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The solidification of a magma ocean of Vesta
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Asteroid 4 Vesta is the only preserved intact example of a large, differentiated protoplanet. Observations of surface spectra «
Vesta provide convincing evidence for a differentiated interior. Vesta is considered as the parent body of HED meteorites.

Whether growing mineral grains remain suspended in the magma ocean or settled out is crucial for the primary interior structur
of a planet.

The purpose of this study is to understand the role of grain size of crystals on solidification of a magma ocean under a turbuler
flow. We select asteroid 4 Vesta as a subject of this study due to the presence of HED chondrites as a reference. In this study, \
consider the solidification before the rheological transition occurs.

We assume that the interior structure of Vesta had already differentiated to form a core. We use the bulk silicate Veste
composition proposed by Righter and Drake (1998), which is a mixture of L and CV chondrites with the ratio of 7 to 3 adjusted
for core separation. We calculate liquidus, solidus and solid fractions using the MELTs program (Ghiorso and Sack 1995;
Asimow and Ghiorso 1998).In vigorously convective systems such as magma oceans, the temperature distribution is near
adiabatic and isentropic (Solomatov, 2000).

The heat flux can be calculated with the help of the blackbody radiation. This heat flux must match the heat flux transported tc
the surface by convection. Convection changes to a regime sometimes called hard turbulence at very high Rayleigh number su
as those in the magma ocean, of which heat flux is shown by Siggia (1994).

To describe the rate at which particles settle out of a turbulently convective fluid, we use the model by Martin & Nokes
(1989).The particle number is calculated by

dN/dt=N(-g/\ pa®)/(18pr'h)

where N is the particle numberg is the acceleration due to graviwy,is the diameter of the particlel\p is the density
difference between the crystal and the magmis the kinematic viscosity, andis the depth of the fluid layer (Martin & Nokes,

1989).

The adiabat, liquidus and solidus of the magma ocean of Vesta are very steep, that is, they have negligibly small dependent
on pressure.

Thermodynamic calculations with the MELTs program showed that olivine is the first liquidus phase at "1900K, followed by
orthopyroxene and spinel. At the very late stage, clinopyroxene appears consuming orthopyroxene if chemical equilibrium is
maintained.

The fluid dynamic evaluation shows that a very small fraction of crystals are separated from the magma ocean until the
rheological transition which varied from 100um to 1cm in the current work. The thickness increases with time, which is shown
in Figure.

Evaluation of fluid dynamic regime shows that the magma ocean on Vesta was at the hard turbulence regime, suggesting ne
equilibrium crystallization until the rheological transition takes place at the crystal fraction of 60% at 1649K.

The role of grain size on fluid dynamics is very small, but the amount of crystals settled down to the bottom of the magma
ocean has small dependence on the grain size. If the crystal size is 1cm, 1km thickness bottom layer is formed.

The fluid dynamic regime changes into soft turbulence in 100 years in the order in the magma ocean of Vesta.

The summary of our conclusion is as follows.
(1)The pressure effect in the interior of Vesta is negligibly small.
(2)The solidification of a magma ocean of Vesta before the rheological transition follows batch solidification.

(38)The size of crystallizing grains has a minor effect on the evolution of magma ocean until the rheological transition.
(4)The mantle would be harzburgite if the interstitial melt was effectively extracted at the later soft turbulence stage.
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Fig. The thickness of the bottom layer consisting of settled crystals from the main body of a magma ocean.
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Thermal evolution simulation of Vesta |nclud|ng convection and melt migration
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INKEEANRZ 2%, M ETREINS HEDBRA L DD TX B FARY VL, NN ML T3 EE X
5NTWVW53, HED LIZRTIE A b, =T T4 b, ZA XAV 2T A4 NOELTFER 726D T, TV RIA4 +D—
FTHs, I—7 T4 M, HRNEICBENTREWVGHEECTEELZEDTH D, HEREDOR TORKEZIGEVLD
%o BAZXY 2 FAME, =774 KD EHEDRELTED, ibﬁ?%<k%mfﬂ&éhﬁa€f%% M
TIVEAL M, =T T4 M ZAFT T4 MDD, ABMELIZEDES S, MLzt wvws T kid, [M5ho
BRIC X O RZZNEROIRED FR U, BlpSICEBE L2 AL FWVER S NERIICKEE Lz L HEIIE N5, DAWN Of
HC K> T, RTIVEA REH 50~80kmIFHET BT Vb oz, TThb, REICHEH Uz X)L FBIEARNZ X 2ERE
FEOK 10~20 %ICHHYM T %,

RAZMERE NS UIARIGRICIE. KIFGRNICHARENL S HD, TNHMEB LU TEEDEREINLEEZISNT
W5, 26AHENARICEENS Al DS B 10ppmZ i, L L, TOMHEIFNAZDEKRZNC X D Z(LT %, 26Al
BRI TH % DT, BRI R TUSEOIE ERFIZ b TLE S,

M. Formisano et al.(2012F 13N\ A X DR 2GR L, IMallNTE E N e eiamid 2 2 L 2R Lz, LA LT
DWZETIE. AV FOIRE AV FBENCDOWTORRZER L TRV, TNHDOMREMA S L. NAZNRERT
WICEHIENZETHOT, K0EZLDBENMKETHL T EMNTEEINS, T THRIETIE. AV EORTEERAZ
RHND X))V MEHIONRZ B BICANTARAZEBERORES I 2 L— 3 U2 75T NAZKFED 10 %D AL +
METHNCHEH T E % 72DICh Bz 26Al B 5, NZAXEEEFNT R U THIZ 5 X %,

— BRI R e a7 D TEUEIC RO 2, BUEY S 2 L—2 3 VIBVT, B TOA Yy ¥ aldBn
THER LUz AV ME—EDHIE a(0<a<l) T LAIKBEIT 2 SAGE LTz, 3l Kaula(979DE T IV 2 Lz, &%
N% 26Al DBEEZ(L IS T LT, NAREWILZ 2L E BTz,

VIal—yarORR, FRDNEHOBEILEKE LS LT RZ T NN R T, MREEZEE LEVEGEE
NERODIREED 8000K L TH EH T ZDICH LT, MifzeEd 5L 1700KETLY EFH UV, NAXEREZNE AL k
HHRICKEAINS, a=0.8DKE 26Al FAERIATE 70 HELNICN A ZDER E N2 068 NH D . a=0.5DKHI 25 1
FELNICRZZ DR I NETNRE GRS RN EDALNC RSz, — /Ty TIVIHEL B L TOVARWVWESE TR, a
ﬁ9&<&%OSHLT&HM@1Wm®%wFéﬁiﬁf%&mzaﬁ“#otoLw/ alb—ra ERMS, DL
AIORMEE DICHANTARZAZENE D BV TIERE N2 08BN H 5 LR ENS,
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Thermal conductivity measurements of sintered glass beads and application to planetes
mal thermal evolution
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SR I A AR MIBENIC B W T Z A SDERM U KK TH O . KGR RIEDZ R Z LB 0 & 752 KIKTH
%o T OHGHREL NERHEE L 7% & OB 2T % C L ZREEKRICHB I 2 BEESRETH 5, FRICHMERE D
HELZHS T E MR E DG Z MRS 2 L TEETHD ., ZOBELZMRHT 2 L TREEEZ/INT A—2D—DIiF
WERER I EOBLERTH %,

