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RR B O RMA S TERAED SN TV D AREKE2IFEETBEIVICE (2022F 035 LI, 2029FAKE2XRE!
=, 2032FEH=XTELMMERAN) ICBWVWT, BAIE R YREFHEYY— (DLR) ALEHBHLTL—H
BEETCALAORRE A ESH TWS. GALAKK, JUICERE#A SEMOREFERANE L —HFAEEHFL, RETK
5 UREBAR-S T 2XTORE%EZET S 2 & CHEAZEE (L—HRIE) ¥%. Zhick-T, XEREOD
HMTEEMNLBROBERY, KESEOTKE ZOEBBTILERB I ENTES. IO LEHIEEL
T, GALAIZ TUICEN'BIF 2 TEMBIEREEEEORE] OXRENKEIZEL, KITKBINZXREDELD
REBICA A RAABERER LWMOTEBS TS Z&&2BELTVWS,

JUICEDES —7 v ME, RERFRKICLTKBREADHE, H-XTThHd. A=ATF, HEROY
1 AP EERBBROBEEHS, AEELTINZIREEODREDHT, KREDKRENLEEEEZLS
B, BEOHEDTISANAIBFEICEELTZMBIIBHTRENTH 5. JUICEIK, HEMHTO (EkDB
PAD) BERARLREZITIZEICEI>THZATOLE%IBEL, REIh3EREELOHERIIKIEGRA
KEDLHRMEORBEAMBCRBEAZ T TR, KERAXKORBICRI LEREOBIEETESHLR
AREDEBICERE LTS EZRLT.

GALAIC & ZEIIE, KEEFICHTZHEHFHMOL —HFRIEEE RS, A=A T TIEELQEEL, S DK
E, TOANRBLUVAVAPNTRE I ZFANABEETORAEEZTI. ThICLY, ZHRLMPEELE 2HHIIEE
TE, KEEOHEES KTV h=IR) OBEHI/REMNICALT 21 THRL, ZOFEMHRA %271 BIE
SMTHDENER]ETZ2ET, HEROTL—F - FIRMNZVROBERICEEN D, £, KEICK S
DREZEZIVCEEZHDORELE L THTBEOFEFENHBITE 31EH, NHBEICEAHLIRAFORENKE<M
+9%. ISHICRFNIVADBEERRIE, L—ERTORARFELIO mREOHEELXRMT 578, &
HDORBROEECHEHKDOBERE BRALREOERAFGEICKELAVWT—9E L THBZIENTES. 2
L7801 S BB DIBIZICIE, HIRICH ITE2REOHAROEBENENSINZ ZLIFEI ETHAWL. HIZE
GALAN'B 2 R PHE - TILR RDT—4 1%, HIROBECKAICE T 2 FKEPER - THERARE
ICE>THRONEZAREBLTKT I NZ I RADHENEED D, FLEIICETZT—4 1%, #EkPH (»
CREHE) , MEE (FPRS1, 25tH) 2WRICKREELNWZAMMEAEEZE LT, KEEOARLERET
RERD.

CGALAOERIANEEMNICE 5T KT I MU R, REMEM, 7L THTEREREEICEAT 2ER
&, thOBHEBNISEZANBIBETEREABLIENTES. HAIE, HXS5 (JANUS) A5 2 ERK
T— Y IXGALADEHAMIBEARE L, mOBREAENLAREMEDERALBIFIROLEELEERERTH
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B ERMREDHE (MAIS) PRMMRIRDHET (UVS) , 73 UREUAIZR (SWI) X, e RRTE

BOMERICET 2158 %G5, WHEt U-MAG) BRAREHSZOEHICHIBHEOBHMBRLGEZE=9—L, 73
AREBHR/y 57— (PEP) P ER - 75 XA VREBERE (RPWI) ICLZERMDOYR— 2B THTED
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Period characteristics of Mercury's external magnetic field from
MESSENGER magnetometer observation
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MESSENGER(MErcury Surface, Space Environment, Geochemistry, and Randing) (%] T /K £ ® @ B #hE
ICEBRASNEBEEHTHY ., 2011EHISHAEICODE>THIGZIZILH E T 2EMRESRANA1T o/, D
T—HICEDE, KEDIY TR MR=XENT Y 3y I DEHMLTFIR EAMBIRE S N7 (Winslow et al.,
2013), T SICHBEZELT 2HMRBMIBICE > TKEIT7 THEEINIMIBOMEH, S, ML GEE
MILICKEI T OHEZEHHE S 7/z(Johnson et al., 2016),

LHL, 5D&ZAKENBHIZGOEHELE L TIKEDHEHDOENAKEWVWT EICKDERELDOHD
ZRINTWS, RICEBORH CERZERRAEZ DI ENTENIE. BRR (RIHRER) ODESEE
SIEEED/NRZAYDODEERE, REOHNBESGEEEBEICODLWTLYBEDORWEREFON D Z &'
BIND, ZITCARETIIKENSBEISGEEORRFEE RIEE 27-DICHBEHOERZE LTY T
V—5—FT 4RI VRAICEB L, ¥R MNER—XIIREDEERIGE KBREDNT VA TREINDD
T, YTV —5—FT 1 RY YV RARIHNREIBLTEIDIIEE R VBB,

SO DFEKRTIH, FITMESSENGERZEE#DEE LIZ15KEEDNDRY MVEBT—9D0 6T R M R—X
DREBEEEL. TNEYTY—5—FT 1 AYVRICEHR, ILICZFORBEECEREITT 5 I & TKENERE
BORBEEERARBERICOVWTRET 5,

F—TO—R:KE XvtvIv— ¥TRIR=-X
Keywords: Mercury, MESSENGER, Magnetopause
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Measurement of crater ray length by analysis of lunar images: A
comparison with Z model
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IL—9—DERILBONDIERRXEICHIDIBERITRE. BE. ¥BI—FEA>LBEEHCE W
SHLULEICHRT B Z &N TE W (Holsapple and Schmidt, 1987), MR T L —9 —MHEY (F65&4&
Iz ¥4 &continuous ejecta) DEEMANY DNOBERREADF > TWEFRTEZ/NATA—9—%FIR
TEDHINARTHENERIET D7D, TNSEEEBILTZIEEEZ D,

