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A way to establish a framework of Astrobiology
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One of an ultimate mysteries of Science is the existence of life in the Universe. In regard to this question, three ideas hav
been provided; (1) The Universe teems with life, (2) No other life other than Earth life, and (3) between 1 and 2. Also, we have
two simple questions about life. (1) Is primitive life constantly emerging on present Earth? (2) Once whole life is killed, another
new Earth life will emerge on the Earth? The answer to both questions is No.

Astrobiology is the academic field that can provide minimum conditions to bear life in the Universe, and also collateral
conditions to make a planet to have civilization. Here we summarize such conditions to have life with civilization. To emerge
life on the Earth, there are numerous kinds of conditions which are intricately interrelated. Here, we categorized such comple;
conditions into three groups. (1) Conditions to make life-sustainable planets derived from planetary formation theory. This
category lists 19 conditions. For example, elliptical orbit is unacceptable condition for life. Even if f such planet is covered
by liquid water, planet is to experience snowball for half the year, and for other half year water component turn to vapor due
to red hot scorching environment like Venus. (2) Conditions to emerge and evolve life on the planet. This category includes
7 significant conditions which control the emergence and evolution of life. One of conditions is lifetime of carbon. Carbon is
necessary component for life body, however the amount of carbon for life is decreasing through time. Carbon will be depleted in !
billion years, indicating termination of life. (3) Conditions to have civilization on the planet. This category has 5 conditions. The
most significant condition is brain development. Discontinuous upgrowth of brain differentiate human being from chimpanzee,
and human is to establish civilization finally.
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Possible meteoritic materials in spherules discovered in the Oikeyama impact crater
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1 IFC&IC

EFREAAT LS UCZEETIE, @il r L—2—h0 541 287 bR I HRER LIS S iz (Sakamoto et al
2010, COMETIEAOENEFE MG I NI ORA - EHL 201D, X7z, fallback L7eAYEEFEL TV B T &N
MRS TWVS, TORE, 7 L—XZ—0DUh 5 spherulez ZHFER L. Z OB 75 £ 7% /0ht LTz D THs
T %,

2 spherule %7 & EIR

L 27 L— 2 —IFEEH 900m TZ D10 EWRIF FEHIBIC > TW3, 7 L—Z—&D S IMIINEK) 400mi
N EOREZH ImPE > 7z THEOHN 5| spheruleM&ICEEE > 748 (rip-up crust Z2HER Uiz, ARIIRS &
DOTBOFICEAEL, FHERETHIES L BN AZREOBIND 5, AL, 8 H|H spheruleD 522 AR T Lo,
¥ 1LENS I OMBE DS T, ZoMiid~ ) vy 7 XDRTH %,

3 spherule DZHE

LT R Dh - 7z spheruldd. #AAELE 0.2mm~0.02mmOEIF T, FICHTO TEIED E 5 DV IZERIRD IR -
HIAR - Z2AERE EORRE L DF v — NEDEALTH 5, T LIEBIRBRIzNTz522{AD spherulgd 7z~ Ab
5, ZLUTENTERME > E 0 LBV TH %, spheruldd., EHDE OHL L NEHBIFAFICHZ S L DN
2\, spheruleD NE>ERMEICHE(L LTzl s EDORNEHPENES X > Tz 0| pyrite GE#EEL) DFESEMNBUVIAA
TWzD T 20 178H %, spheruleDESWICIE pyrite DANDFEFEAERT > T3,

4 FBEHIROBRE

RIS U OERIEMBE TS5 &, =TV 2)VTRIFEACHRKIIRA TN, 70X=a3)L TR, 2k
MR TR BB T E %, spheruleD NI, FfGa: L CIREIDET 2 & O, S ED SEEMMSEIC R >
TW5ED, /NE7x spherulel LD IAENTZDEARLIZD LTWBED, spheruleDigz Bz > WENE> TS ED
BENDH B, i, HMBEICEE &> T ARNEHWEDN D % & O, FLMIRICE>T0WEE08H 5,

5 LA-ICP-MS DR

L—Y—=7 T L —a VICKBFEES T T AEEDNT (LA-ICP-MS) T, spheruleD i1 A a@fEzHlE L
TIEENDOR v E Y T RITIEo 12, ZDRER. spheruleD SR OB Tld, 72WONARIERITEMZ R LTS
TN oT, FHTNiL V. Cr. Mg, Mn, Fe D& TRIEICEWIRBEZRITERD N H > Tz KiFIC K> TIEHEL
ECHEHREEZRTEDEH SN, spheruleDfFITIR > T2 D EWEZ/RT EDEH > Tz, PllzdHliEA—A TV
TixEhSHMEIN TS (Izmer et al, 2013,

INHDOILEDANNIL V., Crid. B L—HOE>KILIKICIFIEEA EZTENR VTR TH S, HillL—Hid,
HORE . Fy— FOHBD SRS MIAD I B E TH D . AESOER S « R EIITEE LRV, L
— OB DR SIO2HEFIEEEZ HDT0WD, iz, HAFSOREDO ALK FEHHARD KK E B> T
ZH, SELEIRIE & A CRIPRILE F 2 VL TH D | pyrite (FeS2 13FEN7aV, FHUCEHED 59 T D spheruldgic
& pyrite DAHHNLD, TOK S EBHIOHE & spherulek DT DEWE, NN 7 L—2—h 5 e MEETN T
% (Reimold et al, 1998,

DL EOWEN S, D spheruld #iH E No@IRE TRIEOLRIE. BBAYETH 2 AlREMEA &V, ¥ FLTKL
BREADZ I, RKEICEA LGNS L TERICHM I NS, FRFICHELTREZE L THO LD S 7z llifk Ok
R, FBBA DK EIR T D E - T spheruleMEE NG, ZD7z8, BEAOKRTERNIEICADAATZEDER SN
% (Goderis et al, 2013

6 51K

M.Sakamoto, et al, 2010, Meteorit. & Planet. Sci. 48[iAs 51,2010, HARBERIAA2EE 19,4, Izmer et al, 2013,J.Anal. At.Spectro
Reimold et al, 1998 J. of African Earth Sci. Goderis et al, 2013 2013,Earth & Planet.Sci.376.
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Riemann Solve® Fi\ 7\ Weighted Particle Hydrodynamig&d B 5§
Weighted Particle Hydrodynamics without Riemann Solver
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FIZEDPMERE R DI BN T, ADEERTFEIZIERICER TH 5, R, MAEOHEDORKENFREL . D
DHCENREDE AL 5%, Smoothed Particle Hydrodynamics(SPE)E FEEN TV B RiFINTED, BIEE TILL
HAubsntuns,

UM LAEDSIEE, TO SPHIEICT 20 DM DRERMEE NS K5Ik o> 7c, —DORMERIE, FIANZE
WEEZNENS T THDH, TORBEMICEU T, TFERL AN RSN, BIRENT, LHLEDS SPHIAIC
385 = DOMERMEMENTE /2, Thd, MEMEGDEYICGEIRTERVEVI EDTH S, KCPRERZED
T, BAMERPEGERERMRT . MEMSEBEONMETH S 72, MEMENEYNCEHETE RV DIEKR
ERMETH S,

— /734, Weighted Particle Hydrodynamics(WPH) & FEX N % 51 7z 7R FERRIABUEG R FED B S iz, BRA
BT A RREMTbNIAER, AFETIE SPHIEDORERTH S, MRALZENREZNE WS AL £z, MENEY)
ICHETERVEWV I HEVSREANE B S LN I N TV R FERDY > Tz, WPHIX, @ amARE B TRk
LHEMIFENS,

UL ULAEDS, WPHIZS D & T AR FRIFHE/EFH OFHEIC Riemann Solvefz FIWTEH D JREESFER AN AR SUAIC R
EINTLEHL> TS, MERZONTF T, SO0HRE VS TZWEERS RENH D, TOFFETE WPHILET LD
5\, F T T, AWIZETIE. Riemann Solve®D{th DI AN THEE WS T & T, WPHZEREEDIREETRERICHET %
CemEZT, W DD T A MHEZIT AR, ATHEZHNTE, WPHD XY » FTH 5, MENLZENEL
CHETE S, MHBEMDEYNICHETES LV S TEHIREDN TOWRWHEDHERI NIz, i OFBITZEDOIRRE TR
EHOWZENTES, AEOESWTFETHZ EEZ %,

F—TU— R, BUERHR, R R
Keywords: methods: hydrodynamical, methods: numerical, protoplanetary disks
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Chemical evolution of lunar magma ocean: evaluation of density overturn
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Hess and Parmentier (1995) discussed gravitational instability of a highly fractionated heavy layer and proposed a mantls
overturn model, which well explains the role as a source for high-TiO2 mare basalts erupted several hundred millions years late
However, Hess and Parmentier (1995) themselves pointed out that the timescales for the IBC layer formation is longer than th
onset of gravitationally instability between the IBC layer and underlying mantle, so the density instability should have resolved
during LMO differentiation with small scale overturn. We constructed a model that describes differentiation of interstitial melt
trapped in the cumulate layer with three parameters, critical crystal fraction, porosity of the cumulate layer, and grain size, anc
the percolation is evaluated as the time to the onset of instability between lighter trapped melt and the overlying heavier residuc
melt in the magma ocean body.

The results show that the density contrast between LMO and the trapped melt becomes significantly large once plagioclas
appears, on the other hand viscosity of the melt is. The percolation time varies by up to about two orders of magnitude for the
variation of porosity by two times, whereas it varies by up to about 5 orders of magnitude for the variation of grain size by one
orders of magnitude, and the effect of X is not essentially. Comparing the percolation time at the critical crystal fraction for
each step of differentiation calculation and the duration of the whole LMO crystallization, we can conclude that the percolation
time is much shorter than the crystallization time if the grain size is larger than 1.0 cm. If we assume that the grain size of
crystallizing grains in LMO is 0.1 to 1 cm in order, which is the average size in terrestrial magmas, melt overturn between LMO
and trapped melt takes place easily during crystallization of LMO, which would make formation of extremely dense layer below
the anorthosite crust at the final stage of LMO crystallization difficult.

F—U—F: H, %I A— v, BEME
Keywords: The Moon, magma ocean, density overturnHess and Parmentier (1995) discussed gravita
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Partitioning of sulfur between core and mantle on early Mercury and its building materials
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IKBIFHBICKBEMOMRZRLS ERGROPTREGHEEOBETH Y, KREZATZFHOTLINRBEINTHY
. AR, IKEZJHPEE Ulz MSSENGERFEEREIC K % y AR b A—ZZHWzBlic kb, KERHKDILHE
DD TREL <R HMNTz (Evans et al., 2012) TDFER, SRS FAIMNCKE L, 1.9-27wi%CH o7z, Sida
TR RFICIE RIS BIC T E NN T Ve d, KEGROGAREDEAE TR —RICHFEEMENEEZ SN TS, f
ZATHIER D KFEHIGRIC I 0.04A MURE LA EZENTE ST, KEXRMITZEEEEDOTENMFET 2D Ebh > TV
V. T, AROBIIN 53RO 5N FellREiX 1.6-2.2 Mt%CH > /2. Thid FeOIEEICHET % & 2.1-2.8 wt%,
HIER G 8 wtve) AR (K 16 w9 DHEREEE X b 4072 <, H LA SDOREFART MIVBIINSHEEES N TE T
FeOlcZ LWWKE KM LRI TH 2. SROBLIECEICEH LIZBAENERN S, KEOMRYIE L LT FeO
ICZUWE Y RT A MROILZERZ & DOYENMEEH TN TS (Wasson, 1988)

—fRIIC SIZ T T TERFIC S BANGERMIC O S NS 120, SABETRIREEICASZ EEZONTWS. L
URis 57 B OIS ER LS TIRAEIC K > TA(b L, EemARRE Tl r A X)LV M S N B s k5 &
MHSNTWVS. ZDkY, KENETHEYED SR LIZERSIE, KEEmICH SN2 HBEOREX, I 7K
BRI A BBEAC i X N2 & DICHR T B [REMED S 5.

Z T CAMZE T, TEEIHOKEICB T 2 a7 -3 MVEIOWEO 2 Z, TR 2N TR SN TWS T
A BEHE AV S \OFALYIARREE TV 2 kiR U TN, 2 L TKERR O 5K EDMEMEZHET 5 T & &2
Pz, AW AV M L VARIS B EAER TOL A T 25 2 2 T LI K> T, FRICE Z T/KEMRPIE I L
T, WMEPI AT 2 BELBIIERO—DTHIMET YT+ — 0, 213, Z U THILYARIEE T IV 57 A
BB AV b SIBEMIO NS, FALMIOBRREZ /RI VIV T 74 RF v /827 ¢ —IZi& Taniguchi et al.(2009DE 7
VR Uz, IKEMEIE ORI, ROXSIWET 5. £9 E 2RI A M EIHKIC B 20 CREEEE
RRLT, Bk E ISR (14 DI CR) DMLY IRE T2 Oz 7 A BB A )L S OFRMEfKET IV E T
%. FlFERCEES LML REE b DOEEE AV FOREHKETIVE TS, ZTh S HBHBSEZ2bX
B CCEDBRTERIT > 1z, MRS AT 2407 ME, FeO/Sitt, FESLRMULYIISI L, &EHD SEEAEZLE
¥ TR, IR RERZGE L 2000 K & L, FEIHEIFEMEE, KIS X5 @A bHEE L, 1-10 GPaD#i
PHCRIREZ T 72

FHEH R E T VSN U CTEDEGRIEET> 1256, T ABBIEMIC ORI NS SIERE, FeOREMEIZZTNZTN 1.6 wi%
0.024 mol%-, STERESIZEIINE & 1ZIEF— L=, FeOEEIZBHIEND FelEB R T I, 2H/hE ViR E K->
Te. MEWIED FeOlSitbZ KEL T21FERBLENS SIBEIT/NE XS, £z, IEERRIEMIS Ltz KELT51F
E FeOREIT/NE L 2D, SHEE L FeOREDH I FHEOBRICH 5. SEHD STEEZ L5 L&, 7 ABIEAIL
MO SEEIXH F DAL, 5K 0.06 Wt%E T FeOREENKE %%, SONEERICEIMKERIZIZEALERS
NEhotzhy, EID ERBICONTHEE NS FeOREENLPRHD LTz,

EDXIICETY RIA FOMHBRIENHFHKZ 52 THlidiEZETTS &, IRIEWSEN CEIIEZ AT & % i
JED SHr A BEEEANIC OB E NS, THISIKEDOHEIENFEERICEIY RSA MEOYETH BT L2 5. L
MUEDS, [T A BEHPIC B E NS FeOEEIZ Fe OBIIMEZFHIHT 21ICIZ/NETES XS ICHZ 5. Bl
b, KEEEO Fe DELE TIRAEIZBIF S CTIIARIAZ C LICRIEFEMRETH S, KEEREOD Feld, a7 IEmEKICK
BREICMNINLUE Fex®, BAEZHCX D#EVIKES Y MULEBENTHE N E N a 7 HkD Fe THIITZ 50
& LNz,

F—T— FKE, i, 7hd
Keywords: Mercury, sulfur, partitioning
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Metal-silicate partitioning of chlorine: Implications for the origin of terrestrial missing
chlorine
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HIERZR S DR R R MRER R & iR U CRRREICHRMEZ £ DeR K D £ E 5 IHE LTV 5 (Sharp & Draper,
2013) T ODMEFERZICHT HIERGHIE —DH 5B, —DII%—< ¥ MV LR B TRZEDITELNICED AT N
7T BWHTHS. &9 —DORGBUIBANDIEEDI D AR REN TH - 755, BUKEO B WERIZEEICKD
2K ENDG 1, RERABINFMIEEDORENILC 5 EZ X 51D TH S (Sharp & Draper, 2013) FF EEE
I D 7K FE 0D HGS I I X BRI B B 0D KA« B EDIRIC L EFE T A METH B 728, FilDIREINGEMREET 5 T &
WIFRICEERE®RD D 5, AU TIEHIEREE OEEOMEN E D X 5 REEFBGEREZ KL TWAhZ e %
o, XTI F = v hOSEH— 7 A BIEMOEREO T EURE R kDB e B2HNE T S,

TCEDODBBEMI BT A—2 v Y OWE, B, BEITH T 4 IS8 E22 T %, AMETIEET, HED
BLARELDMER T /> T 4 — KA Z Tz, TR & U THARIRD Sio,, Al,0s, CaO, Mgo, Fex Cl 1> R 1 Ml
BRI A KO L, ZT\FeCh Z 2wt.y% 3 O & DWW ie, BBERT YT« —IdilkNC® 8 SiZ A % 2 & Tild
BT, ERIEAYMEMOSIVF 7 v VISR SEE (KAMATA700ton 7' LX) Z W 1o 72 kNI 75T 7
A M AT RIICEED, 4GPa, 1900KDZEMFT 1570 IRFF L 724, MEAERZIE e LCaum, EL, ULz, [HUGEL
FHI A RKIBEHCRE SN TV B EESBIEFR~YA 7a 70— 7 F 4 I X 0 eEHRE oH Lz,

EEREINGAR T O &8k — 7 A BRIER O RO E &R IR E 7 H ST 1 — (logfO(A IW) = - 1~ - 6)ITIKB T,
0.001~0.01 &7 0| HRIBIMIIEFICZ LW T EDASI ER STz, I TA =% OB — 7 A BEIER O
WEDNEREDN K D EESRM FICBOTE L 2BARVOTHNZ., BADEHZEDOR D ARIREN EAD, HEME
DR & U TR L O HEA VRS SN 5,

£ 3wk Sahrp, Z.D. and D.S. Draper, 2013, Earth Planet. Sci. Lett. 369-370, 71-77.

F—U— R MR, TR, JEhaiETE, B
Keywords: Chlorine, Partitioning of elements, Primordial oceans, Core composition
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Experimental study on propagation process of impact-induced seismic wave in quart:
sand

g —E Rl BUZ L R HaA L AR ER L ks ot @l AR BRI E
MATSUE, Kazuma* ; ARAKAWA, Masahiko' ; YASUI, Minami' ; MATSUMOTO Er|1 TSUJIDO, Sayakh;
TAKANO, Shotd ; HASEGAWA, Sunad
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=4 Y. ]

BEERIIRERE TERINE NINREA FAYOEREHIEDO X 512, NKEXRIIRLVZ—KEDL I AJETEb
NTVWBTENASMICE> Tz, LIV A TEDODNNIEOEREHITE L. RIAEZZO X 5 AN ERIC K > Tk
THLEZILNTVS, FIZINKEIO NS 57 L—RZ =D, RIAEZRIC X HRA T 0 A ek%k
BERD, JL—2—flzXz2% L3V A@OMENRN SN 5 EEZ 5N T\ 5 (Richardson et al.2005) T D &K 5
ICRREZC K > TRET ZIRENT/NKE DR B EL 2 ZE U T 20, EZERRIRENCE B U 7z 2R
W McGarr et al. 19613, HRERI T 5 N o/ INKIKEZSRE OB L 2 TS % 726, HREZ R L 725l R\ O
ZERERAITO, EZERhRE) 2 = Uz, Bl TREIRA DY 100m/sE TOREEEZLHERZ TV, H T AL =X 0L
7 1.51g/emt, ZEMA1E 22° ) %I B EZUEiRE) O Jk A 2 X7z (Yasui et al. in prep) KIFZETIE. KD
L3V RJE 7z i U 7o i 2 AR & U TR, 28 RE 72 /N TS C O Il 7258 S & THLARE U liZephicdREh o
iz T o 72

RERFE

EZEFEERE, M RO — B A 2§ & FHBEVTZET QMR B AR Z W T T oo HALICETRR
4.7mmD R —Rx— FERZ W T 0.2-6.9km/sDi#E, EE 3mm>D 7 )L+, A7V LA, #ilkkZz H T 0.2km/sD
WS THZEE BTz, EEERHCIZESRE 500 p mO SV 7 &5 1E 1.48g/cmt, 222 f1& 32° ) DA difdb 7z Wiz, FEEREIC
MR (HART €4 =7 A8 SV1113FEMIKE 5.47pCIms 2, JHE &1 E0.5HZz-10kHz Y . TEZEmh 5 ONiiE 2 2 b &
BT 2.5ecmfld TiRE Lz, MEEHOESRF v—Y 7 v 72 LTz, AID ZH5#E 100kHzO 7 — % 14— i
U7z, BT v 23— 1000Pa 5 10PaCTHEZEG [ LT\ 5,

HERIER

B E NI IBEE I HE— D E— 7 2R HHME T, 15 EA O EERTIZH 0.5msTH - 7z, 155 NIz hns e
TEDRET I S ROEIZ T &b o Tz, (1) €— 7 DIRKIED S RANGEE gnae 28 L. DEEEEE TOREEx AKX
T A5 TR AIMEEAVINE <750 H225ih 5 OEED R CRHCIZEZSEE DMK E < &K% EHICRARIHEE DK
XL RBT NS, EHIC, 7 L—2 =¥ R THIEL LR x &R AKIEEOBRN S, BZSEEIC K57
#O@%ﬁﬁ@mwﬂ%@mfm%T%?C&ﬁﬁﬁﬁo%ﬁm%ﬁ@ﬁﬁ%@ﬁﬁ@f@l%ﬁ%%ﬁ‘ﬁ?ZE—
A Tld-2.4(Yasuietal.JCH D . WERIIEEAPIEIC K > TELT BT bbb o Tz, (2) NEEED R AIC I % K D 7% 7%
FHIIS % T & THEEMYIE T R GRS 2 IREN OIS 2 5 HIl U 72, A SR OAEIRE S 13 E 28 s K 5974 56m/s&
0. AE LY —FHWTEHII L7z ST (1) 50m/s) e itvMd L 7o Tz, — /. 5 A — KBTS Nz iE
J& (106m/s)k DIENT EWbino fz, (3) NI O ¥ — 7 HOPEREZ 51T 2 T & Thsd & ORsiki iz HEE -
Too BZSHEICE 5T 0.8ms &xD, THUIHIDOE AR & A —X—T—HT 5T &hbhoTz,

TNHOMRZEFANT, /NE EOREFE HIC K DL S NIREITL IV A@himait L, HiEg»"Ekd % #ipH
EHEE Uz, INEE LTRIEENICE ST TORBRTELNIRBRADEHTES & Uiz, H2e5b%, EE 10cmD%
RAE RO NKEIC 2km/sTHEZE LTz &3 %, LIV ABMIEE LIELNZE(LT 25444k, LIV ABICE5Z 51k
MEENRE TOENINEE L D KELRok & EICH U S L9 % (Richardson et al.2005) ARH5¢ Tf% b Nz 5z
WO THREN IR D2 RAK DML T O E L £ TIET % £ TOHEE xR 279, 1999JU3 T X, HIBRTEIAE
T2 L. XIRHBZFNZFN 20,11,2.5L D EHO/NEHEREDTTH L O ILEBEOMENZELT 5 C e E NS, L
DO5HOEEZ, COXIREHREHERZBELTL I AETEDODNNKEREEOEISELZH ST ST &
Tbhb,

F—U— R %8, 7 L—Z—JBK, Woeiiciikeh, L 3 AF
Keywords: impact, cratering, impact-induced seismic wave, regolith layer
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ELZENIC BT BRI E ORISR E T )L _
Thermal conductivity model for powdered materials under vacuum

YRR MR 1 N1 AR 2
SAKATANI, Naoya'* ; OGAWA, Kazunor?