MEE 2 XA N OERY & LIz, BVE(LRREZR TREN LR % L s L FHEN 2SBS0 C O R ELAHE
A9 %o BWHENIEL T 2 HiOMADEMAERICE U TIRILEMENEA TS, UL L., FEHSAROBLERE B2 N Tl
FELHNE RV, ZA DG T S &, ZA RIS Ry 7 EMHENZFEEEHNERE NS, PEEDES T LIk,
27 DIRERZEFRROWDNET B, TNEOZEICK D, RIKOBLDERI FRTZC EMNTEHEINS,

FMADEMRER & TE ) OBMRZIE LI AT 5. ZEREN—ETH > TE. K OBy 1 i X b BsE
BNKELBNTEHTEDHENT VS, ThbDE, EREOATERL, FEEICK S Ry 70 A4 XD L &75 5 B
FEROZ(\LENS C EHNEETH S,

Z T T, AW TIIBERSIC K 2 BMEE R DO Z b 2 e R O BGELRTFICE D AN D Tz8, K ANERS A D BVRE R 72
U, PMABEERICHTT BB OMRZ TRBINCIHSMCT BT E2HMNE Uz, HHC, EZRICHBIT B BERKDER
(RO 3y 79 A ZAFHICEH Uz,

AW Tz8 > 7 )VId ki) 250, 500, 1000pum O 3D H T AL —XTH %, %Y > T IIE—EDNENRED R Th
B2 Z 2 2 T LI XD, 3FHOBEREE Z R DB AR ER UTze BERSE — X Z—RidD0BEL. v 7 OEINEFD
HEZHET ST EICE> T, 2w I A XZHE LTz, —/7. BVMRERIEICE. BESANSBICHEDATFNz= 1
LARINEG ORI FARH 5 BGEREHETE T 5 51ETH 5 line heat sourcet:Z V72, HIEIZEHIRICE O TV, #
{RERPERF D B2 I3 0.01 PaTH - Tz,

I ORI K ST, Iy T (R BRRICHRT 2 30w 7 BEEDLE) 78 0.075H0 5 0.30 D iz 2 ks 2 KoY
VIR TE T 2R LTz, TS OBAEHRIX 0.036005 0.25 WMKTH -7z, TNHDMEIX, [FIFEDANWE
FMMADEZER TORGER LD & 1050 LEWETH 5, RGO ZE1RI1TH) 40% T—ETH O, BrERL
Ty Z ORI HHIBEN R SNz, TxbB, v 7L 0.3 RKiEOBES WIS Tld, PESAROBRERIT 2R RED
WO TIEEL 2y 7 OREIC K ZBMLEROBNNEZEET 2 5 ARENTH ST ENnhroiz,

RBIC, KFEBRTELNIARERE 2oy ZHOBFREHWT., MEREOBELERZITo Tz, T8 A—&EL
T, HEEEEZ 15 1000 m JERERZ CALERE 15 3Myr, X MOhifE7%Z 1h 5 1000pm OFIFHTH %
Too ZTORER. BEEIC K BEBEERD FHR2EB LT LICED., COMREZEE LEVEEOMREX D & MESEDON
HFRIRZ LT 1000 KLLE FAYS T &b oizs AT, MEENEOIRERIED R Y 79 A4 ZXD0MH (VA% L, 78
FEAR) IEERE DY A XARRAER, MK B R T ORIRE EIidZ L. Z2ICEL T b o7z,
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The effect of melt on frictional behavior and the implication for deep moonquake
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CNFT7 Ruadtmo HERH (Passive Seismic Experimen) X > T, 12,0000 DO AEZEA XY RN TOS
(e.g., Nakamura 2003) 2N 5D HEA XY M TIC, BAHE., A1 287 MCKZHE, REASE., BBRAEZEL 4Dy
BENS (Latham et al., 1969) T DH TREFKFEVCDIZFEHEAETH 5, HEEL. HOYEDHK 1735 kmidxf LT,
80071200 knDEE THERFEHEIEBIHIEINTE D, HITHANSEZ SN TV AIREE NS, HEMTHEWEEIE L
Bl & EZ BNDHKIZD S TH S, WHITHHEDN O ML T 5 R WEMAIEHEE THEMNR T % X 1 = X L2 L5
ICHRRES 5 C EDARIRDOHNTH %, TNETHONEIE FIARIREIZEEZASNTERD, Falicz> THIKE
IKIMFET 2 T Db o TE Tz, & HICHDILEIIENTAT (~800km)IZ &, IKDMFEFE L TV ATEEMEDS, SR
SUREED D LG E N T3 (Karato 2013) /K E A DA BT A— X —IC KR E B2 RE T T EWnh-o
TV, ZD 1D LTHADBIBRIEZKRES FF2MEZ2TZT N> TED, COMREZET D&, &
FHHEOEES THDTARMMNEC > TV [ReMENH %, Weberetal. Q011 AEZET—X LTV V7 H 5 1200kmDE
SHEICEDTAREMAEL TVWA T 2R L TWA, ZCT. TOHMAMMNAEZEZS EETT 1 DDFEKNTH S
EWVIREIZ VLT, KR THTARLZ R C 9 T & DT X 2 EHEYIE (Borneol-diphenylamine)(Takei 2008 FHV T, 2 il
JEE PR T AR 7 i ) L C BRI SER 21T > 72, T O Borneol-diphenylaminée iV % T & THERDTARIE & X)L F OiENfA
FREIT AT ENTES, BERERD O EBRME -7 A L ARBR Uz, HLOFEEEN S, vahrfy 300D &
ZRHDTERENRKE L BN ESIZE, BEFREE—T AL ARWDTEZT EMghoiz, LA L, $atfs 00D
EEIIBEBMREBIIRE DT B, EOTABE DI L T BRI L Lisw, THUE AV N D & 5E 2T
59 T, NEHEFD AN MK o THREBITFHEINTWVABZ EWFRERTH S LEZ NS, BEEFEICEIT 2 A
IV OMRE 3D ENS, 1 DIFERTRENTEBREZ T 208K, 2 DEIE AV BENMBRE S LT <
B, 3DHIZ AV MK > TEEDKIMEERS NS T & THMORAHED AR END5HE TH 5, ByerleeDiEAN
%L, BEEREIIREOEE (Fh) IHBILTHENT 2720, ERABOREFETRETEREL LS (ANHD
FHEENSEHET S L 5GPaL ), LA L., FRUL7 3 DDOEEZEET 2 L. BEESREDBINICIADT 5 T EAE
Zb6N%, 3DHOFNRE UTET O RAHMEOM BT EEMWICTET 2 DIEREETHZB,. D X)L s DOFHRIC
X o THEESREDEINIC FNS C & THEMATEHI CEBEIC K 2 LN D 2 5008 LIVEW,

