABZICKBEOBRRET 70
D—EMTRIBENER SN0, BMYBLZTo-. ERM4EKRIERRZERL, BELINL
FNEAERET—2DEREE L VERRGHREERET SIFETHD.

ERTIE, CNOMAASORFOEBKREZRET S.



P-14

TSRS 2% TIRIZCKH/NEE Torifune
T4 NABRHER

wamEak (). FEEZER (D, FRIBKE (2) . TARE Q) . BOMAE @) .
aAEHE (1) . BEFE (1), H#szE 6) . R{CH 6) o @l 6)
®EK— (D, RR®E @), BAME (). #HEEL O, WAF ). LBEREF (10).
TEEE (1), B (1), BREEE (1), fELEH 1), FAK 6).
Fo#ER (D, BIEE (D, BhE (1), =#at (1)

() FEMEMERREEE 2 FEIXXKZE Q) FMEIMKXE @) LBEHFXZE,
(6) RFEKFE, (6) EEBRWHKREHEMR (1) tBEEXE O6) XSERSEFMER,
9) BRREREZFXRE, (100 2IBRREXE, (1) D3—-—U7IKF

2014 FE 12 RICHTB EIF oz E 21E, 2018 E 6 AD/NREY) 10 J HiFERA.
2020 £ 12 AQHMHADHY U TN Z—VFTT L, BRI v ay (FRSRET2H#) ZH
Lz, RUOITOHMZET 20267 A58, /INRE R 73 (2001 CC21) D754
NAEEE LTz, BEYAM I UORABBO—DOTHA2PEFNNDAS TIR I, 754/ (&%
BIAEZIDH 30 DRINSIRIGZEMIAL. RAITRIGEEZ L TN S RERRFZ(E 0.25
s IC1TEEVSHETODREZT oz, TORR. HAWDO SENREOMREZEZR LERIT
BT ENTER, TORFREEFTERZIOK 2 WATICIRE SN M) T RORFNEZRT
Hd, XFEETIE, TIROEZGIOSNIREARESMZRICLT, INRE ) TJROEY

HERDE LERBITRRERET 2
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ABERIPRADEE EFH B CHEORE

Clarification of Definitions, Classifications, and Terminology for Small Solar System Bodies

OFTNE'., FH=%E? (Makoto Yoshikawa', Fumi Yoshida?
TUMXA, *EEERRZ/FETEKRZE University of Occupational and Environmental
Health, Japan/Chiba Institute of Technology)

INRECEEORRBEHNEEICZCHE>TE, 2026 F6 ARDEFRT. VR MIF
BN TLD/NXRZEIER 155 BE. BZ(E#4600 @& 7%G >TSS (IAU Minor Planet
Center [k %) ., 30 4FHT (1996 F) . MREORKRBAHI/ NI BETH--DT. 50 FLL
EiZhotzs SOESTKRRDERIZHE ST, INREDEELGEOKBGR/IDRIKDIER DA
MIEEAMNRONDESICH-TELDT, CCTIRIEEAZEBE LELETKRBRINKED
HUAEBERH L THz, REDAEHIE. DHEEIRBEDLEHEEE LA, 2 HEHN
CREBOEMERAET H. THD, LLERZHFELLEL,

RYOMERIE. REFENSEIZHNEE CORICHEET H/INREDEBMHIEN LT
Hbd. KENOARKEHEMEETICHEET D/DMREIZ/NKE (asteroid) THSHL. BEE
FEDMAIZH B /IKRIKIEKIEZRIERIK (trans-Neptunian object) THBH., 5D
BIZHADMREDBHMNEL, COEFICHLIPRADEIHE LT, AL TEXKERE
HWRE FESITHAID, CIITEFNDIREALELTIE, 72 VNREELUVXREED
BEIEO MOVELZETFLND,

ZOBOMERIF. % H TKBER/IKIK] ODEETHD, AU 2006 FIZKEDTE
EETEHI-EZIZ, “Small Solar-System Bodies”I&, BE., £RE. BELIDABRER
wThdeEanht=, DFY. “Small Solar-System Bodies”[ZIZ#RE [FEFEN 1L,
“Small Solar-System Bodies”Z#HAFET IKIGER/IKREK] ERLIE-EEC, EREZEF
BWEWS T EITTHENGYFEIZAZDS L, BERBIZHMNMYIZC L, BAXRET TKBR/N
KKl EESEFIZE, ERELEDHIDONEL LD TIEAZLD,

=EDOBOMERIE. Tkl . T8 . T8 LWS5EEOFEVATHD, LD 704
DILRIR] H 3G DTHSHIN. KEDEKREZETHALEBHELTIELNIERAIH D, K
KOEKRTHAH., Th (family) | [FUBNE—DDORELZ >3 DNRRLIZEEZA LN
5t0D. TE (group) | (FFEHEBHBICHYXFBEYENZLLTELTLSLSICR
Z5EMD., FLT M2 (type) [TMEEZOCARY MLEGEMHIDERITEB LI-HET
Hb,

DED=ZRIZTONT, BHREEDTITE. KBER/NMREDERBAICONWTEELTVES
LY,
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)ABTSZRABDKDIEEIA D =X L

O BRI, HBOX FREM/TF
'"BHAKERFRETEHER

[#E])

Kik, KERICET AR, ~ 7 ~iEEh & Xl 9 2 EE RSN S THh 5, ITHFE T, »
Ofﬁmt%z%hfwtﬂ@§<®mﬁi IBWTYH, EWTPIcE Ra X B0k TR GFEET S
ZERHLMNITRY HHERTWS, F2, BAREWNEHTHAKEZEEIZ L > TIEARA A 7 X A
k72 EOEKBIRT A BB DR SN B2 6N TWD [1], LEER-> T, 71 BREESH o
KOFAEBSCBE A 2 B3 25 2 &1, FHZEMICKB T 28MELD A 1 = X L% 325 E T
HDTERETHD, HiC, @%m%%%&émﬂwﬁ4@ﬁ%%m\m%ﬁmﬁ@%%ﬂ WZHEH 1200
1m0K&£iﬁ@mﬂ (ZHLIR U 72 B SOER Ay B AT L2 & B2 DTV DT, Z O EE

BIFAKOFMEFRTHZ ENEETHD 2], TERTABEIEHO—>THEL Y I TT A
Lomfu 923-1123 K TIIAKGFOBBIEHA XA TH D Z ERHREINTWD [3], £,
IMOKui@m(%ﬁfiSPOFA@ﬁﬁ ZPED Ry NU— I HEE OB S NI > TV DN
[4]. T OREZALIKOEENCE JIFTEEICOWTTREF N2V, T TARIFETIE. U BT
92¢®m@%ﬁ%w:XA%ﬁ%#é CEHBLE LT, YU BH T AIKEEFERD S FE %
(MD) FHHR %30 L7,

[GtEHE]

MD FHEiX LAMMPS 12 275 AIZ LY, ReaxFF RT3 ¥ L ZHNTITo72, 2SIV 7 REED
U777 A EKRBERBZERICIFSHT-RZ2WIMEE LT, 0.1 MPa OJENEHET T, ROMRE
% 1200-1500 K O#FiPHTEL SH T, FIEET 300 ps D NTP 7o ¥ v 7 LD etH AT 7=,
TOREERAEIIC, VU B AT ANDOKDEANS I OYE B & T L7,

[#ER & EE]

HEOR, RTOIRETY Y I H T AN ~DAKDEAL L OIEESBI S -, AR TIT
U BT AROKOILEE#EZ () KoFE& L TEREBET oME L. (i) 7/ —/L (SiOH)
. KA. HO" @ O-H #&OUIW - BEAIZED v b (H) Ay B 7o fFEEICHHL

T, RIFE & YRR DI 21T o 1=y B HEHE O IRTF B OB AL 2 AT U 7= 5. I F B TR
ELEBHITHEIML, £ 50-100 ps LARRIXIFIE —EIC72 572, £ 2T, 200-300 ps B OIETF O FHIEIC
IV HBEOEGKEEZEH Lz, ZoO/R, SGKRRITBEICHT 2HEITEN—FT, YU IHTT R
@%@%K@ﬁ%é@ﬁﬁ%%ﬂto%%ﬁ@tvuw* U — 7 WS E AT LR R KORA
K- U B AT AR EOERESEICKE SN TR Y, ZERBKSTORAFRERY A X TIERT
B EKRGTFVBNEH~NRAL, ZD% SIOH EEAERT 5 LRI, I 51T, SiOH FEAERMIC
LR T D RFTEE DL Ry NU— 7 BIROZERY A X2 S H720, FOZERTA XIZXY
WIIRANT DR FOBEDHIE SN D Z N5 hote, £io. BIEBEOILRIRE 2 FH L7k 5®.
EKRE LRI ISR L COMBNMELS . EKRE L OZERRIIKITT 5 2 EBRHA LN -T2,
LEDOFER LI, YU BT RAIBT ARG FOIEBB LN T e Ry B 7, REXLD SR
I Xl &S b2 W%L@%@%ﬁ<iﬁé EDVIRIB S T,

S E Xk

[1] Martin R. Lee et. al., Space Science Reviews, 221 (2025): 11.

[2] Harry Y. McSween Jr. et. al., Asteroids 111, 559 (2002) 559-572.

[3] M. Kuroda et. al., Am. Mineral. 103 (2018) 412—417.

[4] A. Takada et. al., Journal of Non-Crystalline Solids, 345&346 (2004) 224-229.
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BIRMAREZ L DMBKELUREICETAAZUNAF LT RTF
v —&Fii : CO/CH4 LEERENR T 4 — kN vy U DIRE

OAMKRE ' EEEH’ ElRt® ERENE'
'FIRERFARE, CEAXE CEMREHER

AR (CHA) (., BEMMEMICK>TERINDI LN L, BETHRTE D DHBRFEN
REICBFEELGNA AT R Fy—IZlTHD ., —AT. (H4 [FNBEFPK-BER

G EDEEMRIBIRIZE > THLEREIND =6, CH4 B TIERODEEZHIHT L&
ETEEL, ZD®H. CHAIZMAT—EIERF (C0) BEDEFRAEDHFEECLHERS
F., FIDERRY MLEZEE LEREMGEMENANETH D, /-, CH4 FRBVEEDRS
AKTHHY. BREICHFETIESICEKEREZEILESE. WNEFEUTAIZHLEEEZR
X AREMELH D,

Endo et al. (2026) [&. BRAR. RFRF/R. JE. KRN EEZHEELIEZETILZAVT,
BEWMEEICHIT 5 HBRBLUXREORSHEK ZRMMICHEARz, COETILTIEKRS S CH4
REMMELY (< 10 ppmv) 726, CHA DBREMREFE SN TR, —A. BIREMEY
ERERRAVPFEETDIEEICIE. AFERGTHBEDOEENIZK Y CHA EZEA 1000 ppmv ZHEZ 5
EHUHENFEETEHEEZONTEY (e.g., Kharecha et al., 2005; Ozaki et al., 2018;
Akahori et al., 2024) . ZD &S HEHTILCHA IZ&K B EEREMNER TEAUATRESED
Hb, T TAMETIL, Endo et al. (2026) DA ZHEL . BRIEMEYEERETE
BddHLEBIT, CHADEEMREIE—RFB/IRFE~NT 1 — FN\v I SEERRAILEE
HAEOREHEICI >DTRRMEREAIBKREEZBCEEGMICKODIETILEEELT -,

BELEETILEHAVT., SLERER. RARXBE, DIDEARI FL (F BE, 6 BHE,
KEE) | BIUERERIESE (BEEYEHLEFERMRLERER) LS HERRE
T2tz TR, LZERMEAEREZEZEE LLEHTIE. MEYIZK S CHA ERIZMA.
RKRIEERIERY FT—0 DFEBHIEBIZE > T CHABENS SICEIES h., [EUVEEEEE
TEEYPEHELIYERELLE -, COMERITENENTE < CHE DRSEHINFI S B K FY
ERY CHICEETH = —A. COIZDNTIE, EMEHTIEIMEDIZL S COHEIZK
SDTEEYEFHELURTRKETEENMET L, ZOHE., EMEHTIEIE LI CHY BE LE
L) CO/CHA e MAIICIRN B EM D, CO/CHALEEZ RS & T, EMEFEESI KR E
FEEMHITER SN KR ZHNTEHAEEEN TSN,

Fl-. WEAMIROBRLEHEICDONT (H BEDRAZRIESAEAT 41— KA Y I LE#
EERFITHOFER. CHMICKLIRERITEFRCDREEZE LT CO2ETIZK > TEHHIIC
BESN, REBEPKI[ERADEEIIBENTH 1z, LI=A>T, CH4EEHRZE
HOESMICEELGEETYH., £YFEHIC L S5 CH4 - € CO/CHY b & WL ST HF S
nNaZ ERhot=,

UE&Y, KHETIECH BEHR 74— Ny I Z2ECECEEMERR—RIE—EE
RIEEETILEBEL., TOXEZVHTEME LIz, ZTOHRE. AAEDEHETIECHLEE
MBIA— RN TEAZUNAF TR F¥—DRERERETCEZT ., C0/CH4 ELITE T
MARZ L DMBKRBLUREICETR2EEL AR UNAF TR F v —IiBIE L L HATBEMENTR
SNz, AR, FROMBRBRNREXRKEAIZHS LT, CH4, €O, C02, H20 LEER
FE-PDERARY FMLEHAEOE-ERFEEIEROBEICAT-ERMMR ZIRHT 5,
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Habitable Worlds Observatory (HWO): %3 X O H AR O S| o #E ik il

Habitable Worlds Observatory (HWO): Overview and Preparatory Activities for Japan's

participation

Habitable Worlds Observatory (HWO)Z, KED T 4 7 — XL ¥ — 4
(Astro2020) DIRE%#Z T, NASADRY = —L X+ ¥ xy 7FHEEE, v —~vFH
i Ficht < EMETHEEEE & LT, IR O RIMRIC D 72 2 R B 21T 5 1
&6 miDOFH L % 2040 FRICERL X 9 & T3BARAGHTH %,

HWO (213 KFGRE % 8 0] 3 2 #iBRAUR R BRI Y — <~ 4 21T, I Hcoh#
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HWO icxf 9 2 HA2 b D& & LTk, 2 vt 77 7HE B X EIMRBLNIEEE OB
~DOZH, % L TREMFR~DOSHARET T b,
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[HWO Community Science Instrument Team (CSIT) | iZxf L, NASA 2> 6 D EFE% 5%
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Al R 3CE TSUKUYOMI OB & B H TS

Observation Plan and Elemental Technology Development of Lunar
Observatory - TSUKUYOMI

O HFER JAXAFHMN . LRI GRAER) . W=, BEEER, =lRERAT, FERmAL BIA
KRR JAXAFHEWT) . IO B, (LilRp e s, AR (ESLR3CE) o KPR, A CRIASER) |
IR (R HHBERES) . B RRE (REATK) . #RIEA (BATRR)

Takahiro Iwata', Fuminori Tsuchiya®, Toru Yamada', Naoki Isobe', Yasuyuki Miyazaki', Naoto Usami',
Yutaro Sekimoto!, Satoru Iguchi®, Yasumasa Yamasaki®, Kazunori Kohri’, Toshikazu Onishi*, Takeru
Matsumoto®*, Daisuke Yamauchi®, Keitaro Takahashi®, and Sho Kajihara’.

1. Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency, 2. Tohoku University,

3. National Astronomical Observatory of Japan, 4. Osaka Metropolitan University, 5. Okayama University of
Science, 6. Kumamoto University, 7. Meiji University.