LR AT, 2 R R
LISAS/IAXA, 2Kobe University

KIGHRDOEBEN SHIEICHBW T, PHAYEIZEEIICAAE L. KR RAEOMELICEERRE 2RI L TE T, Blx
. KEFRIIAICEEIERIC I > TBERE NI EBEZA SN TV AR, BEROX AN (MK OEEGRTH T
CHEEENS, T, BUEOAR/NERER EDOREIZL TV A LMEINSEAOMHITEDN TV, TOLIGHE
ZEERIC B 2 A E OBMRERIE, ZEROEWVEAITHNT 2L FENT EAFENTED . FERME DL,
Te b ZRREJEZ2 1 < 5 A TERIKORE(L S K TBHEDOBNIREIC KR E R B2 GX %, —/i. FRYEOE
RERIGIRAE, Kt ZEBRE, EMISHREDZ S DINT A—=R2IAF L, —NLEZET 5 NS N TN, FE
BXORIK LITHFAAES 20MADERET GRE. S BXOYHEAIRE (Rt 228aRa ) 3MATH O . MAYE O
TE72 5 U T A7 RIS D #HlE 72 Icid. T B DT A —ZIKAFEZ A INCHD AN BMRERE TV 2 AT
THENHETRETDH S,

KaiFonhxcic, 7HalPEE LTECHI AL —=XZHWV. BHEE T TORMRERDINT A — ZARK(F 72 RN
IGRE L TE 7, TN OFEFRERICE DN T, KA ORI X 7 = XN DW T ORIz D T E e, AFEXRTE,
FLRINCIA S D & 73 T BRiE X 71 = X LICHE > CTHERINICHER LTz, B2 R TOMERMEOBZERE T IICDONT
IS o

IMEAEMEERIC DOV TDFATIIFUC BT, BRI 175 E DRI S 2 OE LT BTV, FREND T 1
T4 YTICE o THRE LI R EMREENTE D, WA A= XA LA U AT 7 VR E AT
B0, Rio, FATHRICBO TEREINTEENFROMRZ2HHT 2 LI TETHELY, EFMCE->TIR 1
UEDEDMEC TS, ZTDIcd, ZHZHGIRETHET 5 KK L TOMMEADRMLERZRE X SHEET 2 &AW
%ﬁ?%j f:o

AW TRER LT MABMEERET VR, TV X LTS B Hi—Y A XOBREZFUE L, PEEIA A Z X LI T
ERLESNIHDTOET IV TH D, RETIVEIRE, Kt 2R, ERIS75 EDI8T A — 22 R HICE
HLTHED, TNEDIRTA—RDEZREZ 5T LT, MATIRETOMKRBMAERZHEE T 5 ENTE S, AN
CNETICENERIC K > THIF LIc A T A —XDLEROE & LT % & AR OLBERE T VIR A Z
HZ2ZT LI LTED., HENEAZZ 3MHMU RN TH B ehnh ol

F—T— F: BER, ik
Keywords: thermal conductivity, powdered material
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BIOMBR G/ INRAR DR 7341 72 i Fia JE TR B 3B Uik

An iterative method for determining temperature distribution of a spherically symmetric
body in a planetary system

B 9 1 N {2
SEKIYA, Minoru!* ; SHIMODA, Akihito?

L IUNRZERZEBEER A S B R R AR, 2 TUNREAR ARG B I R 22
IDepartment of Earth and Planetary Sciences, Faculty of Sciences, Kyushu Univdsipartment of Earth and Planetary
Sciences, Graduate School of Sciences, Kyushu University

BiZ#EH) & B 0R 2 & DRNRHES) 29 2 BROMFR R/ NRAROIRE ) A1 2 BERRAT I SR D 2 BIGE L2 E R Lic, £D
fipe & LI, Y —a 7 AF—RIC K 2 HHEER ORI Z LR 2 KD 2 N X2 LTz,

FATHIZED Sekiya and Shimoda (2018 LN TE I Nz, BEORN 0 THEWESEFIETE X oIcLizC e
TH %, Jiri7ED Vokrouhlicky and Farinella (1999 FbRTERE SNz iild, IRE DR HERHENC R U TR v S
REZHWOERWcC & TH B, 0 H, (FEOBISHER A T, FEO Bz & D/NRKISH LT, 0.7 0 RO
RO EIIRE ORI L ZRD B T ENTES, BIGOEEZAND DT, BORLOEKE FIF5C &ick
D, [EEOKBEOWHZG2 Z ENAHETH S,

IR DI > T2 4 O/NRBEDREN R IEWFI R TRDZE I DK D, ZOLSHKIGETE, BiEI—FD
F v 7IciE. ANRDOMRZHAND T ENTE %,

PURic, BN FEOHINZ T %,

(1) KEZBERINENAZ SR, RIS DWW TERBIBUER], T REEA I DWW T T —V TIERMY %, B0 0.814
FoEEE. 7=V TIRFEAOIRDE C TRMADFEFFIH T E R0,

(2) RIKDIREI M7z RO ZFKC, PRE0THITIRE LS BiIOBREZ GOMRE X2V, Thic&kDd,
fid, BIRICK2ZHZEX IS, RNIRICKZ2EHOAZZL X1k b ., IFHEICH LI N, REE L REICHT
% ERBIEURRA & Va1 B9 5 7 — U TIERZ W TR iRz sk 7z,

(3) BiFgeftid. KRB BEHAAL RENEANORLED T 3IVF—T 5w 7 ADDH BEVDORE RS, B
AN AR D 4 FICHHIT 2D TIIE TH S, TOHIZ 1 RETREMLIEAZ, BOBRLHAVWSZ LIckD, &
TG (37D BIERIERRICIRD 7 GED K fif) 23R 2 iz iz L,

(4) EElofpzHnT, Y—a7 AF—hRC K 2 HuEERORFHZA LR 2R T 5720 DN 28 Uz,

FERIIC DWW T, Sekiya and Shimoda (2014 & nfzw,

(BE 30

Sekiya, M. and Shimoda, A.A. (2013) Planetary and Space Science, 84, 112-121.

Sekiya, M. and Shimoda, A.A. (2014) Planetary and Space Science, 97, 23-33.

Vokrouhlicky, D. and Farinella, P. (1999) Astronomical Journal, 118, 3049-3060.

F—U— R/NRE, KBk, 252, O, Kk, §ud
Keywords: asteroid, solar system, planet, meteorite, celestial mechanics, orbit
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HMAIEIIC BU) B 1828 7 L— X —JEORRE OB 7SR KA © L—Y —2& 5t 2 1
Wz Z DREHING X 2 ZERmEH .
Impact velocity dependence of transient crater growth in granular targets

LA R s B B 25 SR 7 2 Mok TEE
YAMAMOTO, Satoru* ; HASEGAWA, Sunaé ; SUZUKI, Ayakd® ; MATSUNAGA, Tsuned

L FIERWF, 2IAXA
INIES, 2JAXA

A RIS 51 % HIE DO—DTH B HE T L— X —DRNi 2175 128, TNETHEL OERT L—2—IE
ERMMTON TV E T, — /1. WEDIHRDZ S T, H\ERERE2 T Ty 7Ry 7 AMICHEA. EREZICEINE N
127 L—2—DREIIRDOMEZI TV, TN DT — R ZMHEHNICIRIRT 5 &0 S FEDNHWSENT E e Z0D%4. B
Z LY L— 2 —ERICHT 5 A —V ¥ JRIOEZEHEKAF AR KA R E, K< TR0 ON
BKTH 2, TNSZMRIAT B72DICiE. 7 L—2—BRGEREDZ OBEIIZI TV, Z OYEINERRICE DWW T AT —
VY JAEHESTZCENEETH S, WEITONIZ T L—X—EEGBREOZ OLEITFLEE LT, L—%—XEH
WIEHTEMERENT VWD, £COFHEICKD EERBICH T ZEIRO R RFERIC 5 & /IRIE N b,
N HIC LT RHIFRE T IVhER E TV % (Yamamoto et al. 2009, Icarus, 203, 310-319) A L., T DOFER T,
SO ZEHE DT N B 0.3km/sLL FOMGHETHH T rbNIc & D TH > Tee —77. FEROHERTIZSE T T %Kik
EZ2IE km/s 2 A % EEEEZETH S T b, IHIRET VRIS OV TOBmIURIFEZIHS NS 5 T EWEET
BB, TITAWZETIE. FHBEARITLTO R ZHLFIF iR T b 2 i End E 2RI aiE TV 5 HT o
TEABR AT A S VT, 28 0.8km/si B 6 km/s T DOMMARERNC RS % sl il Ze R 217U, FiicichaR Lz
L—Y—ZNGHC K 5 Ttz ffi> T, #HRRO T OHENZETT> oo AFEERTIE. SREETICE S NI @fEZes M
ICBFBHERZHEICLU T, HHIRET NVABI TR — Y JANCH T 2 EZSEERAFIEC DOV THGERZ1T 9,

F—U— R 2T L—x—, B, A —) 7R, B SR
Keywords: impact crater, impact experiment, scaling law, gravity regime
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ABEBRHIC TE 3287 L—X—DJBIR _
Morphologies of impact craters formed on spherical gypsum

PR R U SRER AT 2 RN E o Bt AR THLS
SUZUKI, Ayako'* ; KUROSAWA, Kosuké ; HASEGAWA, Sunao ; HIRAI, Takayuki' ; OKAMOTO, Chisatd

LA BRI TR AT, 2 T3 LR ERI AW v & —, 3 MR R R AR B AR
LISAS/IAXA, 2PERC/Chitech?Graduate School of Science, Kobe University

El=l=X
1, 8=

/NI TR EONE I RAK ETO/ZE T L— 2 —IERGRIR I, KELRREETOZNEML S TEZEEIED R S
TEPHIENTWVS. FlZIX, EHNOZERRMmHNC & B2, Brittetal., 2002 REHHI/NI N &, MBZUHEE D)
TV e (BzIE, Bottke etal., 1994; Marchi et al., 2013 7 L — X —D K E 0 U TAHAHAIEIROELR TH B &
(Sullivan et al., 2002 7= £ 77.

BEOFHBELHBEICLE VT, FIZIEAZ, T, £ AU EREO/NKE FT, RNRAGEIROEICIERE N iz
JL—2—=DZHHEDN > TV S.

SENFFHCEER O HHRDEZHEHIC 5 A 5 ZIC DOV THEH LTS, T X TICHE T NNERE ETREROK
ERMEIERE N7 L—Z—DREETN TV 5. Fujiwara et al. (1993, 2014345 < 75 15327 5 DER® FIAHFZI AN\ 0O 24
RERZEEL, 71— 2 —FEIRERMENOMRICIKIES 5 T L ZiEI DTz, AW T, BEROEZZRMICTE
727 L—2—D7 07 7 A)IVOE N EREIE 3 JOtIRGHIC X > TE=IEL, BENOIERMN Y L— 2 —EBGERICHE
Bl B5Z AN AL RERT 5.

2, REHEE

KERTFHERZMIINC D 2 A=A T T A Hhakia D B Az O Tir- 7z, BN E/KAEB T, —
DK 9em DAtk E, EEMNZNZFN 7.8cm, 10.9cm, 17.0cm, 24.8 shERTH 3. YD/ N)L 7 13 1.05 g/cm3
51oaR DB 2.03 MPaTH 5. HALXIERE 3.2 mmDF 1 0 VERT, # 3.3 km/sTEEMICTEZEE BTz, T DgEOH
FAERY A XEIE 0.13-0.418 75 % BRI RIEAF O —)LRy 7 ZOHIUCERE L, ¥ 3 v MRICHF & i L 7z,
R E Nz T L—2—% @k 3 oo IRE Y A7 L (COMS MAP-3D) ZHWTAF v L, HET—XZHEL
e, 7 L—R—=0DKWE ORIE T — 2 & W OEBIS RS 72 « Rz ERmEm e L, TheosEnse LTy
L— 2 —DFEzET.

F iz, BUEEZLGE R O — FiSALE ZH W T (Amsden et al., 1980; lvanov et al., 1997; Wunnemann et al., PQ@EHE
R OEERE AR HIRE L HEICED K I L TV RN,

3, MiREER

TERIL—%2—i%, HLDEy FZ2AR—VBHTBIERZ LTz, HRDKE <& 51& EAR— )V
IKixoTz. 7 L—2—OWFBERERR, RN REE2EREL AN, BEREEF-ETHoT. FHICTE
JL—2—IcH L, HERP—FREVER7.8cmIKICTE 7 L—2 =3, (KHEE 3.5k >7z. 272U, B MARK
F18fHICHEoTe. IV L—2—T 07 7 A VR THIET 2 &, €y MRICKELRAZZRSENEWD, HHEAK
LGB EARIENILL, B E> Tz, TOTeMb, 7 L—X—REHEIMCIE AR —)IVEBEO AN T
Wi EMbholk.

ISALE DFIHERIRZ MUEtR CHES 2 &, iiRDREL AL L, WEICKDEWENZRERT 5T 7 AT
WK ETET BT eNbhole. RIRICEERND % & AHERIICTD > THENARNTE, FERTAR—)LOTHH
WIEM > LZFHTE2LEZENS.

e
iISALE O [ ¥¢ # T & % Gareth Collins Kai Wunnemann Boris Ivanoy H. Jay Melosh Dirk Elbeshause 5K
WAL Y. X7, B/ROEOMENEICHUTFE o Tz s i R A LA O ik (A%
EFBRE AR L B ET.

F—U— R l2es L—2—, 522988, 1, i, Mg, — Bt 7 At
Keywords: impact craters, impact experiments, gypsum, curved surface, morphology, two-stage light-gas gun
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N L DZE T hnEGEE O Z D515 o _
In-situ observations of the ablation processes of artificial shooting stars

HE P I TROIERS L B E BB 2 A O 3 A2 KR 4 A SRt
KUROSAWA, Kosuké* ;: SENSHU, Hiroki ; SUZUKI, KOjirO2 : KASUGA, Toshihird ; SUGITA, Seijf1 ;
MATSUI, Takafumt

PR TRERPBEREM L > 2 —, 2 TR R ARG AI R A 2R, 3 BN KCH, 4 R R Rt
JeR

IPERC/Chitech?Graduate School of Frontier Science, The Univ. of TokAOJ, *Graduate School of Science, The Univ. of
Tokyo

K57z L DORE « WRANNRIEDEAT B &, T OEH T3V F—IE RGP TAL )V F—0 R 25 5 HRE T %
IWF—ANZEHEND. T DL EHFE LT/ NREMHE &SRB RKNRS U, MERGTN OIS 513 9 N7 b A sz 5K
9 5. KGROBELOHP T DI S HANY MIFHEITET > TWeid T ThH 0, BERKEICHEZ 5 X e aREM:
W& B, ZTOEEIECOW TS N TV, AU ERLO T3V F— 7 ROEED MR - (L@ z T LT
FIZEIENB DI HDICHREENTHRNT DA —HTHZ LEAENS.

PR B TEIERAEERAMICE X —IciRiE S NI “BFUKERT Az e NTRE IR 2B L T s, A
Ziiite UTe B8 T v DOSHICTREMAZ B BIAL & & T, N THICHEZ R L 50 cm O EE D © OB Z H s 5.
AREKTIET T AT v 7l BRI APICE G A RIS DOV THE S 5. BEiEh) 5 N TiRERZBISR TS L
T 0.5 us, 100 un®RFZE R 7 fiFRE CHRi% « 70 Catill 2175 T LIS Ule, N LBk O ZE NS, (L2 2R oA, AR
IS E25HI9 2 2 ENTE TS, SRISBUERIKGTIC K 5 it & SZERRE R 2 L L, EH 3L F—h 5T %
IVF =D EZERICH> T FETH 2.

F—T— R /INRIK, iR, 28 7nEA, B AT A S, mdmdGa i, R o it el
Keywords: Small bodies, Shooting stars, Aerodynamic ablation, Two-stage light gas gun, High-speed imaging, Time-resolvec
emission spectroscopy
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MU L—Z'— « JitiE Ay RTIO—BHIC K% X7 A0 A R OWLERE _
Orbit Determination of Meteoroids by MU Radar Meteor Head Echo Observations

BT 8 1+ ; Kero Johaf ; Wk sim] 3 el FREAE 4 ; B9 M — °  Ke ihz ©
ABE, Shinsuké* ; KERO, Johah ; NAKAMURA, Takuji3 ; FUJIWARA, Yasunori ; WATANABE, Jun-ich? ;
HASHIGUCHI, Hiroyuki®

U HAREI LA AR T80 22 R, 2 AD o —7 2 YEseiT, 3 BN MU, 4 Saa R e iR A AR A
ZERMaE R A, 5 [ENT R, 6 s AR A TS E T

IDepartment of Aerospace Engineering, Nihon Universi§wedish Institute of Space Physics (IRENational Institute of
Polar ResearcH;The Graduate University for Advanced Studigiational Astronomical Observator§Research Institute for
Sustainable Humanosphere, Kyoto University

The various mass ranges of meteoroids ranging between 10-15 and 10159 are continuously colliding with the Earth. Mos
of them are so called micrometeoroids, micrometeorites or IDPs (Interplanetary Dust Particles) whose diameters are estimate
between 10 and several 100 micrometres. It is indicated by radar, high-flying aircraft and zodiacal cloud observations that
daily mass influx of meteoroids is ranging from 100 to 300 tones. However, it is still a matter of finding parent bodies of most
meteoroids, while parent bodies for the most of major meteor showers have been identified as comets or dormant comets. The
physical and chemical aspects such as composition, structure as well as their origins are also poorly known. The influx rat
of interplanetary dusts and artificial space debris onto the Eatsurface are essential for the human space activities. Thus,
it is very important to investigate influx, orbits and mechanical strength of meteoroids that can be observed as meteors afte
interacting with the upper atmosphere.

High power large aperture (HPLA) radar observation is a recent technique to provide useful information on meteor influx and
orbits, as well as interactions with the atmosphere. The recent development of the technique carried out using the middle an
upper atmosphere radar (MU radar) of Kyoto University at Shigaraki (34.9N, 136.1S), which is large atmospheric VHF radar
with 46.5 MHz frequency, 1 MW output transmission power and 8330 m2 aperture array antenna, has established very precis
orbital determination from meteor head echoes. More than 150,000 meteor orbits have been measured since 2009.

In this study, we present the physical quantities of meteoroids such as orbital parameters, flux rate and ablation characteristi
obtained from the MU radar meteor head echo observations. The origin and internal structure of meteoroids compared witl
comets, asteroids and space debris will be discussed.

F—U—RRE, NRE HE, L—X—
Keywords: Meteors, Asteroids, Comets, Radar
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R Y A X & IR R OELIR D58 & _
Planetesimal size and turbulence strength in a protoplanetary disk

/BRI SR 2 E R
KOBAYASHI, Hiroshi'* ; TANAKA, Hidekazu? ; OKUZUMI, Satosht

D R RSEBEEASER, 2 JGEE A ERFEER T, 3 st L3RR LA ek
INagoya University?Institute of Low Temperature Science, Hokkaido Universitgduate School of Science, Tokyo Institute
of Technology

HEEHICBO THEREIPMIEIFRICHEETH D, NEETPHANR—N)V FOREPERNZDEZIRDIZEE R
BNTE e —/1. MEBEROWHEDKHEETH > 723, ERD TRDAZDDH B, WMEBEDEXKD L
B/INRIKDY A XI5 Z DY A AHHERE DI HGEFEDN R E NS T L2V, Ko, MR OREIEIS MR
BEOREEE, TOBROXEHRICIFHICHRNEEZ G %, AWIETIE, MEREERICKD TEIMRER, Z20%
DEZE « FRICK DT A AN L, NREPHEDORKE T VERELROMB THEMBEDOREEZRDZDIEFT D
Gk - RETHB LR T, TD, Bk« ETRESZ YA X0 LWV S DId, RIKHOHRE IR AkfFd B 7z
O, IR R OELROM IR AKIFE ST B0 ARTETIE, HAREZ/ES DICRHEILALIROME . iz, ki
HOREDY A X723 % DICRHESELIROIE SIS DWW %o

F—U— R REPR, e, NEE, HE
Keywords: planet formation, planetesimal, asteroids, comets
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Bt R RS TR ORES & MR Q) | |
Structure of the accretion disk around a protostar and the planetesimal formation (1)

A 2 — 1, S i
EBISUZAKI, Toshikazd* ; IMAEDA, Yusuke!

LI ATBOE NE LA SE T
'RIKEN

20144 S RFE T AESE, = EREMZORIE ] DB E NIz, A0S M ENEE, AmsiE THiER) DFEE
LA BEEREHGHZMRT 2 e 2HNE T 5,

bbbk, HLED S OE S LB OIZMS, JERN BRI B X OCHORIC X 2B EHEZEZRB LT, 1X
TCEHEEMBROME S LT, HADBEEIREDZE{LIC X > T Magneto-Rotational Instability (MRIDEZE) « AklH)S&
BN Uiz, ZDOREHE, 0.5AU-5AU H7z v i, EEEAVNE 9T MRI DVEEE) LW ERRRREEDY,. ZOANfl (i
BVEEHC K B) LMl (FICTFHAICK D) DOliFIC. MRIIC X AELIRFEEDENS T W0 > Tz, EEEiEB O
JEFELREEIC R T 17 2R E < %5 Wi s NG, COFEEROmE C1AU &710AU) 1Cid. BEIAMRI+.
SRR E DA DA AT E O BEIERIC X > THEM L, MERERRMNES T EMARFEI NS, EERM 1078 solar
mass yr! FEEICK T % &, AAMBOHRLZIGENER DS, BEFERIMRIC X 2 BHZARDERERT S22 89
Moz AT, EmESEYIOMZEHRIS & 20144 D BEROBHIZIC DV TIER S,

F—U— R FUARE R, BRI, BRI LE
Keywords: protoplanetary disk, planetesimal formation, magnetorotational instability
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FRERI R B ER TRE S % XK E DR IGRS DOZARIME IS o
The thermal structure of the hybrid-type proto-atmosphere of Mars growing in the solar
nebula

VL7 N TR = PN S
SAITO, Hiroaki'* ; KURAMOTO, Kiyoshi'

b K2R A e P P I
LCosmo Sci., Hokkaido Univ

BEAAERED S, MEE D12 < &8 3Myr LINIC 0.5 Mysars (F ABEER) ICE TRE LT EAVRE I N T 5 (Dauphas
etal., 2011).2 NUIFIAAPFREEZEDOHGER & D &<, MNEDERBMO KB MIFIHREREEPT TR 572 EZ 5
N3, —7F, WEEOBZEEEX, FIAEMNEDH YA X (0.1 Mysars) L EICIRZ LT RELED, HEED S HO 21X
U & T 2HFHMR DDA AT . Lieh > THEBPOFIRMBITIEEEN AB XTI R ORI 5755, K
BIFGA RGBS NI EZ BN 5.

Z 3T, AT 1 KOTSRS E 7V 2 HEER U, AU O MRS 31T 2 IR R R OIS DWW T
NIz, ETNVOMEZL TOEED THS. 9 A&, FEDPREENZAHRE) THE N, FEDMEREBA AR T
MR E N2 —BHREEN 5755 EAGE LTz, BEH ARG EWAT ARDCIEEEENDH S T8, ENTRESR0NED &
L, IS R&EOBR IR EMERT 21T 5. T OMBBEREENEWE L, BT ARKEENKENT &2 Ek
5. BiHAITE, Hy, H2O, CHy,, COMB R0, TNHE 0 FRIDIEALICE, SEHE-2 U 7 1 FME-XHHE OB 22 -
PRI R 724G R (Kuramoto, 1997Vx 3 9 %. & 7z, SRSHiR%IC I3, Ho, He, O, CO, CH, IC X 2N E % & T 5.

SHHRRDFRE 1 & WIEIRERIC 1 HoO DFtEZ E 1 Uz, AEHE LOEEHN ADIE & [1771d Kusaka et al. (1970)
I THZ Tz, GRS X, BEINARB XU, B A KKE RO E U TR 5N 5. SRR, F18
LHIRRI E T EDRRN 1-6 Myr & U, ERERRIZ—EL L.

HKEES IS 72 78T A — 21, B A KRGUE RIS T 2 I EREE DIRAF I 2 iR % &, ARG RS D BAIREE IS 1
DR ORIEREDARWEEN S, FTEEH ARG OB TRLDMRE NS 5E, SRR S 3 HR mREZE 700 K
B Z 7R\ (Hayashi et al., 1979 R S E L RIS, AAKRKEEZRINES Y5 &, ERmEED FRT3. C
U ARG R D57 T8 K O TFTIREN L BICEBH AL D ERENT LICK D, SR5 X BT AKRS
HRDOBE, BiH ARG R DRGE RN EE DK 1% LLE, i DEEHRIA 6 Myr MIN7 513, SERERFKERRE D
NEEDOHIELRIRE L, SO ORI (1500 KZE) 22 5.