F—U—FR: XV, FHEARE, H, )
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Velocity scaling of granular convection and its application to timescale of regolith migra-
tion
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INKBE DA M A TIE, REOL I AWBHEINME « LIz EZSNZERDH S [1]. Tz, YTV Z—UIC
KO FEBIRSNIR T OO D, ZFOFHRIBFERITIBLZ 8Myr LI NC Lo [2]. b OEH
WERZIFT BDORHO—D L LT, “KRAEZGEOHES T/ M AT EROL IV AWEENE, BETsT LI
Ko TEREMDEFH S NIATRENE" DMEEENTWS [1]. 2B, I EOENZERTIEL TV XD K 5 SRICHRE Z A
3L, AR ECS SN TVS (eg. [3). LML, A FATYDK S AMyNEERE R T4 C 20 niio
FHFEEICRET 2 BNE#EmIE CNE THRICESNTEY. —RIC, BENFEBTEHZZ(LEIEZ i3 LY. Z
T T, AL TIEENEERR TSRO EE & EINEE g DRilz 3 A7 —V ¥ TR ZIOTTIic K DRz, 15
SNz R —1) ¥ TR BRSO B MAF 2 IR Tz, £z, HENT A —V ¥ TBERD SRR
IC &% L dV AR ORI ENRER OHETE 25l 7z

EERTIIMARE & UTERd=0.4 0.8 2mmDH T AL —X%EHWz. WMA%E ANSAENERR=16.5 37.5 75
mm OHEIET 7V )Ve)b RV, 9 A — X% 8 E H=20~110 mmO#iFE CHifE X 87z, ERAOEHEE (EMIC
513-B/A) TARIEMIEHEIRTIZINA, RAIRBILEE & EIIEEOZEXT T (I=AQx )?lg: A : KEHERIE, f:
IREE, g BAIEED) % 2~6 ORIT, % 100~300 HzORI T &R, ¥iiaiRzEFREE 8. MEARBERTO
FHADTR NS 7 @l EE - A5 (Photoron SA-5 12 K D 1000 fps Tz L, SAE TR ONHUEEE vz % PIV (Particle Image
Velocimetry ZHWTEH L. v, DRKIEV. e 2B ERFBEDMEDRHE0EE (gd)/? TEIOHEL, ThEiREH)
EENDOIIIVF—INTG U ABRTHRIT) ST A—Z—S=(2 1 Af)?Igd[4] X CHEXRTCY AT LY A AL=(RH)/21dD
2003 ba—)WSTGA—=R—L DA —Y V7GR RDT-.

IR TR TR DFER, Vormas & ERCOEEITTEE IO T Ve (gd) /2 ~ SOATL 082 LRI NZ T DT,
S, LICZDEEENRAT S &, EIRIFEHE T —EDEMED R TVomes 0cg?97 EXBZT NV o, Th&b, M
ANEETEREE CILERDEE X gl IZIZ LB U T % E SIS R o T, —7, AEBR T L IZEXGCOMRE— L
AREBNZD. BOENTEAT—D) VIh5, LZBIoTHRa—ILY A X Hixd T &TLdV AR T OXmBERL
FREE % L, Ra—LY A ORI AT —)VA\DFEENDR 55 T L& mh oz, AFEETIIIMAERNRIC K Zh
T OBE) & FHFRIRS R 8Myr & OEESHEOFHIET ORFIC DN T L i d 5.

[1]H. Miyamoto et al., Science316, 1011 (2007)

[2]K. Nagaoet al., Science333 1128-1131 (2011)

[3]A. Garcimarin et al., Physical Review 65, 031303 (2002).
[4]P. Eshuiset al., Physics of Fluid4.9, 123301-1 (2007)
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Keywords: granular convection, scaling analysis, gravitational acceleration, regolith migration, Itokawa
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Experimental study on impact-induced seismic wave propagating in granular materials
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W UBIC & ERRADEE K ONEE Z RN ERNE AL LT, MR GRIEED OERRZRNE. #ird % i
BIREND 5, BT E THIEERIRENERICITDO NI DRBHBRE ADHTH M, SH%IFMDEARE 2R DR
NERTORELMAIENTVD, £O LT, RENTWIM THIERRIREZ1T 5 1IN LIRZ R RIS 28 & & Tl
R 2R E TR D REEFNETENEE L, TORBICBANLEENLERIRTH S, UL, FEEICALERZH
WBICIE, BZET IV F— LIS & > TR E N5 g OB « (ZBREOBIRZII S NICT 5 T EWNEETH 5,
C DBIRIGIRENC A E A HERT O RKE O, MEEIANAIE rI R R © O (FEER) OHEEICHWA T ENTE, é
HICRER, BB D EZRT 3V —2HEMT 5 C LT TORIKDEIET Z v 7 ADHEEIC L ISH T E % LI
N%, TI T, WREENT L—2—JElGERZITO, FE T 2 MR 72 g st TR L. bkl & % s &®Wt
(GRERE O HAYIMERAAEZ IR S 20 ic Uiz,

SRR @k%@ﬁmﬁﬁ)ﬂkia)ﬁﬁ”—ﬁxﬁﬁxﬁXfﬁ%ﬁﬁmfﬁo Tzo HEALIE. ERE 10mm & E 10mmaORY H—
RAr—FrfEE, BEE3MMDAT VL ABRE 7 IV FERZH Wz, ATV L RBRE T IV FBRIE, RUZFLVOYR
LC]\TL“C@]#E‘%?LO E29HE 1359 100m/sE Uz, FEMIZ 2002 72D H I A — AW, FNRER 300mm
BT 100MMOBITEES 80mmicins K5I AN, EINOREIC 3 DONEEH (B <10kH?) Z@iZemih 5
PREE RS Z CikiE Uiz, ET-BlEnzthEE,. 7—&2 o — (A/D 215135 100kH? TEHFEE U Tk LTz,