SOIZBEREFE M <SP OMICL > THLONBEREBEIT Lz, Y FILE L TRERDKFELEDKeplerd
EREOEEBICEET 2ERTkmEBEDNMNIELR I L —9—13@2A V-, £, TV I/IRBMETILTHS
ZETIVDLEHSNZIVIVIBESI LB TE28EEERT 27-HOICMIBEIRICE WTERD XFTEEHE
D EofEEEmE L. BEPROAEEERE Lk, HISESHI EEOEFMHAERE VL —§ —BERTHEL
Lzt D, HEAIARETHE, REKFELZBEVEDNSEVEDICELIEBICDN., EEBROATE
I EFOEA%EZRL., JL—9—BEROMEREABICLTZOEEHIELLLTWVWS, ZOERIOBLZF4LY
L—4—EBERUROII I IEHLHHFTHY ., ZETIWOERNIBEATEDZEEZ D,

ARDERNSZETIVEBERT 2O TIRAVWEHINZNEII L —9 —BRLLEDEE TIE. HE
WEEBICRE LTV T V79 I EEAMICHEBINAT S 798, ZORTHICEEMEFERAT DI EICL
U, H5ABAICOAEREBENEZHLIHERDEDTH S EIREL=(Kadono et al,, 2015), 2 F W, BEWE
INEIRIE. ZTOBMOARAICHEINAEIV V95D IIE2EE AT, ZDREDT T, EAFBROAE
BlRE HFIBDBEAVWTCZET VDO FRINIEAFZRICBIIZ IV IV YDE.RFEL, JL—9—E
REDBERICOVWTERRT 5,

F—TO—R AR VI8 NP
Keywords: crater ray, ejecta, Kaguya
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ITER—ZHREZAVZNREERONIGRREICS T HEERLFE
Correct correspondence selection between points on two asteroid
images using epipolar constraint
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P RI2R EDNXEDRETIE, NEXBOHREREMINNZREICEE L AZRICEEINZEGRIOE
TIBMENEL D, ZOREBORICIE. ER>UEBEI OB INEKRET, MNEXELORA—=SOEELE
THNEZRETIVHENH D, CNEZERLEAFVWVTEITITO HIC. BIROBEHEAZHEL. ZhEFh
DOERTOHHROBUEZTICHISEI S A,  OFHEEREE T TIREFBIEENZ < EENs, L
L. AiEEEL>UBI ST LAKICER LOFGRICKY I DERTHIIER—FHREAVSGZ &
T, BN ZRETEZIENTEDZEEIONDS, ARETHIDERZIT o7, ERTIZIAXATIER L 7=/)
HREOFERAIRY LAEGRE BV, ERIFHIZAKAZE(Alcantarilla et al. 2013)& AWz, 7=, IELUVIHD
BELDOHEIFBERICE o7, TOER., FHROELUEDAH TRGERE LIZBEICEMRENCE% TH > -
BT, IER—SWEREAWVDZICLYITRICALELE, TOZELY, NEEBEROTHFRENETT
ER—SHEREAVWD I EIIEMNTHDEEZIOND,

F—T7— R TER-Z#R, ERTH. NBEBEK. WHHR. AKAZE

Keywords: epipolar constraint, fundamental matrix, asteroid image, point correspondence, AKAZE

correspondances without epipolar constraint correspondances with epipolar constraint
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INBREBERDOWIGRIREZ BRI E L7SIFT E AKAZED M RELLER
Performance comparison between SIFT and AKAZE for corresponding
point computation on asteroid images

L0 g, Km EH. R)IIEF
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P RI2R EDNXEDRETIE, NEXBOHREREMINNZREICEE L AZRICEEINZEGRIOE
TIBMENEL D, ZOREBORICIE. ER>UEBEI OB INEKRET, MNEXELORA—=SOEELE
THNBZRETI2LENH D, IhE2BEHRULEBEEZAVTCEETITI HIC. BIROBEERZ2HEHT I, 0D
FiEE LTSIFT(Lowe 2004) & MHEN 2 D RIFARFEE T > TV S Z & A ST % (Takeishi et al.
2015), LD LSIFTId4FFCRESNTH Y., FREBMICE > TR INDPEEEL L2561 H 5, —HSIFTD
’ﬁt:?agfénf:AKAZE(Alcantanua etal. 2013) & MHENZEHICITZ D & D BFHIRIE N, ZITEARET

IREERETRE LIEBEICSIFTEAKAZEDMRER LB L 7=, EERTIXIAXATHER L 72/NERE DIREY
’E‘r?%%&btﬁ{%%%ﬂ%mto BFERE L THEIND ROBUISIFTO AL % W (I Z (X6000F2E)H. AKAZETH

ZTOEMDEDICIETDRBOFH At I N2 (B2 (E300072E), FAMEBAZZ TRE LAEKE
'comr.:@IEﬁﬁ%citin%(n,£$3o~40%)'c AKAZEDBN 2155 (BRERANSIFT 36% Xt L TAKAZE
2% b HB, TDIELYVNREDORIGRIREZEZE LT, AKAZELEEANTHDEEZAON D,

F—7— N :SIFT. AKAZE., NEEBER. BRFH. JiER
Keywords: SIFT, AKAZE, asteroid image, feature point, point correspondence

feature points by SIFT common feature points feature points by AKAZE
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Bk E KK (1566)Icarus & £ DR —EIRIERXA2007 MK6 DT 7~ 448l
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Near-Infrared Photometry of Near Earth Asteroid (1566) Icarus and
2007 MK6
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HEREEA KK (1566)IcarusD BEAHRIE S TIL /M LIBEDREN DR T B EEHLNTVW S HERER2.28
B WD LEIFTRW2.27268E & #HEINT WS (Warner, 2015). 7=, #EKk#EEXRAE2007 MK61Z, #EEt
BOHERI SlcarusE IR E T ERETH B Z ENREBEINT LS (Ohtuska et al., 2007). BERTkmIZED
IcarusiCIEYORPEHIEN B W T HENEL RDAREMEIH D & 52EZ D E, [YORPHRICK o TlcarusDH
REHANEL Y, lcarusHh 52007 MKEA D H L7z, DHDBFE Tlcarusid2007 MK6IC A EENE % 5E
L, BE®DIcarus® BEzEARAIL2. 2B B L W E D LR W2.2726BFBICHR o721 EWHRRAILI TR I ENTE
3. ZORGRERIET 572, XY FRXEBD2mA P I-EEEE & ERMIREEENICERE VT, J, H,
Ks?D3/3> R Tlcarus& 2007 MK6IZxt L T3BREKERYEERZ S IR > 7. 2007 MK6A Icarush 58 L 7=
DTHNIE, MEDORFARY MULEZALTHZ EHFIND. £, BVBAXRICOHRLEARSIE, REDRK
EICIEDHICE > TEH LAFHRAEOREA FEAEZTTAVHLVWEINEET 3. REICFHELICE
HT 28— HENEINERTEHIET, DROTKEEERTTZIENTES.