F 1z, BN EE RIS T B ARKEROE G —E & UT, FIANEDBREEME (0.1 Masars - 1 Masars) I B
BRI IE 2 e Uz, £, B A KRGKEED R )CEE RO 1% 2L EE U<, 0.001 %Al Th 5 56, FRiEX
BEEENMKEWVE EHERmREDNE L KD, —77, BAARKERDFEBNCEE RO 0.001 - 1%D A, FiEAE
HEMNMENT % L LAMERBEEMER T2 ehH 5. DX S HEMEIRDHONECZIEKE LT, RETOE
BRNEIC BN T, SHRBESREN E B 5O RKIED, EONBICHIAN S Y, i S O YA B EIC IR L TV 3.
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B INENC & 2 W SGELTR ORI G | E i C 9 H N AZE o _
Gravitational instability by suppression of magnetic turbulence by electric-field heating

RRFE D BUE R
MORI, Shoji'* ; OKUZUMI, Satosh}

SR Ve Nea Rt MR 2
!Graduate School of Science, Tokyo Institute of Technology

JFEA R RN OTELIKIX, Z O EBRZIMIANEL LA A ZHDENEBESE S8 5, HBOELEEZ % LT
AEMNCEETH 5, MBTERZEC 3D 1 D& U TS IRHERZGEYE (MRI) W8 2 5N T4 (Balbus & Hawlley
1991), HULED S HMEWEETIE MRI I FRFET % EEZ LN TV EH, Z T T MRI BLRICHTEET 2 B HE
TRNEAT 2 T LRI N TV (B TOESIEL; Inutsuka & Sano, 2005) 6 T-OESINBMNC % & NEE 7K
A MCHEELIE TN XD 7D, KHHPOEHENA U, #RE U THSEDEER L1G% (Okuzumi & Inutsuka,
2015), MRI BV TG OECRIIEGELIROMH Z EM T 5, AW TNE TOMEICBW T, BIGIMEADFILRE SR
M0 & T T L ORERAELIRIMIR S NE M ERANTEZ, ZORE, FOLED S I8 KZ 100AU DL O R E i 0 fEK
TIERICHSELIRDMIHI E NS T L2 RBEE - 7o (RERPES 20144FRF=5#1H),

AWFE DB, EIINEGEEZZ g LRI, RO E T OB THANEREENEDZRRE L TH 5B, MBEN
TEIAD RO T, BLIRIC K > THBOMAES 2 ik LA ADHLDENEEET %, —FH. SLIRD O T,
fEFREED IR T2, FEIMUD SN TE A RZZOHFRICEREIND, T, [KOFEE THLAMD
flEnz L., HAMKREDOKRBNEEEZZL TS HEEDE Z 515 (Mori & Okuzumi, in prep.) HIEROBIZETIE,
B U7z ADPAMIO MRI DN BAWEE (7 RY =) ICER L. EHARLZEIC A3 e eI ntuniz
(Martin & Lubow, 2011) 4~ DOESGINEAZEE ST 5 LT, ARG KD EOVEBICATANEREEINS LW TREEI NS,

BLid, BHBESEZIGE LT, BHINBGERO SN B 5 HEE & ERBESROMBREZ ROz, HBETFILEL
T, 0.lUMD R A R X A N H AL 0.01 TER, FREH DKL T 2 HAER 10 58 Lz, TORE, HaEkk
A 107'MEe /yr DIE, T0AU IN TIZER KA ZHET 2MEENMFE LIENT EWah o Tz [ERODT Y RV =D
R T 15AU N TREBEMRDMEE LD 57T L 8 HNRD & A DRI T ADER—NIEF AN ETRRE S &
ERBLTWS, ZOXIEEATCIE. HADBEREUEIT B -DICHBENENL., BRI EIARLEICED T &
WFRENS,

P 1 ARSI, AR 1, RS R e, TR, Mt

Keywords : protoplanetarydisk, M H D, magnetorotaionalinstability, gravitationalinstability, accretiondisk
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HEDROBANC & 755 BRI ASKE OuEE( L _
Impact of eccentricity damping on the migration of a giant planet

RAFH S s P 2 T A !
UEDA, Takahird* ; IDA, Shigert? ; TAKEUCHI, Taku!

DU LA AT R R R R B2 B, 2 O LR AAER A a7l
!Department of Earth and Planetary Sciences, Tokyo Institute of TechndEgsth-Life Science Institute, Tokyo Institute of
Technology

AR, ERBRREIC & > TR DHHUEISEWE R ARENRERENTE TS, JNUCtiy, BERKET
ELT, MBACENALZEETIVIMEHENTE TS, MBHCENANZEET VTR, BENNICARLE R T
MECRIRM 2L - WHid % C LIk D, WHBEE LN 50AU Zi8 A, HEN I0KREHEZHEZ 2 X 5%, REAMEX
HABEMEREND 5LEZENTWVS, RIIFETIE. TOXIITEA TR ENIREOHEELZ., FHCKED
HEORICEH LTI, BEDNBEORZEDE &, FHOMRA A L ORICHXLERENME T, JIANERE JidNns
Mg L REDOENMHENEINELC D, TOFRICK D, EIIHIRA ADHEENHIRE L 5 IHLORDEADT D, 14
B2 Z 8 U THUER R 2 LSRR, RABIOREDY A, BEORNRD LTV A, fAEBRIZ AT 3L+ —
IKHRTIEEAEZEL LRV, AEIRIEIREL TS EIVETE 2 b o, ic, BEORMN 0.3%Z-A %
KO ELGEITIE, BEOROBANE S HUEEPEDOZLD XA LA —)VW, Type IHUEH#ILE D EHNT EDVDH 5
Too EBICAMIIETI, MEROFLIRIC X > THLORDN EORE LA 502N, TORRE, MOELIR FcBW» T
FEDRORIIREL LR LAV LD o T,

F—U— R ERAREE, Wulkle, EHHEEMER
Keywords: giant planet, migration, disk-planet interation
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%g%%m&onEKM%%§ﬁ®E%ﬁE%£E%H%$%vf@%ﬁﬁ%i
BN DNT
EffE'ect of wave propagation for a planet-induced gap formation in protoplanetary disks

S FIeL o wRk 482 2 | FR L A =173 TN dh
KANAGAWA, Kazuhiro™ ; MUTO, Takayuk? ; TANAKA, Hidekazu' ; TANIGAWA, Takayuki® ; TAKEUCHI, Taku*

VALHE R AR AWIZER, 2 TR « BERBE M, 3 FEREERIR ARG, 4 SO TR T A S R R 2
Rl

HLTS, Hokkaido University2Division of Liberal Arts, Kogakuin University? School of Medicine, University of Occupational
and Environmental HealtiDepartment of Earth and Planetary Sciences, Tokyo Institute of Technology

JFURERE RN O BRI MR & OFE S AIERIC K > THEPFDO A A ZMERII L. MEHEITI>TY Y 7RD
HAEEDA LT (F v v 7)) 2165, TOXS%F v v TOIBHIC K B EELD T AHEOE FE, WEAD
M A DR A ZHIR LB DR EZIIT 5, S5, A7 | BEBIN S XA T | MEBIHNOEBRO IS5, &
REREZEMNCEZTLE S, TOD, Frv v TORE - HEREHROMRIEBREOHEE - JuliEt2EZ 5 I
TELOTCHETH S,

EHlE, TOXS BT v v TORBIGESR, ZEFREINTOS Y ROBMZRD THERFR ) DIERKIC
BT B TH B EEZLN TV D, TOXKS HHBEHNOKR L RERRZHT DT 2 ETEEREICESF v v T
JERDBERE T IV ORERDRDEN TN B,

A4 OMgTh O R DIaf & 817 O AR X 2 PR EHRH| 02 b 2 E 58 Uz 1 ZocHEmE 7 )V 2 VO 7
Hric £ % & (Kanagawa et al. 2015) & MNRET SNMEIC K > TF v v TOIERZ ) ThIESHKIBICED S T e
TRBENTWD, ZTTAH—TVERBIERAGITEI— FTH % FARGOZ VTR OEHF v v TREEEFIE L.
F v THFANTGE DOEENE DR « MR 2Nz, 1ERTIE. REY A XOEVKEDLE A, BERIET T
FRIEDEEIIC K > THOR - EL. MBARICHEIRZZTET L EIONTE . LML, SRIOKEIEZD
g e 3 B1A 0 BERIIHYEOMEE REF vy TONMINCE TEATVWE T 2R LTS, R#EH T, C
DFERZFANT UDD, BER OWEEEFE & F v v TOlE « EE ORI OV TiHiRT %,

F—U— R FUARER MR, -2 AR, P
Keywords: protoplanetary disk, disk-planet interaction, disk evolution
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ERPOERAARED S DR ERHIC DOV T

On Shortwave Emission from Accreting Gas-Giant Planets

HILHEE T )1 A7 2 s ORTE !
AOYAMA, Yuhiko '* ; TANIGAWA, Takayuk? ; IKOMA, Masahird!

VIRGURA A BRI 7 R BRECEE R, 2 PE SRR R R 2
!Department of Earth and Planetary Science, Graduate School of Science, The University of ?Bityaol of Medicine,
University of Occupational and Environmental Health

JERAIADE R I AR R LN 2 2 E > T 0. BRI OFMEERMNBORTERENSG L& X
BNTWV%, EFE FIREERMBZ > TEEWVERERZ T TV DR ENTWS, Ko, 7IVHEEIC X 581
HITIEPRICZERD R DN > TEH D . BT OE & PR ADHELERIC K > TBRE NCATREMEAVRE E N T
%, MBANTIERHORE 2 BB 5 C &id. TBEGHOBEND L EHETH D, R TR, TERHOERT AR
BEOEEBIIDAIEETDH 20 Z2MET 5.

FERAARBEIAKICEES 2 a7 EBMETIVCIE. AEEZEBA BRI 7 DEBO T A 2 FENICERT 22 &
TERHRAKEMER S NS, TOHAEGHEE CREIILHHO N A ZHEMET 5720, KEICH L AR =RZR->
Te AR EB MR ZINT 5. C OFRREMBIFERERMBOMRERICFEL, LIV ERBEORE T ZFD,
Tanigawa et al. (2012DEMEFIHIC K % &, AR RO H A D R RHBRICH D AE NS R, FREmh 5 0t
FNCIRAT 2D TIF AL, LZENSIRBICE TT 2K IICHMAT S, TOEE, HAKZITEHHE T RSN E
ICTEZE L. JEBSRE R O SR % C ORI E BRI INENC K O RABUT 7 IVE VITET %,

LIz T, TOE I BEiaH ADMEN BT 2 C LN TENR, FIARERMRN TR OE KA ZRE D
Lz D DB T LN TES, T T TAWIZTIZ, Tanigawa etal. (012DFERICHE D & | MHEIGINEAN D H ADIRE R
HEE L, FER) CTHBKEDIERZ IS ZDARY 8V EHET S, HlZIE. RETFIVAERAND 5.2AU Z[E1 % 130
HIERE R OBE D 5 OIKZEOEFEEIE 1021 WERE & RETL biz, TOXER. MBH ADOBEEICIEIT 5729,
PG A ADEORT 2 F TkFid %, THUCEMME N FIHRERMB AT XOWRINORRE2EZH T, TEKHFOE KA AK
EOBEEBHONREN R T %0

F—U— R REPK, RERIE RIVRE, ERRH
Keywords: Planet Formation, Gas-Giant Planet, Exoplanet, Direct Ditection
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SEEDSD 54F : 9% HiEsiIc K 2RIV KA - FBEREN
Five Years of SEEDS: Direct Imaging of Exoplanets and Disks with Subaru

HA 755 1* ; SEEDSF— L !
TAMURA, Motohide'* ; SEEDS, Tearh

VHREUIRER AR R TR

1The University of Tokyo, Graduate School of Science

SEEDS7'0 Y =7 bid., HB—RITIE2EEEFRSE T 0S5 LE LT, 20090 54 500D FIC KB E RS L UhE
HEEOEDD DO AU M SE AU SEIICIE S 2 FRKE, BXU, BRMBOERENIC X 2HEZ{T-o TE i, 8l
HIRARIE, $ IMyr 55 1Gyr O DI EDO TR TH S H, DD (KD EHVy) HEEEE TEEMRE T iz
KIEBEL, BHNCIE, BADHFELIZEI Y RS A RMA AT HICIAO ZWe, 2 —XAEKEE N TV
20155 1 AT T LIz, —5D7+0—7v T3t Th s, ZOERZHERE LTIE, EEHERINCX 2 4582
OFF - M, 2L EogERE OB, 2 ML EOHFBEHERERICEB T 2 EEORA, 20 EO2FM#EOCh
F TICBRWHIRSSE OfIIN R T 5N 5, FBICHSNZKGRAT—IVTDF v v 7« 7 — LG KB FE DIk
EEEZONDG, #HETIE. TOSEMOY—XA OFERZEHNT B,

F—U— RRAKE, PR, ERERE, R
Keywords: exoplanet, disk, direct inaging, infrared
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GJ1214bR5 DA 17 A RGE
Hydrodynamic escape from GJ 1214b atmosphere

POA T AR
WATANABE, Kensuke* ; KURAMOTO, Kiyoshi!

VAR E R AR A e T B A

!Department of Cosmosciences, Graduate School of Sciences, Hokkaido University

20094 ISR D S NI RIVERE GJ 12140, HIBROK) 2.7 502 L 6. 550 HEZFiH, D% 1.9 glent
&, BHOLKOPFMDMEICE> TS, ZD8, GI12140FEIOKERE & UCHAEL, ZOWMICIZE TR & [FEkIC
IKEE KB L COWEREND D 5. — )5, LD FF >V MMl (Bl Z1F Kreidberg et al., 2014 & % &, GJ
1214blE BV FROXER TR E NI KK zRD EHEET N, T THhHEBICEHEDMR EUV (s s 4R, Extreme
Ultra Violet) F&HCT & > THMATI2EIHGE DN &, IKEDIZIE TN TERDNIAREEARE I NS,

ZHUTH L Lammer et al. (2013 GJ 12140/KENBE R ARG ZBE L, BIED EUV 75w 7 A% 5.2 TEDWIAT]
AR BUEINC AR E, BORENER Y Y 2 €4 — HD 2094580 i LB HEE & T %7k &ER R (Vidal-Madjar
etal., 20030 —E K & I 255 R 2z, TNENUTIIDHE L, G124 ERIIKEHEZBE L TZLEALEELDLT,
GJ 121400 EE N K TR & FARRIC KEDIKRERZ RS L TWEAIcE, BIIETEKIERKZRFFLT15E T
Licix%. UL, Lammeretal. 013DFEREZEIET % L, T RIVF—HGEEGE L 72355 OBORRIC LR THUEAR
ME L NEV. FBATHTEDRD T INERE I3 4ild, EUV DGR O FhRICET 2RI RKUCIZIEFETRINE N S
T EeZRLTVAED, RRUCINE N2 HAIR S 72 b DT 3 )VF—1, RREICAHT S EUV TXI)VF—KD & —Hr
FENELEoTWVD. BEL IATHRIIHEHAZERRICHEN S O, BoREMENHEEN TS EEZ5NS.

Z ORI Tl EWE R FEN & T3V F— IR 72D CIP 1L & CIP-CSL2iE7%2 WV, JefriiZE & [ARRIC /K EIR T
— 57, B — 20t AGE L TR R B IERS R A S FE XD EUE € 7V (Kuramoto et al., 2013 1&1F) 7= GJ 12140
U THORROHFM 21TV, IKEOTASIZAEORN G 12140 5.2 28 ER LUz, BB T7 T v 7 AD—kk e
IV F =DM ZMHERD I, Lammer et al. (2013} [FISF DM (FERIE © 475K, FEEEENE @ 1x10Y m=3, EUV /X
B L BIEOKIGD 4706%) Z 5 X 5t B =Tz 25, 6 &0 BXZ 6 5L EE OBGRENME SN,

AFHE TR 5 NI HOER CHRERICIKIE LTz EUV 75w 7 AR BBIEREED 5 BIE F TS Lzffic k% &,
GJ 1214bD/KZEDFBuRE, BEEEON 15 %~ 88 % & HFHE 2 T e hHkiz. coT b, BIfEX T GJ1214b
MMREEL TV e TH A S KFERKUTIZIERTHOR T 2 A[REMEN D 2 C L2 L, C4HUdEN (Kreidberg et al., 2014}
BOENGHERTH . FI-BERHIIAICHE X TORERE D DIKERTD D -T2 LRET 5 &, GI 1214uDFIHAE
BIZHMED 1.15 2 1.9 H R GIEOE EEEED 0.43-0.72(5) 750, ERIURETH-TEEZONS.

F—TU— B IAEZARTEGE, G 1214b
Keywords: Hydrodynamic escape, GJ 1214b
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EmRATHERNEE GI667CDXIETETY 7
Climate modeling of an exoplanet possibly holding life GJ667Cc

BRI A 2
NARITA, Kazuki'* ; KURAMOTO, Kiyosh

Vb E RSB A TR BREE R ARYE, 2 B R A A B A B T e BRI
!Department of Earth Sciences, School of Science, Hokkaido UnivetBigpartment of Cosmosciences, Graduate School of
Sciences, Hokkaido University

ITEDRNKBE R RABOBIM L, BEET ) V7 RBURNKEDONE XY T ¢ (EMIFERREN) 28R T 3
7Mbb s X 5127 - 7 (Bl % 1E Wordsworth et al., 2011;Leconte et al., 201 3MBR[AREIC HIZ I AR DK ERE L 5
HERNFEOHRTE, BIRTREMED @ X OB BAREIRE O O Z [EEHE 3 % B E D5 & U TEET
H%.

TS U RICiER, AWFZE ClIERIELIEFS$ ESI(Schulze-Makuch et al., 201d) 20144F 11 H 20 HEBfF TRt &
W (PHL, 2012) %4482 GIB67CoEMRIC, KKAAMEERET VDU EDTH S depamsEHGE, 2013)7% =&k
Sal—varkirof. MEIREEZNIET S COREZ, ZOHE EHEEFERD S, WY EEIEH %220 AR, 3
BOBFICHEUEZHLRICHT TS EEZ LN, KSR U THIEEGE TORIE ST 2. TNHORR
ZE L, HERERE & BKEOREREME & o OHER & OLLEE, HiZ iR 4K B0 & KEEER & DA,
REREULROHAETE, RAERITIKDRTEILT % Z A LA —)VOHEEZRITo Tz, N5 DIEEH O\ U T, GJ667Cc
DHLD 5 B5REE KRBT ERT % T & Ziddr iz

GJ667CAliE FOHULERGHE, HERELE ORGSO 90%TH D, & L7 IV RHE LT NUX T ORE D4
TR IXK 7K HIBR K O V. KRKESENIEE R E %, HEROMEISEBA T —) V7 L THAzyIal—ya Yy
DFER, GI667CEHEIFHIERTE I LE AT RBREHERTIRE K 40K, 72 ERFKED I 320mmAizh - 7z.
FokE, B, SURODMMZH5 &, GI667CEHE DB EERITEEME F iz HuDIC B Z W T, OFERIE SR I 2D
B D Z DRI EOREKD I LTz, GI667CEHEICFEIMNA RAERMIGE & LT, RfEIET 58RO
R L—EER, fzi@ s Bashin, A—/S—a—7—3 3, ZLUTRIEROZEMZRLE T 2R HE SNz, GI667Cc
BOE DHFR IR E PR ED 7)1 T DO RKIEERMGEIC K 0 HHEHIHTE 5. GI667CaDEER LA (£ DS
Oh S DRGA A U TAHER) X, PR EERE &K ED & EICHIBRE D §EWICE D 5T, HiBRDF 58458 A
B bNniz, THUXHEEE FRAMIOKENHEZFICHE L, FBKkEEZ VY, COEKTREORLNELSC &
&3, BURIFRENRSATH 5 KAHD CO2Z2HE T2 70t A TH 25N, a7 at A TH 2 KIEH) 2 EH A
r—1 U7X OHIERD 3.8F%5 L IET B LHBEMEGZ LRl b7z, U4 —J1— -« 7 ¢— K/Nv 7 (Walker et al., 1981)
DOFEFIC X O R mEEZ I ETIVETREME X © T HIKIRICE 2 E TREINS. BEREEFUSLLN SR EERICH I T,

RN HIERDVKAT NS 2> TR D, S Ticimi S Nioknpdoke LCHEES N, BRERHIO H20 Db REk L
TLES MDD B. GI667CAHIERAr—1) 7 UTckadk g H20 B2 e L, IO - ET7 v 7 Az E
CICHREE 5 &, IKORFIEICET 2RI 1870 7 E L HEE E Nz, TOHEE TEER L sh > 2@k & OMHENER %=
BRT 2 L ERORAERRE N D EL &AL E.

ARFFHUIHIBRICE - & U5 & TNERNKE GI667CozHlic & b, ZD5%REZERT % 1= DITHFETT NENEZIHE
HANCER Uz, REOKMRD S FWVIZEROEENHAEICEbL> TRETNZEDTHS. TOETIVERESE
T, YA, AL, KORELE WS TeBEN SR DXUEY AT LOXEE ZIALM L, ZOEMNZEGEN DRzl
LT GJ667Ccz 3 U & 9§ Z AR BRI R O SURD K&, ZLTNEXEY T4 ZERT 5 LNSHROR
HTH5.

F—U— R EmfRATHERI KSR, GI667Cc
Keywords: exoplanets possibly holding life, GJ667Cc
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[ Bl K 2 R R e @E%ﬂéﬁﬁ%f PEIC B9 % B SR

A numerical experiment on dependence of the atmospheric structure of a synchronousl
rotating planet on planetary radius

Y I i R R IE
ISHIWATARI, Masaki'* ; MASUDA, Kazutakad

b K2E KEERE FRZERE FR TSR
'Hokkaido Univ. Graduate school of Science

AWZE T, B KRR SR OB BT T 2E 2 R % T2 DI KKKIBERE TV (GCM) Z V72785 A—
RIEER AT o Te. TNETIATh NI, B E O E B2 R DRNINERE OKURICEI T 5 BUATLR T, Fid D 2 8E
LIcRREZ W DML L, MEFRZREL LB LRI DX DITDbN TRV, 7oL A3, Heng and Vogt (2011)
1%, Gliese581gz e U, B R L ENNEEOEZHIERD 1.46 505 L715E CTEAFHEZIT> TV 5. 513,
WITNDIRT A= BT & RERE DA ISR E Nl TR, M TRAMAZFFDREED & DIC /R 5 & 10D FEH
ZRUTWVS. L L, X0 KREGRE PR TEMERDED > TL 0NN D % . Hifisfid g 2 [EE U R P2 1N
TRIHEAICE, RIS 2L RO T 2 DT, ZHUC)n U TIRERMEN 2L L, RimRE & 2k
BLEZLNBENETHS. T T, BEFERZ KOILSEHE LUFERZITS T LI X D RGMED KR PRAKAFIE 2
FARBC kiUt

Wiz ET )ik, BERKKIEERTE T )V DCPAMS (EifEft, 2013) TH 5. Z D 1wkl 3 ockkm 7)) 2 7« 7 /51
RED S KD, FKFST AN ERIAE IR B EBZE I & B AT bV, ShE /TN o FEEER TOEER WS, 2ERD
I U TIES (swamp conditionye fi0E U7z, B INEE, ZiikUL, KREE iUz S -EROEZ V7o, Aifisfa s
FEICBE L T, Gliese 581gD Fillfliz AV 7z, BEERDOME LT, R«=0.505 R«=8 £ T®D 8@ Y Dz 5 2 7= (Rxl
HIBRODE THIRA L U 72 22 41%).