FESR T LA TS U T I S M DY R HC B 3 2 IR & 2l 72 -V T BRI Z2 (5% 3 2 g oo
(RIS 2 S UG R, 105£15misk 75> 7z, Fiz. 3FEHOMADRENEE G 0, & HISILEREX/R (X EZEMN 5
D, R:7 L—2—4%) OBIRILGrnaa=268(/R)™ 28 L E o, GRBHE L ERENEE OB S EHAFE LT T
HIUIHAFEFIK S THIEERIEFR UK S RIEEZ & > THET 2 T &b oz, iz, WENEE Z R DHIER Ok
FekRef 3 0.3ms& 2 b U Niimi et al. (2011) DHALE A E T IV B3R T AL B AR LM T—H L7z, McGarr
etal (1969)i%. HGILOE ARFOEBIED IfE & HALOFFDEE T3 )VF—E, DLtz BT 3 )VF—D0 SHiER T x
WF—ADTIXNVF—BHHR L ERE LT 0D, AT IV F—EHhREFE UI2AER, 1.6x107241.0x10°2 &
Tolze —Ji. LFY UL 2~8km TRMEINCiZS & H 7z McGarr DFERTlE, 6x107+4x10°% ThH-o7/z, TDT
EMND ., TR)VF—ZESHRICHILOEERFEND 5 T L HRB I Nz,

F—T— F: WZEREE, ik, el ERE, 7 L— X —JBR, st
Keywords: impact-induced seismic wave, granular materials, decay process, planetary exploration, crater formation, acceleratc
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PlOMEZRIC X % Impact jettingDi# 5+
Velocity measurements of impact jetting during oblique impacts

E T R vE 1 BRAINE 2 A2 KR 2 R st
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EARA LMD 2 WS L EOAETRIOICHZET % & Bl SEZSEHE X O L3 < YE A E N 5 Bi5d 1950
ERMSHIEN TV, T Impact jettinge FEIEN T 5, Impact jettinglc i (1) EiZ<HE K O & @i OYE 2 4 ik
T35 &, (2JettingTHIBENZVEITHEDOH TREBWVEEINAZZTST &, &V 2 DOEERKMNH %,
ZORHEERACBNTE Y RV a—)b, 77 %A b, EEERATS ADORE, BEREZETHAET S Jetic K5HETE
B, AOEFEZFIAT 28R L THEIENTETWS,

KIKMEZEIC K % Impact jettingZz #5195 72 DICIZERDMEZS 3 2 IR Tl C 2 HG 2 iR § 2 083 500, ERIEIR
AR ZZ N T2 7 — 2D IEFICIE SN TEHED . TICHREN TS LIEE A7, FHC JetO#ZICBI L Tk, JE
NRT—RZZ2ZEI3FMRESNTVEIDHTH S, JetidfEZid JetOEKZilid I 2HERET IV WS % L THEEX
TUH—THBTLIFESIETLREL,

HARETETER PR EEBMNI 2 —ICRRE X N B T A8 72 - O CERTEAIRTRERA O v i PR D 1l
2R {1 o 1z, 100 ns/frameDRE 7 fREE T Jet’EpGRfEZ i 2 . AR THID T JetifE 2 HZ5HE L NS 9 v 7 A
VE—RUADREE LTS T LTI Ui, Z ORFIEZGERE TR L7z JetidifE (Jetd EE L) (S EZEH D
LLBITHDT BT &, JetdEHIIEN DY 3 v VA VE—RE VU ANKEVIFZEREL BB T ENHSM RS T,

RICTDT—5 « & bW T JetHEROMEZ I ATz, 1FONTRERIE, (1) E2E8 S 72 E 2% mic EE R &K
RIS L. Anglc & D IRIBE NT-BISGRIT Jet T T IS T3 3 E HRHERE S FLHEHETE S C &, (2)Jetd
JEIE, EZSEE DK HALOZIEEE, A b OR FIROCE UEEOMTEERT N TEL T LMD
Tzo (2) DETIVIZE T2 preliminary Tdh 2 W T N K THEFHNREARIC & X > Tz Jetdl I A 3HE 52 %
EDTH B,

RAZICERI AN RIS IS OV T3 %0 A DETIVEEREERO RIAEZRFIC I T B HZSHEED 2. 55 0HE
B Jeth 4T % T LR d %, ZEINERRIGERED 3 |ICLHIT 2728, Kz ORE/ME LTI nETF
HE N > TROINEEZ T, WD TEIROEH TS ASDRET L EMEENS, COXS hmiETSA<H
FEFITL T < BRICIEOICER D EUV B Z IO TH A 5, BIZIERZA 2 DK S a{bkFELEZ S EATERKF T
LWMEERIGD G [ ER ENE LRI TE %, TNETHEA X 2 DOHMIERNL TOERIGD T3V F—FIEHRD THELv
TN F =DM FEHM LN RV EEZ SN TER, Impact jettinglE BRI ZERIIC RN TR H 2D, XA XV
HIRAHE (LA IS BRI 3 EEA T RIVF—HTh>zhd Lk,

F—T— N KIREZE, BOEZE, Gl ETA AT, |GG, v T T, B4R Y
Keywords: Hypervelocity impacts, Oblique impacts, High-speed video camera, Ultrafast imaging observation, Impact jetting,
Titan
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FEAEEZE FCOY X WO ZEN © AVERD O A DIGH _
The stability of amino acids in early ocean by meteorite impacts: Implication for chemical
evolution of biomolecules

FEE &S b ; BEAR F<F L )10 S 2 B X 2 /) veE AfE B
UMEDA, Yuhei'* : SEKINE, Toshimori ; FURUKAWA, Yoshihirc® ; KAKEGAWA, Takesh? ; KOBAYASHI, Takamich?

VIRBRAHEFER, 2 BACRAHEAER, 3 YE - MRk RS
!Graduate School of Science, Hiroshima Universitgraduate School of Science, Tohoku Universttyational Institute for
Materials Science

Bk Eod ORI 2 S LT EMOEAEBKYE TH 57 X /ORI, EMk., (LEEREICDONTE
W BT LE AN EORIE, &SI EmORFICERT 2 BELHRETH 5, FIHHIERIC BT 2 EWERKD T
DERRALZEEICIZEREBOT XN F—PRETH > - LRI NTED ., ZOBMICIZEAOEZE, %E., 45
R, R E 5B % (Furukawa et al., 2009; Miller, 1953; Groth and Weyssenhoff., 1960; Barnun et al.,.1970)