AHIERICE ORI LWEREE Th D43, HIER 7 M 238 X 2 Hsud, BUIR U g o
Tars 47 Sk, FRTEEER 10MHz LU (R 30m LLE) ORI & o TR ITHE
L7-BHY A b ThHD, COBREZFHALZABRKXE E LT, a3 mER T8
TSUKUYOMI: Lunar (=TSUKU in Japanese)-YOnder Meter-wave Interferometric array & 2 #2%E L |
BRI OBIREEIT> TV D, ZTOERRICLY . H B2 5 NCHEREE#LE ETIEE S, A
— MV - T A— MO EREE - S22 RN FTRE & e D

TSUKUYOMI O 7= 2Bk 51%, F2=fmfc % ORI 28 Ch 2F Wi 0 T BRI
Th b, WE 2lem, EHEEL 1420MHz OHMEKFBZRIL. WEIFOEREZIRTT D, FHOMOMK
FoWKEZ, FHIEEICHE D RGREE z (XoChl&MiEansdz, BRIFICHY TS 2z =
30~1000 O HMERFZRITE L 47~1.4 MHz OER L7 d, Fx OB AT AOFT- 5 BEEIL,
ZOEHOTa— Ly I (ERBREERRE) 2 BRI SmK CHELMI LT, FHEIH oW
BOnHERNT5Z 28T, ZORROWEREOHIAIX, vy 7oA 7 L—v
a2 BT VAT 2 ATEEME MR S LTV D (Yamauchi, 2022),

7 TARBLUAIS AT 2%, KERBIZE~OFLH L BT, ARZIIUH LT 25 RKERNSEED
OOEW ZFEICBIIAT 2 Z LItk - T, REOBERMSHEEZ K —0ICEFET 5, 77 FHF T
BN 5 B BB I, B2 0E AKR Z A T ORI Z A 7D, KEBZRAARERIENS D
WO L AFEL 725, S50, TEDEHRANA—Z FOBHZE L T, RIAXERONE X 7 LB
ROBRIZG DR 5D, —H T, TWstT — & O GERRIET —# OFMIT, &7 7%
A MZBIT 2 HOEME - FER 7572 EOREFHOREYE=41 7, HIT ORI
S OREIC LD THEZFIM Lz H oM TGO LIS 5,

2020 SEROFTH EiF 2 BIETAGHEI O 0 b & A BT, BEXY g — N A R T T
7~ LOPTA: Lunar Observatory Proto-Type Antenna % g% i& L. 2030 RO AMEBLHIBALAIRFITIL 10 351
REFTHOOTIEEZERET, 2ETIZ, AmT7 v, Mo —nR HAGEa—N"~DOHEH %
BELET T Fa=y FOEH, ROWTHENXT 7 BB LT 7 7 OR¥E, 26,
WZINDEHANWZ VAT ARG EIT> TV D (eg Iguchi et al., 2024), £ 0V bOIF AR AT AMIEFEE
WIS T D MBS T 7 FRRICB T DHIBRAE LD 2 e, T T 7O EERE %
2nVNHz IR E L 72 RS (b2 BEE L T\ 5,

SBT3k
Iguchi, S., et al., SPIE Astronomical Telescopes+Instrumentation, 13092-99, 2024.
Yamauchi, D., Prog. Theor. Exp. Phys., 2022, 1d.073E02m, doi: 10.1093/ptep/ptac095, 2022.
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RUICEEGHRRELTERSNTEY., IHFNEETOIE— bV TBAICEST
RARONTEz, CNHDEFARY FLORRPBRINRS (X, BEZERT S LT AH
FOHPERCHEIZKRECEKETHIENMMONT NS, CDH, TORHPERIFD
—HIIVEHEFHOYEMREOZEERIT S 5.

ARRTIE, BASIUHEZHELEHEL I ) XEBCKKOF2 OBRIBERSL.
ARFNART FILERIET 5, ChIZEY, HROBRETOFERZAMELEZEESF VY
TL—2avTF—RWMBT 5, BELI) X(E, R ETHERIAEZAALAR. RIEA.
BREZNRE. AETHERIATNS 100 un BEOHZEICHEL., ChoDEEEZRE
THZETHERLIz, —AT. KKBNABRLIVRARIZEDL S LGHETHEELTLAMNE
REBALHATEGL, T, TOMEMTKEOHEICE > TARY MLRKOCRIGRES A
TS HAREMENH D, FKITHE [1, 2] T, KEFEFEKTM L LT RFFREIC
BMESEHILETEALTL = ChICKYVERSNDKIE, LIVRKIYE/NEL 10um
BREOHMAFTHo =, ChIZH L, AARTEKEZRAERFICEFE L TKAFEMHERL.
SENRFIZE > THEZFHLRICLIVRERESEEIFEET LT

FTEMLEBRELTLIVREREED 100 um OKKIMFEERL-, COKKHFZH
HMREALIVR, HRABENLPAVLARDEALITYRIZENEFNREETE. AIEFARARS k
IWEAFE LT, ZOE. KKICHKET S 1.5um (HEQORIREL. LI REKIZLST
ZIXERREORIGES THEINT, ZTHED 10 un OKAIFEL I RITEESES
EERTIE., SRALGEEFRNTORIIZZ LWMEMA S D LT RI(FKKIZK BIRIRIZK
ELHELBVW—AT, hALABRREDEFRMITRINEZTRT IO L T XX ED
FlF B ENTENTLE 2], ThlFL Y RBFREICHEET DH/DDKKFIZ & B IRIR
M, LY ABHRMFISERSNINBEIDEWVIZL D EBRIN T =, KAEDERIL.
KAFNLINVREBEBEDKRESTHET DIEEICIE. EITHETHEESNIzL S BHF
MZEEDBMNDKBFNERSINT, ZOEHLIT Y RRFICK D EBRDHIENEEICIR
NEMNS-AIEEMZRET 5, X LERDRBRAICH/NEIERFAEEL., LI RH
K FORANBEBSIN-TREMELEETELRLV =S, RRRZBTBE L. KOREIZKER
RO MIADEEH LY ERICRIILE-BADKRLRET 5,

[1] Ogishima & Saiki (2021) Icarus, 357, 114273.
[2] Araki & Saiki (2025) Geochemical Journal, 59, 174.



P-22

The Comet Interceptor mission: endgame of the flight model development
*Satoshi Kasaharal, Kazuo Yoshiokal, Naoya Sakatani2, Shingo Kameda3, Ayako
Matsuoka4, Hideyo Kawakita5, Seiji Sugital, Takahiro Sasaki2, Naoto Usami

2, Shintaro NakajimaZ2, Taichi Ito2, Ryu Funase2

1. The University of Tokyo, 2. JAXA, 3. Rikkyo University, 4. Kyoto University, 5. Kyoto

Sangyo University

Comets are pristine small bodies and thus provide key information about the solar system’s
evolution. Remote observations from ground-based observatories have characterized various
comets, while in-situ observations by spacecraft have provided much more detailed
information on several comets. However, direct observations by spacecraft flybys or
rendezvous have been limited to short-period comets, which have neared the Sun many
times in the past and thus have lost some (or even most) of their primitive characteristics.
The Comet Interceptor mission, led by ESA, aims to encounter a long-period comet or an
interstellar object for the first time. JAXA will provide an ultra-small (35 kg) daughter
spacecraft (probe B1), whose closest approach will be less than 1,000 km, enabling the first-
ever multi-spacecraft flyby observations of a comet. Here we report our recent progress in
developing the B1 flight model, including three payloads (Narrow-/Wide-angle cameras,

Hydrogen imager, and Plasma suite).



P-23




P-24

BROKEEES v 3 VTR - [SAS RERET—
5Ly TBEVREEL VRSO LIZHT HERH D
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PEWS) B LURIEKRZFTHESNIREE L VAR ILICEWTHGEMNICHAE SN TS,
ISAS PEWS (Z1 &£ &, HEDIFEEZI Y I VICAIT ISAS D—F 255 )L—TH1) H—
FION—TDIUELITERET HIHFELTHRIIN, TORYBEAD—RELTRKERTY
VA—S—TFTA VTP RELIz, RRTYA—tvTavlE, KEREEZEMETIHETF
MAEENPDEL>TEELTEY . XA DXEZFED— KTy FITh > - BIRMAER
50D TI53Y FIA—LELTHRRBLTE, RRLUIE. HRKOXEFEI VI3
VICBITAMFEFEEZRAELT S ELEBIT. TNEERT S-OICRELER - FHAIFIES
REEEMRICOVWTEREIT =, TOHRE. XK - KB - sFBHEEER. XKK—FH
EREBEER. £dn - AHEMIKIER, TRZED 4 DZFTELGHFET—VELTEHEL, £
NENICHIET DIFEEFECEEAICOVWT LMK ZEDHT-, TD®%., KBIFEES
BERYECKATDBRLGEILZRZT. vy a v THRONBIEBERELZNICSIECLTRELT
Efz, 2022 FLREIE, $5IC 3STEP KEFERETOISLEREA. LiE 4 DORFET—
REDEEHEZEBE L-BEEHADBEEICERFZEVVZERI M TONATWS, EETIE,
JAXA BEITLT- TEBXROERFEEEC T VAR 2025 TREINEZI VI3 VEITDNT
LFRLERDNITOATND, AERTIE, ThFET 12 ARESAE-AXERT) V42 —F
v aAVICBTABROBBEBETLHLLELIC. TOXTELGRRLESEBEOREICONTHA
Y5,
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REMEEEDE D Y —U T AOHEE
—Xe7' 7 X<FIBIZ & % HassRRA B O TERE -
Astromaterial Physical Properties Measurement Consortium

for Future Returned Samples
— Demonstration of Processing Fragile Meteorite Samples Using Xe Plasma FIB —
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DL TH 5.

V2 =B ORI E TS T S BRE, RER7ZF—LDT I 2 b— g ~0i <,
VE— BV VI TR LET =2 EORERICH DD, RIEA7r— LBt iR s, EiR
MtEE WG T 2BRICBIET OUER L LIGERNH L OO —DITWMEDO R GRS 5. H
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Status and Future Plans of the Hayabusa2 Science Data Archive
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BRI T — 7N EFORERNRFEEICIRES N TEY, BT LD 2—F =i & > THIEEDEWE
HEFRS v, fHilziE, GIS TA L v 543 Cloud Optimized GeoTIFF < GeoPackage 7z & O
Me7n 7 — 2303 PDS4 FEHE I 138 A L 7o,

DX RRCHIe T 2729, PDSA ClRT— 2 &2 & T AL T —20Ah %k L 72
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X, 4¥ =2 2RNTDOMEN, v 77— X2REARICEDI R T-F— v D2
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FHEIC&K>T, T353R —T4 7V RIEEAREN SEEMG ) X BERBEHTOEEREA
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Development and Ground Calibration Plan of the Dust Analyzer for DESTINY*: 2026
Update
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T MO EZENRZEZ LTl AT VAT X D3RG i miie & 72 %, LinL,
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Cratering experiments on simulated hydrated asteroid surfaces after heating
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HEOREE, P B HEREE R
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Crater formation and ejecta-curtain breakup in solid projectile impact on
liquid target
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How the Cooling Time of Disk Gas Controls Gas Accretion onto Giant Planets

(O[R#", Michiel Lambrechts', Minghao Zhang?, Ruobing Dong?®, B4 Z%+*
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Gas accretion onto forming giant planets is a key process that determines their final
masses and produces observable signatures of ongoing planet formation. However,
most estimates of gas accretion rates rely on locally isothermal assumptions [1-3],
even though the thermodynamic response of gas in the circumplanetary region can
strongly affect how material is delivered to the planet [4-6]. In this study, we
investigate how radiative cooling regulates gas accretion onto gap-opening planets
using long-term, three-dimensional global hydrodynamical simulations [7]. We
consider planets with masses of one to three Jupiter masses and systematically vary
the dimensionless cooling time, B, from nearly isothermal to nearly adiabatic
regimes.

Our simulations show that the gas accretion rate decreases systematically as the
cooling time increases. In the slow-cooling regime, where the cooling time is 100
times the local Keplerian time, the quasi-steady accretion rate is reduced by
approximately one order of magnitude compared to locally isothermal predictions.
This trend is largely independent of planet mass over the range explored here and is

described by an empirical scaling relation, Myee x 5_0'18, which extends commonly
used locally isothermal accretion models by explicitly accounting for cooling effects.

The reduction in gas accretion originates from thermodynamic restructuring of the
circumplanetary region. Inefficient cooling weakens bow and spiral shocks, reduces
shock dissipation, narrows the accretion bands that feed gas to the circumplanetary
disk, and increases the vertical thickness of the circumplanetary disk. These effects
lower the gas density around the planet and thereby suppress the supply-limited
accretion rate. Our results demonstrate that disk thermodynamics must be included
when interpreting observed accretion rates of young planets and when connecting
theoretical planet-growth models to observations. They also suggest that
cooling-regulated accretion flows may influence the transport of solids into
circumplanetary disks, motivating future coupled gas—dust studies.

[1] Choksi, N., Chiang, E., Fung, J., & Zhu, Z. 2023, MNRAS, 525, 2806, [2] Li, Y.-P., Chen, Y.-X., &
Douglas NC Lin. 2023, MNRAS, 526, 5346, [3] Li, Y.-P., Chen, Y.-X., & Lin, D. N. 2024, ApJ, 971,
130, [4] D’Angelo, G., Kley, W., & Henning, T. 2003, ApJ, 586, 540, [5] Ayliffe, B. A. & Bate, M. R.
2009, MNRAS, 393, 49, [6] Schulik, M., Johansen, A., Bitsch, B., & Lega, E. 2019, A&A, 632, A118,
[7] Kuwahara, A., Lambrechts, M., Zhang, M., Dong, R., & Nomura, H. (under review)
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WHEDOWF vy TGS QMBI SN TWS (e.g., Duffell & MacFadyen 2013; Kanagawa et
al. 2015), ZAUTEDO K EREMEOHERET VIC K b 8, REHEREOREIZZ O#ED ML
HREET MM AT TEML CTRHRIIHET 2 LR E N5 (e.g., Tanaka et al. 2020),
CHEAREY A4 XOERT ARBE DLV E G2 5, —/7. BRI 55D <
BT OBERITZEIC K AUR. BESREAS P TR TE I & LR THT TR EDMERWF vy THEE DT
ENb7 (e.g., Aoyama & Bai 2023), BEDOH AERBIINER T L D IERNRTH 5 Z L 2R
X5 (e.g., Nelson et al. 2023), L7z23-> T, FEOREKIEIZIE U 2% vy THIE OB fEH H
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ND %, BEEERZAIX -2 T 2501 LTHD ALd Z & CRESREA P2 R L 72>
Ralb—raryEEMLUE, BAHEEDZD D ML B —EDRREZITo AR, A CHEERE
ROMEMABEE TN L HART I EEEMRCE vy THERENDE Z e dbhroz, o =
DOMBETNCBIT 2 X vy TOKOHEEDO T, MBOBERIIILACKELRVWI L
Doholz, JFoNTF vy THEKE ZIERDEEMEKEE TV (Tanaka et al. 2020) ZHWTHE
SRR 2 BT U 724G SR. REE EORE O RERREIZMERRICE S CIERTE LD 1HTR L.
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BIZANSDONERBELHERICHED, EEBRTIE. ¥R MESKRDBIREE O EMBIFIE.
BREFHETOBREERFLCAONATEY., TIhoWEMNFIA -2 ZHTET WK
HEATWS, LHL., BEEHOZTNZEHER - BEERE (LT, 5% ZEEAEL
f=T—32 I,

ZITAHRETIK., FRMEEYME LTHRRABKOL ) hTF (FREREA DT UE
1.65 um) ZEMLEEHERRICERIES SUVENOERMICET 2EREIToz. B
HEECEALTE, EE6 cnOAGRRERAEZMERL. MHMZRELLTVWKSEEEE
EDBIEFRBFICIT o=, KITHZE Meisner et al., 2012) &Y 3 [EUNFeiEREFH CHIE
ETo2&T. REBREDLEN oIz SFEH—TOFEBERIKFEENALHCE o1z, WX
T, LROEITHARELKE LU IRRERVTERZT oD DH LT, FE
DEMEUEREL LG STz, IhE, BEFOERIRE®. AVWTWSEELEDENIC
MAT, oY —ICBHLEATSY FOFENAEEICKESEET HARENEN RSN
= (BTS2 PERVEEDIESN, BENKEN ) , Tz, BIETHLONZFER
DNOEEERDHEET oz, HESNVY U JEREIFEL0.5THLZ0.24 GPaTH
Y. SEITHR (Meisner et al., 2012) DIELLEANTH 1MHTREL, Ffz. R7 Y UEIER
BEERICAHLLITEIZ0.00RBEFEITHSIMEEZRLT,

