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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

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‘si—fiem

Union

PPS21-20 £3-A02 FFR9:5 H 24 H 15:45-16:00

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
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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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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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Development of an in-situ dating package for Iunar/Mars missions
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SUGITA, Seijf
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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 ;
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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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An outline of the road map of planetary sciences and solar system sciences
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