FATHIEIC K D #2350 &9 BB FEIBHHCEZET 5 2 LI X D5 ER T SN2 ARISDPIEAER FIC 7T
(7R TEREE (7 VBT IMFAET BIRED) 2R L. TOMRE UTHRREN S MG T I/ (FU V) »
72UV, VRV R IR ARE S TR L S % T EAVRE ENT V% (Nakazawa et al., 2005; Furukawa et al.,
2009) LM L. BUKTIEZ T DX IITHER UTZERED FOERA N Z XA LRZDLEHICOWVT AL ENZ L, THIC
AR TA\OH I BEEERIC BT 2 3R YT TRV, Z T TAMZE T, %IPERESRI (38-41E4ERT)
KBV TOEBEETHLUWBEODOWEEZRICE 57 2 /O ERISZFHT X, 7 /B (75=2) KIBwIC
I U CHEER IR 21T 5 Tz, FERIBAMEZER LAY C U BRUNT XA S ORER RIS R L 72
7 X BIKER 2 IRIA TR T DR & UTHIH Lic, HIFEEARID T T = I3 HERIC K 2 1) & G972 IXHI 4
7zl BCTINNEINLEDEHNTVS, TNSEZBRMOGMEARSRICE AL, BROHRICITELKDENEE
T BN THEBZIT oIz, Tz, FFAOILERESR, B3R T /T« — W FERE Y O & ORI R E T B OV TR
Bl FATIRIC K D ERDER SN T VBT X VB U RGNS Z 72250, FEA AN D
WTHY BV EANIZA R 2T B HERZIT> Tz, EE%, il U7oKigz it AC T, wikrax 757
HEOHEE (LCIMS) ZER L, WEEO7 2 /i (FVY Y, 7520, NV Y, T2V 7 5=) LUEEOT 2
Y RFIWT IV, TFIIVT IV, TREVT IV, TFIVT V) IKOWTERINZITo T2, BN LU 7z RS D
W, X FREFT IS K Dz AET 2 L L ic, BUPENGIRICK D, ERICBUI2BET A7+ —Z2HEE
L7zo LCIMS 73T DFER, HFEARID T 5 = /F 2 TORUGHRIDN SR E N, @il - &E B0 TE—iBid 7L
BT Mo, e, BEENINELZRZICONT, 772 VORGRIFELIGZ LWV HAMN A OGN, Kk,
FERC K ZH BB E LT BChEEZZEOT I VMBI NG, A ) CUVmRERAYEE LTHY., 7
VEZT ERVEUELRNICIA RN S, HEAROT 520 X0 EREBPD D2V T FIVT IV OERD
INTze BINGREID XRD 3Hi OFEHRIE, N XA b (Hm) BLUHFEGRNTIZEN 7322 A4 (Mg) OE—2 %R
L. BEEDED HM-Mgt /Ny 7 7 =i TH o 12T E LMo T TDX I BEEDEDREVERETIE T I =
DRFRMEDHER, 77 2 2 DAERD LN TR B FNH > Tz,

AWIFHERD S . GIAEBREIAOBAEFERICB N T, 72/ BRIEIRLIFEHARETH D L LI, BADO/EZEL
FIVF—ET 2 BBOLEEIC BB R GH 2 Rizd VWS T e oz, i, ZOEERIZRBEAEZHIC X O A
T BHIE - LT TERL, JFABICAFAET 2{EAEOBET A T 4 — LB RT3 L0 FHRHLE N E 5 T,
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CH,/CO, RK5(H TDREENRIC K B A7 1V )VER _
Organic aerosol experiments for &0, atmospheres using a hydrogen/helium UV
lamp

L e s BIAR FRA Y AZH K]
HONG, Pend* ; SEKINE, Yasuhitd ; SUGITA, Seiji*

L RRUR S M A I
LComplexity Sci. & Eng., Univ. of Tokyo

BT O )G A X NCESRITTNEEKE KK TSI K > TEREINE D, Z D4 RFRER I IR IC
HEOHFITN TRV, BREEDAT S LEIOFEHEHIERIC BT, FEYITY 0 V)VENKIREDR (Paviov et
al., 2001)% 7z (Z MR Z5h 58 (Wolf and Toon, 2010)C & - THIRIREIC K E KBRS X Tz T EMMERIE N Tw»
B, 7V IVERBEROREEDZS, CTNETHRBEONTELZZ T BV IVOERRDEHANER TR E LR
EMEDWNIEL TV 2DMNBIRTH - 7z (Trainer et al., 2006) Z Z THAL X, YT 0 V)L DR ZHIKT % 7z
., BHNFERETT. CHL/CO, KGN TORESNER (FUV) IC K BT 7 1V IVAERERD (L)FUV 7 5w 7 A7, B&
U (2) CHy/COy A AHUEAF 23Tz I E 110nm& O B EICBIT 2B ENLE LT, ST IVT 78D
FMEN LT 2 T EDHEN TS, IKE - NV T LESH A Z WM EEZ V. FUV 7F v 7 X N,O
HABEC CO, HAZANET 7 F 7 A M) =B K> TRl Uiz, F 2 RKIDARRN DI FICHERE T 2 5 TR D [
[EDEFIZELZ T Y XA M) = k> CEHllT 5 2 & T, 7 V)VERRRE, ZTOFE. 7YV )VAERR
W FUV 75w 7 i UT 1 REEMICEENT 32 2 bbb olz, 2D EE. ZA X VRGP THIENTVWS T
YV VAERCR | JRAAHIBRSS RN 7n & DD eI AR B RKUCHME L 726, ERCRIEC s ohs e
BT %, £l 70V )VERKERD CH/CO, 7 AMKAEMEZ FARTAE R, CHL/CO, LAY 1 72 Al % & A RCRIZ 2UsIC
KFRTBeNbholz, TOEBEREMINT 5720, AW ET SIS 1Ry 7 ZHEEETIVEMEL, EERSIFIC
B B RISFEE 2 7R UTzo THUEEETIVIZ 791G, 13470 FF (Cs W FET) 23T, ETIVDOZYMIE. HDOH
D EI AR A A (CHy, CoHa, CoHy, CoHg, CO, CQ) DIREDFIERER &, BEottic k> TrlllchizZznso
HADWREZ T 5 T & TR LTz mRDRALKEDFERERN S| FERTIF 5 N7z CHY/COy HALICX T 217
Y IWVERCRDIKIFIE L XV BV NS 2 EAKIGDMIGROMHBENRENC L b otc, TOT ERERNYEYHRLT
IYVI)VOEREFEL TWE T 2R L TW5, — /5T, BEDEZEETIVTI T OV IVERKINCHE ST % &K
EENTWVIZ CHy M EDRY YOBEAKIGE. T7aVIWVERREH T OHBENPRBL AV &b oTz, ZTDOhb
DR VENVE U EERT S ETONERAE LTEETH S T ENbh o7z, LLEOFE &SN RICHTT 15 5H
EEHOET, AR TOIT Y )VEREZECIC, FIRHERTOT 7 oV )VAERRE AEE % &, BEOZEC K
DHEED X0 2HFE/NEL BT ENbh oz, TOMEZ, ITHIZETII T 7 0 VIV ORI EEE 5 Lk
FEEDTOERBEEE L TS, EBEMUC I AT 70 VIVERBZBEATML TV EARERTH S, T
NEDFERN S, FIAHIERIC BV TIHEEIMR TERENZ 7 0V I)IVEROEHAINCH# < . IRERE S MsNREw
RE@Ehi T EPHERIE NS, —75 THEBHIERICIBO TG A Z >« bR « K« T& Vs & DDA RIS A
WK BIREBNRAADEBL TN THA D TEDREEND, AFHETIIEISIC, XA 2V REAT TEWERREF
DERBELNTVS, BZIINVF—RTOAGIC K> THEIEINE = MU IVKISIC K BT a YV )V AERO AT HE
POV TR T %o