BT, BEERAECREESONEGN 2R FESRKRIZHINDEHE., ZOHEMIZON
THRARDE=HIZ, RALEEZAVT—#MEMRRREZIT o . #9520 WPa FTOENZERE
MIZhITTLE, FEETI12BERFLTEORISEBICOANSENTRE L, BERE
LT, KUYRZFVENZZT-RENSCIRFELIBRMDITSIABONTHLE LD 2 EHR
nY . EHNENE 3 DOEHMBHRDOITERY (Pacheco-Vazquez et al., 2021) ZEMNT
Ttz Fz. TNICKYETRBERICHBALZTTOEENZHET S EATREE LGS
2o SHBRIISABONIZT—ANE/ I—DH A REDNSA—FDEEFELEDLSIZF
(TH5MIDVTHLLHAR, X FEEKRDERBOBRMDEBERICOLIFLIFETH D,
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ERMABONRITIEIC BT 2 IREMBECHREVROMENEETH 5, WKEIC X o THESED
BREf 2 FET L TIE. FBNEOREERIECRDOET L LD SEETH D, KKODR ) -5
A Y PETEDHIEREE X D NENFET 2 AJaEMEDIH 5 (Mori et al. 2021; Kondo et al. 2023),
TDOZ XX, XoRAZMBESEEITHEEN T, BREOHIRIEICBOTEAREDE
AR ETH 2 Z e BRE LTV,

W, ThETERBINTORDL MR L TERKED S| & 2 SHRIE MM TRER X
NTW3 (eg., Ziampras et al. 2020; Ono et al. 2025) , MEEHFICIFET 2 ERKEIZMEL
DESHEMERIC X > TEERZHE L., FERIIMET 2812 THRR L 2> THBEZMEAT
%, A DZNETOMATIE, RE XD NHOIE TR S 2 EEOEE]N (e.g., Bae & Zhu
2018) ICHFEH L. EEEMBDIREMEICE X 2WELTTE L2, T FMcEVHEgIcE
WT, REEED 3D 1 BEORENAKEPIEICFEET 2L R —F 4 U BTEOHIIKEIE X
DAMINCHRB LIS 5 Z ¥ /R L7z (Shimizu et al., submitted),

AOMREROMERIZIE, ZNETOFRL DO TEH LEHREMEC X 2REZEby . &
BRICE > THARINIHEEE - ENEOZL e BENICIRET 2 Z e PEETH 5, FHEP
EAEBEONEIC L > THTARE LT S LHEEMELZ 25, TOME, [EhfE
DELL. RFANCZ R S BE ST 2, EFOWSRICE D, XX MEEEBORED LA T %
. RERIRICE > TX O RZBPEESI SR TIENHENELF S Z e bh > T3 (Kato
et al. 2025), Z D HENLX A MEEPERKREDERE)§ 2 HEPIC X o TR ZAUX, AaHE
DK & AL EIE A R ER X N 2 (ML H 2,

AFEOHWIE, ERRBICE2HBROFEME N THXR IR EDOREREREST 200 ZHL 2
TEHIETH?, TOHEIERL LT, ADINE TOME TR L -ERIEMEAE 7 L% H
WORE L HZEEDOEE MM EZRD, BoNENHED» O XA NOEE FRRLFME L7z, £
OISR, KREERORENS aulCHDOHBOF AT T4 1 em?g DL &, BE - HEEL D
WCHRDOREENE S iz, iU, BEEREMARSER G NCIERF LR A 2RO Z L ICTHKL
TW3, EREMARIESVEIZ Y BOEEDIS RSN TH AP T 2720, RELH
ERITWAAHDBLRREE & 72 5 720 EINIMEZE/2R VWb DD, PROMEZR> Z L 23b o
720 BIROENEGE X, XA M 2IEREOHEEZEZE L XEGE, EREEERET L. 2
DEEAIX A MNEBEICRAEEDA 2SI SR T, 2F0OBEAIFENRICE X2 MEESE
FIFEZ LS 579 (Kato et al. 2025), Z DAFERIIEHBEPIC L o THX X M DREESL XUHXEE
RS HENICEZ DG 2 2mBT 5,
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BlA#IE, BEONKEZEEBELTHEET S BEZOHETIL, 1-100km 41 XD
REFZEETIMAREEBETILL, 1-100cmH A DR TILEEBET IR TILERBETIL
NEZONTWS. PIRAEAOEAXRZRADEREZEZDHICH->TIE, BEERZKEEICETS
HARNOHRBZESGNEETHY, RILEFTTHLLPSILMBREL ZDEEFBRF
(% (Okamura & Kobayashi 2021) . EMA#EEEIZIE, £DEHICEY, BEEEAY DAL
f=Rn (KR ©, figARTO IEEHHE] EMEENS, BARKICEL S RAEANUIZ—>
T EHmA, SMEARANLDRNAANEL, FERTEAZNOENLTO ARG E, 1S
DHODEHHMHE T ATNEBEN R EIND. CHbDMEIZK > TINREDBEIRZA~DE R
BEBIERICEELED 2, MEABEBRERTILEBONATIDHRFTNEIEHEICE
YI/XS S ENRBELED.

FITHARTEAREZEEL, BAZISHFECHER EFEEN—HT HEENALN
f=. LHL, BICTTELGEDGSES, RICERINEXRATRARELGENLDEEICELST,
BARBNIKEGHODECEMNAZEODLEEZOND. MAT, KELGHOREIRITILE
BEOMEEXEFDLAREEATEIN TS (Liu & Ormel 2018). Lf=M->THRHETIL, {E
fA - BOEREHEOEREN O SABOHRFNPEARZRGDEES S RTRAI I 2
L—2avICkVEARS. £2T, BEOEDEMBIZOVTIE, BEARBZOXRTIFREZFELM
(7% Bondi #Z(Cxt LT, &KTBondi $F/MERFFELEEICLGEDIERELT/INTA—
REFXHREL-. ThITHA, BonzEB@RZKEYORNEE L UVARBESENE R SHEIRK
BADINKEBREREADZEICOVWTHLEEZITL, fSohf-HBRZAVTEARZOIERH
DEDEMANERTRABREMBANL 0T EEEZERT .
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“Chemically layered structures and ionisation in the disk around a low-mass Class 0 protostar NGC
1333 IRAS 4C: FAUST”

“Class 0 [RIRE X/ NGC 1333 IRAS 4C HEBOLZBIREE & BB 7% FAUST”

oShota Notsu (E%;# #X)"2, Nami Sakai?, Zhang Yichen3, Lopez-Sepulcre Ana#, Chandler Claires, Zhang Ziwei?,

Ceccarelli Cecilia4, Codella Claudio®, Satoshi Yamamoto?, FAUST Team members

! Department of Earth and Planetary Science, Graduate School of Science, The University of Tokyo
(RRAKRZF RPGEZRAFR HWEKRENZEL),
2RIKEN,? Shanghai Jiao Tong Universitiy, * IPAG, *NRAO, °INAF, "SOKENDAI

Recent molecular line observations with high spatial resolutions have revealed vertical chemical stratification in Class
I/IT disks (i.e. chemical composition changing with height in the vertical direction of the disk), as well as a radial varia-
tion of ionisation rates. However, such chemical layered structures in Class 0 disk and envelope systems have been in-
vestigated only for limited objects, such as L1527. In the context of the ALMA Large Program FAUST, we report the
results of molecular line observations toward the disk and envelope around the low-mass Class 0 protostar NGC 1333
IRAS 4C in the Perseus Molecular Cloud (Notsu et al. 2026 submitted). Previous observations have shown that this ob-
ject is nearly edge-on with the disk rotation axis tilted almost perpendicular to the line of sight, making it suitable for
studying the molecular abundance distribution as a function of disk height. We found that the molecules known as gas
density tracers such as C'®0 and H2CO are distributed around the disk midplane. In addition, molecules known as tracers
of photochemical reactions such as CCH and c-CsH: are distributed in the low density upper layers of the disk, unlike the
distribution in .1527. Moreover, the column density ratio of HCO+/CO derived from the H*CO™" and C'®0 line emission
suggests that the ionisation degree and the ionisation rate varies with the disk radius and they are larger in the outer re-
gion of the disk and envelope.

In our presentation, we investigate the results of our ALMA observations for IRAS4C, and also introduce previous stud-
ies on ALMA observations and chemical modeling concerning ionisation in Class 0-II disks, and discuss future prospects
including ongoing ALMA Large Programs (such as CHEER).
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Z DGR, BLIRIES OB HUNCE R T 2 £ GALAHDIFL A XD A BIE DMAE BHARICH
BRI2Zehbhol, ATEBDORETIE, PRHAIIENZE LICXDEL, BREMEMUEIE TR
WEDELSRD I, NV LBEEICLIMPNFELLTWVHAKRD S Z L, £2N60E
L& (~0.5 dex, K17£) dBRNCEEGHNTH -7, THUISEIH W EENEOTRILEGERE
DHEFRET IV EXFT MR TH S, LrL, 14 EOHHERMN D ICE OHBIIAEREEZ 1T
BEATES (M14), REXPEE LLAREIRREnS, DFD, AFEEZZR L -E
BTV REHMOBIHT — 2 2HAEDES 2T, ABETDH D TORERE T DIEH
PRRTEXLZ IR LTWS, THIZE5HBOTNBIN (e.g., Gaia’s GSP-Spec DR4) % PLATO
(Nascimbeni et al. 2025) 12X 2 EEBEZBHIEHAEGDEL LT, FRAMETDOD ORER
DIERK « #EAEE DI D035 Z & 23HRF & 15 (Kunitomo et al. submitted)s

0.6} 2 MO 0.75f ﬁ . f?)b%iﬂu (30’)
.................................. 050l R * GALAH &l
L - 1 ke {EREE (30)
< —. 025}
L o2} 7 5
= 0.00}
] oof -""'—-...,%-'Ca g B
2 | EmEr Sl < 0 N
fd —0-21 3 KB :01 § -oso0} N ]
W N BNk O, T K]
-0.4 : _____________ 7 1 —0.75} 80001
-0.6} ] -1.00} D ]
) ) ‘ . ‘ 6500
107 102 103 -15 -1.0 —05 0.0 05
SIS NEYAE:S) [Fe/H] [dex]

1: 72 Mo O RBORMEMROKRHEE. 7, &, KEBZLNEK, HLe v L, BERERT, Y
AL [Fe/H]=+0.5, +0.055, —0.5 @ 3@ D, KG/EEIZ CWHE LRV, A &iRE (T.g > 6500K)
DR AN Y AHBIZOWTD, EFATHI G, 30) L8l (R, GALAH) o, SRotidfzRh
B (T.g) 2737, KX GALAH O 46 HEDKIBERED 5% R T,



P-56

Where planetary solids survive sublimation around
young and hot white dwarfs [1l

Dimitri Veras'>3, Keiji Ohtsuki®, Rafael Martinez-Brunner?, Takato Nishio*, ORyo Tamon*

ICentre for Exoplanets and Habitability, University of Warwick, Coventry CV4 7AL, UK
2Centre for Space Domain Awareness, University of Warwick, Coventry CV4 7AL, UK
3Department of Physics, University of Warwick, Coventry CV4 7AL, UK
“Department of Planetology, Kobe University, 1-1 Rokkodai, Nada, Kobe 657-8501, Japan

All observed planetary systems orbiting single white dwarfs have lived through the hot stellar
transition from an asymptotic giant branch star. In this post-nebular transition period, the initial
conditions for planetary system evolution throughout white dwarf cooling are established. The
hottest (= 20,000 K) and youngest (S 20 Myr-old) white dwarf planetary system host stars
differ significantly from their canonical older and colder counterparts by failing to support solid
body accumulation in the immediate vicinity (a few Rg) of the white dwarf. Here, we analyse
the likely locations of both solid-body survival and the sublimated gaseous content during this
pivotal epoch, and the consequences. We find that (i) reservoirs of iron-rich, rocky and water-
rich asteroids of radius R that later observably enrich, or pollute, the white dwarf need to remain

parked for the first tens of Myr of white dwarf cooling beyond critical distances of (16 au)X

m (for iron), (30 au) X m (for rock) and (130 au) X m (for snow),
(i1) sublimation acts much more quickly than radiatively-driven orbital drifts from Poynting-
Robertson drag or the Yarkovsky effect, and (iii) although large asteroids (R =~ 10 — 1,000
km) that are kicked on highly eccentric orbits around newly born white dwarfs could survive
sublimation, they may fragment into debris which will sublime before the white dwarf cools.
These results support, but do not necessitate, dynamical origin scenarios of polluted white
dwarfs that feature delayed gravitational instability subsequent to the host star’s asymptotic

giant branch phase at Kuiper Belt-like distances, and beyond.

[1] Submitted to Mon. Not. R. Astron. Soc.
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EHEFBELCO # 9B K THRESED L, MAKDEBICKYERLEZTELT 7 RK
FYILBBELTEILIZRAKDERT B EZHLMNICLE, B, BEIEHPELT
Ne ZFEAL. 8 12K T Ne 2R ESHBEEICITRBRKDVERT S EABALHNICHES
TWa [2], PFEILZ 7 RKDEEIFEBEREICIHE CTEIET 510, £HT HKOBEK
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0. REICHESTRKELGYV IRZI—ABETHIIEMNBHALMNIHE STz, 51T, 100 K fF
T 0-H HIEIREFOEMEENRABRIEMT 2ERANFE SN, C0, DFFEIZHELT/NILY
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SR L-EBET7EIL T 7 X (Low-density amorphous: LDA) K& U HEFEHMTHBZ &M
5. DA KKEYELEHFEDEWTEIL I 7 RAKBNERLIZEEZAOND,
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[1] Kouchi et al., Chem Phys. Lett., 658 (2016), 287-292.

[2] Hama et al., Phys Chem Chem Phys., 19 (2017), 17677-17684.

[3] K. Kina, Y. Ono, D. Yoshida, T. lkeda—Fukazawa, J Phys. Chem. C 128 (2024)
7806.
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Signatures of an Earth-class Planet in the Distant Solar System
(Planet X2 scenario)
o/NN)wY YI74F JHhI175 (Patryk Sofia Lykawka)'23, Pedro Bernardinelli*®, Jonathan Horner®
TE#KE BREHSZE (School of Social and Human Sciences, Kindai University)
2EM XX A (National Astronomical Observatory of Japan)
SHHUHL—U XSV KE, A—XMS1 T (University of Southern Queensland, Australia)
s HOXRE, TS2 )L (Universidade de Séo Paulo, Brazil)
SV RE, TA)HERE (University of Washington, USA)

Trans-Neptunian objects (TNOs) record the outer Solar System’s dynamical history. While
Neptune migration models reproduce resonant, classical, and scattered TNOs within 50 au, they
consistently fail to explain the detached (perihelia q > 40 au), the high-inclination (inclinations i >
45°), and the extreme TNO populations (q > 60 au). In this work, we use 4.5 Gyr N-body
simulations to investigate two distinct scenarios: the influence of primordial scattering planets
(Mars- to Earth-mass embryos) initially embedded within 30 au, and the presence of a distant
undiscovered Earth-class planet, designated Planet X2. Our models also incorporate grainy
Neptune migration driven by a massive primordial disk composed of planetesimals and 1500
Pluto-class bodies.

Our results show that scattering planets are generally short-lived and inefficient at producing
the observed detached, high-inclination, and extreme populations. While a few exceptional cases
improve agreement with observations, the overall probability of success remains near zero. In
contrast, an Earth-class Planet X2 (m = 1-2 ME) on a distant, stable orbit (¢ = 250-500 au, ¢ =
200-250 au, i = 1-30°) profoundly sculpts the region beyond 50 au. This scenario generates a
detached population extending to hundreds of au, including low-inclination members at a > 100—
250 au. It also creates a significant high-inclination reservoir and a rich extreme TNO population
whose orbits match all known members, such as Sedna. Specific configurations for Planet X2,
particularly m = 2 ME at a = 500 au, simultaneously satisfy major observational constraints
regarding population fractions and orbital distributions. Furthermore, these models fill the
observed orbital a—g—i niches that remain unexplained in migration models. Finally, we present
comparisons between model results and observations of TNOs discovered by the Dark Energy
Survey. The Planet X2 scenario provides a single framework explaining the bulk orbital features
of the trans-Neptunian region. These findings support the existence of an undiscovered Earth-
class planet in the Solar System and offer specific, testable predictions for ongoing and future
wide-field surveys.