AR O, &%4:& Rx DM HE, KR E O EEREIAEIT AR A3 5 T &b o . Re=1.0DIFHITEEN
T, Rx= 8.0 DA TR BRI 15 KIK< 72 5. RERE DK FERMAICHBO TR, FERD @i EIc B 21
M R+DEINE & BITTHD LTV, THUTH LT, HEME FROERmEE X R«DEINE &I L 72, R«=1.0DIFAIC
FERT, Re= 8.0 DA TIXEHEME FAliEld 20 K &< 75 5. B MAELAE S R«OBEINCIL U THHAMD L TEHD, &
R DOIRE NG % T & LREEMNICR > TWV5. BERED K E VAR E T, iR EIC BV TNk
DREVKUEREDND SONBEANICH B EFA50E LAV,

T — 1 RO, IR, SR, KAOKIRBRE 7))
Keywords: exoplanets, synchronously rotating planets, planetary radius, general circulation model
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R b+ D0 U RO ¢ EROEBIATHENE & 2 ORI O
Radius Anomaly of Hot Jupiters: Reevaluation of the Possibility and Impact of Layered-
Convection

BNz 1 Rigg—ap !
KUROKAWA, Hiroyuki'* ; INUTSUKA, Shu-ichird

L E R AR T YA I
!Dept. of Phys., Nagoya University

RNBEOH R L PRITZTOMKZ T 2 L TRANGYHETH S, LM LEND, Kihs OREHE AR A A%
2Ry b Y2 EZ)DIKEENY Y LTHEKEINEEOMGRET IV EHRL T, BRICKEWVEEEREZRFDOT
ENBIIIICEA 5 72 > TV % (Baraffe et al., 2010; Baraffe et al., 2014Y O FH ORKZ RS % C L. R4
MEOMHM., OWVTIZZORFEZIRET % Tl TEETH 5,

PREEZHIAT 2 A=A L E LT, NEBOMBAEEMEICER T 2 5EHIGEDENNTERZ TN T 5 (Chabrier &
Baraffe, 2007) fHRDAEIE MG KA —IV DA —/N\—2— R OFERAE L, EREICRTON/NAT—IL0)
JERHR A AT S B AREMEDY B % (Rosenblum et al., 2011; Mirouh et al., 2012; Wood et al., 2013)D & i D i L D IE
SIERPED KBRS AR 2 E AT T LT BEIEDOEN A T %, Chabrier & Baraffe (2007) 4%y b » Y2 ¥ X —
NEBDJE MG Z IE L. T ORI X - THEREE ZHIANRETH B T & mR LTz,

LA L., ERHFIE density ratioDifis, Rp~'=au V plap (V 7 -V 4q) i€ &> TRl ENB RS NT35 X — R HipH
TOBRFET B, TTTy ar=-(8 Inpl 8 Ty a p=(8 Inpl & INp)yr, V oa = (8 INT/ 3 Inp)g.yz, ¥ 7 =d InT/ d
Inp, andV p=dInu/ dInp TH %, TH 0<Rp~! <1 Z{il=ThHE. A—N—Z—2 NN HET 5, R 1<Rp!
<(PALI(P.+7) 5723 854, FExHRE L < & turbulent diffusiom’# 49 %, TT T, P IX 7T RIVELL 7 I3 HHBHERL
BB BILBURB DL TH S0 RN Ry <08 LLIE (P+1)/(P+7) <Rp~ ! ZliTz 356, RIZEE THS (Rosenblum
et al., 2011; Mirouh et al., 2012; Wood et al., 2013; Leconte & Chabrier, 2012)

EA4Z TS OO B O AR D IO ZARAATZ R Y b« 2 ¥ —DHE(LEIER Tz, Ry b P
¥ 2 —DOWNEREE DEVE(L % HenyeyiZ: (Kippenhahn et al., 1967¢ W TAFE L7z, Henyeyid: Tl EKEEiic H % N
RGBT 10 1 20T UCRHET %, wifikkzlld density ratio R~ IOV TIRE LTz, A —/N—%— R
IZ DUV TIE Umezu & Nakakita (1988 A2 B & U Tl S B B aG 2 W e RIS DU Tid Leconte & Chabrier
(2012) DHIHEE T IV E WV Tz,

#H & LT, Chabrier & Baraffe (2007} [AlfkD B b2 H A Bl 2 E LT, MO RNSEEN SR BRI K
FTRIRIIEENTH S T 2R, EDIENTH > HHBEMFENRELRNWT ETH 5B, K10 EEFLE DR
MWE T, WRERIEA —N— 2 =B HRTH %, A—/ =2 —HEBHRDNHEE LIGE. ZORENEEERIC KD,
ROMRE LRI AT ZGERBBITED < o o> T, EBMENREARIEY 7~ V sa+aular V p BEICRES NS, £ 10
EENMOE UBRENSH Uk, BERFEEDEKT %, LA L, BHRICB 2IELAREY ¢ <V w+aular V p
DEICEEE NG, o T, Ty b« Va¥Z—DYREFEEZZDANZZALORTHIAT S LIZNETH S,

F—U— R RBAKE, Ry b o V2 ¥ k—, B, T EALEOMNR, R
Keywords: exoplanet, hot Jupiter, thermal evolution, double-diffusive convection, layered convection
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WERT Y TEAX=R=7—X  Ba—FREENDR%E
Planet Traps and Super-Earths: Implications for the Mass-Radius Diagram

RN bl
HASEGAWA, Yasuhird*

' ENIRX R
INAOJ

The discovery of a large number of super-Earths both by the radial velocity and by the transit has enabled a careful investigatio
of their composition that can provide fundamental constraints on their formation mechanisms. We present a statistical analysi
for the population of planets that grow by the core accretion process at planet traps where rapid type | migration is halted
Evolutional histories of forming and migrating planets in evolving gas disks are computed theoretically in this model. We show
statistically that the minimum mass of planets formed at planet traps via the core accretion scenario is about 5 Earth masse
These low-mass planets formed in our model are regarded as failed gas giants that contain a negligible or low mass atmosphe
Our results therefore imply that the composition of super-Earths may change from solid materials to gaseous/icy ones at about
Earth masses. Using a latest empirical mass-radius relationship, this transition value of planetary mass roughly corresponds
the recent estimate inferred from the Kepler data.
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IKAEG KA DB EOHEE LN R T I — > O NI
Tropopause of steam atmosphere and inner edge of habitable zone

KIEGERHE  1ZLE & Cx—U 2, BAE?, @ A2, A 83 SRS AN RN !
ONISHI, Masanori* ; HASHIMOTO, Georgé ; KURAMOTO, KiyOShi3 ; TAKAHASHI, Yoshiyuki o.l;
ISHIWATARI, Masaki® ; TAKAHASHI, Yasutd® ; HAYASHI, Yoshi-yuki'

VR REA R A AW 7 R ER R R R AR, 2 R LR R AR L SARIZET SR, @ AR E KA R AR B A P
I Department of Earth and Planetary Sciences, Kobe Univet8igpartment of Earth Sciecnes, Okayama Univerdidgpartment
of Cosmosciences, Graduate School of Science, Hokkaido University

1.3 CHIC

NEZT )Y — ONAEERIE, 2 DO TR 5N 5. 1D, EEMNZITES HHD, 7KZELIKK DS RS &
HLLEBIRET, BERZRS  (runaway greenhouse limigy FEEN % . SENFERZRER X 0 & FUDEDE L ITHF
19 % &, BMENZITES Q=B E G Z Enl% 7z, MEOXRE(DIIZRERBIREICHS. Z L TN TEIZTN
THFELTLES. &9 1 DOONMIEIFRIZ, KOBGRIC X ZBRSA (water loss limit)& FEE N, 2R F i EIHRKDEET
HEMTEZBONS. IKEKII KK LETHRE NFHZERNCEERT % 728, IKOBEERRF X b UL EIST W32, 46
EEREOHRNC O - T, MEERMIKEHEDT N TE RV, KEEMRFRFTE 20 E 5 Dk, K& EZEOKELD
BEEND ZBEZBA 202 R0 K > THE SN, EZEOKZEKEIIHRE A mOREICKIET 5.

Kasting 1988, Kopparapu et al, 2018, KRFRzii LIS TN X2 7))L =20 2 DOWRIBRAZHEE L T 5. 5K
BT 200[K] & 7% @ EICEREAGE SN, B K O FEIEWaREREE, FEIFRAADMNESN TN S.
572 200[K] ICRRET % T &ITDW T, Kasting 1988T 13 A HimE DY, SRS OMEIC S U TR TR N T DN S
NTHEY, BERBEROHEEIIZBE RO EIZEETE. —J7, IKOBORIESR OHEE I IZ, B OIRE D E e
T B. ZOIDKOBERIRAZHEE T 5 DI, BRI Z S 2z 3 K5 ICikDZ T EWNEETH 5. 1272
U, I E s O RS 7 line-by-line ENEIRIC K D RD 2 T LIIAZ TERWV. Z T TAMKE TR, KX ZET
KREITDOWT, B2 THBNRE ARl 2 Fi D KRR ZIGE U TR TR 21TV, Z OINEE i 5 B LR O N iE Z HEE L,
IKOBORFRFIC DV TELT .

2. BT VRS

K&UE B2 E THES L T2 LE L, FHEENEEE LR (Nakajima et al., 1992 RE iz 5 2 T\ 5. Y
WBEIZIKZRR DI T, Ny 7757 > FR& E UTIERIIIENMFEL TV 5. KZESUTEICEIR L 7R 2 e LT
5. T — 2%, F%INIE HITRAN2008 (Rothman et al., 200904 i& MT_CKD 2.5 (Mlawer et al., 201285\ fH1ZK
DOWINIE Chan et al., 1992 W T\ %. line shaped voigt 72 52 T\ 4. FULEBEHI RGO AXT MV Z2RGE L,
I 77 )L RIESEARY D B B BGE T 0.2 & LT W 5. igHAE AL 2 a1l (Toon et al., 1989% V>, 4L HHE
1 0 - 25000 [cnT!] Z B fiRAE 0.01[cnT '], 25000 - 100000 [cm'] Z KB RAE 10[cm '] TR L TV 5.

HFEEIREE (250 - 400[K]) £\ 7 752 v RRADE (1e+3, le+4, 1e+5, 1e+6, 1le+7 [PAYST A X L L, ThZh
DT T 7 A DN THIEED /D b E R R OAE OHEE 21T 7z,

3. R

AHFZE LB X 150[K] Hmic#HEE & N, e Tifze & b S RRICERmAFEETS 5 T L AVRBE Nz, UK
DIKZETEMN K D DR % T L ZER L, KOFGEERE X O FDEMNCAIiET 5 L EZENS.

F— U — R KELRE, BEHBIL, N8 2 TV — >, KO BGRRSR
Keywords: steam atmosphere, radiative property, habitable zone, water loss limit
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IKEGKRAKIC BN <A — v Y OFmE G AXT b Uik
Lifetime and spectral evolution of a magma ocean with a steam atmosphere: its detectabi

ity by future direct imaging

R S U I A TR B KU 2 LB Ca—U3
HAMANO, Keiko'* ; KAWAHARA, Hajime! ; ABE, Yutakd ; ONISHI, Masanod ; HASHIMOTO, Georgé

RO R EBE BRI, 2 W RS BRER R AR, 3 B L7 E AARE AR 22 R
!Department of Earth and Planetary Science, The University of Tokpepartment of Earth and Planetary Sciences, Kobe
University,?Department of Earth Sciences, Okayama University

BERTERGERIC JAUSHIBR KR (3 FORE 2R U, JERRIE ?éfzéi‘(*ﬁﬂLi‘fﬁﬁ’]b«.?ﬁ“?cz%bh“(b‘tK%Zﬁﬂé ns.
X7z, VMV a7 O H ORRER & o T AR - HIBRIEARPRIFE C 5 Lics FU A L RENTH 5.
& o TRIGRAOHERRIRSE Tld, NS RBIBICIERI L Tz & W S ldiid & < EZhé?h’Clﬂ%. EO DR Z-—A
% &2 IEROMEN 51, AT TEL, SRV AMEBED 5 Lm0 E NS, TNHREDRFKIS K -
TR - BELENT IS T2 50, SROBERADART MLE U TRIMEERTLEBIIENS 5.

ERERIG T OME RN 2309 51cid, TRICHT2BEDMRT Zv 7 ADORKREES OLDimE) &EEN S Dt
i (PUELE) DEETHS. X7z, REMNER L TOSN LW B EMRZHET 2. BERERZ T V-NA-F1
TORIANY MVEtEI— FORFEZ1T, ZTOMEZ CNE THOTEIOKEGRRER T A— v Y O#E(LE
TIVICHHIIAATE. AFERTIIECICHE S MR - REUEEL LB OB AT B, kiR, $XU0Z
DIREHUEFENDIKFEIC OV THELT 5.

F—T— R ITIA = vV KEGORK, EERG, B AT BV
Keywords: Magma ocean, Steam atmosphere, direct imaging, thermal emission spectrum
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;;7 > B X CHWHERAS S B 5 BRI 77 10 V)L DA BGERE & AR DTA
/=

Formation and solubility of organic aerosols in the atmospheres of Titan and early Earth

FHAH B 15 BEAR BEAN L B 5322 /NI 412 @l WGk 2 KN 82 2
TABATA, Haruhisad* ; SEKINE, Yasuhitd ; SUGA, Hisam? ; OGAWA, Nanako @ ; TAKANO, Yoshinor? ;
OHKOUCHI, Naohikd

VERURYE KPR R SRR R A I, 2 W RT S B bens A=Wk L 255 0 B
IDepartment of Earth and Planetary Science, University of Tokpepartment of Biogeochemistry, JAMSTEC

HERCER D DI W PIHIERIC 350 2 A OEFEZRIAS M T % ET. KGR RIKICIT % WIHRERDFEDIER 238 U
WO AR 2R T 2 C L IXEETH S, TREOBREX A ZNE. Ny & CHy Z 157 &9 % s ciie Kz
b, KUEZRIGIC K DAY T 7 0V )VINERICAER LTS, 24 XK TRE TV AIE2ERISIE. Now CO,
COy. CHy 5755, [AREDIHETCIKRKDIEE LTz £ 2 SN AR RGBT 2220 & F T TR L
RS EHERD D B, BEDORBRINIZETIE, XA X R&GZHE LNy & CHy OIREGH AL, RSB SO
BRI TR LI RIR TS A 2B 2 4575 T. BIREHRIZ 7 o)L (V) 2) ZEKT 2 HEMibNTEl, &5
WA TR, WHHHIER RS2 #5635 U 72 No-CH4-CO,-CORG A AN SERKT 5. #IHHHIER Y V) BT % RERNIIZE
ThhoD2H%, LHhLENS, TNEZHEKRGKHHED BEKT 2V D, LRFIHLERICE H LD,
T 51T, WHAHERD X A Z VORGP THER LTz 7 a VY )vid, HEOWAT TR EDE 57 (LK S Ed
HLEZBN5, LU, FIHHIERY VU SR LT, BN Z 1102 OISR IESOISTER D 72 3R T FEE £ 72750,

F T TH4<FE. Ny-CHy KU Ny-CHy-CO, N5-CH4-COy D 3FEEEDIRE H AZ WV ) VERERZITO., 2 A&
V) Y ROPEHHER Y U OB GERRZIA S MNCT B T E R ENE LI ZTT o 1o BT OYV ) icH L TiE. &
MR OBREISTEBE LT T A DRI D 2 DO Z DOt ZiTo1, LYY A LTE. oo
MO T TV A SVICK > TIRZEE L AERCRZ Nz, T DI, A GERANZ HIWTER LYY VDA
g 72 R 7z

ZOFRER, V) VORERE HFEH AR TS % &, No-CHy IBE T ABHRITALTZEAZ VD) UHRER)
RELERPEE, RNT COEFLH AMK TOYARERY U > CO, ZETH A TOYIHARER Y U > DIEICE
WMRME R LTV T ehbholz, iz, ZOESMOME, XA 22V ) VEBEROSE 1L ATy I CNIIH
WOERTHO., CNSIHIUHE VY VRIS FE 7% HCN X CHsCN 7R ED S 7 UMb EMDOERDEE 5 T &R
XN, TNEYT NMEBYRBHBIHERILKEDERICK > T, BEIIC CaNEERLEATIEEGLRAZ VY
VHEKT B EEZBND, HIHAHERY Y > OEBGEREDNE 1 A7y TEERRIC CN TV HIVDEKTH BH, CO, D
fREIC X % CODERE BEEAMIKISTH D, COEL VY VORIERN T L 75> T, C=O#EE® C=NHEAZ ST W
RV VOERICEHF G LIcEEZ BN S,

E7z, R UTZHIHHIER Y U xS 2 AN DTARSEEROFE R, FIHHERY U >, it Z269 2 68t
BYITHEREN TV S, oMt BRWEEYEFET 5 T EARE N, BUKKE « BUKKEOW 5 %269 2 L2244
RO EMWRBENS, iz, HRIMIEDERWEBIAETH 2T 7ana A Z AR LT ) ATk L, 8R(5%60]
W2 1Tl T A, AR L 1o 3 2R E IR LK B EEZR LAY RN 2RI 2 R Uz, DX S
TN R IE SO & LT, FIAEMICE > TEERRLV 7 ) VEREEENS, TNHOEEN S, ¥
HIBR KA TR LTz EI T 7 oV Vi, @22 5CEEREEYR. #UK « BUKEZ RO & TRtk E % [k
WG % &V D BEREZ Rz LTz nREME DV R I B,

F—T— R ZA 2 IR, ETRS, BRI oy, (Rl
Keywords: Titan, early Earth, reducing atmosphere, organic aerosol, chemical evolution
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BRI NG DK E DB R BRI G X 208 OMET  mHIK & RGERTEER
Effects of Water Amount on the Surface Environment of Terrestrial Planets: High Pres-
sure Ice and Carbon Cycle

PR Rl e Bl 2
NAKAYAMA, Akifumi * ; ABE, Yutaka

LERGURA A BRI 7 R st BRE R R A
!Department of Earth and Planetary, Graduate School of Sciences, The University of Tokyo

NER T =2 EEN S, BEREICHIADKZ (R T & 2 BLEfEEIC I wi%edD HoO Z R DHIERIIEE D1EED
HERIIC FRIE N TV % [Raymond et al., 2004] BRITKDIME I NG T ADZHMEZEET 5 &, RNAKERD
HERRIERE 34 kB EE B S B, AIZE T, HIEBRD X 5 IER AR Z R DOME R IR ERE, SERDEET
BONTBEZERE LT, KEVNEREZZGEOEXEREZEZ %5, KEREZROZEELERNE LT, COICH
HY9 %,

BRI R ZNEER ISR IIRE 2 et S B2 5ERFI A Z AL TH S, REMROFE T 0¥ X Th % mLlE
& LT, KRR & i ¢4 C 2 IR LD FET %, HiEKTlE, KEERUKICK 2B DT« — RNy 75K C
& TRV CO, BIEICRT=N T3 [Walker et al., 1981] LA L., HIER & [F UE2#RE TH KEEROEWIC K D, KBE
JEUEhERIE R E < 2D D 5 % [Tajika and Matsui, 1993] —77. HFEE(LOPEfRIZ £ 72177 T/% <. pH[Caldeira, 1995]
BUKIGEERE [Sleep and Zahnle, 20014/ [Brady and Gislason, 1997k & DIKIEMEERE N TV 5,

MR T, KEEBUEDEIE LisWnizsd, KB LD ERE L 755, £z, MEDFFOKEOHEINIEI ALK CO, &I
RELSFEZRIZTT EEZADONS, KEOHEINAES WERE LAIC K > T WEEBE LD RIRINCH < C EATHIE
N3, —7f., KEHNZVC LRHREMEOHENZ N L EEZI NI N D, REDHOBRERELZVETFHIEN
%o THU, WIAARZEINEE, K&KAHD CO, mztikEIE5, DX D, HREDKK CO, BIFTNOLDHETIRE
HLEZBND, SHITKEMENT % &, WBIKICETIKDERT 2 iTREMEMERI S LTV 5 [Leger et al., 2004)] &i/T
IKIMERE NG, —RICIEEERREDEEERE 3. RAHPD Co, BidE k% EEABNS, LML, CO, DY
MK DBEREN LTI 2L, IBRLUZEEKMERLUTLUES TEEENH S, TOX I BHEIC. EORED KA
CO, mEFFONMIHSH THEU,

REOHRFT Z/KEIE, REMROFET O ATH S EULIERHICEEZ 52, KKHD CO, BEZEZ S %, A
ZETIE. REMER & s IOKICEH U, HIBRRIEE MR % KikE & K& CO, BEOMRZMGTT %, R, #5571
BLEsE LT, KK CO, BIIENLEFTEEZMIEHEHT %,

HiBERD R EIGERE T )L [Tajika and Matsui, 1992Jc, #ifz i EE L2 NI A 7= TV ERER U, AT AR
BIEDRERIMATT 5 & Uz REEKEFABRICEBICHHI NI EIREL., KEICEDE TREZS NI E T
%o HMEERE TR RREL R, ERE TRIBIFKEEZNTIVIT A= L, BHAREH\HALZNH OGS FHIR
REIC BT 5 KK COy B2 3RDTz, F iz, MHEIKIERIC K B IREMRANDHEEEE L TS,

O MERE TR, RBELEDY 0.1 DL E I RBERIE D Bk &2 0 | BHEEE(RIEAZ EE LR T oo Tz, it
H AR BEOHIERD 551 L TH. 30P* (P IZEEDHIERD KA CO, B2 T) LLFDEWV KA CO, IRz 5,
MR T, K E ORI B LA R ORI, B AREIMCRKELFET 2 eWah o, K
JE(E DR &SRB < BE TE . BIEKEDOBNNC > TRA COy mIFHM L., ~1000P* DE L CO, FHEZFFD,
Ko, WBIKICEERDMERENTZGE . SR (A ERREIEIR) & S HEKTEm (R ERR) OiIRE) Z27Rd &4
Z6N%, BEKEREMEZDIRFIOH TRBEVKE CO, B2 XL TV 5, 120HBREE/KELE Tl & HOKDE
REN, K& CO, RIFEMITHMNT 5, N5 ORERIT KPR L EADE D ERE L ERE TR, (REFT2RK CO, &
WBARELHEGER EREMT S, Z LT, HERRISRENEO/KRICK > T, KK CO, 8D SZ Tt AN L., %
JEERENRELSEDZ T L ZRBT %,

F—U— R REMEE, L, &K, TR LR, iBRRGE, RIVRE
Keywords: carbon cycle, seafloor weathering, high-pressure ice, carbon dioxide, terrestrial planet, extrasolar planet
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HIBRIALIERE DN G X T VRIHC B 2 SR B RIRIA .
The duration of habitable condition for large and small Earth-like planets

P JRAER T 5 HIL $— 2
KADOYA, Shintard* ; TAJIKA, Eiichi?

VRO B HEBRER AL, 2 BRSO Hifs (MR T
LEarth and Planetary Sci., Univ. of TokydComplexity Sci. & Eng., Univ. of Tokyo

The orbital condition for the Earth-like planets which may have liquid water on its surface is known as the habitable zone (e.g.,
Kasting et al., 1993; Kopparapu et al., 2013). However, the condition for the Earth-like planets which can maintain the warm
and wet climate through the evolution may be different from that for the habitable zone. The climate of the Earth-like planets
would actually depend on the G@egassing rate via volcanism because the amount of the atmospheris €antrolled by
the carbonate-silicate geochemical cycle (Kadoya & Tajika, 2014, ApJ, 790:107). Thdeég@ssing rate decreases with time
owing to decrease in mantle temperature and attenuation of volcanic activity (Tajika & Matsui, 1992, EPSL, 113). The thermal
evolution of the planets should, however, depend on the planetary mass.

In this study, we apply a parameterized convection model to the thermal evolution of the Earth-like planet with different masses
and with plate-tectonics in order to estimate the evolution of average mantle temperature, seafloor spreading rate, melt generati
depth, melt production rate, and the £@egassing rate for the planets. The results are compared with the climate mode diagram
for the Earth-like planets proposed by Kadoya & Tajika (2014), and also, the evolutions of the climate of the Earth-like planet
are discussed.

The average mantle temperature monotonically decreases with time when an initial average mantle temperature is higher th;
3000 K. As expected, the average mantle temperatures of large planets cool more slowly than that of small planets do. Howeve
the difference between the mantle temperatures of the planets is smaller than 100 K, which is consistent with the recent wor
(e.g., Schaefer & Sasselov, 2015). The seafloor spreading rate is larger on large planets than on small planets because the f
flow is higher on large planets than on small planets. On the other hand, the melt generation depth of large planets is smalle
than that of small planets owing to the difference in the surface gravity. The net result of the melt generation rate is larger
on large planets than on small planets although the difference is smaller than those of the seafloor spreading rate and the m
generation depth. In addition, because large planets have a larger surface area than small planetsiptak€fate via silicate
weathering on large planet is larger than that on small planets when the temperature distribution is the same. As a result, tf
climate evolutions of large and small planets are almost the same as long as the areal ratio of continents and oceans is the san

F—U— R RHOEE NE R T IV =
Keywords: exoplanet, habitable zone
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AR E ©ORE TR EMENR 25 | R I TURNLZIEICDOVT
A new climate instability that triggers the runaway greenhouse in a 3-dimensional hetero
geneous world.