F—T— R AT T V)b, e, BNER, BT
Keywords: organic aerosol, photochemistry, laboratory experiment, reducing atmosphere
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JE 28 AT AR TIE S 4 BLROK T DRSS, _ _
Proto-atmosphere on giant icy satellites forming within gaseous circum-planetary disks

Skt aAEr
MIKAMI, Takashi'* ; KURAMOTO, Kiyoshi'

VAGHEE R E B AR PR
!Department of Cosmosciences, Graduate School of Science, Hokkaido University

FEXOKEEHN= AT, HURAL, ZA XY A X FIREMUBICEED ST, REEREDEFICHES. FHCX
AR VEKGROBE L L THE—BENVKAZRSE, ZOMRERDGTIEHERD 1.56%cd £5. ZOERITHS Ny 13,
EOREER S Y > —=DF =25, NHz DX D ZEE S FREICHRT ZREEEDN SV EAVRE E Nz, Ly
L, N DD EDX SRS NIzOMIKRERAORETH O, UL, EREIHOEAOKE S OYFLIRAEIC DWW TAHH
TENZ N LICERT S.

RIEAE TSNS HEEIEBEERC X % &, EROKEEZIZ U LT 2 HAERIMUE - EERAREMBRICBNT
e E W Z2 0 THREKE T 5. 20K 3 RIS T, SO EOKERITIERICNTRKEICH -T2 L
ITEEENH DD, T TRFEHAKDEENENMEHEI N TS, L UKIEO MBS N CldEOKERIEIKED
P AZRHE L, ZFH UKD L & BIEVEIR KRG EIERT % i ReENH 5.

Z T CARIIFETIE, TOX S HREGTRKORME & RIS OWTEIEE T )V 2R LU THET LTz, JRIERAIS#EE
VPRI B O THEV E SR E IS ER AR T 5. K&K & LTI A7 Tdh % Hy, He E M RWIEH DK
ICEENS HO & NH Z 58 L, 2 OMREIRE ORIE & U THEG R PGS 2 kD, KR LSO 7 5w 7
AZBH LTz, £z, ZNENOHERRGHEOM#SEITE Canup and Ward (2002 & &1, A=A 7#3E Tl 150
K, 1V XA MIGETIE 120K, A R VHETIE 50K & L TEHERfTH 2.

EOMBEMICBVTE, HERmIRED 273 KLLEDHEITIE, HyO DFEIC L D KGHAEHAMTEL &b, K&k
B S OB 7 v 7 ZIF KK L O BYATET & 0 BEE I/ NE W, —7, HREREDN K VEWEGES, H=XF A
U A SO R TREVIU 7 5 v 7 ZAZBAARSNCHRES . U RIRE D HIRINE W T2 DI KA D A —)IbNA
K EL, BETHERNTTHENRLR EREZDNETHD. —T, ZAXYOZMET TR, FRUHEmBZICHL, 2k
NSRBI 7 5w 7 RO inZ 3 LS BV 7 5 7 AN E R BB 5. %BEORIE, FRIRED
Wbl B HIICHR & NI AN EVRGDER E NS C 2T n LT 5.

TThb, BARZRVTIE, BRI IIVF—ORRDE 7 LizDb e, HNER (~200 K) DFEERKDMEREE NS &
EZbND. WEWORKHI S, HZATH1) A NOFEBAKIEFIEAT ADOBGRIGEREL TRDbNZDICH L, ZA
ZDFNIRIFT B LEZENS. TOHE, KR LEFH LUz NHy BEnE TR I NS LHfFE NS, BIfED
RARZVRKED Ny 13T D NHy WL ST O A%FES C e TERE N zohd Ly

F—TU— R BEROKHEER, R JE e g
Keywords: Giant icy satellite, Atmosphere, Circum-planetary disk
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JFEARI R B B TR T 5 NEDRKIE K & 2L o
Atmospheric formation and thermal evolution of a proto-Mars growing in the solar nebula

G NI RNt
SAITO, Hiroaki'* ; KURAMOTO, Kiyoshi!

VBB E R AR A e T B A

LCosmo Sci., Hokkaido Univ

KEBFELRRIC K DIER L FREEOME—DEEZIRD EEZ SNTW . ZROBERENEIRNENEIET 5T &
T, HEEIFIC K BRlfED G | SR TN, a7 BB ENS. THUSNBHERBRA DD 5 DR LRI TH 5.
NEDOHZRII T, WREDD HO FORFRMMR D OBA AL G ZR T L, KAIEHRICE L7 EE A BNS. FLRE
BIEU KRR EEA AN THEIT S 5728, BEREPOEMEIRIZEET AB KT, B AR ORITH 575 % IR
IR U COIAREMEDN . SO K S A T RRIRIEIRAUS 2R i D FAINGE 0 282 i - AR C D FRFETERL
IO ELIC B2 R LTcnREMED D %

Z T, R TIE, BEHA, WA AT D 2@ 572N 7V v RREIE KRS ZRE Ul 1 0TS R £
R LTz, 2T T, BEIZEEN AR HKD Hy-He K&UE, — 77 NEIEMEENA A HRD HO ICE ATE KA
JE@RAET . iz, EWHHEICIE, Hy, He BT Ho0 I K BRI IR 5. H R Pk S 1, S L F—7
T g A LT ZEWPEE B X O, BT AR KAEOESE LTESNS. Hy, Heh SR B A A K& DTV
B BIB-)TA D EENREEICH B 15 & Uiz, Fiz, NEDOERIERIZ, RERHKHAE & CHERZANICFIED
E0 10°- 107 AR L B,

Hy-He DA TR & N5 KK D&, R EIRE L 700 KL FICK S T Lidixw. —J7, A AR OKRKEDNNEE
BOD 1% X H 2N R EREXSEGOMSOELZ THS 1500 KEBZ 5. & ULMEREN H0 ZiZ Lo & T 5%
WA ZTRICEE LTV ET 3, EBRTOMRICE, FIHARKOENIRICE > T, KELRZE I /<A —T v
VIR UIAREMED D 5. TD XS BRI T4 — v Vid, T DR T 0B BRI TAMR U T R
DWNERELE L S BTz REMEN B 5.
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Line-by-line U ELIC & B 7KFER AR D HGTRIE |
Line-by-line calculations of radiation properties for exoplanets with steam atmosphere