IcarusDERAIIZ2015FE6 A18H "6 B21HIC, 2007 MK6DERAIIL20165E6H15H 6 18HICERKL
2. NICOBRBERICHRRAEEIEHEEZARBFICAND I ENTERD 277D, HRREEIEHEEIXTHICE
BRLU/-. BEEIITNRRKADEEICHDC2VEIEEFEW, EHEEDZ /Y RDOEB I F2MASSO A4 OV {E%:
fFRA L. Icarus&2007 MK6ZNZFNICDWTRFRARI MLERET DL EHIC, BEICEERIRHR
R MNVDOEAED SREDARE—ICDOWTHELRL. £/, lcarus& 2007 MK6DRETRARY ML ALY S
ZET, BRICOWTERLE.

F—T— R NRE, AL, HERELEXRE
Keywords: Asteroid, Photometry, Near-Earth Objects
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Bk $EE KK (1566)Icarus & £ DRE—EIREIERKA2007 MK6 D v #4785
&

Observation of near-earth object (1566) Icarus and the split candidate
2007 MK6
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1. Japan Spaceguard Association, 2. Tokyo Meteor Network, 3. Nihon University, 4. National Central University, 5.
National Astronomical Observatory of Japan, 6. Bisei Observatory, 7. Astrobiology Center, 8. University of Tokyo, 9.
Okayama University, 10. University of Hyogo, 11. Sanda Shounkan Highschool, 12. Ulugh Beg Astronomical Institute
Uzbekistan Academy of Science , 13. Okayama University of Science, 14. Hokkaido University, 15. Hokkaido
University of Education, 16. Seoul National University

Background & Aim: A numerical simulation proposes that the origin of near-Earth object 2007 MK
(hereafter, MK®6) is a near-Earth object (1566) Icarus (hereafter, Icarus) [1]. In addition to it, the orbital
parameters of the daytime Taurid-Perseid meteor swarm are in good agreement with those of Icarus. Thus,
it is considered that MK®6 is split from the parent object Icarus by a rotational fission and/or an impact
event, and the produced dust became to the daytime Taurid-Perseid meteor swarm. To confirm such a
hypothesis, we need to obtain the observational evidence that the color indices of Icarus and MK6 are
same. Moreover, if MK6 split by the rotational fission due to the YORP effect, the rotation period of Icarus
would be shorten compared with the past rotation period. When the MKG6 split by an impact event, the
rotation period of MK6 would shorter than the spin limit of 2.2 hours. We require the observation for
Icarus and MKG6 to test these hypotheses.

Observations: We conducted the observations for Icarus in 2015 and MK6 in 2016, respectively. The
observation summary is shown as followings: Icarus (June 2015): Nayoro Observatory 1.6 m Pirka
telescope of the Hokkaido University (visible photometry), Ishigakijima Astronomical Observatory (IAO)
1.05 m Murikabushi telescope (g} R, and /. band simultaneous photometry), Maidanak Observatory (MO)
0.6 m telescope (R band photometry), Nishi-Harima Astronomical Observatory (NHAQO) Nayuta 2.0m
telescope (J, H, and K, band simultaneous photometry), Lulin and Kinmen Observatory 0.4 m telescopes
(visible photmetry), Lowell Observatory (LO) 1.1 m, 1.8 m, and 4.3 m telescopes (visible photometry and
visible spectroscopy), MK6 (June - July 2016): IAO 1.05 m Murikabushi telescope (g’ R., and /. band
simultaneous photometry), MO 1.5 m telescope (R band photometry), NHAO Nayuta 2.0 m telescope (J, H
, and K band simultaneous photometry), Lulin Observatory 1.0 m telescope (visible photometry), LO 1.8
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m and 4.3 m telescopes (visible photometry and visible spectroscopy), University of Hawaii 2.24 m
telescope (visible photometry), Okayama Astrophyscial Observatory 1.88 m telescope (g} r, and z'band
simultaneous photometry).

Results: Previous studies indicated that the taxonomic type of Icarus is an S-type or a Q-type [2][3]. We
obtained that the color indices g'- R, and R; - I are 0.828 £0.027 mag and 0.397 £0.025 mag,
respectively. These are consistent with the color indices of an S-type asteroid. Moreover, the color indices
implied the slight rotational color variation, though the further data analysis is needed. On the other hand,
the color indices and the rotation period of MK6 have not been revealed in the previous study. In addition
to the color indices of Icarus, we will present the result the color indices of MK6 and the rotation period of
both Icarus and MK®6.

References: [1] Ohtsuka K. et al. (2007) ApJ, 668, L71-L74. [2]Chapman C. R., Morrison D., and Zellner B.
(1975) Icarus, 25, 104-139. [3]Hicks M. D., Fink U., and Grundy W. M. (1998) Icarus, 133, 69-78.

F—T— R NRKE, AL, HERELEXRE
Keywords: Asteroids, Photometry, Near-Earth Objects
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FIEXERARTOEARICEZYRANT IV 754 S DG
Sintering of icy dust aggregates due to turbulence in a protoplanetary
disk

*BEFBET WBEHE—

*Kiriko Kodama1, Sin-iti Sirono'

1. AHERERZRIREZHERR
1. Graduate School of Environmental Studies, Nagoya University

FIBRERABIIAREY A MR FTERINTWS., Y2 MK FORNERRIREFMBRDE—R
TYTTHZDT, YA MIMNFNAERRTEINEDNEMBIEIEEETHD. ¥ X MIRIFICIIIKS R
NEBRYAMDH D, AHETEBLTWBKIZANT TS A ML, MBAIND EFEEIETT . B
EIIREBBNNSLKREZARICHEI BT ZEKTHY, YRAMNTIVTFA MDERETDEIRAMDORE
BOxy IhRERTS. BELAESANTI)TA MIERTZEHIQDRYBRKRTERLLARDZDT, FEiEDE
THBREFMHRONBICEHEYT 5.