BB & 1 T OE L B - 2 K REK 2 | M 3
ABE, Yutakd* ; NITTA, Akira! ; ABE-OUCHI, Ayakd ; O'ISHI, Ryoutg ; TAKAO, Yuya?

VHUR AR EB AR ISR, 2 UK RKUIEZERT, 3 O LERY: Rt > 2 —
1School of Science, University of TokydAtmosphere and Ocean Research Institute, University of Tok@enter for Public
Affairs and Communications, Tokyo Institute of Technology

The onset condition of the runaway greenhouse is considered that the atmosphere takes in more incoming solar radiation th:
a "runaway threshold.” The runaway threshold is important because it defines the absolute inner limit of the habitable zone. Mos
of previous studies on the runaway threshold used one-dimensional radiative-convective equilibrium model and considered th
atmospheric state where the ocean cannot exist in a equilibrium state. Such studies indicated that the runaway threshold is t
"radiation limits,” which is an asymptotic value or an upper limit of the planetary radiation (Nakajima et al., 1992,).

Recently, the runaway threshold of planets with heterogeneous surface water distribution has been investigated using 3 dime
sional dynamic models (Abe et al., 2011; Leconte et al., 2013; Nitta et al., in preparation). The threshold strongly depends on th
surface water distribution and it can be quite different from the radiation limit. Therefore, we have to understand the controlling
mechanism of the runaway threshold in a 3-dimensional world.

Here, we report a new climate instability that triggers the runaway greenhouse based upon the analysis of GCM results and tt
linear stability analysis of a simplified model. The instability requires horizontal transport of heat and water vapor, thus it does
not appear in one-dimensional world. On the other hand, surprising enough, this instability does not require the radiation limit.
Namely, the instability is not directly related to the asymptotic value or the upper limit of the planetary radiation. This result
suggests that the onset of the runaway greenhouse in 3-dimensional heterogeneous world may not be understood in terms of
simple radiation limit.

F— R RERENE, N XTIV =, SHERR, KRR
Keywords: runaway greenhouse, habitable zone, radiation limit, climate instability
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KEBA—/3=7 —ADX Y FUHHROTERE EXHRL T — L EZ AT 7T LD
T

The vigor and the regime diagram of thermal convection in the mantle of massive super
Earths

I 1 Al 2 ;N (S
MIYAGOSHI, Takehird* ; KAMEYAMA, Masanori® ; OGAWA, Masak?

MR TR R, 2 B, 3 AU

1 Jamstec?Ehime University?University of Tokyo

Understanding thermal convection in the mantle of super-Earths is a key to clarifying their thermal history and habitability.
In massive super-Earths, the strong adiabatic compression influences thermal convection in the mantle in contrast to the Eartt
one. In this paper, we present numerical models of thermal convection in massive (ten times the Earth’s mass) super-Eartt
calculated at the relevant adiabatic compression effect and various values of Rayleigh Ravamel temperature-dependent
viscosity contrast.

Strong effects of adiabatic compression reduce hot plume activity significantly, while keeping cold plume activity high. The
effects on hot plumes become more prominent asreases, because the lithosphere becomes thickemaseases and the
potential temperature of the isothermal core increases. This results in decreasing difference of potential temperature between t
plumes and surround material, thus in decreasing buoyancy force of hot plumes.

We also studied the convective regime diagram on the plaRaeindr. The threshold value affor transition to the stagnant
lid regime from small viscosity contrast regime increaseRagcreases in super-Earths in contrast to the diagram of the earlier
Boussinesq model{ameyama and Ogaw&000]. At highRa relevant to massive super-Earths, the threshold value is larger
than that expected in the Earth. To understand the reason why the threshold valnerebses a&a increases, we present
the viscosity contrast between the surface of the planet and the bottom of the lithosgfhehe contrast to the increasing the
threshold value of, thereff is constant even the Rayleigh number increases. Thugethe more relevant to transition to the
stagnant lid regime rather than the viscosity contrastthe whole mantle.

We also found that the Nusselt numieéu, which is the efficiency of heat transport by thermal convection, is considerably
reduced compared with the earlier Boussinesq modeRat10'° andr=10", the Nu is only 2.7 and 14% of the value expected
from the earlier Boussinesq model. The thickness of the lithosphere is about 30% of the depth of the whole mantle. Frorr
systematic numerical simulatiofVu is fitted as a function oRa andr. The power index oRa is 0.27. This value is somewhat
smaller than that in the earlier Boussinesq model (0.8hy{stensen1984].

The thick lithosphere shown in our model implies that plate tectonics is difficult to operate in super-Earths. However, the
high threshold value im for regime change suggests that the lithosphere moves in a way different from plate tectonics. Thermal
convection may be in the small viscosity contrast regime in super-Earths and the surface may be fully involved in the convective
current.

Keywords: super-Earths, mantle, thermal convection, compressible fluid, stagnant lid, numerical simulations
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Tidal resonance in icy satellites with subsurface oceans

B %2 — > ; Matsuyama Isantu; Nimmo Francid
KAMATA, Shunichi* : MATSUYAMA, Isamu? ;: NIMMO, Francis

L AbigiE 22, 2LPL/Univ. Arizona,>UC Santa Cruz
'Hokkaido Univ.,2LPL/Univ. Arizona,3UC Santa Cruz

HWHECRIZ., BEREREOKEEICHT ZEELZEBFEO—DTH D, FELREHRPHGETILAS, W DhOKEE
DONEIITRARDWEN H 5 L EZENTWVS, KELEOEIVICEHT 2RI NI TEITONTETED, KRELDT
THEAE S TOBOREE Z 123 O LK TORGREZ Z T2 DI 5N, BIEICBENTIE () T ikiEhiK
EENTWV3 F, NEMEDIFIEDEORIC S X B8 AT I35, FBHEICBO TR, B0 FoKHROR R
MERINTE 2, RUZETIE. ATEDOWIZETHW SN2 MM E R E D WA TR XD RE L 211w, 18
ﬁﬁ%ﬁa\#Oﬁ%m®ﬂ%%abtﬂﬁ%&ﬁﬁﬁﬁﬂﬁ@%m%ﬁoﬁo%Twﬁﬁ®%% TEH I I E L

BEEZO | WHIROVIGEISEY ISR E S 2 oz, ThU. ﬁ@¢®hﬁELﬁﬁﬁ§ﬁ&ﬁﬁfﬁ
iégaumibfw% BB TR, EAORSEEMELS, PuEEEICEL %%, EFAEBZIGE LA, 6

EHEEIFICHEETH D, HBIIEER, FHENSHISA I > THlEMEL & I %ﬂ#kﬁo<kohmwﬁ%
a%mm&%ﬁﬂuk%<&0\K%E®%ﬁm-%Eﬁmwk%<%gﬁé&%2%h%o%%%#wﬁ®géﬁw
TR, KHFRDEE DM KEMKEFET BT e olc, TNHEDORERIE. MIWHRICB N TIBDRXAF 37
ARG E VD TE ] OMRNIEFICEETH S 2R TV 5,

T — ORI, P, WY, JE

Keywords: Icy satellites, Subsurface ocean, Tidal response, Resonance
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NENEO L AT Y —HidE & 7 DL o
The temporal evolution of rheological structure of Martian interior

SRERER 5 Bl AR
AZUMA, Shintard* ; KATAYAMA, lkuo *

VIRERY:

'Hiroshima University

NRIFHERKEF UL FICEA LREN DA HBRURETH S, LH L. BIEDXRITIEIIAD KD EMIITFE L%
W, L THIERIC B O CERNEYBERIRZ XS5 T L— 77 =7 AWKETREOTOWENT EWrh > Tnd
[e.g., Solomatov and Moresi 1997]C 15D T &M SARIGHIER & Bz (LD ER > TER T EHRTFHEEING, TD
X BEBEOHMDT 7 b=y A BT B EEAEKNO—DL LT, LARY—fENEIT 515, LAnd—kE
B IFEENIBOETEEMEOmE 2 LD U, REICE KT T 5720, BENBICEW LA O Y —EHSEZEKT % [e.q.,
Burgamann and Dresen, 2008F O LA 0 Y —EHEENBE DT 7 b =7 A, sifkkz 2l L, fR e U TRE D
ICR TR B R RITT . AFETIE, KENBO LA DY —HEEOIRE L, O EELT 5 EWHINTH %,

LA DY —HEXREICBETH 52D, KENEBOMRERIEZIRET 5 EMREICR S, RIS IR OERT
(0-100 km)ICFE /72 X4 T, BVEFE (heat production)[Hahn et al., 2014}, #Ai#i& (heat flow)[McGovern., 2002; Ruiz et al.,
2011) 7% W28V A 5. North Pole(§tl) Z L T Solis Planum@iith) I 351 % 1084 C & OIREHEEZ TE L
7zo

C DIRERGE I, REA My%)[Rybacki and Dresen 2000; Azuma et al., 2034] HhA 5 A4 (¥ FL) [Karato
and Jung, 2003; Katayama and Karato, 2008fE1 7%= F T LA B Y —REZGE Uiz, I8 EOATHIZ T, X
BoO LAY —HEiElE power-law cree@ifiEHIN 5 EL XN TN 5D (e.g., Grott and Bruer, 2008)LEHERARZ DMK < |
I IOEWEEL (<1000 C, >"400 MPa Tid. Peierls mechanistdEA D LAY —%Flld % EARRE N T
% (Tsenn and Carter, 1987VKIf52 Tld. power-law creegzl) T/ <. T ® Peierls mechanisrk diffusion creep® % &
L. &0 EMARL Ay —EDRERR#ATz, COLARI—EiEN D, KNBICB 3 FNTNORROY Y AT
7 OREE, JEX, Z LT elastic thicknes Tl & 175 7z,

AEEIN LAY —iEEIc BT, AEDOERBE T power-law creepcid s < Peierls mechanisthy:Z i T H %
T ehbhotz, THiE power-law creepC Tl SN2 KEDY YV AT = 7 OFEE LK E N TV 5 il fettzRd,
ZLT, EORRICBNTE FIAREMHIO T 2y FEFEMFDIEZS N, REDV VAT 27 DET L, LMK
{ZBTENDO ol EBIWCRTIAGGEMEET 2y FEFMFETRIV VAT 27 OFEORIICKRELZEZNEINSA]
REMEAVRE NIz, THUIIKDEEICHFET ZKETIE. RIAGKE L RT, WO DML AE < 7% % A HE
MWD 5, BEDV VAT 27 OMBICELTIZ. 4Gah b 3Gad v v M ERENT, ABEFTSL—FTF 7 =27 XD
PRI BEAT R T L— MEREIEK TE B RT V¥ v Vi fi> T T & ARE N7z (200-300 MPa)

F—U— R AR, LAY —#E SL— TV NI X, UV AT 27, 08 LAA N Z A L, IEHE(L
Keywords: Mars, Rheological structure, Plate tectonics, Lithosphere, Peierls mechanism, Temporal evolution
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HEREREICH T 5 FANZ D2 B U rchls
Development of an in-situ dating package for Iunar/Mars missions

B HER I 2R AR L MEl AR 1 R B 3 B BJE T =0l ok 2 R A 3

P 253 5 REF 5 BIS 5 VA= S Aok 4 g [ i j(’F’T Bl 3 BHH B 5
E?m?£h7iwﬂﬁ76

CHO, Yuichiro"* ; SHIBASAKI, Kazud ; UMEYAMA, Misako! ; OISHI, Takahird ; KAMEDA, Shingo' ;
MIURA N., Yayoi? ; YOSHIOKA, Kazud ; SAITO, Yoshifum? ; YOKOTA, Shoichird® ; KASAHARA, Satosht ;
YOSHIMITSU, Tetsud ; OKAZAKI, Ryuji * ; OHTAKE, Makiko® ; MOROTA, Tomokatse ; KOGA, Sumir€ ;
SUGITA, Seijf

NBOREE, 2 BOUORSEHIEERIE ST, 3 FHRIZEITAN, ¢ JUNRSE, ° iR ACE, O RO IR E R AR I, T AR
%’E"Efilii}ﬁz
IRikkyo University, 2Earthquake Research Institute, University of TokJtSAS, “Kyushu University,’Nagoya University,
5Dept. Earth and Planetary Science, University of Toky@ept. Complexity Science and Engineering, University of Tokyo

HRNKBITHEE NI BRSO R ZIRET % Z M TENUL, REMLICT 2 HELMAME SN ITEN
T, BREELIIINE T, MEAEREEICBVTEADOAY UL - 7IVIVEREZOSEFT R &2 HIEL, R
HOFAFFEBRZED T E T, — /T, BERERICGHIZR 2T 51, EEO/NURELDBGEG 238 TAm D
RN ARAI R CTH B, T TAFRETIE, HEREIEZBIEL T1> TEIHFEDHEHICOWTIIET %,

B, FAEHIEEE Sy 7 — Y ORI & SRR DORE ZTRE L. 2RO EELHEB . BRXUFHIFIEZHE
Lzo

B, RUREREN & 32008 LICBd 22 00E Ui, EfBE zE ). FEEoAZHNWS K5I Lz, £, B

ZERNDA A S DIRAZIT 5 K5 alidiEzE R LT,

B0, DURICN B 522y — VORI RICEU D FHA TS, SO S E NAMEO 7))V I 2 A Z5HIT %
e, BRI BRERICAN, Thz@EEICRORENDH D, TDX D GFeHilld, FHBRETEEEMUO ATy b

ZHOTITONTE D NASA DKEHAH Curiosity ICIEHRE N7z SAM(SampIe Analysis at MarsF &, $i{D A A7
FMERHENTWS, LA L, EEPENDRECHIESNSREREICBNT, BBEOEMERICHER MV Y 2%
EIEZT LR ETERN. B L. :A%@OU/?%@at/w:/\ﬁ#ﬂmuﬁh@ AR AR DB
WIERICAGIZ D, ZOX D HMIT TOX T ) ZEOHERE R TRUCEREE N TV S 7280, Bl s28ing
REMEDREMNICE XD T L &75%, T TARIIZETIE. @BEA AT v FORDDIC/NA F B KT Nexus SLT (KR
DHB OV D) #Ei->T, TIVIAVDT S 7atiilziTo e, BROFEREE, IEROFEMIGERBRTHbNTELE
DMV, ZOME, FFANEZETHZH TR, FAlcARBN—F I 2L THBTE., N dLz2fi>To
Jﬂﬁﬂ ECHBT EMNnhoTz, £z, EEMN 6 hPaDAETEH, X7V 0V VIRV EAHKZHVWS T &

R TINIYDT SV KL TEAH T EMNHSMICIE S T,

ML® DORFEZE LT, WABEHICT HERGHIEEBEOLZNRZ T B e lc, HADKICEMd 3 kX

RO — D TR E Nz,

F—=I—=R: AVY L TV VEN, ZOLFERGEHI, A5RE, KERE
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LIBS IZ & % Z D K-Ar FEAGAEE DR R
Verification of in-situ K-Ar dating using LIBS

Sl IR T BAT L E BER L Rl BB SERERA 2 M e 2 k2 K] 2
SHIBASAKI, Kazud* ;: OKUMURA, Yu! ; CHO, Yuichird' ; KAMEDA, Shing01 ; MIBE, Kenji2 ;
MIURA, Yayoi N.? ; SUGITA, Seij?

VTR, 2 R
IRikkyo University,>The University of Tokyo

BR  REXEOEKEREMNS C LIZEETH S, EETEIY VTV =IO TICZ O THEMRIER T 77
EDRREINTWS, L L, TNE TICHIBRAN TIrb N7z Z OERHEIEIX. NASA O —)N Curiosity MR Tf - 72
1HIDFHTH %, Curiosityld K 7% a ki1 X $70 05 (APXS), Ar 7z PUEME B 245 (QMS) THIE L. K-Ar FHIE
Eiiot, TNHOMEBFZIUTHY ., HWHICIZIAHOO—N\PRAIRTH S, ZT T, ARFSETIE LIBS (Laser Induced
Breakdown Spectroscoply:— Y —afitdifiig s/t EE) T K & Ar li 529 % Z O K-Ar FERHIEZ MG LT
%o ATEE NASA DTE & LLlE URHIBSER DY 1 D TIHET 720, KA/ VU b & % 1. LIBS O Lk
MRH O, HERRENATEEIC RS, LML, TNETLIBS ZHWZEAHD Ar ORHENE - 7z,

B8 : Z 2 TAMZE TR, LIBSIZK 2 EATD Ar BHOTTREM: 2 RGEES 5 T DEERZ1T- Tz,

Ar FRHIRER : K& FCHEKEI NS L—Y— 7T A ORI E & B T REIZ TN Z N 1 eV (11600 K) 210?717
cm(-3) TH %, TNHDEZEV SahaD 2 W TR 25159 % &, 104.8 nm& 106.7 nmDHHEEF 379 %
HEARRE N T 5, 2 & TANIYE TIEEZERINVEB CTOOEEZT1T> 7o BRHTIE AIST O X RAREAERRL IB-1aL .
C OFFHEGRNC Ar Zhn 2 7250 (Ar 3= 0.1 ce/g)z i L7zo L—4'—ICid Nd:YAG L—H'— (% 1064 nmy )L A
i 5-7 ns, IV AL 3 )VF— 50 md)z iz, L—H—HGHC X > TERES N 75 X MR - TatEnd,
M Z I HOEHEA MCP 2 i L., HOCHICH > 722X b JU§7% CCD 1 A 5 THRIE L T AT ML EH T,

EREFER MR SizZilRl e U TPz To /28 T A, 106.7 nmic H#AHE L TR - Tz Si(3+) iRz #i
L7z MWV 3V F =2l e et Lz b, TIARORENTREIO EEETHZ EEZ DN
%o MiREEET R L, AriFEHL TS EEZSNZDT, HEETOMRE D B TEEEN SV EE Z 5% 83.5
nMICH % Ard+DORFRHSEERE 175 7205, O (2+) KR (83.4 nm)DIF(EIC XK D Ar fiifiZfti a5 C LI TEah o7,
AWFZETlE, FZEEENGIEK T O %0 Si DA A A > DOl 2 28 L. 106.7 nmdD Si"(3+) fifift & 83.4 nmdD O°(2+) H
Ar R 2B T EAALMIC R > Tee 7T XA DIREIERE & & £ IC2MITIHD LT DT, AAD LIBS 73#1i
VR 7 — S 2 I TEAl A A R Z IO RS S WA EEZ BN S,

F—T— F: LIBS, ZDFFERGHI, K-Ar 4
Keywords: LIBS, in-situ dating, K-Ar method
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[ SRR KPR B2 FZTnei oD HASE - Bk - TR ) OfE .
An outline of the road map of planetary sciences and solar system sciences

BAREL A2 R RS 3 A2 KSR KA L SR RS R AT O RN SR 6
s BT

KURAMOTO, Kiyoshi' ; ARAI, Tomokac? ; KOBAYASHI, Naoki® ; SUGITA, Seiji* ; TACHIBANA, Shogd ;
TERADA, Naok? ; NAMIKI, Noriyuki 6* ; MATSUMOTO, Koji% ; WATANABE, Sei-ichiro’

VAbHE R AR AR AR P A, 2 THE TR AR REMIE v 2 —, 3 TRl bR T R A 28T
* RURAIEEGERIERE, 5 BULRSARLABEAIER, ¢ EARE - RISE HSEREMRE, T i B KA
FreBRET 22T

!Graduate School of Sciences/Hokkaido Universt§ERC/Chiba Institute of Technolog§iSAS/JAXA, *Graduate School
of Science/The University of TokyéGraduate School of Science/Tohoku UniversiiglSE/NAOJ,” Graduate School of Sci-
ence/Nagoya University

FHRBEIZEFORDIIG U T, HARBERPAEAEBXUCZOHBBEZESND 201542 A 2 Hic [EERY: K
TR WIZEREI D FRE - WkHS « TREER ) (AT TIEKPFRIEE RFI EPESR) (k) DR E NIz, THFZEREERD H AL - HRH -
THEEL L1F, WHRMEEC & OISR « RO — Ry 7 TH 0, FHRPAMT (PHEEEE S - 395
THFEES - FTHRBEAARFEERER) OE2 FHAY - BEO— Ry 7OEREE LTRBEENZ EDTH 5. [AkF
I, HREERHRRIGHE S KOV T T Y £ 7 b OFHI < 3EEDRDOSE R E TR D, 5% 2042 RIEZ o PRl - B
HO— R~y TOREDZDDPFRER L UTHM LFHEiNEEN5.

KEFAREE RFNUSRORH S ERE DI 2 R T HEGER TH 50, FHEGEOFH (20144F 11H 27 H) M HiEH
ETCHEMRTH o278, FEEDIEBIRIIC OV TR E M Z1T> Tz s 00, BERY KFRBZEOII 2
ZT A NTHRICHERZRT TR TEhah o7z, ZORIEZICEBRENTVSED, KIGREE RFI OMETOH
FIFEZEL, SHBEEFENICO— Ry FICO0WTDiEmzER, BIRNUGET L TOEENRIIRTH S, KRk
A RFI DRTEICED - IEBHEE R A U N—3Z OB 2 E L ZIF1ED, KEFERER RFI & ZOREREICOWTa
22T A NEHIEK S T DICAEEE RET .

KEGERFEERFIOREIX T =X 1T =X 2173 TirbNilz. 72— X 1 TEKRBGRFEE RFIOFEZIREL,
Tr—RX2 TR ThZEEARNETHEEZCKE LT LEidAlz. 72— 1 OHMEES TIRIEINICKIGRES RF
DREICHTz> T, LUTFDMMFHCEREZHIITH 2 &HIl Lz

1. ASHH OB 7 S

BT EAREICHREN TV S RGREED [T 75 LME) &0 HED 5, 514 20 EDOKBREEA 7 Hifl
THFHEEIHRT A ERDOENTNS.

2. BHFEMARH]

BERPEE BN DR R R RS, v a Yy EZZLERINV—TEER LTV T EEHFENT
3.

3. Hffin—R<w 7

KEGRER A L THOBREEEDL LICHDIZRETH D, HEMEOTO— Ry SICBW T EEHE OB
FETHEETICEET 5.

4. [FBEZA

KBFRBEE I HARORAF M DIz DO RIE 5, HENFHDOHINM EOHEEDT-DICE HkT 55D THRINEERS
BV, ZFOldicX, FHAY - FHEADEIRERA A TRGRERED HIEZRET 5.

5. 7D WG & D#E

HASERIZEETIE 2010 K 0, THRBEHEADKS 104 EWHEHZECTTI I 7Yy Ty a yOyiRea
VT NOERETS T KRS RFNCIZZFORBEZE 2, K BERAZRN FIF5.

6. BURMFHIRED & Dl

KBFRRIAC BT 2 BURINFHREEORENE, IEFICAHEENREL, HD, BREEEND 5. HEELMEIHK
HENS.

D EOBENS, 72— 1TlE FRKGRICBT ZuiEmiREaEL —EmBEOIE - FHEIc RS 5&TFOMH—1 &
I FHEEETBICED, A=V YTV AME LU THBEREZITo7z. ROVTT72—X 2 TIEHE—IC, TOFED FIC
() PrERE, (i) NERSEGEE, (i) RERKKD 30EFICONT 204EBO IV ERET ST eh biEmzth L.
HAEET, d—)Ucmho T 20EMTED X 5 RN HE D, WS EEEBICOW TG Z 1oz, =

ZETIE, dIVEBRHFEZHAGDE T, Iy ya v Biizdll THEZiTolz. ZLTHRERIC, v
OB L BEHEMEZERL, YERY - RABZOFNEZNSAEHEN SOV > )V 2= RE L, EHRIROH
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B, WERLERP 2O 2T H KREEPYIE « FAAERE D 272 FERO IS HEIE S v > 3 U Bfi& UTRDIAA
2. WXy Y g VEHEOEGR PN REZ 25 A3, 33 227 0 BETRYE EEZBIMEORM 21Ty, 20184
JEX TICEIIAR 2RO 2 T L Z2IRE LTS,

#HFE A RFIOREICH e > TE, ZOMEN, HUKICTFRGES L BRI 21 L7z, TRO eI KPR IR RFI
IKHICENT L8, HanOEELRRE ATz, RAEHOEZERT 5.

(k) KEFREGA RFI ORI Rl URL S X > a— R T&%. http://urx2.nu/hctx

F—U— R LR, PRk, KRikd, e id
Keywords: road map, future plan, solar system exploration, planetary exploration
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MBS B BT TR D R I I ERE _ _
Fracture process inferred from fragment shape in impact disruption

M B0 1 W =T K A2
KADONO, Toshihikd* ; TANIGAWA, Takayuki' ; MIZUTANI, Hitoshi?