KOGFHE 1ZLB e Cx—U 2, aARE3, @5 E L Sl A U 8 3 ; bk !
ONISHI, Masanori* ; HASHIMOTO, Georgé ; KURAMOTO, Kiyosh® ; TAKAHASHI, Yoshiyuki O.! ; TAKAHASHI,
Yasut@ ; ISHIWATARI, Masak? ; HAYASHI, Yoshi-yuki'

PRI REAR A A 7 RHIER R R AR, 2 WL LIRS E R AR SARIAESERY, @ AUHBE AR AR B AR A I
I Department of Earth and Planetary Sciences, Kobe Univet8igpartment of Earth Sciecnes, Okayama Univerdidgpartment
of Cosmosciences, Graduate School of Science, Hokkaido University

KRG Z K BURKATIE, EREIEE & BERICKKA LED S OMET T T 7 AN —E x> T LE S SR
O EMHISNTED (Simpson 1927, Nakajima et al., 199282 KK DHEL L FEWBID b 2> T3, Hamano et
al., 2013 TIEHLED S D DFHHRIE K D EREWVEE E/NEWE T, HBRRE OE(CTREN R 5 T & VR
HENT, —7. L CTERNREDOEERGENOMEHME TN TIH D, HERRERE DR AT FIVOBHIE BRE
TNTVD, KRG EZ S GUHBRRBE ORE ARY V2S5  ENTENZE. FDARYT MU BEED KA
FKEEEE, OB ZHE TE BN D %, ZTDIDHICIE, KRG KK EFOKEDORI AR MV ED
KB EDILEZDNEHIES R 2 L— a3 VICKDEETIZREND S, AT MIVZIELLERT 7B
line-by-lineFHEMNEHTH D . /KKK KK Z line-by-line & TRIFE L7225t & L T Goldblatt et al., 2013’%H 5, L»L
C OWIZRIEHER DO/K DO EEHIEROUFEE & (270bary ) 52 TR L TH D, B shEKkEEFOBMEOFEHIZ RV,
T T TAWIZE TR, KKK ZRIDZ R RN KB OGN R 25T I 2 720ic, MFKkE L MERREZ/ 3T X2 L
U COKZER KRG R R DERED S DU 7% line-by-lineit TEHHE L 7z,

H,O O mifElE HITEMP2010(Rothman et al., 201@) MT_CKD EF: W% IE 7 )L (Mlawer et al., 2012z 7z,
KEUIIKFERG D H DM OIRE N2 5 2 . iR miRE 1 250~2000[K]. HZ&EHD H,O &id 0.01~5 HiEkiEFE =
FTEIEE 20 HyO OWINWIHFREDF I EZNHRINICITS Tzdic, REETET L ORINETHEEZH SHh CHEIFE L,
Z DT —7 )% % LI cubic splinefififfl 2 L CAERRINIT IR 2517 U e, EHMmEER TR 2 ATtz . 8Oy
fi#REIX 0.01[cnT 1] T line-by-lineiklc X W #tEZETT- 7=,

AP TR S N HIFRFLE 282[Win?] Tdh o7z, HHTERA DX Goldblatt et al., 201& K< —FH L TV 5 H, 1
Wt RE 52156, B0 H EAD I Goldblatt et al., 2013k D & EHR TS ENS L WS FERES T2, HiFka
WHin 752 251F 8. ROHEREIRE THRENIZE EAYD | 0.01BFEEDLAICIE, 1000[K] UL R CTHREDE AT %, C
DRE10 p m, 4 p mIBEDKRKOETFEHDN 52 < DIFMNH TS, £72 1500[K] L ETiEd, RaWETHEL RSk
B, 0.01#HFEREZ L OREDLETEMER D S OMRIVIEHIEREHI CE AW LS LR T,

T — R KGR, IRSHER, SRR

Keywords: steam atmosphere, radiative property, radiation limit
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BRI e B DR IK O & FRaE TR aS PR o _
Dependence of the runaway threshold on water distributions on the surface of Earth-like
planets

HrH O s BB L KA BEK 2 PR T 2
NITTA, Akira'* ; ABE, Yutakd ; O’'ISHI, Ryout& ; ABE-OUCHI, Ayakd

L HOUR R EBE B AR IS RHER R R A, 2 B AR KU R 28T
!Department of Earth and Planetary Science, Graduate School of Science, University of “Rakgosphere and Ocean Re-
search Institute, University of Tokyo

WIEDKIIREBELGIRICKRE S HER G2 2WHETH BT LITMA T, EmOEFnRENE 2 iEiRd % LT HEAYY
T % [e.g. Kasting et al., 1993] T DWADIKNHERICTAAET 282, THDBKEBIIKEL 3DDXA TS
N, [1] M2 (RN T TEDNZ, KEDTHEZWVEE), [2] HMRE (L ENMFEIET 200, IFEeT 1
DICEHN > TV BBUEDOHIERD X 5 amE), [3] B2 (KD EILmMIc RE(E L TV 5, KEDDEVERE), EEE
N T3 [Abe et al., 2013, Hawaii, Kona] £D % A FICHENZ0IIKDOE, HIFEIC X > TIRE 2HiZKimE L . KK
TEBRIC & BIKIRGWEDINT VA K> TIREE NS,

COMEDKIZ, HAMMEE A BTOEMNERENZITE - TR, FETEELRETEIHAENTVS, Th
WEROVIBZERIREARTH ZKDEDT ¢ — RNy ZWEKT, TOX S RIRER BERSIREL MO, BEREISET
HEMHIC OV TIRBIEICE S £ THE Emhta SN TV 5 [e.g. Abe and Matsui, 1988; Nakajima et al., 1992; Leconte et
al., 2013], 7z72 L. BEE LR L OEWR L, MIZIKIMITHKLT LIBEOFGRIC DOV TIEH D Z KW,

Abe et al. [2011]CiE. 3ZUCETNE AV THID THERENHHE I N, BERSREBICHMZEENEIE SN, 20D
FEER, HOBRY A XOE T, KEDHI AT T 1300628 O D E N %323 i 5 & FERBEICH 2 DITH L.
FREIKO B < H20 U 7 FER I 17090 T8 O UR % 22 > T H IR OK S FildiER S Nz, HU, T T TIREENA
PEERFIRBBIC DOV T DFGRICH T > TED . IKGMDEHMIEL ZDOHEIC DOV TR E R ENTHER,

Takao [2013]Cld. Fidt 1 ZTTDITHIVF—NS VAT TV EHE 1 XKoo i F e 7V A ahE, ik
DREEN G & BEIRFBEADOERIC OV TEHEM bz, T K> T, FEHHOKDRBELOFEE THERSMR
BWFRZBTENHLNMCE STz, LA L, TORILLIOTETIVTIE. BEHRIOKDIAIC DN T DML TERRN,
Fio. JIPEIE KGRI X 25BN BRI N TOENE WS BEND - 7z,