This work was supported by JSPS KAKENHI Grant Number JP23K03482
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New Horizons IEEXIEZ# BN E LT IXBLEEHFE HSC Ik B
RKEZRNEKRIFIEE & BERAD BEEARENR

OWLTERE BEAFERAT), THIxE (BEEERAZ - —T—ﬁlﬁﬁiﬁ?—) BIR{EsE (Star Signal Solutions k=t&tt),
Pt (ELRXE), BIBEBA (JAXA), SN BEMRRFRRT), T)IE JAXA)

WEDEHAFERICEDCE, HA/RX="IL FDILEAY 1ZKEEH HH) 50 AU {2 TERARZFETIN T
WS EDICRAD, L L. ZOEENFIZRERABONGEZ RS D THNIE, £ 100 AU EE
DIEHY OB L FIARERAB E RN TABRIGFESICOV /I b THDB, —H T, D
[FIAEERXRABICITEHRDO Y » VEBENFEET AP bMEINTEY ., AA =L DI 524
ANCRKRERORAEFNGFET DRI8EEEH D, ZTDI=H, HA /=)L FLURDOREIERICITK
ERBEEDNDH D,

4 13 NASA New Horizons 3RERIC & 2 KIGRAMEEBERE Z 3BT 570, 2020 FH H. EH
YR ETIE B LR Hyper Suprime-Cam (HSC) #HUW=AKBRAERE (TNO) H—~_( %
EELTW5D, AFARTIE, BF L2 — XA ERD O JAXA BEBIRERE > X T LAV TEE
RABEREHE LTce ZOB XA VYNV MINREDRALZHCI2H. B ITOBERED 11
arcmin/day KD RAED A% ER L7, RIS, RKRIFBETITONTWE - BRIEDH R Z 3
KT 570, 2,895 EDBEBAREEZHENT —2 & L TEBRFEETLEBEL, 25 L TRE
N7z TNOMRFEICOWT, EHEICHIZ28:E ) > 2 % Find_Orb TITL\, BIEA BN - 72 KIAKIC
UL TlE, StellaHunter Professional ZFHWTEEZHTE L 7o, 2 RULETRE EN/ZREICOWL
TIE Minor Planet Center ~DIREAEDH T 5,

E7-. 2020 AT — RICOWTBBREDEIPAEZITV. B o N7 LEMiRZ AV CEH
Bt A LT, BEROAA VN MNEREIOWTHEEGRAHEREL(R]L), AREKTIE, BXS
S ORI OFIE, SEIRD SHFE SN2 REFBKRICOWTRET 5, AFKIE 2020 FEIC
BB L7eT —2%/-o72h. SRISMBOEDT — X HREERICHON L TL <, RFRIZRFRERQ
26 FRISEL, RDJIMAFEOENBE LZERLEINSRE L TWDE, TOL O BRENBHL
FEHICBWTHLRE L TRBEBRAEZIRH - BITCED /XA T4V ZHILT DI LT, EARES
DT —RTHLRBRANREREDAREICA Y, ERBOEMARAENS,

Folded light curve: P=4.19748 hr (INSUFFICIENT_SHARED_PHASE_BINS)

—-0.4
o
% %
—0.2 1

0.0 1

Mean-subtracted Diff Mag [mag]

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Phase

1 : 2015 NT26 (XA VR FMKIE) DS A FH—T



P-60

KEEEDY L—F —HEBREICEYT 5 RERRIBTRE
: REBBRVKREEDEE

OFI FEN. &BF #HHH. Xl HFE. TN BHE'
MR RPEPPEMREFERREHAEE

ABRICIE, TOONROIVESTRDESIBRNEEETIKEENFET HELEEDOLNT
BY., INCORKIINEZTILREELTEFEEEDH TS, CNLDKBETIEY L—
A—DRES/ERLOAFAMBELLE., ASBEDOEZELZZTMBEENRTEIN TS,
ZDH, TNEDOMBICONWTEMRT 5 LETRBELXE S KR L TOEREY L—F—FK
LEBEUEZEMI DI ELIIEETHDHEERD,

ZIT. AMETIERNBELEERLIZYWE () aoF AL, BIEK) ZRAVK-BIAERE
EEME., BEICEAOEVVKIRBEARZEMAOSREFRRERZTL. ERBERICHEVERK
ENDHERIL—E2—DOERERAELZ, ERICIHFREZOE _BEXEARFEAL.
EE1mOTILIREBEEE 1 kn/s. 2 km/s THH L1-, EHDEETK-RIABIEE
EBHIZEWNT., BRADEBEEZYavAA4I)L:-10 °C--15 °C, &BtE/K:-7°C--10 °C - -
15 °C. KIRBEAKIZMIZE LT, KIRDEBEZF-15 CEELIETEREToz, £z, K
RDEHE2.4~20.1 mm TH 5,

ZORER. KIREARIZEN, K-BRABEEZNE B ITKIROEADEMIZHEVRBIRR—
IWEENMEMLIA, BEORBRAR—IEROBICIFLAEEZRFLGWNI ENAFM o1,
Tz, NBEEMEDERE. §HHEKIRDEBENLEN S ERBRKR—ILERAEML 1=,
—A. K-BARBEEENICHEITHERRR—ILERE, EEE CIEIKREFREZENL Y /NS
{TEotz, KIRE@EICEAL H D, BRICKYRET DEROEHIIKIREE THLEIR
DEHELTRET BH. BELNGVBICIEAFEREALRLCLXESDEIRKE L TR
T5H, BARKR—ILORESICEBEVNEL, CAPEHES TTEDEBBSIAOT S
ZEESE LR L RE SN OKIREFEZENO AL LY ELKIREERARE) .

T, BEREE 1 kn/s TOKREADEIZHES RAIRR—ILERFOEILEHAT S
O RT— )T HEBATDE, ./ T=0.21(T/d)% NS K TEHRAT 5 &AATEE
ThdeENh>t=(n=r(p/m'", rHL—2—£FMm. o ENFE kg/m’). mBHIEE
(kg) . TKRDEH M), d BAEERE M) . Tro FEBIEZENTO ), RITHARLLET S
E. KICEREINBE I L—3—IEBLEDLDICHR, JL—3—FEBBOEAZLIZHT S
JL—E3—EROELOBERFIIRELEE LAV AT —) D TDEEFERELEDLH
LW —AT. VL= —EEHDERFENE CLEATIEKEDANNE NG L—2—L115)
_ENTEREINT-,
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RMBEBT7EILII 7RAKDEEEFAFTIIVR

oEIBIRARL. REMT
'"BARKERER EIZHRER

FHEEODEMAFEICETA BRI ERET IEMENFEL. COXRTIZHELT
FTEDNTEILT 7 AKL €0 NH; LEDEDFEERT 5. CNDDESFITESMRE UV)
BHICEIIMEERBPRARGEERBRTHRLALGDFALELL (OFHEIL) T§HEFEZADN
TWa[1], LizA>T, FEHERICE T2 FEEDAND_XLEZERT H-HICE. &
G EGRBTELIT 7 RAKODBEL YU EZERT EHENTARTH S,

FEILITI7RAKIZTBEEDZEWLIZELY LDA (Low-Density Amorphous) 3k & HDA (High-
Density Amorphous) JKIZHEE S . FEICHHE>T HDA KA 5 LDA KAHHERFE T 5 &M
HMoNTWS[2], ERPFEICHFEAT HKIE HDA KE(X LDA kTHB EEZ LN T
AH, Tachibana o [3] 2L 2T, W BEIZHESTTZEILT 7 RIKOFEEHEE 50 K 7
MTELLETTIBRENHE SNz, FEILT 7 RKOEDETIX, UV BEHEIZHES X
MADMRRIZERT 5 EEZ bNDH. REEDTEILT 7 RKOEECHGBIZRIZTHEL

FEAERLGMIGH>TVEL, TEITEABETIE, OH REENT EILT 7 AIKDEE O

BBHBICEZOEETHRATLILZHMNEL T, 7 FFHFE (Molecular Dynamics:
MD) Et&E#iTo7=,

AMETIEX, HDA KIZFRARGEHD OH XpZBEALTEE 10K ™5 210 K FTOHRERE
FTE %170 . HDA-LDA S EEDRMEHFERKGFES I UMM EMIT L=, £, RMEZ
DREFBEDREZRLZRANLE-OHIC. BRRFHEOBHESHMEE (Radial distribution
function: RDF) Z#&H®E L7z, ROF OREZILDETERMN 5. HA Kb TKDFHRET
HSHEEAREEIL LDA KIZCHERTEALZEEZ L HH. OH RHEIZIE HDA KIZEHIT 25 EEE
BEDEHEENTOIMELNH LI EMNALMNZIE Tz, SO EMB. 50 K fHEDIER
THELLHOHHEDRDIE. COEHADEMICELELLEINFOBREICSERTHEEZOND,
RBETE., REENTEL I 7 RAKOBES L UVHEICEKIFTHMRICOVTERT .
(ZE X7k]

[1] J. M. Greenberg, J. 1. Hage, Astrophys. J. 361 (1990) 260.

[2] K. Kina, Y. Ono, D. Yoshida, T. Ikeda-Fukazawa, J Phys. Chem. C 128 (2024)
1806.

[3] S. Tachibana, A. Kouchi, T. Hama, Y. Oba, L. Piani, 1. Sugawara, Y. Endo, H.
Hidaka, Y. Kimura, K. Murata, H. Yurimoto, N. Watanabe, Sc/. Adv. 3, eaa02538
(2017).
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TRIEICK 2 AHEERSHERE D2 DEANKERO B EFHE

OB '\ IIARE
'ERTT wERERE YT —

BV L—9REIICIEEA—RNIISE T A—RNILDERENZ<DHELTWVWS, Ih5Da
BlE. BEHPREFRICK > THEENNT TEBRI NS < Bo>TW EEZ 5 M
Z D EARBIARELBIRIFBES MR > TVLWRW, TNK TOHRETIE. BEEILY Din
BADSRZ Y7 L—FHFRECE\VT BEERICK > TERDERMRZ RI IEEEZIE
BULTEREY, UH L. INETOBERBIFEIC 2RTFEICERE S NEERICEDVWTE D,
FAREERRZ L DEFMICANDOHICF. RO 3 RIOTNBREENVDETH D, &
EBRTIIERERH S OERIEICHING S/, EROEIHEICITEENRT S
TEDNENTH %, FLITMETIE. BHBROMYICH T 2EREEBVCEIHEFED
BEINTVWEHY, EROLSBREMETRICHT 2ESHEFRIIEIINTLRN, %
ZTAME TR, MREMOEARRERWCERNERICK D, EMEREFOEROES
WEICHEU CERIEEZIREY U,

FERDRAMOMYIDOE S ZHET DICIF. ERZEDLSICERT D2ODARELRREIC
E%o$%ﬁﬁi\%E@WEEth()E%éhta%@iu#b Ui £ T IR,
Q) EEROBABIERD SEinEX CORKNIERH. S)ERDEERRKEANSHIHDIERH. D
3DZRFE UTco KRR TIE. TNEFNOERNSHEEULCEROS I ZEANE L LB U,
BFERICLZDHEEREEZFDORFHMICOVWTRET %,

[1] Cambioni et al., 2021. [2] Ikeda and Yamamoto, 2025, JpGU abst. [3] Xie et al., 2021.



P-63

N[BHNFOEERICEL S AEBRS M
Compositional distribution on the lunar surface obtained by

mass spectrometry of exospheric particles

OH—E |, BWHREX® EZMHWL? BEHEKR’ #KE’ FHEKH
"KBRK, “ISAS/JAXA, °lLfis K=

A7z & O/NEREIZR R % Fi 72 T HAEC KB EUCERG X h 5 720 R S O kL
T (ZXKF) BFEE2 O S, BN RBAER S S, S5 DR O i B
BIITTRBICE L Y, 2 ITHERMOTRITREEIC L > GERICiiE nTtnwd, —7T
FEFRMETCELUSN D FEICHE R T RGE R Sy 2 ) v 72 X 3R XERN & & 2 b, dF
SUB DS RIALR L 2 S L T 2 AR RB I T Wv 5, SRR 4 1 HBEERE (2> <
I S W2 E B0l T — 2 ZFwvw T, Mg, Al Si, Ca, Fe ® R A4 & v DR EHL
ko, AREICHT 2RO HREFRL 72, RAERTIRZ OHHMRKERMNL, #HE
D H T OBIMGEE & i L 7232175 £/, KEMEEETE (MMX) o8 205
i (MSA) Td, 7 FRICH L CRAKOBIHZ FEL CTWw5b 720, FET 2 BIIEHE I

DWThHiEMmI Do
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ADOEREBIL—F—DKAZRNNIEITSD
R 51e 70X D LB

OFAZAR ', MEAHLH? WIES' ATE—' EEHLEsE' =HED' HEEH'
RS AL
UAXA ERIEERZTRT, CERH MERAEREe U8 —

BEIZEITALIVRABR TOEX(E, ERER - BitE. BRAREZIEIZES BE AN
FE5LTL\S (Basilevsky et al., 2015) , MHERDELGLIEHDOENI L—2—0DtL
Bho, BISAFRILEI—ICHEAANDEREELCSIEELH—A. RILF—OEBRBRIE
ENZEUTHDZ EMNRE ST (Ruisch et al., 2020) , f==L. m7O€XAH L
— 3 —NEOREE. TNIZKIMBEOLIEIC. TNTNEDHRRAT—ILTEDRERELE
LTWLAMNIZDONTIE, +RITEB I TULVEL,

BERIFEBEOBIEANY L—2 —DBE LI RIZFTEZEXAS 1=, Schomberger A
2 L—4A—IZ%B L1=, Schomberger Al 78.6°S, 23.5°FE ICfBT AEE29 kmDy L—
A—THY. REDILESDHANKAFIZHE TS, BRERERIE <350 Ma EFlFIESnT
HY (Basilevsky et al., 2025) WHEIHMBOLILABEGEFIDENI L—F—THd, T
Dz, A—V L—2—ADOLLET,. BRADEREZLOFENIMESILICRIFTHZELRE
TE 5%,

H BB (X LROC NAC, 4~ L—#A —MAI&L ShadowCam Dix{ET—4% Z ALY, SLDEM2013 #hfiz 7 —
2 LA EHE T Schomberger A DMFLEFTEITo1=. 7 L—2—HNHETIE, MERIEIC
EoTHEREIN=-TY Y FABRAIE KAZADONATHEREINZ, LML, REOTI X
FrE@EEBEBTCRKEC RG> TUWVz, KARZAITIE, RLFT—DEEEFE >V UVEINDLEE
HIZBRIh, RELFESETLTWD I ENRE SN, —A. BRAOMEITHEAL
LdYRIZHEBEINTE Y., BOMTUUEINRIIERE IG5,

AT B LD L—E2—FERBAEHI S, Schomberger A DRZELIZEY 200-280 Ma & H#EE
Shiz, BRAOTD Y FREAMLFLN-FERITE 160-200 Ma THof=DIZx L. KA
FZRDT I RIEERD T & 1243200 Ma A > 10 B Ma ETORLEWVERN TSN,

NoDFERIZ. BHREITEHI L—2—EEESHT4 100 Myr LRICRIEREE YV Y
FREDETLIZCEZTELTEY. HADREEICHESHEALNNEMNAEOHELS
bxRELI-EEZOND, —F., BELTEICZLWVWKAEATIE, BERICERT 28 EAH
ENBATEN DEiRAIICRAE L, KYRRBZMNTTHENLIE L TV SAIEEELH S,
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SELENE/TCZHW/ AU 10 m YA 7~ v 7
TERFIE DU R & e NEHE O Rl AL

Improved 10-m mosaic maps of the lunar polar regions using

SELENE/TC data and visualization of topography in shadowed regions

OARTE— Pl ) BIREE | FORSERRS |, (A, A EEW Y, HIES !
U 2T S e B

HEEE 2 SELENE (52 %) 12 & X 417z Terrain Camera (TC) (&, 10 m D 2257
fRAECHARMEOMIE 2B L TE h. AOHIE - MEME DML RR OB EIIZ B W
THERT—ZZRMHEL TS, L L, Az LHEHHIC A N—F 2 8EER TC Y
A 7=y T3 B I LTV,

F#H3. TSELENE/TC 7 — &2 ZHW/ AR 10 m €% 4 7~ v TOIERMRET) (2025
FEEREHEHS, P-012) IZBW T, Lunar Reconnaissance Orbiter (LRO) #&#® Lunar
Orbiter Laser Altimeter (LOLA) T—X%2HAEY LB TUMELEIZ X > THELN
7o TC HR o PEREIEHRZ v, HEts KA Z xR e Lz 10 m BV A 7 ERFIE
DETERIMRE 21T o 720 HIEIOMETIE. HEfRO BB B\ TEEIZR O R A E %
AL TOW, BEREICERET 2VETNORZEIC L O MIEN —HICRZ 2MEND -
Joo RARTEZOFEEZHRE L. KEAMZ i LUZE I LTRar7) v 7k
TV, BHERR2 S  ME T HED/N S WEGRZ BICANCERA T 2 BH§GERTOEY A &
e 2 FEE L 7z