LE¥ERNKRZE 22— T LA

LUniversity of Occupational and Environmental HeakNewton Press

The results of the previous impact experiments show that the shape of the fragments, characterized by the triaxial dimensior
a,b,andc, (a? b? c), behavesin a very regular way (e.g., Fujiwara et al. 1989). In widely different experimental conditions, the
axial ratios, b/a and c/a, have distributions peaked at about each mean value, "0.7 and "0.5, respectively, and flattened (i.e., s
c/a) fragments are almost absence.

We find that, if the distribution of the shape parameters, (b/a, c/a), is homogeneous, and there is no fragmertkat c??
where k is a constant (&k <1; in Fujiwara et al. (1978) k was "0.2), the averages of the shape parameters, (0.7, 0.5) can
be realized. Then, we discuss the fracture processes to represent the homogeneous distribution in the shape parameters.
expected dominant fracture process in impact fragmentation is reported.

Fujiwara, A., et al., Nature 272, 602-603, 1978.

Fujiwara, A., et al., in Asteroids Il, pp. 240-265, 1989.

F—T— R @2, BUE, B, PR, it

Keywords: impact, disruption, fragment shape, fracture process
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PR R AR D BEZERIRIC B 9 2 FEERINATST & B O AR

Experimental study on collisional destruction of iron bodies: Temperature dependence

AN R e R B
OGAWA, Ryo'* ; NAKAMURA, Akiko !

LR REER B E IR

!Graduate School of Science,kobe University

FCHIC: FEAIEFeE NIiDLEEZEETHD., WDONET 12 Ry aTy T UG E V- TR R I ihd 7 Fr
B, KR FCIRRESERA QTN F 0 N RIES o ERE %, T Vo BEAYEIEEREkOa7 &L
TR ENZ L EZASNTED, SEAMEE D ERIEDIER. FHCREEKOEBZFNIND &A% eEbhbd, &%
OB MERENTIERENZ EDTH S D, HMEREO KR EZED H AU FH 2B T, /NS ik
DRKICIZDBLEZONS, LM LZEI Vo 2BBE/NKIEROIFIEIR T ZIE> 2 DD SN TRV, FOMRERIAKE
N3 M BV NRETIHETFEOBERAN S, BBEEZEDND S D> TE,

TOVOEENDS, SHE/INREIE KA TR, #iF OESIK "8 7S IVRIK” OEER & %1
HEEL H B, TDD, PBEAYEIEZENHEIC X > THEMTRERDONIHNZEND 5, F T TAWETIE, T7
JVISAIVIERRIC B S B e D KLt 7 — 2 INEE A HIN & Uy BREEORREE & i Fr O RS OIRE AR 5 128
ICAERIEE DY 208K & 150~170K DIFE OEZLHEORE -7 Hhil Uz,

SEEFEE L BRI IZFIRE O SS400F F- I #kEA. HEHLICIZFATED SUSE dF A a v ERES Uiz, S,
W —ER AR S & BT A8 Wz, B 13 SUSE S 600~1200m/sT. #1371 1 v BR7% 4)% 6800~
7300m/STHEMNICfZe & BTz, F 7z BRI AFEDOEERIC OV TIEBIRIEA TOR TV, AEEFEOEER T3 E i 298K
DR & WilkEE 22 O TR 150~170K 1S U 7 KRN CliiZes2bi 2171 > Tz, Bett%, B Frsisntn « BB eS80
i« TR)VF G L R EEE G OBRZ I U, RENIE TR Ul I S A5 O
G 5ROz, FUT, R T AEH (SS400)D 7 A7 M (B ENERR) 7 0.37, 1 L 2b&EE., ZOREAD
B OWTEMNT,

FEER  HIE U72B A #E 1 20~900m/sTH D | IREIC X 59 130m/sEE/NRIAD A T4l PsycheD i g 7% it
ZIROHE A D EBAFET 5 WO RERICE o 1o, Fiz, "B EERESM, TRV G L R K E A O
B IOV TRIREBICK 2 EVWVHAR SN,

WA EEREDMICE LT, eOENERED 1%A1EO O LD 2 G2 #iXz & T AERTIE 0.0012~0.18. Kl
TlX 0.024~0.25¢, KR T/NHEGAFDEDBEAENKEL EoT, £low TAXYT D 0.37D5E, BRI A
THENENE RS2 D O RIVF—IEIRDOTHVNEL 52 L VS FERMESN, CNIRFE TR SNiEh -7z
ERTHS,

F—TU—F: Sk, E52€, T TSV
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IRARD/INKARLK I DZERRR - T & ZEFRR DR _
Porosity of Granular Surface of Small Bodies - Relationship between Pressure and Poro:
ity

KA HIZE s RN EA L ; Guettler Carsteh; Hikf B3+ 1
OMURA, Tomomi* ; KIUCHI, Masatd ; GUETTLER, Carsteh; NAKAMURA, Akiko !

LA R KA ISANESE R, 2Max-Planck-Institute for Solar System Research
!Graduate School of Science, Kobe Universitylax-Planck-Institute for Solar System Research

AZRE®, £ O/NKERIICIL TV AEHMEHET %, LIV RAEDOZERREIMEL THEHAHEMENH D, ZEROH
A Z2INA % L 2ERRIEBAT B3 T TH 2, ) EZERBOZCDOREFRZHLMNMCT 2T LT, FlA I3
ZELU TR EMEREANECETHATES D, FREREKTO/NKEHFREDR., HADE O URESZ T
THIENTED, HARICEREZE STeRKIAKE UTHEREL BT O NS, XA MED SR TR O 2RI 90 %feE
TH3EEZBNT V5 (Kataoka et al., 2013) — /5. TDX S HmEZERD K A D 5 KB FEHIC X A N AE 520
ELTHEZEEE S ERMMDBIITERZZT 5 LWV EEERND D (Meisner et al., 2012) BRI O MEK &£ [F] - DO 1
ZUC BV T EERIC K B ZEROZECDOARENEN D %, TOBBREHSMCT ST Lid, READMELEFE TDZERR
EHET ST EICBRTD,

TTT, ETRIENEZI BHIOZERERIRET 208D H 5, AMETR/NKE FOL IV AE, IabbivhNEN
FTHROBEE STMAEEEEZ 5, ZRRITHTORBICE > THRED, BEETZIEHEL UTIIhi 7. RirBIR, ki
TSI, BEHRENEA DN, KT & BSOS MREOZERERZ Tl T 2R EN TS (Yuetal,
2003; Kiuchi and Nakamura, 2014272 L Z O#5E 1G F TOFEBERMN SEZ 2 I N/ TH 5720, Nkl
KD KD T NES) FTED L DODZIRRZ0ENDH %, £z, TOXIFRFEAMEFOERIZTEINTHARL
M. L3V REIIEZEF D S0 ZDORE I —TlrEWVizd, M RO ONWTEZ ZLEND S, H
ZEWiFr DY A A HIEINRETERINDZ T ENEL ., TOX D aY A XDk - OZEFRRICOVTIE, 2y VT
FIHG R FHEME 2 R > TV A I DWW TUIR T ORI EZBLE D 5 25186 2 Tl T 5 ETIVIMER I N TWS
(Suzuki et al., 2001, LA LD 3 AFHEDGEDZERRIFTT IV XS FHlED S/ANZ, ZDT8, LIV AEOHERE
FIHADZERAH 2 Tl T 2 7 DICIE. ) 5 AFTHDG A DZERRHR L K FE A DRI DOV T E 55N RETH %,

RICHEZEREREDRE, Tabb L) AEICENND D258 E 2%, AZETIE. MABIR, K EomiE,.
RO HT5 % 6 FEFHOGRNT I Uis Ohimd2EE & E sl iz O O AR O LRI z1T0, skl eichhdIEh &
ZEBRHR DR Tz,

RN IR TIZIRDNA U TR D D EIx 2R 1-3 (FNTENA YT U 13um, 24um, 73um) &, 7547 v a
(4.5um), ABLT IV (5.3um). XRAHEEBR T TEIMAT DS BERED 210um L TDOED (LU TFERA) (29 um)
EHWez, T HZERS5.8cm #HE 3.3ecmGRAIER 2.7cm HEE 1.4cmDBRESZ2NVANTT OYIDFREL
Too HHEHIOZERRICEHT S &, ) 2 EXRE TIEA DT VERIGTEODZERFRIZZN TN 58 %, 52 %k KA D )T
MRV, R FRRBEDA 2R FRONE TR UROXZEHIZENZTN 0.53L 0.78 TH 572, T ITHh 5 Suzuki et
al. (2001 H17 %, 2 AFHEDIGE I NEIEBNRKE VT EZRRIVNE B & FEREOFEENMES N, Th
DI DINEEEE Tl 1-18 G JEMRERFE T3 10° PaZk TO N2, @ OINEEEEE & FU 72 F2608 Tl DI E
SO LI ORE S S H S, EAHEERSZ W T2 3250 Tl EMZANLD D IR Z KD, JERR O 2R TE Lz,

AFER TR, FRER 2GR OMAFOMARRE MO L s 5 L Hic, ) L 24RO Z b, K2 BRRIC K 5 i
RRIEDZALICDWNT., FIThI P00 & BED T g %,

F—TU— R ERE, /IR, 225K, kA
Keywords: planetesimals, asteroids, porosity, powder and granular material
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ﬂ;ﬁ%iﬁﬁ:«@ 7 L—2—ERER R LD L— X — DB & CHERLEFEND
I'IFr\]pact experiments in viscous fluid: Implications to crater formation and viscous relax-
ation on cometary nuclei

BB A3 1 Sl BUZ 2 BRI r7ar 2
ABE, Hitomi'* ; ARAKAWA, Masahiko? ; YASUI, Minami?

VRRRERL AR ARG T2, 2 i RAAR AR A Ze Rt
LGraduate School of Engineering, Yokohama National Univerd@yaduate School of Science, Kobe University

B UDHIC  HEKIK - Y - SODREMTHL LEASNTVS. e, EEMONEIIERN SBIEICES X
TERZBEMNIFEIE LS, KR TE > LB HENERED—DTHE L bNTW5. LML, HEKARZERESS
CLRWNHETHO , TONEMG IRV RIZMIHE N TV, — )7, BEZEHICBI S NS EZE S L —X—3HEZKON
kG 2 R U 7o TR 2 DRTREED D % L b N TW 5B, T DT, ERONEMIEZHLMNMCT 578, EREK L
DEZET L —Z— ORI ENTW 5. BIEBIHIE N TV 2 BB EN EOMEE, APEZEDAEALK
HICHONBEZR Y L—2— L3 KRES BESTIRZ LTS BEEKIEHPOGED G EKDEERNEL L% LE
ZBNTHD, > THRERPITE O & J1HRHENRE LHHICEIT 5. DT EMUREE DI A 71 = X LM
592 . MA T, HREMEKHIOKDAE L TR AR L SADIRGYIN 545 L EZASNTED, TOHMEIEA
B OREDRFIC X D MDOEARKICTE S E D LIZFREZ X279 L Bbns. BREKEN LIcASNS MGz
BFe 7 L—R—bHETED, IREICKBIIAREDOZ L, REORMRRICKZ2EFLGMAET S LEZADNS. A
T, BETENSNIHEKERT FOAEYOROMITICERL, 7L —2—OiBgRZiTo 7.

KPR i 22 IR 7217 5 T /e A THISE (Fink et al., 1984)Cid, —Hf 7 L— 2 —DIEB XU EEE « RS DR
DRI RIS 5 T L RENTe. /e, BORIPERIMES 52 &, MiEROZISH LT L— X —ARNZIEZE
(L UIRWE S SBC 258 2R U, RitER v < 72 % ERETEROBIINCHE > T O L— 2 — ARV 9 2 RS i 7
W72/Rd C DRSS NIz, 15 DO FERIIEZGHEEHIPH Y 0.43~6.62km/sTH b, EHREM EOMEZET L— X —JE Gl 2
HEMCT BITIE, MEILVEEHIF T C DRSO D YLD E S D 2N BN D % . T T TAWIZETI, Jefrit
7tk D & 10~1001% (F7) (RWEZSEE I TOIERZTT> 72

RERITIE | EBRIIH T ORI T AR IV T T o To BT R ERIR & LTk DR L, KEhZ
% T L TZOMMHRE 0.02~47Pask TEL I Bz, £ztbigD Tz, MMEERMN 103PasTh H/KE M LTz, dALIZE
B9 10mm, JE &K sSmm O PFIRIC < D IR TZER 2 W 2. R ZHHLE U THW BT, H28 s & N i
EHWAHT, HAOBIEOZEEZFARND 12O TH 5. £z, HANLERFORHEZG STz, HAZFICEREF AT
T LR EAF RO 0 TR Uz, ZEGRGE R TITV, E29%E1E 50~80m/sé Lz, £z, 7 L—Z—IEK
OREFREEEC T A XS TR L, BilE VT 7 L— X2 —EE ORFZ L, BKEREJIRT.

FER D EHEE T A N AT OMERZANT, 7 L—2—OEFNUHEE ORFHZLZFHIL, ZhZNoY A1 Xhk
MRICESKIET B EFANIZ. £, 7L —2—FZE, FHEOREEHTEINEINL, H 2RO LRI D
YEBT bt FTT, TORAKRS LZDRD I L—2—ERZHWTY L—2—KfiZRKD, Mkl o
BRAE ANz SlENE, XY L— 2 —KBEE 71 =(V p/m)-(1.61gD,/u?)*  (V D7 L—Z—{kH, p BN, g HE
JINGEFE, D, DHEALERE, u DHE, abvER) & EEIUTRIETE 72 =(n/(pD,pu))-(1.61gD,/u?)(@=1/2 (n HREMEH) =V
T LTz, ZTORR, 72 W& ol IZMEERITIK S FIRE—EIC AL (EHLEED ., 72 WREW ERPERD
e LI 3NE o le CREMESIEE) . C DM ITIIR TERMRKICHA SN T Eh D, ISR 122K
5o THFAROBRAZE D IeDT EAVRENT, —77, AWHFLTER S NI RIS KSR & ) SR DB D 72+
PATIFRE D B/NE Lm0z, EHIC, FIU 72 TEARMFFLDMEDRAINC ol AVNE L, KPS T OBI%RZ
IR ANFRADOARFNRKEL AT,

e, VL—R2—EIDERADEHEADLUTOICAR2Z X TOEMEZHENERE L, 7L —2—DEIDVERKOHEE D 1e
7% X TORMZRMIGRH & UCRHR Le. ZORR, MMEENKRE 521 EMMIFHNEL &2 T LAV iER
Nl U L—Z— ORI BI S % PR tr=8n/(pgD,) (D (XHERR) 2 W THHME U7 PilGmfE & F2irfE etk Lic &
T3, MERMENE {RZICONTHBMHITHEGREEX O & KE&EER L.

F—T— R l28 7 L—2—, R, MR, AR
Keywords: impact crater, cometary nuclei, viscosity, relaxation time
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I 8V a—)b Ea e flos Rl FEmE, EIShEmE &2 n b Otk
Tensile, crushing, and impact strength and their relationships for chondrules and othe

rock samples

SRIE PDUL 1 s TP !
SHIGAKI, Saé* ; NAKAMURA, Akiko *

LR R R AR B A SR
!Graduate School of Science, Kobe University

IV RY 2= )VOEBIC OV TIEFEHD P, T2 RY 2a—)VIZIBRENI&ICa Y RT A MRERKICEID AZ N, ffi
ZERBELD T O AEFZE T, BIEICE >t EEZ 5N TWV3, Beitzetal. (2013)33> KT+ MMRE N\ O EZEHEHi
REEITO, TN EERBEOBGRERHNRZ, TSIV RIA MDY RY 2—)LD 5 BENTICTEORIREHER L
TVW3EDDEIEE, OV RY a—)LO5EEMEOBGEN S, T2 R4 FRERIEDZ T K1 72 #EE T & % nlRE
W2rlize LML, EEOOY R 2—)VO5[RIEEIZ D > TR, £ T, a3V RY 2 —)LD5 [5RiEE OHE
ERITHTETAY RIA FRERIEDEER LT ESIC DWW TELT B R HNE L, AFZICED AT,

OV FY a—)VORENS1F5N25EEE. KIEAROHIERE TH 2, —MICT [HRRE IR Z 8IE L TillE 9
B, AVRY a—)VEEETZLBNHETH D, 7T T, MOLEHGEE VT EERE &5 3R O B fR 72 7
N3 e TaAY R a—)VOEEEEN S5 [RMEEHEET ST & & Uiz,

FLE, 30Dy R 2 — )T DWW TEHNEMEEERZTT > 1A R, 2 OIEERERY) 8MPaZz 37z (SRIH& AT, H
AEBRAE 2014 FHEHR). o, DADAEDOEEREN S, HEEE L5 BRMEIKIFIFFELNT Lo T,
EBICH TR —ADFERZE L T, HIHERE 2 EZEIERE & O SHEE T 5 2 L BiddH T, £ LT Uedaetal.
(2001) K D #EE L7ca > R Y o — )V OMEZERERE D b B 2 #EE L7 R. a2 FY 2 —)VO R IZ™30MPa
THO., FTEMHFEBRIC KD HERRE Br o7z, TOMEDRNE U TEEME & E24hHEE S OB GRRARE
CICHEIRZA[REMN BT 5 NS,

Z T, FlE X0 Z L OEAENC DN T [HRIBE, TR I KX CEZeiEm 72 JIlE U TR OB R 21
AN, AV RV a—)VO5EREOHEERER FiIF5c e Lz, b 3FHEOMEDIROD DK & L THW =D
W, DABAE, ZRE. NLTIA, BIKEETHO ., ZNFHUTOWVTIRIE - BRI O ZHE Lz, £/aV R
J 2 =)V DWW TIZ TN E T Allende(CV3)h SEEE D H L7z E DWW THIEZRTT> TWeh, 4Rl 5 Saratov(L4)
BEU Allende(CVI)ELD SHTH « fRBEICTHOH L DZHHT 5, 51, Y RV a—)bZz#ile LTAT
VU ANISERE R B H=ERZITVO, T R 2 —)VOEZEREERE 2 A7 T H EENTE T %,

AFRELTIE, SR SHIICHO ISR S B TNE TORERD 5155 NS ibklos IR « JFIERE - 6
TR & Z NS OEAM - SREMOBR, ORI TZIHLERINE I FY 2 —)LDOF [REEICDOWVT
9 %o

F—U—F aVRFIA, AV RV a—)b
Keywords: chondrites, chondrules
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JF AR D EREZEC A fuElE R A Ok o
The inclination evolutions of protoplanets through giant impacts

WAL RICERE T 25 P 2
MATSUMOTO, Yuji'* ; NAGASAWA, Makiko? ; IDA, Shigertt

VENLRXA, 2 B LHERY
INAOJ, 2Tokyo Institute of Technology

The Kepler mission has reported over 3500 planetary candidates (e.g., Batalha et al., 2014).

There are 899 transiting planet candidates in 365 multiple-planet systems, and 333 systems are only composed by 818 ungiz
candidates, whose radii are smaller than 6 Earth radius, and which are composed by Neptunes and super-Earth.

When multiple planets are detected by the transit method, the mutual inclinations can be estimated by the ratio of transit dure
tion times.

Fabrycky et al. (2014) suggested that the typical mutual inclination between Kepler candidates in multiple-planet systems lie:
in 1.0 degree - 2.2 degree.

Inclinations of protoplanets are excited by the mutual scatterings between them.

It is expected that protoplanets can excite the inclinations up to the half values given by their escape velocities.

The excited inclination is estimated as.i= 5.4 degree for a 10 Earth mass planet at 0.1 AU.

The small inclinations of observed ungiants suggest that if they are formed in-situ accretion, some inclination damping mech
anism is working.

Since the eccentricities of the merged protoplanets are damped through giant impacts between protoplanets, as pointed out
our previous study, the inclinations is expected to be damped by the giant impacts.

On the other hand, for a Earth mass planet at 1 AlJ,= 8.6 degree.

The resultant planets from N-body simulations in the giant impact stage normally have i = 3 degree without any damping
forces (e.g., Kokubo et al. 2006).

Ths smaller inclinations of calculated planets also suggest that inclinations are damped through the giant impact.

We investigate inclination evolutions through the collisions in the giant impact stage by N-body simulations.

We find that the inclination of the merger body is smaller than the larger inclination of the colliding two protoplanets.

The inclination after a collision is expressed as the function of the mutual inclination and the angular momenta.

Our N-body simulations suggest that the inclinations of observed ungiant planets can be reproduced by the in-situ accretion c
planets in the gas-free environment.

F—U— R RN, BOREZEENE, HuabiRm

Keywords: planetary accretion, giant impact phase, inclination
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AN B R iR D TP Bl _
The formation probability of the binary planet

SRR ™ 5 R AR 15 ok ggs !
ARAKAWA, Sota'* ; NAGASAWA, Makiko' ; NAKAMOTO, Taishi'

LT3R
Tokyo institute of technology

HEE LT, 2D0XENAVDEXDL D ZEHELENS, HILEDR D ZNIET 2R TH 5, RV KS & DRERIK
BEOLE, BERBELERE CEERLNEHL Uz & 2SI I KB HENRE L, #EEEMERE NG5,

— %I, BIEIYIC K o THOR T %2 T3V F— DK E S IIREMFFEICROETKRELTEBO, £z, EREE LT
BENHOWZHIET 2 7 DIIF SR R DB E R OBERE X THAL T 2080 H 5, #ERZEIC X2 RER LD
ORI, BROENHEEHORNERDZ T LN TE, MWETIVOFENCIIKRE LE, 5, MEFL
OIHEEPOE L REDONHE R0 HEE L TRETZCTEDIEEALERY, T T2 AETIE. RESELICX ST
2 DOMENMEE L CHEEDERE N5 HR L, REORIGAFRZIINS Z LICX > TR, MAT, HEEDI
RN HE R ZEDFIHICEP LTV A T e D, AW TIEHLEETE DR Z 10000/ T HH10 . 100005417 L
Wo e KEDHERITH T LT, EDX I mEEEMERE NS EFHNT,

AWZE T, BHERZEIC K > TEREFR LD EOREDOHBHCEEAT 52 D02 KD ., BEHaRHHEENERE NS E
9 Iz JacobiT A )V F—ZHWTHIE Lz, SR, WRYHEERZERE L CHUERTEZ17 - 7281 7H%E (Ochiai et al.
2014) L 1FIF—H L., HEEOEARERIT 10%fEE L ko Tz, o, TOWETIRILERIERICTHW 23T A—2 L LT
ZIEEBTENTES, WMWHCRORKEIZ 452 LT 8Tz A, HEBEOERERIBLZ 285840, £z,
WRYEORORZEZ 477D 1 LT3 LEHIERI 47D 1 ER2 T ENHSMNICE ST,

F—U— R HEE, N KGR
Keywords: binary planet, N-body simulation
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£4 A FEORNEEDKRLKGEEARYT R IVETIV - A ZR T DRE L&D
Transmission spectrum models of exoplanet atmospheres with haze: Effects of growtl
and settling of haze particles

IS Efee b AR R
KAWASHIMA, Yui '* ; IKOMA, Masahirod

L ERUR
The University of Tokyo

Since the first discovery of an exoplanet in 1995, detection of more than 1500 exoplanets has been reported. Recently, |
addition to detection, multi-wavelength transit observations have been done to characterize detected exoplanets. From a decli
in apparent stellar brightness due to a planetary transit, we can measure the planetary radius. Also, the observed waveleng
dependent radius (which is often called the transmission spectrum) provides the information of absorption and scattering o
stellar light by molecules in the planetary atmosphere. Thus, the composition of the planetary atmosphere can be constraine
by comparison between the observational and theoretical transmission spectra. The constraint on atmospheric composition
expected to give an important clue to the origin of the planet.

Until today, transmission spectra of 20 exoplanets have been obtained. Some of the recent observations detected flat
featureless spectra, inferring the existence of particles such as hazes floating in the atmosphere. This means the exister
of hazes would obscure the predicted spectral features of molecular absorption, making it difficult to prove its atmospheric
composition. Also, the transmission spectra seem to be somewhat diverse. Some contain the Rayleigh-slope feature in the visib
some show molecular and atomic features in the near-IR. These observational facts raise questions such as how common hg
atmospheres are beyond the solar system, how diverse transmission spectra of hazy atmospheres are, and how much informal
of atmospheric composition one can obtain from hazy atmospheres.