FHRBRERAR T, BRIIPOLEOTRABHTHS. FEEMIDY R MIRLFICEL > TREIZEST
578, ABRKEDOY A MR FOAMBEING. FDD, ERICE>TKIRANT T 54 MHERDHA
BREMOICEZEIND &, BEESECTREELHS.

Sirono, (2011, ApJ, 735, 131) T, FEE COREDHENOBRENET T IDICBLERY A LRT—ILH
TEINTWS. LHL, BITHETIEKIZANT IS4 NOMEARADEEIFEREINTWRL., ZITH
HETIE, BEYIAL—YavIckYRIRANTI)SA NOREABEOEEF #EH L, ALREEEEEL
T2 A LRT—ILARD .

GZAKNTTYTA4 NOMEABEOEENFERICK 28 E, RDLDEDENICLZLED2DOTHS. AL
BMELEEREY I 2L —>a Vv THEETZIET, BYRANTIVS54A NOEBEHEZEHRT 5. —ERHERE
T2&, YRANTTVETA NODBITEBREICARS. EEREICARZETDY A LRT—ILIEEEY A1 LR
T—ILEBETHE. DHNEERETE, EYANTIUS A MIABRNERAAE LTFICHE, SETHD
MERMICEETDEMBETD. 207D, BRELAEYANT IS A NOLIKERE & ICEBMT 5. B
B ICHR < IK7E L TW B =8(Sirono, 2011, ApJ, 735, 131), KFRA N7 F )54 MIEEMEETH 2 HE
REULOEIARBRT DL, MBERRICHEITZETHERTIERETS. BEVIaL—Yavic
£oT, BREEERRL, BELEYZANTIIVSA1 NOEIGEZEHL, ZIHhOBEIMLRT—ILER
%.

BAES A LART—ILIZEBRAL T ICONELRY, BBRAIGPY AN ITYUSA MO =LA k
RRETH D, ALREXICLIEEST2ICED. ABRKREE COERIE, A0 Ta4IEKELTWS., 77
D4 MORRICONA /RO T 4 BTN, HTHROBEEEBICH L, FitaEEaEglrHRTs I en
#HFsha., LHL, NEWTFIVSA MDDV ETEEET S E, ABRKAE TOERIETIICTASRVD
T, ABRREOHENOEEIC K ZBEITET LRV,

F—T— K RIARERAE, BE. &R
Keywords: protoplanetary disk, sintering, turbulence
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HESNHREOAXEMNEBRNTOL M
Distribution of captured planetesimals in circumplanetary disks and
implications for accretion of regular satellites

KRB AH ER?
*Ryo Suetsugu’, Keiji Ohtsuki?

1. ERERKE, 2. FKRE

1. University of Occupational and Environmental Health, 2. Kobe University

REXTEREDERZREDOEYICIZ, BEIRAEKLTWVWS, 2O LAFHERZFIFNNECEREORERE
RELTWVWDE, TOLOEAREOHHNERICE WTRERY ICEASNAREABRATHEIHRELZL
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Temporary Capture of Small Bodies by an Eccentric Planet
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We have investigated the probability of temporary capture of asteroids in eccentric orbits by a planetin a
circular or an eccentric orbit by analytical and numerical calculations. We found that in the limit of the
circular orbit, the capture probability is "0.1% of encounters to the planet's Hill sphere, independent of
planetary mass and semimajor axis. In general, the temporary capture becomes difficult, as the planet's
eccentricity (e,) increases. We found that the capture probability is almost independent of e, until a
critical value (epc) that is given by "5 times of Hill radius scaled by the planet's semimajor axis. For e,> epc,
the probability decreases approximately in proportional to ep'1. The current orbital eccentricity of Mars is
several times larger than ep°. However, since the range of secular change in Martian eccentricity overlaps
e, the capture of minor bodies by the past Mars is not ruled out.

F—O—F: KEBE. NRE
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Effect of Planetary Spin on Giant Impacts
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In planetary science, impact phenomena between two objects play an important role, e.g., the
Moon-forming impact.

Thus, to date, a lot of numerical simulations of giant impacts are carried out.

A potentially important effect on giant impacts is the spin of colliding bodies.

However, most previous works neglected the spin.

It is more natural that the bodies have pre-impact rotations.

In this work, we systematically investigate the effect of the spin on giant impacts.

We employ the Density Independent SPH, which is an improved version of the standard SPH method.
We show the dependence of the collisional outcome on the spin period.
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Recent planetary exploration revealed that small bodies in the solar system could have a large porosity as
large as 80% for comet nuclei and less than 75% for asteroids. Impact craters found on such highly
porous bodies were recognized to be quite different from that found on rocky bodies without porosity,
that is, there were several craters on their surface which sizes were beyond their radius. These large
craters were supposed to be formed by pore collapse during the impact compression and so it was
recently classified into a compressive type crater. Classically, the impact crater is classified into two types
depending on the physical mechanism controlling the final crater size: they are a crater formed in a
gravity dominated regime and a crater formed in a strength dominated regime. These classical type crates
have been studied to construct the crater size scaling law, and now the p scaling law was widely accepted
to use for the planetary impact phenomena. However, the effect of porosity on this p scaling law for the
crater size was not clarified yet although limited studies have been conducted by Housen and Holsapple
(2003) and others. The mscaling law applicable for the porous asteroids is necessary for the impact
experiment on small asteroid Ryugu by Hayabusa-2 small carry-on impactor because one candidate for
the surface condition on Ryugu is fine-grained layer with a high porosity.