F 7z, TC E{GFEZEBIIN LT ]\ — U~y VY HEOEBGMIELEHT 5 Z 2T, 7T<9\%2
i Z & LB OB BN T, DTG ORI ATRE L 72 5 7 — 77T,
W%Tmﬁﬁﬁ@u%?m%xb747ﬁ/4xw CEDEETDH D, m@ﬁﬁwﬁﬂﬁ
WETH 5,

ARFERTIE, T4 7 NHEF IIEODE&EW\]EZ Z OHEAMR. B L CERF O HBIEEY 4
7w TOEFNZOWTEHET 2, 7= BoERR{tZ HIVE L7 u &7 M
RDFRA L Z DFFEZEEMH L, T§®$(£E&E0)7:7ﬁ 7z & N A MUEERE A D L H AT RE
MW TS .
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thep L — A —&RBlIC kK BKKEHIZH T T
HEEREHAICE D < KKBEH T EEE O E14H

OMHBEEARH'. BAEE'. BILH"
'RAEXRE, "RRERIHEMBAE

AR, A CAOR DI 2 RR S 2 BIHI SR T T3 [1 2 E]. HokoK
X, Z DEEEME OIS AR OEIEETH 2 L FFHC, fko HEE) %3 2 5 &
LLTHIEFEHIN TS, HEL A v W fEtEd 2 AR EHE (LUPEX) <&, 8Ll
BERD—o L L THlifp L — & — (Water Scouting Surface Penetrating Rader; WaSSPeR) 235
fHEha(2], Hihr —&2—13EEEH W THGEFHEIZEE cH 5, HIT D 2 RITHimiE
xR RCFHIITE 2720 HRHIHL A O Gl IR HI LR C D AOK AR IC i & & D,

KETIE, LT ) REAOKDFER (B OIRHGEL 2 o 2 YIEME) OECICEHL
HOKDBH A HE T T3 [3], L2 L WaSSPeR OBIAERE (K 3 m f2EE) TlEAL
Y R EAOKDFERESZITHFEL . FERICEH L 2ACKRE IFEHEL v, —77. BHEOH
BREROIPMEECH IR 2y v M, KRBTV R XD 2HRENE W, 7
LI Y ZADERANAF A MCER L CEEIBIZ EEBRDOWREIKRE L BRICHFEVL —X
— B IEEEARK IR Kb TYAIEE T 5, Lo T, HEELCL — X —(F5HHD
2o, M HL ) 2 XY MEBRBAOKERE Z[FETE 2[R 5 5,

AWFFETIE, FEFFHINC X 2 /0K O JREMEZEUEY T = L — > 2 v THGE L 72,
FDTD i£1c X » WaSSPeR oI Z gL, FEXK - vxxvyvbo (1) FEX KRG

(RBa=X[4]) (2) FAHEBUKTFE (2 18 Debye 478%[5])  (3) KKEADENE (Maxwell-
Garnett iAHI[6]) (1) FZ v X2 - —%BE LM TREEET V2R L 72, T 1-3
m SR - IR R 2 T2 NOKE 2 30E L IR 7 — 2 2 ER L. B wiofaEe L
T, MW 7 — U 2883 % H CELDJEEE O R S Z L %2 f# T L 72,

kK 10 vol% (~5wt%) - BE 2m S, ¥ I 2L —Y a vy TEOLN-ELEREOE
2% AOKZR L O T GG T 7 VIS B 1T 2 L ERE O S 2L o 35 7|l & bl L <
DEELREZFHENT, AOKBEIMRHTERdr o7, KKICksuvx2 vy 2y MET ()
10%) 28, BEKBELICHE I FHEHP L E LT VEREICHO N 2O ELEZLNE, —Ti.
KKB Y /7 LIRS T VORS00 % & 5 & BROE L AOKE TGS 2N
WRFfE] CHEO BB O ZAL 3 Bl Pl & BeG L TNz, ZHUREBEITIE. AOKZ & T
EET RV O T -2 OMABIC X W AOKERECE 2 2 L 2B T 5, KREERTIE,
B IC B IR R S D BLHISE & . BRI A BE 7R AOKIREE - TR D FIPH Z2 a5 % .
SZ R : [1]Sanin et al., 2017, Icarus, 283, 20-30 [2]Ohtake et al., 2026, 57th LPSC, 1377
[3]Meng et al., 2026, EPSL, 678, 119832 [4]Heiken et al., 1991, Lunar Sourcebook [5]Boivin et al.,
2022, JGR:Planets, 127(10) [6]Garnett, 1904, Philos. Trans. R. Soc. London, Ser. A, 203, 385
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AHEZ7 v —%—icBli} 58E L OMAT DRE{Zd b8 3 REMEZEHBRE
R, GRS
FRUR R R R AL

AT BUNR RS Cr ZeiRE), 2E57I1C X - CREVWE P BH L, HIZHE5ET
5 eEZ T3 (Soderblom, 1970:; Ikeda et al., 2022), HuJEZ#ER 12 S H2 K i~D
VEERIC Lo THEL 2720, RELYEEXEOBRZEES 2 2 & ITHMPEL %
fRIAS 2 LCcHETH 5, [k, HIZHEANIRELIC A L =Y E X %2 RE L 729580712
Ik o CEPINICERIH I T 2 7~ (Fassett and Thomson, 2014), L2>L, Z O{REDNFHE
BXoo ATHNICERFTRE T H 2 212D\ Td o AR BUAIIREE 2 72 T T e,

KEYE OB LRRZ EERE T 5 2 L IZREECTH 2 720, KWK ClIRE OB HERC
FH L DESTE % K3 % 52T H % Optical Maturity Parameter (OMAT) % F\»
(Lucey et al., 2000), R} & OMAT D% 5 HIfIC B ) 3 KEVESE O R %2 BT
5, ¥7-, BT ORBWEB ) 2 XBELT 256 CIIHNGE EE L 2 erb, #
BoLv—2—%XRIC, 7L —2—0fEE s X ORATTHNIC X 2 FHBEYLEDE G ITD W
THBEIL 72,

AR cld, HADHEREE 2] @ Terrain Camera (TC) (Haruyama et al.,
2008) # X O* Multi-band Imager (MI) 7 — % (Ohtake et al., 2009) % fl\> CHIE &
OMAT #HH L 72, TR 1% Tycho, Jackson, King 7L —%—¢ L, &£71L—%—0
JLER - Mt S L O E2 S 15 ST 57T — 2 2 BUF L7z, £z, AL - Mo
OMAT D&% 73~ % 72, R 30° LANDT — 2 %0 R e LT Welch © ¢ E % E
Jiti L 7z,

Z DORER, &7 1L —2—THE 30° LAT Tld OMAT & RHEZE MBI Ix 55 W—77, 30° LAL
Tld OMAT 22N 223530 b vz, 72, HRECTEIELRE Y &
OMAT Zpnd R A R oNTz, 61T, JLEP - FEEREICITA EKEE 5% CHEHA BE 1T
ROLNED» o7 b DD, EfEREIE & OMAT #2208k % < 75 2R 2R X 7z,
FHELD XA LAT = VD3 10*~1004FRRETH D Z L 2T 2 5 &, RE30° LLEkT
OMAT AR % 2 &13, 307 A% B &JF BT O M E AR I O IRFA 2 7 — T
FALL T REEZ RE T 5, ORI, CkoMERENET AV CRESI N TE 2R
JE e YEEE 7 7 v 7 A0 LFIREfR CIRiBA T & 37, 30° fHEAEE L 358727
HEEMET L ORBEREZRL T 5, 72, FRETEV OMAT 2D b/ &

i, RO Y NY v NI X o TR E L CRIBRIERE U3, Mk
JEEFIC X o THREMEPZE R L T 2 a[REE 2 "B 32, 50, SR ELER -
SR D OMAT Z23K & < 7 B {dEAZ, MR & FRE R o H S & 0@
X0 BT OMETRE P RIEHEATHE 2 L, TR L oA 234 U T 5 ARtk % 3L
Fis 2,
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AEICEITSZK - FERERDOEE L BFEHADOAEELE

O#fH Bx'!, & 58—, RE R° R KHK2 BEF 8BS
T ERS, &M MK, ER KIE 2H 7!
'RRKE, ‘UMERT, CREKRF

DGR BEEE ERFEAOERICAIT TORELZEND—21Z, AETHERD
HRTH D, [FEOBAEBEARITEBEIICIEAL TW ZEARAETNTS Y., AEBERDIRIAH
ICEWTIIHIERD L DEEMIIREL AT S 2FH0, LAL., AETCHRMFAEST 2WE%Z
BAICHEPLTW ZET, BHENAEINERETE S, Z0-0H, ERFEEIZAEENICE
TR ERBIEIT TR, RBMICEWTHEFEF TH Y EITHEEI o, EREERNOMEIL
HEBPICHEBLINTWD, ZOFEMEERT —XORHESIHAOERN S LEY XD
mLEIicHFE5T 5,

A ICEICHFEET 2 EEZ DN DKITEMGHEFICHERTZIT TR, KREBRICHBET
2 EIC&Y, BRAZFEFEPHIK-FEABMOBGHO-OOMEE L TRAWSZENTED, £
7ADERPLIYURICEEND Fe ¥ Mg, Ti. AlL Si e REIZ. RENAZBEEHICE
WTIZEERMECKBGEM/ T IILOMELE L TOFBI RTINS, LU RZFBLI-EME
BICBEWTH, BMBENESBREBEICIKEFET I ENAONTWVWEZ Eh b, THREMRDETE
FEEZTH 5,

BB LEh o DKERIC KD FREOERITICIC L 5 & (Schorghofer & Taylor, 2007, Sanin
etal. 2017), KITES ImBEFZF TCOHTEILICHEEL, HECHEBEE., L I X0OYEIREE
BREIKE L TKFEAEDREICOTENH D EHFEIND, Fe, Mg, Ti IZFEIChY 7 HV8E
A, FRUHKIIREOEHKELYICEINTE Y., Al ZEICRRAICEZEEEND, K. Th &
LT T7—ADRBEDIRIZE KD, Lo TERBEEICEVLTIL, B Im BEZ TOTHEVCILYOD
HNAENTHZHEL. BREEEEABET 2700 MAKOONG, MZ T, BRABOEH
s, BRE - BEOFE., FEFRE (KOHEMICEDTRMNEEL TWED) ZIRET 5 HIlT
BEELDB,

K4 IIRIANGAEEES 2 XA 5 -0 DEREERMZHIIT S22 BIEL. Z DG
HBEOBRE, BREE 70 —0OBEA2{THR>TW5S, BETIEBIL. LADXAAXAS, Rl
F-hHr~Rgtery, L—Y—FE7 7 AHE LD NHET (LIBS), BHOX WX T THY., Ih
SEMBAEDOE T, BROERL SEE - REDIiS L OFEFE (KDY E DTEHE
ELTWAEHLE) OBEETOFEREREILT 5, LADKH A T IZAR-AFRNAERFTICEITS
EHREICRRED R RS PUVRINEREAIEETH V. IS & V) BEEEEICE T 2BH2K
(>H km) O, X7 FILIRINE DL B Fe ¥ Ti OEMMNAZERAHEREST S 2 & T
BREEENEELREBZRET 5, RICHEMETF - Av~igtrH¥ & LIBS &), RERA~RY
PLOAHAAILIFBONEL, TROEEEEEF D, PHEF - Ao~ Y, FSHW 1 m £
TOFHRREKEKRE FEH 10cm TnxisE (K. Th, Fe. Al) #FE3 %, LIBS (gL
—HT7 7L = a v TRELETIRXAIDENLIART LD LREH cm ORI £ TO H, Fe,
Ti. Al. Mg, Ca. Si. K. Na o9Hm % RS 300 ym OZEEOEET, ANICEET 5, MED
BAZEAEDE CRIARADERDHZRET 5, BHHHKD X 713 10 um/pix D= E 5 #REE
b, LI XAPERROE4 O E ZESE L CERED BT 5 2 & TR Z 5T
T2, TNICEY, TEDTENEDHMICED LI BIMETEENTWE D] Z2RETE, B
BOME A EARTT 2 L TCORRT—4E D, £/, AEBIHECTIEORAE. REIRE
BOEEICHEFESEL, BEA 7 7EBEICILL BT %,
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& ~SLIM MBC Ao ZDEDAEEREICAIF T~

Measurement and evaluation of rock texture of lunar and terrestrial
samples using visible/near—infrared spectroscopy ~ from SLIM to future
lunar exploration™

ORMA ', A& ', EBRLE . KMELF’. AFtH ' EEIA
1) ILaRfERE, 2) FHMEMRMAREEE. 3 FLUXE

AR - RN D REEIINETHAEROIEYEEZRETSFEL LTRILC AL
SBNTEf, BADAZFEEIL., EEHE <X [SELENE] (2 &k 2 £BREE. Zhic
< /MY BB RESEETHE SLIM (Smart Lander for Investigating Moon) (% 2024 4
1 AICBXRYMOABEE ViRA > FEREZREIIS Bz, SLIN (ZREMNSH D
AR - EFRNDRERIZE YRR LYY MLEEDH S H (Yamamoto et
al. 2010, Nature Geoscience) NTBH L TR %I 4 | RZME DD %
BL . SLIM [CEHEEINEHZFAEZEETILFANY FRHEH A S MBC (Multi-
Band Camera) [ 7+ — A RABEEZRH TSI LT IMEDORERTIL. Inm/EV &
JLEWSBWERBBET, 10D/ /XX T 4 )LR— (750, 920, 950, 970,
1000, 1050, 1100, 1250, 1550, 1650 nm) Z{EL>, AEEZOEFIZEIIL =,

10 N\ FOREBRGBT—2O@BHMNL. BEMGRDIZHHT EAKFOHY
B (ER. hoo A, BRA) ZHEL. sRREOHIAIZE{T o=,

HADF—LTIFINET MBC LIFIFRFDOMHEZL DI OC=ZTIYIIET
U (EM) ZANT, ABBEOHBOEREREL . L ETOERY U TILT—4
ERELTE, ALY TIVITH LT, HERFADILEBELHS X RO E
BRALEBDANT—2LEHETMHTSHET, ALYV TLIZHLTS
JiEER (—IEPER) EXRFEREEELRABRLGANAGEZEZ TE . &H
xRTIE. ABROHMBOERITT L TMBC-EM ZAWVWTERE L-SAT—42 &t
DAMFEICEDAMT -2 DLLEFERER L. MBC-EN THOERBHACILYIE
DEFHEFERZERT 5. SIT, FonfT—2X—RZHLICAE MBC 7—
S DFEMCER. FSOAEREOFRICLELELFEEREETOSABAD
BAZRBEARMEDLD A SHAECERIERT ST VICOVTIHIERT
Do
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OARTEL O8ARREKR? O &R, O ARFER 3, OMarco Pinto?,
O “FH{ER °, ODaniel Heyner®, O & 522

VUK, 2JAXA/ISAS, 3 HE ALK 4Laboratory of Instrumentation and
Experimental Particles Physics, > L AR — K%, 6 757 > a4 7 TRRF

KA & 2 WEREN RN X WIKBIZIEE T 3L X — OFHRDEE D IEVT W5, FH R %
WENEFEEDEEETEAL, B ECENL SVOZRIAF BT 2IE, BEHRICE 3 AT P LEE
LR 2BEYNCYIDEEL CHIE Yot R 2 EEST 525 A TEETH S, L2 LKERICBVWTIREFEDOE Z
AHNY 2 TN DGIIFTH T VIR, Z 2 TAIFF TR, K5 2026 FRITKERFEHE IR A TN
%K BB BepiColombo OB T — X D ¥ &2 HIEZ, MGHRS 2 21— a2 itk » T, FEHE
& s O EAEH 2 3T 3 %,