There are a few theoretical studies of transmission spectra of exoplanet atmospheres that consider the effect of haze in tl
atmosphere (e.g., Howe & Burrows 2012; Morley et al. 2013). However, the models of haze are ad hoc; they treated the
size, number density, and vertical distribution of haze particles as parameters. While they found parameter ranges in whic
the theoretical transmission spectra match the corresponding observations, they did not discuss if the viability of those haz
properties is physically supported.

In this study, to derive realistic properties of hazes in the atmospheres of transiting exoplanets, we have developed a ne
theoretical model that considers the creation, collisional growth, and settling of haze particles. Also, with obtained properties of
hazes, we have modeled transmission spectra of the atmospheres, using the numerical code that we developed previously.
have found that the haze particles tend to distribute in a wider region than previously thought and that haze particles of variou
sizes are formed in the atmosphere, which in general yield flat spectra. Simulating the transmission spectra for wide ranges «
parameters concerning haze such as atmospheric composition, temperature, and UV irradiation from the host star, we constre
the parameter ranges that result in observed features in the transmission spectra. We also find the parameter ranges that st
features of molecular absorptions in the spectra without being obscured by haze, making it possible to derive the information o
the atmospheric composition from the observation of the transmission spectra.

F—TU—F: RHNEKE, SV b BEBBAXRY MVET IV, R, N1 R
Keywords: exoplanets, transits, transmission spectrum models, atmospheric composition, haze
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Faa KR 2RI B B ANA L EE ORI EME _ _
The possibility of the homogeneization of the isotopic ratio in the primordial solar nebula

(UESH R % N -
TAKEISHI, Akira'* ; NAKAMOTO, Taishi!

VTR
Tokyo Institute of Technology

B BERE, D FEATVOENFETIEREI NS, 7 FEZRZZHOBHRERROEEN S SN /mE» 5
BAHDT, DFEIAT7HIHHAET B EEMEDORNAALLIZ S EFIETHE L EZBENS, —). KBROHERDH, A
BEOMEAE EDEEMEDREINRLE. B TIHFIEEETH S SN TNS, FNELEEE L k5780
WCEEFLRVTELEAEINE T EHARETZN, 2D Lk, \BEOKGRICBONT, IXNTOEEYEISILT S
FEOEIE (2 21X 2000KEL F) ZRBLEZC L ZRBLTWVWS, LHL, FIEKGREETZEOX S RSN
EDESIETHEZDONE. 2L <> TR,

=iy
AWFETI, P FEIAT OENEICIHT 2 FUARPREEDIR EEILZE A FIEAGREENDIZLEAEET
DERYIE D —EEIEFRTE « FHEHEZ RS 2 K 5 BHELRMDH 50 E 5 72 iiN%,

TV

HlRREE LT, 1 KBEEZFFS, HUAEERL TWA R FEIAT ZEZ %, B TEITITIEIH R L EERMR NS X
NaH, L OERMK I BRR B FENALZRDE T 5, —/4 T EUAMAL 137 7EI 7 N TEHEHIIC K <ES
NTWB LT %, nFEITDEFHE L ZNICK < FIEKBREE K L kiX, Cassen & Moosman (198155 &
ETIET %, bbb, 0 FEIT7 OEIHFHEIC K 2EEEERIIRNIC—E L LU, 7% FETIE YA EE RIS
CIa IR TIRE S 35, . FIAGREZENICIIERENMECTEY . SLFMMEDER U TH A DOM#EES
M3 ET %, THICE, FHBAGREZEOHCENICKSEN MLV EEET % (Nakamoto & Nakagawa 1995)[#
TRTR T EH A & —RBICEN < & & BITH AR U TSRS 20, Z O FEELRILECE 7V (Wehrstedt & Gail
2002)Z W TEIRET %, JFIAARGREEDOIREE. SLIATEINE L MR T D SR S NSRS O b B
IKEDRDB, TOETVICBITBETININT A—2IE, YD TEIT ORE L MUARLAEED 2 DTH 5, [Eik
PR DU LM —EE (2000K) L B 7R > T2 E 135U d % & Uy Z DS 2 B Ral - 72355 X RN AL A M E
U 7 EARIER NS 9% &9 %, 2 LT, [ARHREDSE AL U 7 E RS T D220 A OIFRZ b 23R UL o e
Do ey (PR OERTHD OBEAMK FRINAALLD ., KEGREBEICDTZ> THEILL TWE D E S M5,

e

JFEA ARG R EEDWRE X, KHSEWIE EERON &R %, TOD, YN FEIT ORENEONAH, iz, [
R HEDVNE W, BRONEVFEIBRGREENMER S NE T L LR 7878 - TR 21509 5 EIAR D
FlaE <ol T 2, VI FEI T OIRED 15K, [FHEMAEED (2-3) X 107-14 s™-1D855G, JRIn KR ESE
WD G X T DEAR T ORMNAMEGE L T Tz, Thxbb, ERENZFIEAGREEZEDBEINVNS FHUE., BIED
KGHRTROND X5 AaRENAL 7 OREZRDMERESNGE T b - T,

EiE

BN XU, D rEI7 OREEAEE X 10714 s7-105 10713 s™-UEE D E DMNZ L (Goodman et al. 1993) L 7z
Mo T BIEOKRIRIC A S N2 B Z RN A NAME TE A T L SR ETIVTIEE NI LT, KGERZE->
TR FEIATIZFEEE D &N VEEEAHE R > T e HEE S NS, DT &id, BliEfAES RSN W) FE
a7Hh5IFEE KD L FIHMENMER X NIV (Matsumoto & Hanawa 2003% U S {i[) & I TH 5,

i

IFEIT OESJFHEICH  FUAARREEDK & ELZ TR, FIAGPREENDIE & A 82 TOMREARM
R8RS 2R Uy [N EIE S 2 & 5 (LR DAE T 2 T &b o7c, I7ab5, JEREN
B EIARRRBEEDO RN NE T NI &S ThE 277 ORENEWEE. & LD FEIT Ol 8
WINEWGEEITHIET %o
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RARBED LR & #1221 K % H & HBROTRHFEEDIZ AL
Origin of the Great Red Spot and Formation of Moon and Earth’s deep ocean-floor cause
by Collision of mantle asteroid

iy R
TANEKO, Akira!*

!SEED SCIENCE Labo.
LSEED SCIENCE Labo.

1. IVFA 28T MG
MR, H & EREHIBREEANOFRGE T, MNEREBPLPAREXFRNER EHERDF | O —MREIRZEEL T 5,
O Q). TRIWFA2ING Mk B8 EFHEEFBEDEFRSE ) <> FIVE OHERNOH UNEZER /1 = X L7274

OFR=EY F1X, MHENTOEVWFF IR « R—=FDiEAID, /NREFHMEICERE Nz,

Offit, FIBRELIDHELZ0OM? = KEEHC K 3 FiGERE CERRADHEDR-AL & iy 111 & 2 i,
® (2). EREEGZUG: GI(F+ A1 etc.)) OMEAZ FdlcHE Lz,

XML UTe KT A ADJREE G, DNfism - MBSO (BRI K %) BiZRIc Kk 5, = AlEE,

XY MIVRTTIET DA ZBRT BT, HIBROEL EBURZFHIHTE AV, =HZIBRT % 72 21T O

2. :‘D@ﬂi%‘“ﬁ@ﬂﬁi*ﬁgﬂ softstrsrsrsrkotokok ko M skokotokokokootokokokokokokok ok V'S soksksrosrskskoskotorokok sk G skt sstestesteofotokokokskskokok

O (1). HIERIF OfZS#EE X, MI < ILFE22 (12.4km/s+ 36.5/) vs Gl EKM#ZS (~8km/siz: - £ 30 /%)
O (2). EZET3x)VF—TIE. MI(8.01 X 10°00) TH DY vs GI(2.05% 10°1J)= Ml OF] 2.56f%5 & Fk

O (3). EZEMER LI « AHZ XL @ O0K) A0 BART - IAA =X Lvs RV K 46 (4FERT - 2R

3. NIVF AN MREROFIR  ssesksksorsrsrs [ HIERODZE | NOFF—H7ZBHIRDNATEETID Do soksskskskskskskssk ok ok ok ok ok sk

O (1) Iy, HIERERHERED 70 % & DILE DFEHIE (-5km) BDFERENI=DD? = EHEDE VB A DEZEICL B,
O (2). g, HER TR AU EDEMAIEAD I E DD ? =S EHEH DD IVF 1> /N0 F Ml HIEHA,
O@).FEAIKMEIY R4 MBIy RS A b« SEAD, MEGRET 20h? =FERIE M TH 5,
@ (4). fali, /NERERT TIIEREICHN x> 7z (HED) On? = CERRADTIWIHEN KT, [IINEREFDIER,
O@G). ”L—r77 F =7 RO Plate IBRIIARZ DAIBICHIRE LTch?  =>HRRIEE - T EER A D EIEE.
O (6). i A & KBFRMFER—REEICHZR I N, IV MV TERE W fcOb? =W F1 /0 MR,
O (7). A, RAFFMEFTHERIN, TIBELEREINfzDOH? SR, <> FIVE 71 Y X2 —
O (8). ABEFEN L I FBIEEHDERSL, FENHDREMELTz. —BEBIH=MI Ick B1BHE—X> FDIRSDHET.
O 9). fiIF > IN=F A MISATDE7 DT L I7ay 7D 3I)—X o HKITER S NIzON?  =S)\T A hiE
DOEZBDOKERED, 2 )V—X ¢ SO SO Drake Passage 25 L. AL BEI L TEELE.

O (10). [EIHE A NEED S 23° EWeH? =7 D Drake(BHEE) {LEND CERRAD T D &FZE L #HEE LTz,
O (11). i, HBERD TR (89 10%) Hi2EfcHh? = CERRANH &S, Tk~ > FILHXEL, 714V X Z—,
(1 (12). KEAFHODAHREMEIC? BEZS =M I MVADEZREICE B, wxx T USRI DFARER T e
1 (13). I A A - KIZDIT, EEEMAR ) 7 A MERSEEIZON? =M 2 FIVBR DX A > O/IN1 T,

CORRIC, RIVFA 2787 M & B H EHBRELDRIIRGHIE. 51 DR —A7R BR & iR D,

F—U— R REHINC K% CERRAMIY I, -IERNOMEZE, HIEMK, BRSO, RARBEDEL, /N & H

{1 DR

Keywords: The CERRA tide division by Jupiter perturbation, Collision of the Earth, Moon formation, Formation of Earth’s Deep
Oceanflooor, Origin of the Great Red Spot, Origin of the asteroid belt and the meteorite
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BRI KSUC I51T 2 AT EIRRE T IV EZ DERE _ _
A one-dimensional cloud model for Earth-like exoplanets and its stationary solution

KEF FILE b B3 R 2
OHNO, Kazumasd ; OKUZUMI, Satosht

RO SRR AR LA SRR R R AR I, 2 G SERSA R B L 2Rt
!Department of Earth and Planetary Science, Graduate School of Science and Technology, Tokyd Gistdugte School of
Science, Tokyo Institute of Technology

IAEDRNEE DOBEH AR VBN BV T, 0 FORINDRNIZV TR AT L Z2FFDE DB R DN - T
W5 HIEARY FIVBENZBHE LT 2 DOAHEAVRRENT VS, 1 DHIERINEED 7 FROEVRA
ZRioTV25ETH5, TOHEE, RAMESEICETT S & THORKERD ., TS K > TRIERD RN,
2 DHICKRKUSEAMNCIERNVEMAET 56, EDNHLEDNS OS2 > TL X S 72, TIERNERN T, BIHED
BT, FHEAXRT VD EROWTNOHRIC K B E DO HWTdT 2 ENREETH S, TDRH, RINEKE
ARV EDNER S NS e, FERINAZEET V2O THEES 2 LIdEHEE LS,

FATORINEEZEETIVIC Zsom et al.20122 W\ 5 L DNH 5, TOETIVIGERFHEROMYE 2 EE T 577, E

DIER (ETH) OALE &EWBIC K > TR ERD ENB BRI OEGREIRE ST A—2—L LTS, LML, LITOETIV
ICIERERDD D BOWARFIEN NS DRENRT A—Z—ICREMKELTLE > T D,

AW R DFRHHEREIZT T <. FZHL « WRLOHZSER X TERICANT LXUTEIRRE T V2R T 2 2 &
ZHWNET B, Z T THkLE BROEISEFRZYPINICE RS 578, 2h & RO Z2FRNCETR S 2 7 )V 721E
LTzo HADETIVTIE, EFAXTEHE L WS PHST A—2 =D L SEAENE—/5 T EHDAE & Wh O
SRDWRIIAPNHIEET NS, ¥¥

TERR L Te BT V2 HIERICTER % C & TROMRMEE NIz, FASKTREED 0.1m/sLL T &7 B F30 A KT,
YEAMSTTENEDERE NS IREMED D D, T ORERIE ERZRDHOE EETHMELS &0 BRI S T LIckK
LT3, £io, HMROEERMOBEREDN 10cn 3 LUFDEMATE, HANTHOVEDNERE NS ATREENH 2 T &
W olze TOUIEEED A 2E Z T80 L L T EROEEDEISEIIC K > TR L7z &, FHTWRLIC K -
TERLD T0%FEEDELD RN LICEELTWS, ThHEDEAICTHEVEDNERE NS 5 L5 #iIRIEE. EHD
fiE & EGE 2 E BT 5 T ETHRIEDNE XK THRTH %,

AW & > T BB 28 W AED M0, A2 RO B BT IVIMERE Nz, SHBIBARIILTIERK
LIeETIVZISH LT, RANBREDOENBIARY FIVANGR 258 2HET 2 ENRETH 5,

1/1



Japan Geoscience Uni(m Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

PPS21-P12 S Ry g ViR—)b RFRE:5 A 25 H 18:15-19:30

FIFARMBRIC 35U 2 g E iy Ot i Rie S

Semi-analytical estimation of the ocean tide on the early Earth

UL Sy | FC S S N
MOTOYAMA, Mai'* ; TSUNAKAWA, Hideo' ; TAKAHASHI, Futosh?

VU E G LA e R BREC R, 2 TN E G A
!Deparment of Earth and Planetary Sciences, Tokyo Institute of TechnéRagulty of Sciences, Kyushu University

MR X HBREEEREE D B2 5 EMFEE < I KR ERFEE R 52 Tz, HERICIER T 2315 i m#E O
BED 3 FICHIELHIT B 7D, ADHHEMELIC KD KRES L LI EEA DB NS, FHC, FIHHIER (46~25 4R Tl
HuEk - AR DR 3Rev40ReL E Z 51 (Goldreich, 1966, “EHi#NY &% Z WUITRIE TRV OIRIEZ & DIFEEY
1% %, LML, Abeetal. (1997) Abe & Ooe (2001)d. —kkZEE (1000m, 2600m, 4200 D72 i E L T REL 2
O CEHED ICDOWTEIEY 2 2 L— 3 27> kR, WY ORIEE 0.1miEE &/ hEnwT &R LTz, Th
. WD HHIREN O E A FHINHER 5 HHH & Hix 5 7z, sEfiliRE & U COMWEY NIz o ns "5 ThH %o

HEED HEIRENC DWW TIE, MREE & KBEO MMM AKZ BT S, KEREIRDWTIREZ L DETIVIRIEE
TWBMW, AHEETIVTIE. HERERE 5~20EFEMIGKENZ LA LR ST eEZENTVS, —/. ﬂﬁé%ﬂﬁ
HER( LA IRLERD S 1) 40 RN NMFIEL TV EEZ SN TWAB M, MFERE @Eﬁ@&fﬁﬁ@ﬁ@i LTHELT,
BIEOBERETH oIz VO Fie H B, T T T, AW TR, HERR LR Z —FEEOWENE> Tz e EL.
VRIS 2 5 D85 A— 2 & U Tl R LTS et Utz Fla, BRI 2 DR OEIY 1= > T\iz
M, HIRDHNETE 3 DE— RPHHNICKELED 55T 8E X, mAFDE— RERGSHE Lz,

WEED B HHRENC 351 2 EA RN IR & EAIREIE— FITIKFE L. 575 A0y ifT&E N5, Longuet-
Higgins (1968)d. itttz & L7&aW\T 75 ADMIy A2 BHEmc i@ E . wiADRE— R d 2 BEEREEZ 7 L
DIST A—=2 DM E UTRDTz, TOfZiErEo B BIRIICETT % & WBrEREE & Bk B sl g 2 ki o35
A—R2—b UTHDO W EAREHZZRTE S, T 2DE—FELTPR2, K3 DE—FELLTPR! RUP3 2
e L. HERE A E S DB EED 1~4. 85 DHIZ £ D 5 % & UT, IR E 5 ZifrERRE h OHiPHZ KDz, i
FTOFER, P2 Tld h=17~420 km P3! Tid h=0.5v13km. P33 Tld h=18v480km&xo7z, P2, P32 DE—FH
HGz2 i UCTHBT 2R, BIEOTEED 6 5L, Fick%, —/7. PI1OE— FIRBHEDHHFRETE. HIuE
HEAL DB THIR U 7ZATREMEAN D B, 7272 L. Pyl BE— R P2 E— F KD ERE KRB AMREIEIC DV T, Kitkz %
LT RZ2 a9 2 08D B 5 .

F—T— R R, BB RO AE L, GITIRNER, A IRENEL, [EAA B, 17

Keywords: Ocean tide, Dynamical evolution of earth-moon system, primitive Earth, eigenfrequency, eigenfunction, tidal force

1/1



Japan Geoscience Union Meeting 2015 0/0)

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘sl—fim

Union

PPS21-P13 S ay Ry gV R—)b RFRE:5 A 25 H 18:15-19:30

ISALE shock physics cod& 7o B iE B 2Sa 5 R i n i@ rE o b
The attenuation behavior of shockwaves induced by hypervelocity impacts investigatec
using the iISALE shock physics code

SRER BT B R 2
KUROSAWA, Kosukeé* ; KAMATA, Shunichi?

PR PR BERREWI - v 2 —, 2 JURE KA R AR A2 b
'PERC/chitech?Graduate School of Science, Hokkaido University

BEARRKE RIS ZMOMEE T L—2 &, KIGRREDELUWEZRICE 5 ENTE T L 2YRES . m2ERIED RS
IAATE SER T ) T )L A — ISR\ & 254 E PR RARINERICAGRE U, B4 2L (25578, TSR, & EAHRRS) SO
AR B RRSE (B2 XY vy Z—O— UMt R &) Z2E0 9. HBEICH S S TSRO B A E I R A Zeiil & Tz &
W Z £ 725 U, KEFREZEL 2R 72 dDFENN D 252 T NS EHEIE 7 RN aghE TR E N7z RO
A0S & EERIEIMN R L LRI N TS, BINGURD S EZS 5 2 2 1S EZEO BTN U CESRIE, FRE, 20k
feRefl 25l 3 2WBLE TIVAREL L 72 % . & T ADMEINRIKDE IR, 22034, Ve s, 20 Kk Ol MRS
o T, HEWDIREEEN ED K ST 2 0EHICHFEENTVS LIV ARL.

T DX 5 IR 7232 TH A 13 iISALE shock physics codé U TR DL Z N 2 BERS 217> T 5.
iISALE ZHW2% T & T, Ml & Ak O THIC K 2RI E 2 BUIENIC R T LM TE 5. ZE ORHEEPEAIS
BRI IS 12 DYE T T IV NERO T T T IVNFEINTE D, 5RO I REOBER R I— R TH
BLEAB. TNETIC, (1) ZEROFEIFEER OBMERZARICHENEE 5 T &, (2) TR K O & REHIB AR
(D TT I EEER NRE LW T &, (3) BN D INE BRI B ORI E R 52185 T &, (4) ERREN LA &
R ERNRELRZ T L, R EDKRZR TS, SRIEESBOFWHEROMRZE LI LT, TN5Z2Hi—mIC
IR C E 2B BT IV ZHET S L2 HIEE LTV 5.

Eifis
iISALE O Bfl 3 # T & % Gareth Collins,Kai Wunnemann,Boris Ilvanov,H.Jay Melosh,Dirk Elbesha@s&t: 1< &5
LET.

F—T— B RIEZE, TR S, @ e, > v v 2 —a—, BiEEZEE R
Keywords: Hypervelocity impacts, Shock propagation, High-pressure minerals, Shutter cones, Shock physics code
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EREAY S a2 L— 3 VOISO EMIEIEFRIETAY )L N—DFFE
Development of Compressible and Non-Expanding Fluid Solver for Simulation of Impact
and Penetration Dynamics

F1 N/ |
SUZUKI, Kojiro**

L RUR AR EBT i B R A e R
LGSFS, The University of Tokyo

FEROERMNCHEZEL, HIFICEAT 5 & THFHBEZTTREL T2 XK FL—&I, /ISy g VICkBH - REH
B CHHGREM RSN, ZORFICIE. RIKRMIICEZE, HATEX 1T 37 XADMNETIVIEERD A TH %,
M A TR D IR HER I TH 5 = 2 — b UIRBERZN— X & LI EETIVH R M L— 2 OEAWLEZ B
{FMTES T & (Suzuki, et al., 20th ISTS, 96-i-02V, 19969, [EATTIVAKEZ—7w R LIzRR M L—& T
G TH% T & (Suzuki, etal., 30th ISTS, 2015, to be presentédl, #&iAFH O DL TV AREEHEE MK OZEEN~<
otk LCGEUTES e ZRE LTS, LML, INHDHNUCEWT, A XS EMmEIRETSEDD,
FREFPEZZICE 5 ENTBICRIGE T 550, S, EHEOHEMMESIAD 2L R IR 0 . MK DT > X LGB
EHWMEEL TWERNWEDTH S, TTTIE, NR L= BARKEEESAOMAZHME LT, [EREEIERE
A (Compressible and Non-Expanding FluidgE7 /L (LI, CNEFETIL) ZERL, ZOHEI I 21— 32D
172DV — URiERRIE LT, TN AWTEZERMEOBERZ R L. TOWRKRETIVOMEIC DN TERL TV,

B HIRRE E U UM % T & LT, SPH(Smoothed Particle Hydrodynamig&)»M 15N CW %, SPH
. EFHAD KE GO mdiiE 2 R LS5 M TCOMOERY I aL—ya GELckb, dK/ 7iE0wEM K
CICKOEIROLERE NS (A, 55 28 BHEUETK 172 R IT L, D02-2, 2014 M, K FETH B2, GlHE
SIFENEL o, TR T TERHEING 2D, HEARRZ—7 MRBHOEMR G E, MHATROWNICRIENH %,
CNEF OBUEAHTICIEAIRAETEZH VWA T & & L,

LU ZARMDVIKFBETIE, R PO S DERANEG—ENRKE VDN LN, ZNHZIHL., <7 gk
ELTEZ%, CNEFET )V L@EE DEMEIESIADENE, BRI T 22858CH %, KUADGE. TS EZ2ER I
Ko TR UEEMET LT D, AR OGS, TS DML H > TERIEET 540, T T, #AEN
BHEE LT, BREICK > THREZR-S T E, EHHBRBIC0IE D20 T 5, TOXIEHIATIE, HERK
WBTETERFIETEDT, ZORDY, VEEYEDOH TEROFEZTIRT %, R - OMZLDBEERIC X 2R
IR T % & CNEFDOX A F 27 g, @HOA A F— 1R (EREEHEFROMER) TiddhIhs, HHolk
DIESNIEHEDHDOEEET B, LD X I ICAMEREICK > TN RZ S 728, LIFRIRERETII RN &ICHE
B9 %, CNEFIZEZELHAFTE ST, WHEHOER 2 5> EMd 5 h, T T Tl VOF i (Hirt, C. W. and Nichols, B.
D., J. Comp. Phys., 39, 198B i\ ., BIVIC BT 2WEDOER S AR ZHINARE UTEAT %, ZOXZHIRARE
THERUL L TR T &M, IR/ THEZ#EAT AT —< VISP L in %, JARRO/ISZ—2 2 LT
B5DET A, (a)BZEhOYERE), (b)iBZEIC X 2RI 2 DOBRIEOFA, (¢) B X D ETTWENITL, I
FRiafrE A, (d) AT A OEEL L . BiARARICT EMDAHE, 04 T75—AZRHBLTWS, 5%, #Hilzizns
A= DAOW B A[RENE H B