In this study, commercial amorphous silica dusts with the average particle size of 0.5mm and the density
of 2.2gcm™ (0 ) were used to prepare the target with the bulk porosity from 50% to 78%, and the target
was simply consolidated by the cohesion force of Van Der Waals force with the tensile strength from 100
Pa to 10* Pa. We made impact cratering experiments using this porous target to study the effect of the
porosity on the crater morphology including the crater size. Impact experiments were conducted by using
a horizontal type two-stage light gas gun set at Kobe University and a glass bead projectile with the
diameter of 2mm and the mass of 10 mg (mp) was launched at the impact velocity at 3.60 kms™'. The
projectile was impacted on the target surface normally set in a large vacuum chamber less than 20 Pa.
The crater morphology was found to change with the increase of the porosity, that is, the shallow dish
type crater was observed on the target with the porosity of 50% having the tensile strength of 10 Pa, and
as the porosity increased the impact spherical cavity was formed to grow and expanded below the shallow
dish crater. The recovered target was hardened by epoxy resin and cut at the center of the crater to
observe the cross section to measure the cavity diameter (D), the depth of the crater (d) and the diameter
of the shallow dish crater. The relationship between the distension (a=p /0 ) and the normalized cavity
diameter, w =(0 D/mp)1/3, was found to follow the empirical equation of = ,=3.82%', where r, , is bulk
density of the target, and the relationship between the distension and the normalized depth, = =( 0,
d/mp)”3, was found to follow the empirical equation of D=3.Oa1'0. While the crater diameter of the
shallow dish crater found at the entrance of the cavity was recognized to be constant irrespective of the
porosity. These empirical equations could be used to incorporate the effect of porosity on the crater size
scaling law.
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Probability distribution of impact strength on the target simulating
meteorites and implication for the size dependence of asteroid
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Impact strength of asteroids is one of the most important physical parameter to control the size frequency
distribution of asteroids in the main belt. The impact strength has been studied in the laboratory using
cm-scale targets simulating various type asteroids such as rocky, icy and metal bodies, and these previous
studies revealed that the impact strength strongly depended on materials and internal structure such as
porosity. However, actual collision among asteroids happen at the scale of several orders of magnitude
larger than that at the laboratory scale. Therefore, the size dependence of the impact strength is quite
important to consider the asteroid collision. There is a traditional theory for material strength and it is well
known that the material strength follows probability distribution: it scatters according to Weibull
distribution. This probability distribution of the material strength is theoretically connected to the size
dependence of the material strength: so called the Weibull statistical fracture theory. This size
dependence is confirmed at the static deformation condition so far, then we try to extend this Weibull
theory to the dynamic deformation condition corresponding to high-velocity impact for the purpose of
asteroid collisions.

We made impact disruption experiments by using a vertical type gas gun set at Kobe University. A nylon
ball projectile with the diameter of 10mm was launched at the velocity from 65 to 208 ms™', and was
impacted on the target surface normally. The targets were a gypsum-glass beads mixture (GG) with the
mean density of 1.9gcm™ or a gypsum-bentonite mixture (GB) with the mean density of 0.77 gcm™; both
had a shape of cylinder whose dimeter was 30mm. CG and GB targets were analogues of chondritic
meteorites, so the glass beads with the size of Tmm simulated a chondrule. The impact experiments were
conducted 10 times at the same impact condition for each target: the constant energy density (Q: the
kinetic energy of projectile divide by target mass) was applied to the target, and we measure the mass of
the largest fragment (LFM) at each time, then we noticed that the resultant 10 data were so scattered. We
studied the probability distribution of the largest fragment mass, and then we obtained the impact
strength (Q) from the largest fragment mass on the basis of the typical relationship between LFM and Q.
Impact experiments at two different energy densities were conducted for each target. We also measured
the tensile strength of GG and GB targets more than 10 times by the static deformation test to study the
probability distribution of the tensile strength.

We obtained the Weibull parameter (®) to characterize the probability distribution of the strength for the
tensile fracture: ®=7 and 8 for GG and GB target, respectively; they are similar to the values obtained for
basalt and granite. The cumulative probability, P, of the fracture for the materials is shown as follows
according to the Weibull theory, P=1-exp(-V/V( 0/ oo)q’) (eq.1), where V is volume of the target and ois
strength, and the suffix O shows the standard condition. The largest fragment mass recovered from impact
experiments was found to scatter so much; e.g. GG target showed the scattering in one order of
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magnitude. The average impact strength of GG and GB target for 20 experiments in each was obtained to
be 34 and 158 Jkg'1, respectively, and we tried to make the relationship between P and Q" according to
eq.1 by substituting Q for o, where Q was determined from each LMF using the typical relationship
between LFM and Q, then ®was obtained from the probability distribution of the impact strength: ®is 1.8
and 2.6 for GG and GB target. Thus, the size dependence of the impact strength could be estimated from
eq.1 setting P=0.5: Q*=Q, D™, where D is the target size and n is 1.6 and 1.2 for GB and GG target,
respectively.

F—TU— R GRERE., GRRAT—IAL NRE
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Recent study on numerical simulations of large scale impact cratering showed that complex crater such as
a central-peak type crater was formed within the region where the materials composing the surface crust
lost their shear strength by high shock pressure, and that this fluidized region should have a rheological
property like Bingham fluid: it has a finite yield strength and behaves as Newtonian fluid beyond the yield
strength. Although there are a lot of studies on the large scale complex craters by numerical simulations
by using iSLAE, there is little studies to compare these simulations with laboratory experiments. Thus, the
numerical results should be confirmed by the laboratory experiments to assure their numerical models.
One of the most important points of the numerical model is rheological properties of the fluidized region
and how it behaves during the crater formation process. Then, we try to study the crater formation
process of fluidized material with various rheological properties such as yield strength and viscosity.

In this study, we used granular materials including various water contents in order to control the
rheological properties of target. Glass beads with the size of T00 wm and quartz sand with the size of

100 uwm were used for the target with the water contents from 0 to 24.5 wt.%, and we found that the pore
space in the granular layer was completely filled with water at the content larger than 19.3 wt.%. The yield
strength, Y, of the wet glass beads layer was measured by means of indentation tests and the obtained Y
rapidly increased from 1kPa to 50kPa when the water content changed from 0 to 3wt.%, then it gradually
increased from 50kPa to 100kPa until 17.5wt.%. Beyond the content of 17.5wt.%, the Y suddenly
dropped below 5kPa until 19.5wt.%. Moreover, the relationship between the Y and the indentation speed
for the wet glass beads layer with the content of 20wt.% was studied, and it was clarified that the Y of this
saturated layer was proportional to the square root of indentation speed. We used this wet glass beads
with various rheology for the high-velocity cratering experiments. The impact experiments were made by
using a vertical type gas gun set at Kobe University, and the target box was set below a wind shield in a
sample large chamber. The glass bead projectile with the size of 3mm was launched at the velocity of
170m/s, and the cratering process was observed by a high-speed digital video camera with the frame rate
of 2x10° FPS,