ETVEMIHE L ZKEBERMEDO 7 ey 712, FHGTEANSIEZ I aL—va v EEML
72 (FK)o ABFTALF —, Deposited Energy (R FHIMRARERE LI T =1L X—), RARARERZY
DNRTA=REildk L. TNLTNOBGFREZTANT, ZO/E. —XGFIIMTF 2 m BETELTZ2H0
D, ZRMNTFIIZHIITHELSETHA L. FRICSXREFIIRA6 m £ TEES 2 Z 2 2B L 72, Deposited
Energy I22OWT, 95— DD EER AHBEHRTH 2 KGRDGEL KT 2. HEEHKD Y E— b
U DOFERBHIEEICBWTIE, FHROFSINIWI b ootz ZHUIKBED T 5 v 7 2D
FEBPICRKREL, POBRIINVF —TH S 72DEAFREIFHHE I DI Z 0%, BRI TEF L
TIEIET2 ik eEZOND,

Dbk, FHEOAFHREIE m A — X —THDTRKENH DD, ROEEIKT = 1 LX —I13HH
TN/ N E W, K o TKRFGE &K 2 1S O EAEH %2 FEERINCHREE L 72 Caminiti et al. (2024) Cikam S 4L
TW3 X577, KGRI X 2 FHBEULER 28l 7 — X DERICH /> TI L D EHINETHILE R
b5,

Particles Source
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Density : 2.54 g/cm?®
Composition :

SiO, :52.16%. TiO, : 0.13%
AlLO; : 3.39%. Cr;0; : 0.54%
FeO : 0%. MnO :0.31% "
MgO :39.92%. CaO : 1.76% |
Na;O : 1.63%. KO : 0.17%

20m

10

Primary pFotons energy [MeV]
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OEkpa— "2, Z|ExEH "2
'RRBPEAY MRAEGHER., *RRMNERE 2R MKRENFER

AIIHER CIIBIE L 0 b EBE CTRIKEENE Y . 2T o TR SN D SR « &
JEDZRREN, MERBERE OIS EL G AT TRERH 5, RKREITE - 6
N> TUEAPOGIEEDME T U, KA I B T E o< e 2 & Tr =
T35, O T FHMEREET 2 7201I0E, ALFPROSHREFRIZT TR, HEAR
EOIRE - [TENBEZEINETMMET 20BN D S,

FTATHIFED VPRI R TIX, 2 74 MEWEOBEZMENT LV | Heo H:0, €O, CO,
CHiZEZ G KRR S35 AlREM S /R I TV 5 (Hashimoto et al., 2007; Schaefer
and Fegley, 2010), —7J7. HZERFICIT Si, Mg, Fe 22 EDEATEAMITH bR~ A £
Ao, WMAEIPICEE T D, BEMIIKAHE, TR BRETREER L OB 2 21k
SELH, ARRJEDOIRE « BRI AR DM EZ RO 2 TITR E b 7eu,

ABFFETIE, =RoC SPHIEZERI N B O N D AIHMKIEZ & &2, FERIFRKE DO WL
k. ZARFEAEE R OV H-C-N-0-S ROKHAPUSIRERI R 2 A G, BEEICrE S
KA, TR LSOO ZILE - ENBERC B 5 & &bz, BiEERIC
MWD B v 2203 E. 7= o TS~ DB Z T~

FORER 7 F LT 00, C0p HO, HoZEDFEEH AT v ITIFEAEKE LR -1
—J5. CHyy NHa, HON [FHRVN y I&TFMEZ /R LTz, v MREWIE LR CIRE CENNE L &
724, vy=1.6 TlT vy =1. 2 12T, CHy 259 2 47, NH; 38 K OVHCN 2349 1 MrHan L 7=,

F 72, B & KA ORI OB X 2 BASHaRe R XWr BB RE O REfE] 2 & — /L K0 434
<, MFEPFER CIREAZ RO Z EAREB SN, £ 2T, BRI RABICFLE S 4,
KR - A - RS R E T o TSRS 2 —IREERMET LV ERG L, ZOET AT
B O BARBICH ST 50NN NSy REKTAERT, ZVIKET
Iz FT 5, O, CHyy NHy, HCN DIz jei) 722 25145 1 D A Rk 115U D A % i
EESELHA LV DR RDAREMENH D, D7, KD B SUGHEFH A~
HRFRORE L, R A AT 2 EELARMEERR & 725, RRFTIE, HEUL v
EEMAAE & DBVIIRE 5 36 L OSHHEHE~OBATRIE A iR L, BRAKRED 7 = FHGH
R U7 IRE - JEABEOR AN OV Tk T 5.

ARRIE. ERESEREAEHEOMRICL S, RRHMEAFELXEELOXIELZ 20T,
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The role of IDPs dehydration

on the upper atmospheres of Mars and Venus
ORAMEE ' SHERH®. PHEE’ /NMUEE’ FERE? FHEH'
"B KZE, PEEREZEKRE, CEEKE

The atmospheric D/H ratios on Mars and Venus are enhanced by ~5 times and ~90
times the value on Earth, respectively. These features suggest that large amounts of water
have escaped into space from the planets. Additionally, water-supply processes that enter the
atmosphere, such as the dehydration of interplanetary dust particles (IDPs), are considered
important for explaining the atmosphere's current isotopic composition. IDPs, containing wa-
ter as hydrous minerals with a lower D/H ratio than the Martian bulk atmosphere, ablate at
high altitudes and supply water directly into the upper atmosphere. Nevertheless, the effect of
IDPs' dehydration on the isotopic composition of planetary water is poorly understood.

In this study, we use a 1-D atmospheric photochemical model developed by Naka-
mura et al. (2023), coupled with a numerical model of IDP decomposition and dehydration, to
clarify the effect of water supplied by IDPs on the vertical D/H ratio profile. The photochemi-
cal model simulates photochemical reactions, vertical diffusion, atmospheric escape, water-
ice cloud formation, and their isotopic fractionation in the atmospheres of Mars and Venus. In
the dust dehydration model, we assume a CM chondrite-like composition containing ~20 wt%
water as hydrous minerals, with isotopic ratios matching the VSMOW value. The water injec-

tion flux of 2.4 X 10° ecm™2s™! is for the nominal model, scaled from the observed influx by
the Long Duration Exposure Facility on Earth (Love & Brownlee, 1993) to that on Mars and
Venus. The dehydration rate is given by the experimental results of Micca Longo et al. (2025).
The vertical injection profile is calculated in our dust dehydration model.

Our current results show that the water supply from IDPs regulates the HDO/H>O ra-

tio in the Martian upper atmosphere. In the nominal model, ice cloud formation causes a

strong depletion in the HDO/HO ratio from ~5 X VSMOW to ~0.1 X VSMOW between
the surface and 60 km altitude. Above the ice cloud, however, the HDO/H>O ratio approaches
the IDPs’ isotopic ratio with increasing altitude. This change in the HDO/H,O ratio in the up-
per atmosphere is driven by the high injection flux of water from IDPs relative to photochem-
ical reaction rates, water condensation/sublimation rates, and the upward transport rate of wa-
ter. On the other hand, the isotopic ratio of atomic H shows little change even though it is a
primary product of H,O photodissociation. This is because the background atmospheric densi-
ties of H and D are several orders of magnitude higher than those of H>O and HDO, high
enough to make the isotopic change caused by the water supply from IDPs negligible.

In the fall meeting, we also plan to present the effects on the ionosphere and the results
of the Venus atmosphere. Our current results with the Martian atmosphere imply that the ion-
ospheric D/H ratios are also altered via ion-neutral reactions, changing the D/H ratio of non-
thermal escaping hydrogen. Furthermore, on Venus, non-thermal hydrogen escape is consid-
ered important for explaining the enriched atmospheric D/H ratio (Chaffin et al., 2024). By
comparing the effects of IDPs dehydration on Mars and Venus, we will discuss the im-
portance of IDPs for the long—term evolution of planetary atmospheres.
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Enrichment of the Water Vapor D/H Ratio through
Sulfuric Acid Formation in Venus' Atmosphere

oMai Kurusu'!, Tatsuya Yoshida*!*, Akinori Hasebe!, Benjamin Normann Frandsen?, Robert Skog*, Yo Kawa-
mura'?, Hiroki Karyu®$, Naoki Terada', Takeshi Kuroda':’
'"Tohoku University Graduate School of Science, *Earth-Life Science Institute (ELSI), Institute of Science Tokyo, *University of Washington,

“Departmentof Chemistry, University of Helsinki, "LTMOS/IPSL Sorbonne Université, “Belgian Institute for Space Aeronomy (BIRA-

IASB), "National Institute of Information and Communications Technology

The D/H ratio of water vapor in Venus' atmosphere is 100 (8) Observed water D/H vs altitude

much higher than that of terrestrial ocean water and has Fedorova 2008

9
been regarded as an important tracer of past water loss.

Krasnopolsky 2013
80

. +

cloud layer
Bjoraker 1992

Previous observations also indicate that this ratio increases
with altitude across the cloud region, from approximately

120 times VSMOW below the clouds at 26-45 km (De ©
Bergh et al., 1991) to approximately 240 times VSMOW O/H differs by ~x2

below vs above
50 the cloud

Altitude [km]

near the cloud top and haze region at 70-95 km (Fedorova
et al., 2008), as shown in Figure 1. Although sulfuric acid 40

formation in Venus' clouds can modify the vertical » deBergh 2091
0 50 100 150 200 250
HDO/H;O0 ratio by consuming H,O and HDO at different Water D/H [x VSHOW]
. . . . Figure 1. Observed water D/H ratios at different alti-
rates, its quantitative impacts have not yet been evaluated. In tudes around Venus' cloud region. The shaded area
. .. . . . indicates the cloud layer, where sulfuric-acid formation
this study, we construct atmospheric isotopic fractionation may modify the HDO/H;O ratio.

models that consider D/H fractionation associated with sulfuric acid formation as well as photolysis of
water vapor while treating the SO; + HDO rate coefficient as an uncertain parameter.

We first examined the fractionation using a Rayleigh fractionation framework, applying the rate coef-
ficients reported by Lovejoy et al. (1996) for gas-phase reactions of SO3; with H,O and D,0O. The re-
sults show that the residual water-vapor D/H ratio can increase owing to the slower consumption rate
of HDO than that of H,O, which is sufficient to reproduce the observed contrast across the cloud layer.
We then apply the one-dimensional photochemical model, PROTEUS, to examine the vertical profiles
of D/H ratio of relevant species. The model considers D-bearing reactions among HDO, HDSOs, D,
OD, DO, HD, and HDO,, with fixed background profiles such as SO; abundance, CO, number densi-
ty, and temperature. These calculations also show that sulfuric-acid formation can produce an approx-
imately factor-of-two D/H increase across the cloud layer, comparable to the observed below-cloud to
cloud-top contrast. These findings suggest that sulfuric acid formation plays an important role in shap-
ing the vertical D/H distribution in Venus' atmosphere and may also influence the D/H fractionation

associated with hydrogen escape to space.

<References>
Donahue et al. (1982), Science, 216, 630-633; De Bergh et al. (1991), Science, 251, 547-549; Fedorova et al. (2008), JGR, 113,
E00B22; Lovejoy et al. (1996), J. Phys. Chem., 100, 19911-19916; Cangi et al. (2023), ApJ, 952, 35.
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VAGHEE RS BORS: T 7 4 700 WX T 4 7R, 2 RS BRI
P RS RAEBEPLAATTZE PR R R R, 4 RUAER . B SEWHFERT,
P IUNREE REFABEBEAAEZEDE HBRE B REATEY, © MRS PLApPE PR R A HIE /CPS

AREPTREORLAEFICH S N2 kG, FESOBOGIEITI & s AT - W T353R
T2%HEY = v MdzitEhe, BHMEICO > TLEIHERINTHS, Lo L, 2o ORI
WEYE & Z DEMIZEMEZ - ICHHTE 2 IANITBRIE R 2L S Tokz o,

RERZERROMIREEEZHHAT 2ET LD b, RAFATIEHNRAZRBENTOEXRIC X %1
HEEESRICZORFEZRD 2 THFo, EFAVERT S, ZOEFATIE, REEROBIET
Ty FMIHENES ICHE SN S 57T, PEBEICH SN SR =y FRHOERIZE S N
Thote, L2LAEDPS, RO EFIICE W THMRKRDE X 2 ZE BRI T4
BET B T, WEREZMRNEIC /B ZREEISHERF S 1, Z ORI E L T EREEIC D R
Ty FMEPIBRI G E I EWRINTV S (Pl 7> % A 7 ik Tld Heimpel and Aurnou,
2007, FERIPERLAA T3 Heimpel et al., 2022).

UL TEHL L, 723 A7 RICE T 2 BT ORI S (1600 [BHE) (9972 0.1 K
PEFFRIFREE L 50 <, 2V E U CIRPERRBIGE L TR WATREME 23R L 72, HIE, EREES
ZEMLZEZ S, 0.1 RERRETEOBRE ¢ RS o hEEEO RS = v FHEZR & & b I
# L, 16,000 [HEEEICIE 1 RAOMETY = v b a2 D, PEBEOHRIREEIHEALTLEI L2
FLH U 7z (Takehiro et al., 2024).

AW TIE, FEHERTS 70 2 A7 R LMK RIRHEAEEIE Z 20 TlEhwur LIREL, JE
WERIC BT B I ERIE DG EHITH 5 Heimpel et al., 2022 O FE I HERL U 7= [A]HKBRE B i
DEWRMBAERE D 21T o 72, Hii, PEBEICBWTERY = v F BERBBZICEG L, kS
PHRL T O»EPTH 5. FHEOWMIERRE TIZ, FREROmOIRADIETY = v b & g
IR T 2HEBDIERY = v FHBIL, REIKRKDREG Y — NP7 MIREE S BlEE S h e,
Lo LR & & S ICHERE DY = v MIEE L, 43,800 FHEDK R TIX 2 KDEITY = v b & 1
ARKDOWITY =y MZETHA L7, L LA23s B 2 )L X — I3 KAR L L-OlnEmicd b,
RHCPBRRABICIZE L Tuuiew, 5l E i RIS 2 kb L, G 0ZER P E 280 52 P
Th 5.

EE B

Heimpel, M., Aurnou, J., 2007: Icarus, 187, 540-557.
Heimpel, M. H., Yadav, R. K., Featherstone, N. A., Aurnou, J. M., 2022: Icarus, 379, 114942.
Takehiro, S., Sasaki, Y., Ishioka, K., Enomoto, T., Nakajima, K., Hayashi, Y.-Y., 2024: Icarus, 420, 116154.
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(NILEAPETRPHAWRES (2RRAPBREBR LY 5 — (3) RPELAFEFH

TEFEIYA(YVOKRRIE, BERREZ LEZHRARTHDA—/\—O—T7—> 3 VDEFEIC
Lo TEHIOFT SN S, EEOBRAFEICIE, - A1 XDEEEEY, KBEBRORKY 75—
VT NBIBREDNFEET . FTOATAYM VEZRAWcEHLE, 2FEORY S —Y
JhzaREICEERETRETHDI I LS, HRICENGFETHS. 35, P FEOEFE
IT2aE0EREZAATSCLET, BEAMORRSHE CHINE 7OBEHEAREE RS,

ALMADERICE D, BEROTMIZIEDT AT VICEWTHERDEHE D DEZEENT
BEETRO>TWD, A7 VICHIFTBHTFISHIERDODIOFICHE L, ALMADEEN SIREX THO.5
AT VENMBRLTWS, 059 Y DARSERIEKRRRREELEHZET S ENHSNTEH
D, FFEEROEENZDERIFETHDEEZSND. KSYEBICEWTHELORKBEZEN
RZ5NTED, 2016F~2017FIChF T, BEDEERITEMB T350 m/sHh 5200 m/sN\&
FELTeZ EDHASMCHE>TWS (M. Cordiner et al., 2020, ApJL). 7EHERBIRHAIZFE <,
SHEHERZIDICIEFARTDTH -T2,

HARISALMAT —HA TDEBRERNRT—FIBIC LD, B000BICE LRI T —IR—A%1E
F HEICAVWTWS, ThERW, FIC2012EN5REICEZSREET —9 DETZE,
BRHOZEZ £ <RRBEEDRZEEZTEDE L Z XM, BITHRD D FIEIFHC3N, CH3CN,
CO, HCN, HNCE LU ZDEfIETH S, HTH, LDEEOKRTEFHENL —RXTZ9FET
HBDHCNEBIRE B WBITICK D, LTHEDORZICHE ITZ2BEEEFDERICRIILDDH 3.
WoIEST, E—LAYA IPEABRE W T —YHOERICERT 2ZFHOFEIFLEL EN
THLEY, SBRIEHHBEETCHBUBLU T —YBHZRAVCEAN DL D KEELGBITICRKESE
3. ARERTIE, Ty NOBELHETFE FUTESNEREEESHOMEBRRICDWN
THREZITD.