CNEFIZHd 2V —< VRIS DWT, 2 TOHEARMRZRT L0 REEE RV, RO 2L kIC
g2 (OF0EHE—E) §5T 2IE L. EARMOMMNIRZKRSD, IR/ 7IEIC K> THIERITICEA Lz, 1
RITIF B ZLR E 2 BUERAT Uiz & T A, BEZehREds 2 DOWAAEZL L, WiET 32 &% < 1Kk T 5% Y. CNEF
ETIVHERF LT B 2R > TV T & 2K ECHERE LTz, 5. SIRFIZIEO L. ORI Y M2 MEE L
DD, HKIEOHEZEMEITEH T 5 2 DHBZMA TV,

AW, REAIZR BB E: GLERITZE (B) No. 25289301 D EA =} CTirbNiz, T TIEHOEEET %,

F—T— R EZEBUEY S 2 L— 3 >, iR, )= )bN—
Keywords: impact, numerical simulation, fluid dynamics, Riemann solver
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HA « ZA MEGTAD =T AT @R EE A O ORERRIC X 53
YRYa— VBRI al— g Vichiy T , , ,

1-D Plane Parallel Shock Waves of Dust-Gas Mixed Fluid: For Simulations of Chondrule
Forming Planetesimal Bow Shocks

T $hk 1 5 oA sl !
KATSUDA, Yuya'* ; NAKAMOTO, Taishi'

VH TR
Tokyo Institute of Technology

Y R a—)bid mmy A XD Ul r A IR TH D, 2L DAV RIA VRGO TEEBREZRTH
%o BOFNEERNS, TV R a— VI KGRI SBsnEAEZ ) CAM LTI L 22 5N TW5, TOMMEAT
O ZADENEETIVDO—DL UTEBGINATTIVRH O, A BEHIEE R OMREZEH R ORERE LTH
JHL TV,

MR )E © OIUIRE R TO Ty RY 2 —)VERIC DV TIEW L DO DFHEN R EN TV 5 (e.g. Boley et al., 2013;
Ciesla et al., 2004) TN 5 DEIHE T KBFRITFHEMN S X A b « HAEEIEN?1:1008 EZ T 5, —H T, G547
EERENS a2 RV 2 —)UDTAIR LU TSR DRI DBR D EEE DN > T EMHEESNTVDS, XA MDZEFEICKD C
DOiFITEZMH LIz TS, TOX A - HADERIIKRRICEHRD S HAE N2 EHENR LA « HA
HELOEMHEW L TEREEX A RDZ WV 1:1750 L 10:1TH S (Jones et al.200Q) T DHE X A b WME B OFNIC
B2 2WBIIMHATES, AN FARERERY 22— a v 208855,

AL« AAAREDEOHEREE O OJREEREADISHZHIE L. AR TEE T, 100 HTFRICE T % A
EX A T DEATRIKDE PN DOV TR E 2 i\ Tz, FHC, ERIHEIHIC B 5 EN XA b - HAHE
ISR LT ED K S ICZILT B2 MICiEH Uize 2RI, FERMIC 2 JUtiiPlas O 2 ZH el oy I 2 b— 3
VAT E LT, L0 T RO BUER H 3 — F OB ST o 72,

AETREHOD, XA NI NS A ZOBIEETZEDE L, ZANPEICH AL EUHE LRERZFDOL
DERET S, —H. ZAME2000KLL FCLTRILTREDET B,

9, ALV F—ELDZVKIEADERICDOWT, EERIEI COWE., ., W, & EZ BNk Tz,
AR ENGHICOVWTIR T VFr=2d=2FBFRE LTEILALNTVEEDEX A MITHAS TSGR, EHIC
REIC K > THRA MR AFEL AT UTHR Ue, T ORSE., BRI CORBERHE ], EERFX AL « A
AHICHFE D XBHNM, AT « HADNE N ERENE RS T e oo, T DWW TS i O
BEHHE @) HhHEEALRESC L, BELHHEICOVTIERFRTROONE LA LIFETZ N TE
%o —JITC, WEE. XAR « HALD LD B EXUADR DD D [ U2 T % A1 @O E D 2
BLRBHZIENOMETEHIENTEZ S,

R, ZEUS AF— L (Stone and Norman, 199 HWT 1ty 2 2 L—3 3 Y2117, sIEORRIE. fRITHIIC
FoNFREREXLS—H LTz, Ko T MFHOMREEDZ 2t I 2L —y 3 VICAF—LEGHAT 2 s L &1
bz,

F—I—F: aV RV o), EmEY REIIaL—a v
Keywords: chondrule, shock wave, hydrodynamics simulation
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/N DR 72 [ R U Te RIAR AR E DO B BICB T 2 8fHS R 2 L— 3

>

A numerical simulation on diurnal thermal waves of an asteroid surface with detailed to-
pographical model

D R R 2 TR TR 3
TAKITA, Jun'* ; TANAKA, Satosh? ; SENSHU, Hirok?

VTR ER AR, 2 SRS R T E R 2T, 8 T LR PREREN 2 —
LGraduate School of Science, Tokyo UniversitgAS/JAXA, ?Planetary Exploration Research Center, Chiba Institute of Tech-
nology

INERA N AT DIBIRICBI U T, 2G| mPRE TRIKPIRDNBIEET L L LTETENTED, BIfECh
Z R U 7o RAKD R HERE D ZEFIFHREE I T B IRD TN DV TG ZHED T b, THUITBROBREIC K 5 ihHE
NS UTHRE LR 2T TIVICHWV B RN EICIRE T IV O ZERIRGE 2 E Uy I E N5 BHIRE R ORI 2
RZ2R270TH 5, REMORET TOMREETBIAIEEDRF D RIKDZEMBEIENIRE 573, BN BIR R 2 3HH
T2 DIC TR E T IVOZERIRIGE IR WG E TH 5 D 2R % 1o O BRI N ETH D . Fhi L7k z
SHERNEKT B, HPKED X S RIFIFFERICEIE TELIT E 3 KIKDOH A OMEHIHEII T UK Z NS TV S, 7]
BEORAETIVICBEL TR, BHFREDFEL ZHDON, TICHEize e T4 b A—7 OB R ZFiH 9 % DM
FEBEHETH O, INSEHMA R A)VGEFEDOREDHERZFHIT 2 DIctd LEAHTIZARNWT EDHS NI
DDODH%B, TEBHRIFINT A—Z 2P EROIEZIZ TIO ANSN, BFIRZIRINICHIITE 5 €7V
WEENTED, ZOULONAENEEND RIAOEMILIRZER L IcANEET ) Y JICE 28TH 5. NEA
RUNIR OREWEIZ, 1 EBT ORI 5 BBURNIE T OIRBEN 2 R7cE, K7 VAN R TRKITGIVESRZ T
DT ENDN>TWBEN, EMIIGIRZERT 5 & THREY 5 2 RN INEGH A9 % Y] H D D E T ) Vi
D2 RD B LN E 5%,

Y BINEDMEHCB T BOE D L7525, TG CLEMIARGED £ B IC DML EE TV & DHEN LIRS %
CENTRENDD, TOBRRICHT 2 BAENTHRETH 5, BIRIICIE, REDIELBVRTSH D, D DOERMIMGRDIEER
GRS EEN 2T 5 & 5 B RIEKKHDORNET ) VT 21T T OMR TH 5. T OBFEF TS 5 BALIR
d320H 0. FITXREDMIMITER T 2 RFTNERRE AN T AT 2308, KICEKH TAB O Z —EIRIN U 72141
RN L UTHMINE NS T2V F—DEZED 2R, B X OCRERE TRBDEDEELRS I 5 2 & TR K 23R
THBMN, INSZERE LIS N TERMBEDRZEM L7, NREDT IV R LEEGRD 5 IIFHCHTE 2 DD
BUGHIBIRDHENC 5 %, AFER T, FICTRED RFTHIRIREZ 885 U CRBIL7ZBIICE S gD E M 2ERd, —
HOWIOFEIIC DOV THRA LR ZR KT B TETH D, THIRINZMMOAE ST, KK EIRIC K
B2 7a EOREZRBLTEY . REIC X 2 BISEORIKR M OB T EH T 2 AW EINBI RO R Z R
ZOICHEHE”RDNS, RIEXKEOYHIIRAEZHI B FRERDO T & DICEVBEMD D 505, T AUSIEARFZNT N9 2 Ke Y
TENELTHHRTE %, L LAD SRARMDIIGT 2 BRO MRS AN TIRIAEERED R D DJTIEIC
HB-NDBHH, TOT e SMIC EDREDIRGERNNREN 2R % DICEHE AR 752 T EWRIAEN S,

F—U— Fr/NRE, RETRE, IBIRE TV, Ve TV, Hif, 2ME M
Keywords: asteroid, surface temperature, spatial resolution, thermal modeling, topography, thermal inertia
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INREEANZAZ DL ORE 2 L—2 9
Thermal evolution simulation of asteroid Vesta

L R 1 R (5
NOGAMI, Tatsuhikd* ; SHIRONO, Sin-itt

PR KRBT ERIZER, 2 il R RABEEREE AT SR

! Division of earth and planetary science, Nagoya univeréiyyision of earth and planetary science, Nagoya univercity

Vesta has been regarded as the parent body of the HED meteorites. From the observation of DAWN spacecraft, the uppermc
layer of Vesta is composed from howardite ranging from 50km to 80km (Jutzi et al. 2013). It is known that the ratio of the
number of eucrites to diogenites is around two. Based on these facts, rapidly cooled magma layer on Vesta should be more th
10km in thickness.

In this work, | studied the evolution of internal thermal evolution of Vesta due to heating of decay of 26Al. | calculate
the temperature distribution by solving numerically heat conduction equation. According to Formisano et al.(2013), if Vesta
completed its formation within 1.4Ma from the injections of 26Al into the solar nebula, the degree of silicate melting of inside
Vesta exceeds 50 vol%. But in that work, convection and melt migration were not taken into account. These two mechanism:
contribute to cool Vesta. So it is expected that the formation of Vesta is completed more early if these are taken into account. B
the way, it is known that it takes about a few hundreds year for Vesta-size planet to complete its formation in planetary formation
standard model.

As a convection model, | adopted the simple model of Kaula (1979). It was assumed that generated melt migrates the surfac
instantaneously, and the migrating melt to the surface was accounted as the rapidly cooled magma. There are two parameters
this study, including a (the percentage of melt migration) and t0 (formation time of Vesta), and perform simulation taking into
account the convection and melt migration.

As a result, convection and melt migration substantially change the evolution of internal thermal structure, and total eruptive
volume of melt considerably depends on a and t0. The magma volume increases as a increases. On the other hand, the mag
volume decreases as t0 increases.

When t0=0, corresponding to no decay of 26Al at the beginning, ad3 the erupting magma layer of 10km in thickness
is formed. When a=1, that is all melt is erupted, the erupting magma layer of 10km is formeiBtda. According to these
results, Vesta should be completed its formation within 0.9Ma after CAl formation, and more than 30% of generated melt shoulc
migrate the surface. But all generated melts aren’t necessarily erupted, arid Westa has to be completed more early.

Therefore, it is suggested that the formation time of Vesta should be more early than the estimate by Formisano et al.(2013
and that planetary formation standard model might have to be reviewed.
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T BV = VIIC BT B RKERIERE O 7R ¢ A A& AR
Jovian core formation at the boundaries of dead zone: dependence on the gas surfa
density ditribution

WA 5 — Al Rt
SIRONO, Sin-itt* ; KATAYAMA, Masahumi!

A RGBS W
!Graduate School of Environmental Sciences, Nagoya University

JFERERE R, Ty RY =] EMENZELRDIHVEEDH 2 & EZ BN TS, Ty RV =V DN EN
HCHELIRIC X RN RE BT B T &ickhd. COMEDOREREINRZFREEE, XA NT 7V 74 AR
HEIND T LI X DRINFIRREZTEK T 5 XA = X LD Lyla et al. (2009, A&A 497, 869)C & > THREEINT
W5, TOYFVUXICE > THEBEEDRFEDFH TR I N5 ZO%OMIIZE 5550 ? L0 FEERO T,
Sandor etal. (2011, ApJ 728, L) K> T NAKY I aL—rarvMrbhlk. TOVIal—yavicB0Tik, 7y R
V=Y OAMIBEAIC BO TR ENMER ENE L LTV, £z, T v RV —=2ORNHISMIGRLZ N2 U H A
ERRDE— T BMFEL, TOAFMNEERBOFHE R E GZ->TWD. DX, HAMBHISD MV ZICK > TH
MRERBIIC D AFDOEEEMIBENITS. I al—a YORR, BT HEEWIENZA LA —)U T 10 HIERE
BREOREDT Y RV =V OIMIBACIER S N5 T EAVRE N

COETIVTIEHAFEENHD_DDE—JICBNTATHEREI NG T &ICRDW, HHENHIZHOY I 21—
VarvhbbhnizHnOGN TS, 2T THRLAZHEENHOE—7 ORI ZZLT Y, REBEVKAOH R
ME ST B0 7z. Sandor et al. (201IFHW SNz H AR ESHZIHEIC L, ZTHEERMET ST & Tl
BEFHOE—T D@ I LTz, KEOBFRIA T —)VdE—7 O@ K IHI L7z, mARKRERIZKED
FEBIRER A — )V ORISR IE LT LT % T e Vb o Tz (KBIR). KEARE 7 OBRICHEN T, HAHREE
DIORRELE MHTE RN T ENoh S, HETIE, TRAMBEIHORBMELLESE O ANTFEOMEIICONT
L9 5.

K 1:ERENERKAEORKER. MMIBEIER A7 —)b. innerld NI, outerlISMUIDEHEFRICH T AR AAHE S
g, M 100V 2 L—Y g YOREMEEAEEIRT .

F—U— R ARBMERE, a7, 7y BV — 2, HARSHES
Keywords: jovian planet, core, dead zone, gas surface density distribution
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EZERERIC X B L Va R DEEL « FEHR « 75w 7 EORIE
Measurements of the density, permittivity, and crack distribution in basalt targets basec
on the impact experiment

Al 3 REAR R L SR UEE 2 R B 3 B E 4
ISHIYAMA, Ken* ; KUMAMOTO, Atsushi' ; TAKAGI, Yasuhiko? ; NAKAMURA, Norihiro3 ; HASEGAWA, Sunaé

LHHER AR AR A SR BRI 2 I, 2 ST R A B 2 s € 2 3 2R, 3 LR A R B A ek it
PRI, 4 TR R R AT

IDepartment of Geophysics, Tohoku Universitipepartment of Regional Business, Aichi Toho Universiepartment of
Earth Science, Tohoku UniversitSAS/JAXA

a6 EMRNICIER S NIZHIX, ZOXRMEICEZ L DEADEZEL, 2L D7 L—2—HENRINTWVS, HDEM
IiE. EREBAOERIC XS AHEEDMEREINTED ., TONMITIR, TREDNECHBE L, BEEDSER I T
%, ARERESE SELENE (B <$0) I ESNIZA L —X—Y o X —k, AOWHEEIC B % H FEEEEICR) L
7z [Ono et al., 2009] T DEHAFT—ZZ2ffi> T, 1D DEBICB W THE S NE FEOZRADFERNS CDLREE
N 2090 FDZEERE D EAVRE E Nz [Ishiyama et al., 2013] T DZERRIE, 7ROy > 7 IVOZERRE LA T
EMBAXRBOLEICBBAEE TR I N 7Sy ZICEXBEDEHESNTWBM, BT KD 75y 7 HVFE
IKHIRICED X S A TR E N, FERICEDX S IIKMEN TG, ERMEFIES SN E R ET
5 EMAERET IV TR IEREICHRE TERWV, ZT T, RUFE TR, HZEERICK O TilEENIC 7 L—2—ZE L.
ZOWNEDOEE « 75w 7 & « iFEROWEEIT-> T2,

EZeSERIE, 20144 12 HICFHRIAMZE T ORI B 7 X OKZR) SRz MH L Tirbiz, BRIl 20 cm X
20 cm X 10 cmD LA, WHICIFIERE 0.32cmD AT > L AR (E & 0.1339 Z V., E2EH R 2D 128,
3.5,4.5,5.5, 6.5 km/© K HE THZL X Bz, HEMERDOD, R USEMOFzER 2 B9 Dfr> 72, Kic, BRI N
I L—R =T, 75y 7 BT X BFERONER TN S 26, 1 DOEN b2 117750 & EiE 71
Wi > 72 2.5cms EXH) 8~10cmDO RO a7y IV EYIo Uiz, D75y 7 OERGHOHEIC KD, 2
BRDVRE —ICIR A S NIE ZE T 2 FERET IV [e.qg., Sihvola, 1988[CiHIHTE 2N E S b b, BiZIic. Ul
DHLa7d N ammDEE T LYWL, BN ZIER LIz, £z, ERFND T Z v 75HDRER LY <
T 57, BEFORHEEVE L, FEX, BEFOEREEABOUENSRELD. 7T v 7 RIGER OXHZE AF v
FTHHAND T & TNz, FERIE, HGT 7 A OFERINE S X7 L (12962AREEEHRE A > 2—T 71 A
& 1260814 V=R VAT F T AY) T EMHz DFEIFETHIE Ulz, FEH T, T OEZEEERTH S NzalB O gz
Wb RAEHRET S,

AT L . IAXA FHRMAZEITD AR—R 75 A HEFIHIC X D iTb Nz,
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i R TR ORI & BRI (11) | |
Structure of the accretion disk around a protostar and the planetesimal formation (I1)

Sk A o AR 1
IMAEDA, Yusuke'* : EBISUZAKI, Toshikazd

P E AT
'RIKEN

AR OIRED RTINS A U S 2 IR R IRE T )V 7z, &R RS TR OFIPH TREER U 7z, [Rins R
BOTHEARLFNRET 5 T Lid. XA MEOEJRLEZE TR RIC & > TIFFICEERERTH % (Youdin
and Shu 2002) /N& & X A M EIREERIBAN TERKE L, RIENKE {725 LAWK U THAINCBEIS % &
INCIRB T EMHIBNTVS, BEIOHIIEH ADES AR DM EIKF L, U FIHREERMER TIE XX - O
AR ETH D, KIZOBHORA LA —)VZIFRISES . SRIIICIE 1000FRETHORICE FLTLE
S TEMNRBENTVT, MEEIERO—DOWHLEEZ SN TV,

SEEA . REENEAZ E i U EREETIRIC BT, BEEE UCRIVEER. PR OBERHEY - O RREI
Z. BNEHEOMRE IO AN TFIARERMBT T IV MR Uz, MR RITIIZEA RS K 91, JFIRERE RIS
T HARIC X B EBEEN 0 1, BEREIEEARZE (MRI) IC X B ELREE & 2% — 5, FHIERD 0l & 5 il
AR PRI RSB T T MRIELFRDVE Ul WEMERE & 72 %, S RIDGE, BVEMEEIRE LTHEE LT LIk,
ZDE HICHRNC B IC X 5 EZ4ER AR E 3% MRI GLREBDMER S NS, Z L T2 ONRIDELRER & HfEE
OBEFUSEN AR IEICED 5 %, %< OfTHIZETld (Balbus and Hawley 2008) < D5 E 1 0.1AU FE & Hu
BIGEOMEIFIEL TS, —ARADETIVTIEH AMEOMENEAZE B LIzC LIk D, TOBBHEENAE
[ RDY 1077 Mslyr FEEDE(LEE Tl 1AU FREICHIE L D % ZD7zbEEREDOIRED 1300KLL A 5%, T
OBEFEIRED IR E N ARG EET, FEHARYELEIC B CEER DD EIRR D O X FIET SIE# T3 %
REL T3,

TNEZTF., BLERD XS BHEREEKO Y F U A E2NTWS, HAEESh SIS THYy TSIV LIZZ AT
H A 5 [ WO IR 320 A B 2 DO HUDE IS > T% R 9 %, & NICREWEPEOEER FRITZEDD, XA
MIFERDIREER (R > T2 & & 1AU (A DIENAEGSEEEICE TET %, T2 THEIRAAMNBISBVAEZITS T L
IKix b, AHEEIEEZE 5 o THMINCBEIT 2, it> T OBEFREILEE TRERK D DIRENE T, XA MEDOE AL
EIC K DMEBIERDME S N D, HLIESE, TOREEKKSD b Ty T B XA MY A A IemiEETH BT &%
BHSMC LTz, THUCE Y, mmy A XL RO & FNLL EDKE X & E o 2R DL OERE TR E N
%, F7z. 1000KZ B2 5 fE CHEREERAIMTONS T & T, HREROINZ LOWHERENERE N, HBREISE Of%
IRERMNKICZ LN EHREEI NS, CORERERMBE T IVOFMICOWTHET %,

S — B AR R, ARSI, R R L
Keywords: protoplanetary disk, planetesimal formation, magnetorotational instability
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ELOOKERE DG 81T 5 K7 eI K 2 BUEIEA D2 _
The effect of the condensation of ice components on the theoretical estimate of the therm:
evolution of ice giants

SRR s AR R !
KUROSAKI, Keniji* ; IKOMA, Masahird

LERGURA A BRI 7 R st BRE R R A
! Department of Earth and Planetary Science, The University of Tokyo

KERBEMB ERIIELESEFEUCL S HHEE - FREZFOH, ZN5 OEGREDLRSHKIEEWICRE>TWV5.
RKEREWERIED S EAMREDN 59K TH 5720, RKREROBBGHIEERICHNT/ NV EMENTVS
(Hubbard et al., 1995) BE NN 2T 2 EIEL T, KETZRO—=7 - KV ML - ELATDIE@H 555K
EOBVELEIEZT7 - 78R, W EEOEMREER 3EMEOREET )V CHIAREERZD, KEREDOE MRS FEE
FHETHELNSMHE DN T EAVRE Nz (Fortney et al., 2011; Nettelmann et al., 20131 N E TOFZE TIXEE KL D
IR DERROR B B LT\ ah o Tz,

RER LB EROEEZNTTZHERO—DE LT, BEAEEOFEIZET NS, KERXBEAAE HNT
WA T END, MEICEKRERZZT T2 ENVREEN TV (Slattery et al. 1992) FUKTEZEE 320 7o KT IIOKEK D
IKBRTL RO —TICEE EFoh, WEIGRS 20ReDH 5, g, WERIEERT 7 O D ICF#gH AH S L TE
L, EREZREZTTWEWEEZONS. Lizho T, KRERE LR TIEIYHHDONIRHER MmN R 5 LT
TNB. FICHTIZEOD & S HEREZEZI T-RBIIRKKTIOKR D 22 M T 5 C LIk 3120, BEOBENRZI L
EEZBND. TNFETORERMEETRIE, KRAZEASZMELL, NETENRT 282 2> TE . (KRERE
T CREERKHOIKBINFEAECITHEY, RS 2 ATREMEDYD 57, i B 1 L 7e K2 Hi DR E OB L O ik
FEEZENTWaARN., KER L EEOBELDOBEWZHERT 2 C LG K FE LB EREOERZHKT 5723 Tidx<,
SHENEEOF ¥ T 7 2V E—2 3 V2TV, ZTRENDORKHES/ IV 7K, ERZIERT 2 FTEEETH .

AWFETIE, KRR Z S R 2B 8 LT BB OBE(LE T IV 2R L. SRIOFEEKTIE, KOKHEZH &
LB EOREZRT. MERGKHPICBW KNGS % &, EEC X 21BMEMRORE L, KOOI X 2 IR
O 5 EZ5N5. WHRMHERFE NS &, RREEDZILICHFOREBEHDZD D, FHIFER (Nakajima
etal., 1992)Cfit 5 MEME CIHENKCT B2 K 512k %, ZTOFE, RHOMBELZERLZGE LU T, REOBE
MR EB T EMbhoTz. ThE, RfEIC K 2EERNZZR L AVWEGTRE, RERKOREMEW o, K&
BHDVNEL 520, EfazERdT 5L, RERKORENEG K520, MEMFNKELGD, MEOHHNIHER
K TzDTHB. TNHORRIZ, SHBATE - BEEOBEILOENZHERT S L TEETHS EEZABNS.

F—U— R EIOKEE, B
Keywords: ice giants, thermal evolution
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