The crater shape was found to change with the water content: a bowl type for O to 3wt.%, a pit type with
fractured rim for 3wt.% to 17.5wt.%, and a pit type with deformed rim for > 17.5wt.%. The high speed
camera image was used to characterize the ejecta corresponding to the crater morphology. The bowl type
crater was associated with a continuous ejecta curtain, and the pit type crater with a fractured rim was
associated with many fragments composed of clumps. The pit type crater with a deformed rim formed
small amount of ejecta and was associated with low velocity ejecta curtain undetached from the surface.
The crater diameter was found to monotonically decrease with the water contents up to 18.3wt.%
irrespective of the crater morphology, but the crater depth decreased until 15wt.% and then it rapidly
increased from 15wt.% to 18.3wt.% corresponding to the pit type crater with a deformed rim. Thus, the
depth to the diameter ratio could be classified into 3 region depending on the crater morphology: it
simply increased from 0.1 to 0.5 for a bowl type, and it was a constant of 0.5 for a pit type with a fractured
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rim, and then it rapidly increased again for a pit type with a deformed rim. The crater depth could be
controlled by the yield strength of the wet sand, but the crater diameter could not be controlled by the
yield strength at the water content larger than 17.3wt.%. In this region, the wet sand showed
non-newtonian behavior, thus this rheological property might cause the decrease of the crater diameter in
this region.
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HEEDOEILICHEEZBEZTWEEWVWDI ZENER S,
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Performance report of solar wind ion irradiation equipment
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1. The Graduate University for Advanced Studies, 2. The Japan Aerospace Exploration Agency, 3. Kyoto University, 4.
The Hakubi Center for Advanced Research, Kyoto University, 5. Hokkaido University

For understanding the evolution of the solar system, the material distribution in the early solar system is
important. Meteorites provide large information on materials of the solar system, but they do not retain
direct evidences for which parent body each meteorite came from.

The comparison between reflectance spectra of asteroids and meteorites suggest that the origins of
almost all meteorites are asteroids. However, there are clear differences between reflectance spectra of
asteroids and meteorites [references], which may be due to the space weathering on the surfaces of the
asteroids. Recent studies proposed the importance of the influence of the solar wind implantation on the
asteroidal surfaces in the near-Earth orbit [e.g. 1, 2]. Solar wind is composed of "95% hydrogen, "4%
helium and other atoms [3]. However, space-weathering effects by low energy proton and helium ions
consisting of the solar wind have not been understood well. In this study, we established ion beam
irradiation equipment in ISAS/JAXA. This equipment is composed of an ion gun, main chamber (ion
irradiation room), load lock chamber (sample preparation and FTIR measurement room), and FTIR. We
can select ions with a specific mass and valence using the electric and magnetic fields. The maximum
acceleration energy of ions is 5 keV. The reflection spectra of the irradiated samples can be measured
without exposing the sample to the atmosphere. The optical path of FTIR can be purged with nitrogen.
Therefore, the FTIR spectra of irradiated samples are obtained with minimized influences of adsorbed
water and atmospheric fluctuations. In this presentation, we report the performance (e.g. beam current,
beam shape) of ion beam irradiation equipment.

[1] C.M. Pieters et al., Science, 326(5952):568-572, 2009.
[2] T. Noguchi et al., MPS, 49(2):188-214, 2014.
[3] J.T. Gosling, Encyclopedia of the Solar System (Second Edition), pages 99 -116, 2007.

F—7—F: XA, FHEL
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Development of Exoplanet Observation System using ExoKyoto
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KERABRET —9IR—Y T 7T ExoKyoto ZFIF LB - ARAL 1,

ExoKyoto Tld, MEF TICHKRSNAERABREDERBTRDIEN., TILNNZRE L -REDHTERE PH#
THE, FEDBRBREE—ERRTDIENTES, £ tMOT—IXR—REDHEESRITRERIF
N RIET—Y(BREEE. ¥RF)DHEMERSF. HYGIERE ) R b % {2 7=StellarBEE ¥ Google Sky % L\ =
RARECPELEDRTE., BEOT —IR—RITIERVHEENSEN D, HEMELZRAVTIRET—9%
HETDE, INEFETRRERINAZRAREICOWVTIE. Sub-Neptunetr 1 X (1.9-3.1R_earth) & £ % <
(9691@E). RiIZSuper-Eartht 4 X(1.2-1.9 R_earth)n’% L\ & W D 9 HE 5 N7 (6801E).

ARG REYRCEMSEAUEZ WD &, RO o RAREDITEAENEEHEELAR(3034) &R
W, NEZTI - V=V (£E-KEELHERN)ICAET 2 DIF202E & 7225, ZhEKopparapu et
al.(2013) T4 %89 % &. Recent VenusELEMHYARAI(3068) &1, NEYTIL - V-V (RERERA-HFKX
BEWR)ICHBT 2DI>122@E 425, flxIEKepler-560blESEAUNEZETIE/NEY TILY —VEERICHE
1E9 %7, Kopparapu etal. (2013)DEZETIXEEEN & 5,

BICRAREDONEGRALE - & - EBE (Larsen & Geoffrey, 2014)%, FS vV w MRS X =4 (HRKRFN
), BLUCEEDBERUIE. FM. ARV MVBEE)EETIC, BRI —T v MEEANDEREIRETH 5,

WE. FERZREILKRLE R E T ExoKyoto %5EA L 7ZBEMDORABREDEBERAZFEBLTVWS, SEIET
RFLAT7RXRRY M7=V %BL T, RARET—YDONE. BLUFAELRAREOREEHLEL TLL
FETHD, SHICHEMICIE, RHAFE 3.8m ERFELAVTCRARERBREOEES N EZTWV. T—%
R—2 DEHFHET>TWLFETH S,

ExoKyotolZ RAKE T — 9 R—ADE—LR— (http://www.exoplanetkyoto.org) IC T AR I TW 3,
ZDHE—LR—ITlE, RABREBICET2EANLT -5 DM, BLLARAREICOVWTOFMRM@EERLRA
KEOREREREDN, 1 TRARNEEEHITTRINTHEY., RARBICETE2RXHEEDR—FILT 1 bELT
Ml BEFATHhNTH Y., 2TOBRVPARBEEREBETRNINTWVWS, 1 T XA MIDWTIL SGH #EEIRIL
FILERLEDHNERT, FREHISRALSERAEDEREHIBHINTEY., aXEETOY I MO#
EHEITo>TW5,

AERTIE. T—IR=—&EEHIT. W OHLDBEBEREZBNT %,

F—O—R: KBRARXE, TV TZxv hFad b, NESTIL - V=V
Keywords: Extrasolar Planets, Exoplanetkyoto, habitable zone
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Atmospheric Dynamics on Non-Synchronized Tilted Exoplanets:
Implications on Observed Thermal Light Curves
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1. Department of Earth and Planetary Science, Tokyo Institute of Technology, 2. Department of Earth and Planetary
Science, University of California Santa Cruz

Various theoretical studies of atmospheric dynamics have investigated the dynamical structure on close-in
synchronized exoplanets and succeeded to explain the phase curve observations. As the planets are
farther away from their central stars, they are not likely to be tidally locked. Recent studies also begin to
examine the atmospheric dynamics on non-synchronized exoplanets (e.g., Showman et al. 2015);
however, they assume the planetary obliquity, the angle between orbital normal and planetary spin axis, is
zero that is usually not true for non-synchronized planets.