Titan Atmospheric Wind velocity

X 8 Bueshifred wlosty
HC3N 2014-06-16 & Redshifted velocity
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SERAAME, BHYBESNEZRNREL L\ oz, BEEBGEXREDKRRICELHFEET S
EEZONTVAAERELE LT, FEEZPLDICKIMNERZRZELY LR EET HR—
N—O—F—3 a3 UhEIF5n 3 (Imamura et al. 2020), DK S HEZ5 ST
BRABADZXLAPREBINATULDEA, F0O—2IZ, XBAMBORKEBI Y SR K&
STREFBEDOERENMNFESN, CNHBEHFELYDOAEHNELHFEAMITESELSE
ZH# 5 (Nicolas and Vallis 2026), /\ FL—BIRIC& > THBREITEIN S HEEED
—ERAS., BERERICx L CIEMFRBEICK > THRERESITEEIN S &, FEEBLELERRICH
EBEFENEREIN, R—N\—O0—T— 3 UBERHIVEHIFEINS S,

E, EEFEROHI OZICI - THONEEEZEEORET—4M 5, BEIZK>TH
ESNHBHI KRN HEBEDHFERETHMEZ L= 0T ZEAFRER SNt (Horinouchi et
al. 2020), CHOANZXLANEBSEMENDA—/A—O—T—a v O#IFICKELEFE
L3252 &N., EEGMDEERICE>TEXIFEIATWS, —A. BVBEESN-RNERE
[ZHEWNT, FDEICKZBRAIOKK[MEA Matsuno—Gill 7342 —> (Matsuno 1966) & IE(Eh
HHBHRBAFTRETRONDIAABEREZSITEIL., FEMTAEHEMEZ L5 LTR—
NN—O—T—23 %FB|IERILS55T LM, EfSN TLVS (Showman & Polvani 2010),
HMEKICEWTELREARIREBRGOEBEZELIZHS-H. TITELLINFHRIIERES
ERELHABET D, LHALMBRRKKTREFEMREHFEY EBESNTIHAh o1,

SELHYEERNREBICEFTHA2RAOBHAGEFIINET,. TnTh TE2ESK]
Matsuno—Gill /82 —>1 ELTHIRICHAREINTE Y., Hi—MEGERISATIGHL -
fzo =AT. A—NN—O—TFT—2Y 3 VT HRR[DEERRLHER—/N—O—FT— 3 &
ARICKR[FZHE}T HHE (RATHNE - RAITHA) HEFEEL. TOBRICAE ST
I EBENAMESN. AEBELHFEMETITES. LS AEIEEEICHETHS,
Z CCAMETIL. Matsuno (1966) [T L f-i&FlKDIREAEZ L LIC. MBEBOBENLHE
BIZDWTHERT S, . 2EOTERARKIZEVLWTHSENE =0T BEMEH 5 L ILH AR
ROV FSAMFERZTHEHE HEZTIL-6LI5H2LETT,
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HERTIE, KIUBEDOE LR~ T REDK k) OMEERICK ZEKIREIER
HEMEIEREGEZ LN H D, FIC. SRBELBKBOBREMMBEERICEL > TR
SNBME ML — L Ra—2lk, BEEH100 mOBNMNIKBETHY ., BAYFED
KM EEKBYEEZRETIEELHBE THLIER. 2014-2015 FDT A RS> FORIL
704 UIEKTIE, BEONKRAICEYBKRENEL, BERGHEYMBRENER SN
(Duhamel et al., 2022) . Chld, KEBICK YRR SN HBKIREN. —SDERIC
EOoTHE (WERTIL) THAHAZELDIMTH S,

KEQOFEEITMHEST PRI OHLFERIE, thEZMIC TBEBE] THS 25075
FHI~REFTITHKOXIESH ERER L= THY (Vaucher et al., 2009) . #BE@
EDKREZHABLETHBLENDT 4 —ILFTHDH, O, %éiw),ﬂkiﬂjﬁz HKIKA
BI—brLRO—=HRHL, KEBBELEZAUBFBNCCRAETERTHI-IEN
N TULYS (Noguchi and Kurita, 2015; Voigt et al., 2023) . & SITIRE., 1IFEHA
YA MK BREZTDSHBOCRAGHEFTICEY ., TILADIMBEFMTISESNT D b
IWTI—LDFEMNTRE ENi- (Broguet and Andrews—Hanna, 2023) . Ch 5 ®DFFEIL.
KEMNHED T£EEFTLS] AIREMERY . REQKIFEMNEMIZE > TOFEIRIE (/)
EZ2TILRE) ICEDKSICHEBTEINERARLILIPBHTEETH D,

ZToTAPRIF. REQHETBEICHITHXLEBEK - KOBEEAZMHEBAL. KL
EBARMLISNES TIVRRERAT S EEBNET S, FRITYVILTERIZRS
NHL—rLRa—VIZEBL, A) KEVELEVT—E8.B) FARSVRTOFFA
THRE. O SRAMIMMTEEAEDE., BROXZEFERBICER T BT VT EX
IWFHRRNOEET S, ARRTIE, AMRBEREENL. 2026 £8 RIZKET 57 1
ATV FNRERREZERT S
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HhEK - KEDIITIEICH 1T D HFLERAT
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Geomorphometric analysis of sinuous ridges on Earth and Mars: Discrimination
of inverted fluvial channels and eskers based on cross-sectional geometry

OFFxshE ", Susan J. Conway?, Anna Grau Galofre?, Nicolas Mangold?,
FARRAER ', BAREA'
'"HRERRMPKRZELSI, 25> b K% LPG, CNRS

Sinuous ridges are elongate, positive-relief landforms widely distributed on the Martian surface,
and serve as an important indicator for deciphering the evolution of ancient Martian surface environ-
ments. These ridges include inverted fluvial channels of fluvial origin and eskers of glacial origin;
however, discriminating between them based solely on remote sensing data has remained challenging
because they can produce similar planform morphologies, despite their different hydraulic conditions.

The present study investigates whether cross-sectional geomorphometry can provide diagnostic
criteria for discriminating between inverted fluvial channels and eskers. To assess this possibility, in-
verted fluvial channels and eskers on Earth were mapped using Digital Terrain Models (DTMs) within
a Geographic Information System (GIS) across a range of exposure stages (several decades to tens of
millions of years ago). Ridge cross-sectional morphometric parameters—including ridge width, ridge
height, cross-sectional area, the V-index (ridge cross-sectional sharpness), and cross-sectional asym-
metry—were measured. Power-law fitting and principal component analysis with regression were ap-
plied to characterize the cross-sectional geomorphometry of inverted fluvial channels and eskers: the
former to evaluate how changes in ridge size are expressed in ridge geometry, and the latter to identify
the dominant patterns of cross-sectional shape and geometry.

The analyses revealed a distinct geomorphometric evolution between inverted fluvial channels and
eskers. The presence of resistant cap rocks on the crests of inverted fluvial channels systematically
produces flat-topped morphology while also suppressing vertical erosion; this promotes lateral erosion
and results in width-dominant variation. In contrast, the absence of resistant materials on eskers leads
to more variable crest morphologies, ranging from round-crested to sharp-crested forms, with geo-
morphometric evolution primarily controlled by vertical lowering associated with internal ice loss and
thus characterized by height-dominant variation. These contrasting patterns are reflected in the expo-
nent ratio between the ridge height—cross-sectional area and ridge width—cross-sectional area relation-
ships. Taken together with previous ridge erosion models, a value of ~1.7 may represent an upper limit
for inverted fluvial channels, ridges exceeding this threshold can therefore be interpreted as eskers.

Application to Martian sinuous ridges demonstrates that the morphometric criteria can discrimi-
nate between Martian inverted fluvial channels and eskers. Importantly, sinuous ridges in Argyre Plan-
itia, commonly regarded as eskers, are reinterpreted here as inverted fluvial channels based on the cri-

teria together with stratigraphic analyses.
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K EEZEM A OEEL
O fivAs i1, 0% A 29, SE I 4557, ekt I, (P T MR T

VIR KRR BE AR, 2 P K RFERE NEFEZRE AR, 2 TE TR KRY
MEBHEAMSE L X — A HEREERE, 2 %) - T KE, ST HRYE, T ASHAR—
27 =& SENRKYE

KEIZ, MEILDFIRIIBNT, O oMW H 2 Z e H5NT WS (e.g., Watters et al.,
2007). TOgMoFHHE LT, HRERMERINTVWS. SPHETREICKD, KEEED 1%
B 5% D RIRA 6-10 ki /s THEAGKEITHEZE L BRI o0 HEHEI NS Z RSk
(Marinova et al., 2008). %7z Z DEZEN K EMEZTER L 72 AlREME IR Z LTV 2 (e.g., Hyodo
et al., 2017).

ﬁfﬁ&ﬁ@lkbi@kﬁﬁﬁ%ﬁ&ﬂj?% KEDOZ 2T 2EHRIC X2 IEA Y TRE
NRE DR T H 2 AReME b FE X LT\ 5 (Minton et al., 2015; Hyodo & Genda 2018). ‘K2
DO SN, KBEENC X 2PUEILRUITIN—T1T, KREIC K 2 KFEIHIGP P ES)
IBIC X 2EEL D 21 2. BERPEOILENCIE 108 U LR D2 % DT, HIBREIEKRE » 20
HEARINCO o THZEREZHIGL 5 2. AFETIE, ZOWAFDKENDOHEM L oKRE
ANOEME N AFRFHREICK DFARTz., FLFAEOBIETH 2 AR OB O 21T 5 7.

KB AEPUEEL R T, D 10 FIZLIEKBEANOHEEPIEBT 2. KEDOHEE
BEPHIRE D /N VW e 6, AT OHIERERERIC LT KE BB O K R EME
RKIMEW. oL KEBEBAIEAERBA XD 2 0BG KEWERLEREFT 5. —
HTKREBMBBAITKEIZ X 2 PHEIAFRAREIC & 2 K FEHIS0 G #EEN IS I X o THiskiuE
Y5 X 51272 % L HIBRIC X o THLHESLA L2 DT, KEBHB A 13K EIC X 2 HLuEHLAIRE
& DI CHAR T 5. BRI X 2 EEUELELIC & o T, KERHI A 23 BRaa 55 KRR R A D iR
WAFET4ART Y« RIA=RGMICES. 20, KEPEIZEF LRIIFISHIIERZ #iY] 5 2
L CHIERIC Xk 2 A EEL 2 20T B ERRIE, REAR IR 55 RIAAN O RIK D G R REME 2 7R
LTW5.

KEBMHBRX, B 107 FEOBRBET, WIHIR D 0.18%FRE L & —Ho > 7Y 7H
NEEOWEICAS. ZOEIEZATEEBIA TIRFE U REBRH T 0.013% 2 & 1 HifeE
v, LHrL, KEOZ WU ZIBRT 2EHETORHYERIKED 1%ETH 5 Z & (Hyodo
& Genda 2018), HIERBIF QML OMERVHEEP» ZN LD DR VEETH 2 Z & (Canup
2004) BT 5 &, NUHV TEVNREICEAEEE A &K ERHBA BRBETFS L TWA]
BRI D 5.
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FAENGKIRRICEITS ) U EHDHERTE :
WMERELE VXK E~DER

OfEt ', JtB=EE? Gankhurel Baasansuren®, 8L EAM* ZFEAAlY
Davaasuren Davaador j°, {KHEBK° PRHEEANS SHBEX’

'IEGEXRE, (BERRREMZFERt VS — *EUIJILEIKRE,
CERKRE, WA IUR, CEERRPKRFESI, THRAE

KERADHALLERIEKIZCENT, REDKOBEENER SN, TOEMLREE O
[ZDOVWTHEENEATWNS, HISHEETIE, EEEPEITTREL, NEFEYU T4 DEE
NoBEELRRTRTHD) VICODWTHLEBNEHDOHD, HlELT, TEFEI 54
ATHREINE-ERED) VL, h BT VBALL ILDBRIZEDEDTHS LR

MehThd [1],

THIZ, SCHEDH TV A—U0FDEAHTICEY . KIBRADKIRETY ViX
TINEA FUSNDHETEHEEL TNV = ENTINTWS, YaodonEDNmRFEL/INE
EHNSDUA—2 YU TLTIEFT NI DLEZEAEBREOS N VEIEN., KERETDE
BHRTIEEE VEEOHMDIEMICRFE L) VEARRIATWS [2, 3 B E], ChbD
FHRIE. VXTI, FPOBRIZCKVYFIEHEIN S & VDS RRDEERZ T TIXRBEALH#L <.
ZHRUERBREICETSUVORE - THBEZERNTOILEHRZRLTLS,

AR TIE, MEREABICEEL-BBRKOXERBKEEXETIT7ILHUKE - SREE
IEIRIE A L DIk F OEAEMAIEHNBEEZ 7O ELTHL. BAREBLHETETY V5%
BLTYVOEEZRT LI 4], F-IhoE) VBEERET SHBEVMEECATLR
EDOKRBRBIRELAET S, NoDEMIIEEHEEICHE > TEREOEREEZBRYERL TS
YU, KOBEERIZCE>THAMNEREINBZELELIZ, pH DEFHT S LM TLNS [5],

AMEDREBELETIVIZEY ., 20 pH EEIIKDBEEIZHES REED EHE & REEE DB
FEETHLETEEMICEEINT, £z, 20 pH ZHFIZHE->TY VEOHEILY~D
WEHFENEIEL., KT VEEBAERESINSZ LI TRENT:,

ARARDETILICEDE,

MBRESIUVBEOXKEDKIRRIZE TS D DEEE, &

A - RIS BENGKEIZDOWTHREI Lz, REB/IMREY VD TILTRREIN-ARE
DEWNY UEBEDORBIZDWTIX, BRBKDBEREITTHELEWLD pH XRBRETHY ., Th
(X, KDFEHEIZKDERBOBACADEE pH NMETT DR TIXFHBELHL LY, Ff-. TOR
BICIEEWNVEED) VBN ETHAELTREINT-, BEDKREREK~DEHATIL.

ZTOEDMTHERINH) VERIEL ) VEEZRE LSRN RFT KB, HEM
MNohREDKPTHRBEATETH 2=, COBED VEEEEDLLEBEMEN 2= EN#HBISH
oo RBAEIZCKY CASDKBETDY VIZDOWNT, ZOEEFETTHL BN EETHE
ELBLIZEDNTREIN, VUICBOKRENKGERATES BRI -ATEEMEARE S t-,

[1] Postberg et al. (2023) Nature, 618, 489
[2] Matsumoto et al. (2024) Nat. Astro., 8, 1536
[3] Hurowitz et al. (2025) Nature, 645, 332.

[4] Tan et al. (2026) GCA,
[5] Yoda et al. (2021) JGR,

in press.
126, e2021JE006972.
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Evolution of carbon isotopic ratios in Martian organic matter and carbonates:
Implications for the MMX sample return

KEFY) & IRIEE O R B RN ARLGEL: MMX v 7L ) & — v ~DRE

O/NMUERE "2 SHERE ", FHEM > H)IEE . dHEE° SEEL 2 RERIE >, REEH’
'RERBEKRE, PRIEKRE, CRRAE, HRBEFRKE

Carbon is a fundamental element for life, and its cycle regulates planetary climate systems. Therefore,
elucidating the carbon cycle, particularly the interactions between the atmosphere and the surface, is key to
understanding planetary habitability. Mars is one of the prime candidates for investigating its potential
habitability because geological evidence of past liquid water implies an active carbon cycle. Isotopic signatures
provide crucial constraints for reconstructing this cycle. Recently, the Curiosity rover identified carbonates
strongly enriched in *C (8'3C ~+100%o) at Gale Crater (Burtt et al., 2024). The mechanism responsible for this
enrichment remains poorly constrained. Carbonates have been identified across multiple locations on the Martian
surface by both orbital remote sensing and surface rover observations (e.g., Niles et al., 2013). These carbonates
are suggested to have formed in localized aqueous environments with transient water supply from the late
Noachian to the present. However, the '*C-enrichment of carbonates cannot be explained solely by standard
equilibrium fractionation between carbonate and CO; in such environments. This implies the existence of a
heavily enriched carbon reservoir. The fractionation induced by CO, photolysis is a potential mechanism for
such reservoir evolution. It preferentially dissociates '>CO,, removing the light carbon as CO and leaving the

remaining CO» enriched in '*C. This mechanism may explain the observed carbon isotopic enrichment.