In this study, we investigated the atmospheric dynamics on non-synchronized tilted exoplanets with a 2D
general circulation model. We find that the temperature structure is considerably different from that on
the synchronized exoplanets. Non-zero obliquities induce the temperature structure that is dominated by
diurnal mean insolation if the radiative timescale is longer than rotation period but shorter than orbital
period. The temperature is dominated by annual mean insolation if the radiative timescale is longer than
both rotation and orbital periods. Seasonal variation as function of orbital phase is analyzed. We also
predict the shape of observed thermal light curves for non-synchronized tilted exoplanets. Our prediction
suggests that the amplitudes of light variation for high-obliquity exoplanets might be several times larger
than that for the low-obliquity exoplanets but the differences depend on the parameters such as the
radiative timescale and the line of sight from an observer. Furthermore, we find that the thermal light
curves for tilted exoplanets might have a peak after the secondary eclipse if they are transiting, whereas
for synchronized planets the phase curve peak always occurs before the secondary eclipse. Consequently,
our results suggest that the planetary obliquity has the crucial impacts on the interpretations of observed
phase curves for non-synchronized exoplanets.

F—T7— R RAXKE. KKBER. HEHIR
Keywords: Exoplanets, Atmospheric Dynamics, Thermal Light Curve
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Equilibrium chemical structure of extrasolar gas giant planets with
various elemental abundance and temperature profiles
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FIARERABCIT,. ‘AR ) ATIRREREOEWVCEL Y, 9FE(e.g, H,0, CO, HCN, CO,) T &ICR
J=JAVDMNBIRERZEEIOND, TDAH, ABRHAR - ¥XMHDC/OLLIE, FOLEN DS DEEREICE L
TELTZEEZOND, BIZIFH,0R /=54 v OAMATIE, %< DBERNIH,0DFHTY X NREISHEET
2—AH. KEDZIFCOREDHTHEARAICELXSZDT, HAHRTC/OAXRELL RS, £/, AEX
BRATAKERK[IDC/OLAREE SNAHTWVWED, BElIhiRy hJaES—DFIZIZC/0O™1 DHR
A5 EHEE, AEARTOER - KRESEZTETZ2EDEHEEMET S (e.g, Madhusudhan et al. 2011), T D
FRICHBE E BREAKOC/OLLZLLET 2E T, REXRKER - BEIOBRICHRZMA SN 2BI/REETINT
W5 (e.g., Oberg et al. 2011, Eistrup et al. 2016),

INETH~IF, ABROEZERIERY N7V B ERFEREFEOFEE2BVT. HBRNOR/ —F1 Y
MEEC/OLkDDHEN. TNOHLERETZDICE LD FIIERGFGAMR T I VRORAEEZEDTE L (e.g.,
Notsu et al. 2016, ApJ, 827, 113; 2017, ApJ, 836, 118), SEIF % £, FF Guillot et al. (2010, A&A, 520,
A27) DFEEEAWVT, FOENSOBRHTREZRAHABREARTORG EELYIE#EEEEE Lz, ZOL
T. RABRERIOEZHEEEREFHRREOBREZIRDZIANLL, FLENSDER. X UC, O, NOTHRAEM
b EEAICEZALIBRICOVWT, RAHRAREXRSOLEEHHEET>TWS, ZORBR, KKUERED
WA T B ECH,DEANENT 2MEANRZ 72, TLARORIMEBEDHZETEH. C/OLNKIFDEICL
RTEL BB E, RKITFETCH, HCN R EDERNIEMNT 2FRENRATE ., FBRTIE. RROFER
REBNANLEZLT, BRATHEONARATRABRERKIOILEREE DBEEICOVWTEHBRICERT D FETH
%,

F—T7— R KBERABE., HABEKRK. LZETH, C/Ok. R/ —51 V., RIGKERMHRE
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Simulation of the early Martian climate using a general circulation
model, DRAMATIC MGCM: Impacts of thermal inertia
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There are many fluid traces on the Martian surface supposed to be made before “3.8 billion years ago. If
they were made by the liquid H,O, the environment of the ancient Mars should be suitable for huge
amount of liquid water, at least under higher temperature and larger atmospheric pressure than today. In
order to reproduce such early Martian climate, several modeling studies have been performed so far. The
solar insolation at that time is thought to be "75% of today from a standard stellar evolution model. In this
condition, a preceding study using the LMD Martian General Circulation Model (MGCM), with vertical 15
layers up to "50 km altitude assuming the pure CO, atmosphere, showed that the surface temperature
above 273 K could not be reproduced in the range of the surface pressure in 0.1 - 7 bars [Forget et al.,
2013, hereafter F13], which is so-called the 'Early faint Sun paradox'.

In F13 the discussion of the effects of thermal inertia on the surface temperature was simplified, just
describing the differences of results between the soil (surface albedo of "0.22 in average and thermal
inertia of 250 ) s7/2m™ K'1, hereafter the unit is omitted) and ice (surface albedo of 0.4 and thermal inertia
of 1,000) surfaces. If ancient Martian surface was covered with wet and ice-free soil, the thermal inertia
should become much larger than that of today, with the surface albedo of lower than 0.4 (the ground
covered by ice). In this case, the results of surface temperature should be different from those which have
been shown in F13.

From this point of view, we performed the simulations of the ancient Martian environment, especially
focusing on the sensitivity of thermal inertia, using our improved MGCM, DRAMATIC (Dynamic, RAdiation,
MAterial Transport and their mutual InteraCtions) [e.g., Kuroda et al., 2005]. We assumed the pure CO,
atmosphere as F13. We have implemented the radiative effects of CO, gas assuming the sub-Lorentzian
profile [Fukabori et al., 1986] and considering also the collision induced absorptions [Gruszka and
Borysow, 1997]. For the comparison with F13’ s results, the obliquity, eccentricity, surface albedo and
thermal inertia are set to be the same as their standard simulation. Also the vertical coordinate of the
model is set to 15 layers to "50 km altitude, as well as F13, and horizontal resolution is set to 64x32
(5.625deg latitude by 5.625deg longitude). The radiative effects of CO, ice clouds are also considered in
solar and infrared wavelengths as well as F13, although the radiative effects of dust are not considered.
At first, in order to check the validity of our model, we simulated with globally constant thermal inertia of
250 (soil) for the globally averaged surface pressure of 0.1 -3 bars (realistic pressure range of early Mars).
The results showed that annual mean surface temperature in the equilibrium state increased with surface
pressure, but the annual mean temperature was “225 K for 2 bars and "237 K for 3 bars, far below the H,
O melting point. The infrared optical depth of CO, ice clouds reached the highest value of = 1.4 for the
surface pressure of 1.5 bars, probably because of the profiles of CO, condensation temperature and
simulated annual-mean temperature against surface pressure which indicated the most favorable
production of CO, ice clouds at "1.5 bars. The radiative effects of CO, ice clouds affect to increase the
global mean temperature for several Kelvins in maximum, while "10 Kin F13.

Next, we simulated with globally constant thermal inertia of between 1,000 (ice) and 5,000 (wet soil
assumption) for the surface pressure of 2 and 3 bars. The results showed that annual mean surface
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temperature in the equilibrium state greatly increased with increased thermal inertia. Daily mean surface
temperatures in northern low- and mid-latitudes and Hellas basin, where are in low altitude and
considered to be the places of ancient ocean/lake, are above 273 K almost throughout the Martian year
for 3 bars and thermal inertia of 5,000.

Our results suggest that the surface conditions could be the key of the existence of liquid water in early
Mars. The surface with high thermal inertia may be able to produce the surface temperature higher
enough to keep liquid water even with the pure CO, atmosphere under the solar insolation which was
“75% of today.

F—U—R: KB, ARE BEME. 2RXBRETIV. ¥70-L Y27y, BREEERIX
Keywords: Mars, paleoclimate, thermal inertia, GCM, sub-Lorentzian, collision induced absorption
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Stratified hybrid-type proto-atmosphere on accreting Mars
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KEEAD HI-W BRAEDITICE 5 &, KEIF CAl ERED R EH 1.8£1.0 Myr IRICIREBED 1/2 IZHK
RLU, &dH»237 - ¥ MLODMEDHEIT L TWEATREMEA SV (Dauphas and Pourmand, 2011). 2 D5 W
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HABLUVRARERDDONANSRBRBAKETK LIZTEELNH S, ZI THLIE, LEBHIEEH AR H
S5RY, FENRAZRAKS DSR2 EREFBRRIDOBMBED WTHANRTE L. TOBR, XKEMBMEIC 2
RAETILDSHEHEIND 4wt OBEOERMERS 25 A 56, £BEP 4 Myr LRICET $HE, &ER
FIARK[DER SN, RREEIET 2 XTI, MREEENEADRMR (1500K) 28R 2 &hbh o7k Z
DZEE, XIIXFT—2 v VOBRICE > TERENARTEORIT - vV MLOMEL IR L <ET LT
BEEIHB I EETRBT S,

LEDETFIEGET, BEARRD EMAZRARDIEHEEDBEEEZEDLOICEWSEALARVWERELTE
7. L L, EBICIEETR, 2 FILBFICL 2 BRENEIDA8EMENH 2. 72, MEMEFOERMEKRDIEEIC
DVWTEAREULHBEEZONS. RIAAKIDESPERERDIEEICE > T, KRDOBMEENKELED
LEEEMED D B.

ZFITAMETR, ERERESHRBEREOME, BL U FIBDY 1 LR — L EEREBOLEET 3
TET, BEARABD EBRARARDOEE N E-ERUNICOBREERDEDDORM LA ERIEFR & L
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g ) D AW% DBE, SAEREEBPRBAEERICL ST, HARRRBICTRBREO LHICAEY
3. 0FY, WRICEDEBEAIFELAV. FEDFHHICL >TEEAZAED EBAREONREST 258, @B
BICKEDFORMMBIDEEZONS. EHRERBEICH T BKERD FOILERE & MRIEER & 1B R
HAOEEZ BEEARBTHICS T2 KREENSEEARARIBNOSRARAKRIBADKERATISVIRF
L DNRED. BERBROIA LRT—IUIE, BAZAKRGBICHEET 2 KRDFOHEES F, CEIZ I TRED
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HABEMARAKRGBEFLCHRNIEL, RO IEEST 2AEMELN,HDZ. ZDE &, KROBNEENEL
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F—U7— R RIAKE, RIBEAK
Keywords: Proto Mars, Proto-Atmpsphere

©2017. Japan Geoscience Union. All Right Reserved. - PPSO7-P25 -



PPSO7-P26 JpGU-AGU Joint Meeting 2017

EEMEKARPICIZE LB A ERMRICK 284 74 >~ DIFN
Increase in ferrous ion by soaking basalt in acid water solution and UV
rays
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Origin of Solar system is explored by the question "Why?".
Operation of Planet was elucidated by Newton's law.

“Multi-impact hypothesis” that unifiedly explains Origins of Asteroid
belt, Moon, Jupiter's red spot, using Abduction.
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BICERAEEIAS S & BIUERDREIR T FEESkmOBRIEERICLEZY Y MLFHBE 7MYV RY
S—MTL—MBEELTL—MOHLAEWE, 7L — MEEDOEY AHDERE LS.

TL—bF9 M= ZDERESE, IRDIEMRERA, > NVERHBICL 27U N\T Y R EMBRBEAR
ICEBHHFRICEE. TL—MIE—XY MNDRETZOT,EBEIEKS TICEHICKEETS. 7L — MNERITER
O MLERTHY EAETICKYRENTIAY Y MLASART 5.

F—I—R:T7T78502aVICEBBEDMHEE—ERY OELTOREE. 714714 VR - F—TDZERIDIE
BREBAN=ZL, BOBR., NEXBTELBEADOER. AEXFRHOER. FEEEDEIR
Keywords: Elucidation of origin by abduction, actial proof by one-time evolution, Proof of Titius Bode's
Law, Mechanism of Accumulation, Origin of the moon, Origin of asteroid belt and meteorite,
Origin of Jupiter Large Red Spot, Origins of deep ocean floor
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The Origin of The Moon and The deep sea floor bottom and
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