To test this hypothesis quantitatively, we implemented a new carbonate deposition scheme into a coupled
photochemistry-climate evolution model (Koyama et al., 2024). Our model tracks the evolution of the carbon
isotope composition of C-bearing species in the early Martian atmosphere. It comprehensively considers carbon
isotope fractionation induced by CO, photolysis, carbon escape, volcanic outgassing, and the atmospheric

deposition of formaldehyde.

Our results show that the atmosphere transitions between a CO>-dominated and a CO-dominated state through
its evolution. The CO/CO; ratio is closely associated with isotopic evolution. This isotopic evolution reproduces
the signatures of '*C-enrichment found in Gale Crater carbonates if they formed under a CO mixing ratio of
~50%. This enrichment is driven by the high proportion of photolytic CO, loss relative to the total CO;
abundance, which intensifies the fractionation effect. This suggests that the abundance of CO could have been
significantly higher than previously assumed for CO>-dominated early Mars. Furthermore, we also discuss how
the carbon isotope ratios of ancient carbonates and organic matter to be returned by the MMX mission can

constrain the atmospheric evolution of Mars.
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R4 FHUXIZEITHRBIENMDZEEL
N2 Olympia Undae DEEMW EADRE

OF k& HE' EAJN B2 Trishit RUU ', 2@ #' XM HEF'
ING BERC B BAETFS &% B2 i ER L kAR BHS BH EBS
"EILKEREMERER, 2EEHKSE AR Y oK, “JAMSTEC, SEHETAS, SJAXA

WIS EH 1T HEMMGTEK ERIRIE. BRIMOMAEHEEEILSEIAEEENHLHH. B
ALEFBLTWSRABTLZEERRMMET 5T VHICE T, SHMGKXEITX T 5 854
HOREIETRITHLMIHE>TUEN, RKE=Za—AF2aMKRT74 b O XELLARICIE.
HASAKBOBERENEA >THEY . KELBHICEASAEREOMKT7TF O A FEL
THHMoNhTWS, RTA U XFEREBOILEOHIE, HTKOES & FBLEREK - ZREN
BRUBSNDTSVHTHY. REDEERE~NODREHBRO—DLEEZONATLS, LH
L. LEOTEREMICHEINIEZRIYMEREVERRK L OBRIETSITHLMZE->TL
B, ZITAMETIE, RTA MO XBEHOI/LEOHEABEN S, REBBOREWEITHIT
T. 82% (2024 F 6 A) (C55thm. MEEHE (2026 £3 A) 12 87 #imh o HBEMHF £ REX
L. XBEFRANE L WGERFND DT EITO LT, SMEBIAOZEETILZRT -,

TR, MBEHEEL CHREMESATIEIRE (CasS0. 2H.0) NEEHMTHI DI L.
L OHRABISGEDLIZDONT, FKBEETH D Bassanite (CaS04-0.5H.0) . Halite, LT
Na FRERIE O Mg FERIEDERFENEM L TV, S5 OHMELOMMEROETHELETR
5 &, #ZF(C[X Bassanite & Halite WE#MT HDICxt L. MEERIZIL Bassanite & Halite @
EHENFELL. BEDEEMNEML TLV =,

NoDERMS, LEOMEDETIE. MAERICEERICHE > TRINIAENMTET S0
[Zx L. ZORICHEEZZOEE - ERRET TRED—E8HARK L T Bassanite ~BERFE L 1=
AIREMEMN TR IN D, SHICEFKRENEITT H&. Halite O Na - Mg FRERIR 2 S ARRE
MYPHFHE LI-EEZAOND, —A. MEDOBETEKEIZIE Bassanite DBAMICLYEEDNE
FEMNEML-EEZONDS, UEKY., LEOMTIIABDHTH—Bassanite ~DFK—-&E
RESMOTH—Bassanite DBEKMEBEDOHIHTH & LS —EDHYMBETILNFEHEE ZfE >
TRYBEShTWSAREENEALMNEG ST,

ARG, B TS VRECH T H5HMBELRYMOFTHMEE L EHNATICEIVTRL
HDTHY., EEREOEE IO LRDEELEFAERLIZLDEEZR S, FRTA b
HUOXPYSNZEH, Za—AFPaMICIEBEEZERLETHEILRANZHE SN, HhTOEKEE
ZERBEL T HMBIEOEMBEIEE L TLDAEEMNTE IND, DR EDEE & X ERFK
METHEIFMBIZENTH, RBFEERTOE RO TOHRKEIINEE L TLNEINERITT
52LT. KEXBOEENEOHR IO RDEBRIZLENSEHHEINDS,
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DRAMATIC MGCM ~DEMIEBFZEA T
BEREINERAEKEXTDOKER

OFREMIE 2, BHRR 23, hiktl— 2 MEAK 2, BERE S, FARAT S, BEARET
VBB ETEEE, 2RI KRE, 3 VILR Y X KE, A RRERRIFRE M BR & da B ZT AR,
SANF—EIAFEMEREN, CREKZE, " BEEBKZF

RAEDKEIZTBITHKBREKKEDHKEREEZ. EMYMEBEETILZHARAALEERRIZET
JL DRAMATIC MGCM ZRWTHR - @i L1z, HIROBEMNIE. KEXKPDOKKEDEEA S
“RALPHEATELYERICREL, SALOBEHZRALIESI LT, KEDKERB K
UREIMGKDELBIEZERT LI LTH D,

KEDKKEE, ChETEHOIFEICE > TENR (320 nm) | EFNMR (3.4 um) . 7’
SR (9 12 pm) DREFTRASINTE -, FERRTHONIZEORFENESICEIENHY .
INLIEERMFOY A XA OMEGHEICET I2EELFREEATL S, T EMM (Emirates
Mars Mission) DEN D A SERICE>TEDO—HILE A LEEHNOTIRZ S, HEDSF
A MHIFOERFEE—HBETH/K--ETIL (Mars PCM) TlX ACB (Aphelion Cloud Belt) ®E&
EFXBRFML TNV IEMD, BEETILORENBEEL Lz, Ffl T/ A—FILYHAXD
FRERRMHAF (Meteoric Smoke Particles: MSPs) Z# & 3 2 E4 /MK, BB TRE I BH
BATDZIEHECERBENHEBICLHEEEZSLEEALNT NS,

ZZTAMETIL, HhIREREA R FIIMZT MSP BEDMMBLEERMFEEALHEET
Sfz, ETILHTIE 16 nm~4 pm O I FBEDEKMEEZHREL. X FOMRMNLDHEIEEE
LTEZPTO_ERZERE Lz, FRERBBREICOVTIE. RERERICEDE, AfANE
OHERAERLGEEEE L MEBENEERERILHEEZRE L],

ETILEER % MRO-MCS (Mars Reconnaissance Orbiter - Mars Climate Sounder) #3:8 & LB
LizEZ 3, BRODBEECENHNMBRBIFICHEE SNz, &5, EFTLMALEHINDS
12 ym, 3.4 pm. 320 nm IZH T BKKEDRZENE S (F. TAETIOBARRIIK L TEEHK
BHERERLIZ, ESLUVAR FOBHHEOHBLEERMICEFTETREE LY. EMM %445
ASEBAMNRLIZA—DILE A LMKFEHLELENM - EENITHEVL—BNBE LN,

EMYEBETEIHIT/NAROEXKFIESVBREMNENBEIZLE LSO, ERTA XM E#E
tIZRBET D ENKERTRPDKES - KEOBBRICAART., ThILHhTok - #iFRK & DK
EI[IRMBOKDEE E LBEICERT 5. ARRTIEREDKKEBRIZE VT, MG RER
RHMFEZEOERDHMESTAEETHSZ EZERL. DRAMATIC MGCM [Z& > THRELY £
BHEMGKBROBENAIREICE 122 &R LIz, TNREKEREETILOEEEORLEIZD
TAY ., SEREERT—2 ORIECKDELERA~RE T -HARREA~NDIGAZRAALTS,
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‘KB Medusae Fossae Formation FHREIC BT 3
BEMEOERE®R > OESLER - FEEE

STR 1 EHER
1 BUROK, 2 JAXA FHRRERFET, 3 2MAY

Medusae Fossae Formation (MFF) I3k 2/REIC)A < 5303 5 K2R AR O HERE K[ 1]
ThY, ZOHEECNERG, SERIEHED Hoc I vy, MFF Eif
121X Yardang, Mesa, Fractured terrain, pit JK[ai%HE 7R &4 RERERFKEL Tk
v [2], 2o IFRREECHIE EREVEOHA R L, EROME 7 v+ X% KL <
e S AR RS LT 2, 2D 70, Zib OZEMSA-CIEKEIR X, HEREAN
o JEhE e, TWEGERE 2T 2 L CEHEELRFHA Y Lk b,

ZEH5 51T nFE ¢, MFF 9% d Lucus Planum # X5 & LT CTX HfR % H v 7= {2 &k
B~ v vy 7 %1{T\, Mesa ¥ X Uf Fractured terrain (3L PE{H O {KEE E3K1C, Yardang (3
HlloSEEIRICET 2 2 e 2R LTz, $72, b Dol Viking HEXIC 31T 2 1
Hazy b ednl, REMPORIBMESREERRED 2 WIZEBENT 2 EHEOE W 2 IR
LCw 3 ra[RetE 2 e Lz,

—HT, TOXSRMIBERED XS BT e Rk THEL 72D REHTH
%, $FIZ, Mesa & Fractured terrain (3[E UHSICEFR L <H T+ 57T <, —ETiT
TERER 75 i E B I N5 T L b, W DTEKIC I & 2> DR E 2 & 2 AlREME 2% 2
bz, LaL, THE Tl OZMBEGRZ ERMICHHE L 278 ikiz L A LiTbh T
W,

b L Mesa 7% Fractured terrain iCih 2 7228 - FEIC X o BRI NAERETH 2745
X, BEDOHEITIC X - T Fractured terrain Z Db DIIHEKD D2 WITWHE I Nz LTH,
Mesa [HIC 5% % B HUE 1212 B AT D Fractured terrain BitiE % /5 L T 3 A[REM R H 5, 2D
RS IE L g, HIEDOAHE & Fractured terrain & OB FRLEL A 1 0TS BAFR 23
ADOONEZ LTINS, RIFFETIEZ DIRGEIICH-D %, LucusPlanum 245 & LT
CTX Hif (%) 6 m/pixel) % FH\>T Mesa ¥ X U Fractured terrain Z5Efflic~ vy ©v 7§ %
& & Hic, Mesa HAHITE O F .0 & Fractured terrain DR, Bl 3 X O5EKeM: & XIS
BEfR Z2 & =AY ICEH S 5,
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TS DNTIC X D, Mesa & Fractured terrain O ENER 2 HGEFR I3 2 §il#) % 5
25 & xHIET, AL CE O N2 ISR X, Lucus Planum I8 1) 2128 - Ait#
70k ZDHETZ T, MFF ko REELE L UNEAIE N 2% 5 L CHE
nHliIEE 5 25 2 LRI D,

[1] Bradley et al., 2002, JGR: Planets, 107(E8), 2-1-2-17. [2] Mandt et al., 2009 Icarus,
204(2), 471-477.



P-85

OREEHEEE 1, Roger Stabbins?, M 34, FRIFHEIN 4, BHEL 14
L3R, 2Natural History Museum, 3 LIRA-Observatoire de Paris, 4JAXA/ISAS

KR REREFEMMX) ICEE S W HERI O, MEFEFREZBNT 27200727
OROCHI (% 7 2D H A 7 TH PR FIRELH % vIEE & 3~ % (Kameda et al. 2021), # | 80 cm-20
km CTOEMZAE LT Y. OROCHI FDBLF R 6% v AR 2 REST 5, Lol
IFREECOBINIC B W CTlE A X T DALEIC X B AHMA A & 75 5, /INEELHE O G A~
7 PVIIKRIGE R, A TORTHETH ZMMHMOREEE LTS 2 Z e BALAT Y
5, Lol ZONAHAKEE YR 2R IZR 703 4 o/, FHE L7 & EME A
EHIC X o T, KA LCTHICBHL 22 ICiZ I o T n\y, 7 4 R A CT% Phase reddening OfH
MAERINTE Y, ZOREIFHIRIC X > THRAR 2 2 & 23D 2 > T % (Munaretto et al.
2025), (itHfIStE % % 2272 T — 2 %o T 7 # R ARBMOME NG AR5 =013, HA
I & & DAL ZEE L, 200 ZBICHiEZ 1T O BERH 5,

AWFFE T, NEEY v TV DRI A ~7 P KTFEZ 52 L, OROCHI ToO#Hlick
F AR IEO LB X OERE G T 5, ZD72®» OROCHI v 2L —x%2MfwC,
INEREE R X —H v 7 (ORX-19000) D S A~ 7 b LA WIE L 7z, TERBEEN (B2 HsRm s 5
80cm ZAHE) EFIERICH Y T Ap 5 80em DILEICEEE ZHIE L. v 7L & KA 99% DI
BRFWRZENZNDOERZHRE L, BRRORFEZ KD, WX TOAEDE LS AR
M OEACZFHIETS 2 72D, NV PR 7 4 VR IERR S, ' 7w A — 2O E v 7, R
HiPH 434 — 739 nm DYEE AEA 30" TH Y I T T, A AT STENENT — 2 2 HUS
L7co % ORGSR, AREERCTONAHA OHiFH(22.9-37.7 )IcE T, MiAHA O KICH: o 7o K
DIV S O Phase reddening OH[AIZI AR H LTz, £/ NV PR 7 4 V2 B HE L CHIE L 7255
Ao b liffa N s 2A<7 P VOEBFRIZ, HEEEOH—7 X 7 CEBRE COFEHERN
HIEtEcH 2 A 307, A 00 (iAHS 30° CHUS L 72 A= 27 b )L (Fukai et al. 2026) & Lt
B35 e, fHAMKICE Do KEEDOHA B X U Phase reddening D22 %321 C, 2D
FHEIRERDRTLEW, A7 PVOBBIIELRS DLk o/, TNHDRERIT EEF&EEE
Hlic BU%OHIHI%ﬂyF%ﬂ%ﬂf@ﬁE@%ﬁ@%ﬁ(T%T%%@f%% A A
7 8T =2 bHBADRECEHIEL 9 2T, WE D LI HBEEE ko, %%ﬁf"f“@%
R R HDERFCHIE L 72 A2 AV OWHBZRAT L TS5, B—A AT THRGLZARZ L
(Fukai et al. 2026) & R OfHAIZ RT AT PARFE T ERTE 2, KRFELRTIE, MEICET
ZRMHADANY T = 5 vicDOWT hiEMmT b,
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Hera #:H|[ZE D < Deimos R Ry —<—®
BHEEBRETIL

ORFETE FKHEHES ', Jean-Baptiste Vincent?, Michael Kiuppers®, Patrick Michel*
"HEAZE, DLR, ESA, ‘a— FE T a—ILKXE

Hera HEETIX. 2025 FE3 HOKE 7 T4 4 1I2BWT, #1900 km OFFEEH» &5 X4 A D
Ban @ Tbin, 2 CEEIGIZIR & T 7 KR EER O & R B 23 S &
oo ZOFER, MARHCHREINTE AR MY —~<—HE&E (Thomas, 1980) & Hifld %,
BH 2 WIE SRHINC IR - THREIL 72 X 5 I/ 2 2 ARkt 03 )R 2RI b R & v 7z,
FPKEMDOR Y —=—id, EEIHHFET 2 WPED, @2, REER EICX > T
HL. BHEICHh > TR T LIRS R 52, RAKEMITH FEROA[REERZ 2 b5,
L, MEERO R ) —=—[3JPRE L B 2 S A ICE W 2R 3, [AKEMITIE. IR
72 ) v U aim e 3 2MOeEE2% <, B2 JFRAHE CRBITET L 721&. &eh i
BRfE~ED0<, —F. RKEMITIR, B L EAAHEEC, 2 Y —<—2 w70
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