ZTTEHAE, 3TULETIVIC K b HIBRRIE R OMZOK i R R EIRRIC 5 2 2 82 R 3 2 L ZH
L. 3XLETIVE LT GCM Z AWz ETIVIEBRZITo T2,

“IIH /¢ 13 CCSRINIES AGCM 5.4g [Numaguchi, 1998/l . KT AGUREZRIFI L7z, T GCM T/
RREAREICIN A, FEHEE, ZERGEE R ENGHEINTE D, HiBRO KGR, &% X < R L TV % [Numaguchi,
1999}, fHL. T GCM TII/KDEHIFEIC K 2 HIRKHiEZEHHE T 2 T LB HIRAR WV, 7 T THRAEFHE K25
REMELTHAB T ETHARZA TOKEEZRE L, KBS 2RI EFT0E, BEREIREICKHS 3%
DIKDHERF T E % LIR%ZRD T,

TR STINS KM 72 5. % THRERZIT- 2455, Takao[2013) kI, RITFILOFREIC & > CTRERERFUET S
DR OMEZE(LT % T EWh o e K53 RTEE UK Tld 180% DR AKBFUR T & M Dk D HERF X %
—J7. IKDAPMEREE E TIEM S & /N R L—EERIC X /KRS DRIRIC K D 13092 E DR T & BEIREICZEA
UTzo Fio. BESANSKDIGE G 2 ThEHR, 2B UToKREDEE LS TE. KO 2 55 B I3 AR e
THRA 10%EEOENHEERERRICHNS T EAnh > T,

F—U— R FERERR, GCM, BRI
Keywords: runaway greenhouse, GCM, Earth-like planet
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AR R B BERIMBIC K 5 7y RY—>
Dead zones by electric heating in protoplanetary disks

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

VTR
Tokyo Institute of Technology

BE, IR SR R OTE TR OO f B e U, ARl ANZE T (MRI) ISEEA S 2 W AUELIRIC & TR O S~
KENZLEZLNTWVS. —/ T, FIRERER MR EHENMIN 72D, MKELRZ T 21 EERMRNONT, ik
LRBMEANC 28 IR (7 RY'— ) BMEET % (Sano et al., 20005 A B AP B BELIFKIE, 7 I 7a v o
ADAA NS FORA— MUY A ZOWBE X T, ZOREISHEZ KIET. ZD7, VWD, ETIC, EDREDELIRDTF
£ 502 5 LIFRERNZEZ 5 L TR TRESEW.

AW CIBEFOBSMBIC X 2 BEHEOZ(LICHEHT 3. TN E THRIARERM B TORSELRICIET 20120, F
ICETOIREEPEA ADREICHFELNE LTWS. L L, BELROREIC X 5 EHO_LRIZIEFICROEL 2K
L, BRI X BT ONEANMER T E W AlREMAY S % (Inutsuka & Sano, 2005)E 1R 7/5E 13X A Mol S N9
B, KAHDOE T OHELIIMADT 5. ChSDRERE UT, b5 EHEEOHIPA T, BHO _LRICHEWERENRAT %
(Okuzumi & Inutsuka, in prep)E#EEE DMEIEELIROIR S IS B2 RIFT. Z D/ DFIERERMRIC BT 2 EFOESLM
RO HEEN 2 WE 9 2 0505 5.

AR T FARESE R TE T OBIINEIC X 2 BEE O DL C 2 H7Z2 kD72 (R DT v R — 2 OIMIIT
&, WAL & HICHEE D FIET 2 & LT BRI 2Oz R Lc. Z O, FA YA X 0.1 p m, Hithids
DIRE 0.05G, X A b A AE &Lt 0.01 D/ VE R T, 70AU F TEIGINENC X > TEEFEN DS 258D AN % T
EERASMMC Uz, FfEHERMBEDICE > T, TOBEKTIEMEREZONTVEL S KM LWERIFREEZNT en
I N

F—U— P FIREE R, B, XA b, WAUELTE, S
Keywords: protoplanetary disk, ionization degree, dust grains, MHD turbulence, electric heating
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Bk X A N7 7 ) 7 A T O ZENEE
Collisional disruption of sintered dust aggregates

WA fE— 1 B AR
SIRONO, Sin-itt* ; UENO, Haruta

L R RGBS TSR

!Graduate School of Environmental Sciences, Nagoya University

JFURERE R LTINS, HAEZX AN OEZMHBORTHRERDER I NG, ZTOHE—EMIE X A ki 10
NERETHS. (MEREICKD, ZAMIKTDNEELIEZXANT U7 A DR ENS. COXANT TV A
N ESICHEREZFOIRTLICKOREL T EEZLSNTWVS. FBOA R L EHNIEET 2K 5ICED XA
N7 VT A MEHRDESIANCHE Rt 5. TOEFEHLEICTE FLTLE S EXEERICOENS BV, E T
BZREANT VA ML, MEREERERT 2 AW X LNE EEINT WS (Kretke & Lin 2007, Lyla et al.2009,
Sandor et al.201%). %7z, & F&P TR S HESERMDHEITT 5 T LIC K D EEARRE THREREKRT S
F&1FET % (Okuzumi et al.2012) TNSDIHETIENTUC LA X AT 7V 7 A S OEEN A & BT 2 2 &
HifEE ENTWAE. ZANT VT A M HAOEBMNDEET 2L E0D, AT 7V A FOHLETTAINDTE T
JEIX Im/sEEETH S, LIeh>T, TOREDOE NEEICESZRKESETEARNTTVFA VIRET Z0ENH 5.
CZETOREWEARETHAH> M ?

RN IE, 701 2D S0, XA RT 5V 7 A N OEILREEER misD4—X—T%H% (Blum 2010) H,O
K2 FWTZFERCBNTE, [FIFEEOEZEHIEEE NS SN TV (Shimaki & Arakawa 2012) 7272 L, ENEER T
HiERE ) D728, FIARERMBTIEMENS K 5 RAEFROIFEICHNT TV T A M 2HWE  LIdN#THS. Z
AWML TIEEZERE LA N7 TV T A FOEZEO el R 2 L— 3 V21> 7. HODFERTHHIKA A
FT7TVUTA S OFRSICER Uz, RAAEE SRR O LWEIF THERSDHET T 5 ATREMEDMERI E T % (Sirono 2013)
BERSDEITT 5 &, XA MR FRIOKGEDEL, NEWMEENKRE LT 5. XX Mk ROk & 221k
IE BT L THREDOMBRZE D ANz, HizIicER LIz X A MR O OV T, kWL TWSET IV
(Dominik & Tielens 1997yz v 7z.

BERED T HEIT U727 7D 7 A R Cld, G#HEE (10em/sCHBWTE AR A M7 ¢ v ZENBIESR SNz, Th
&, XA RMERL 7O 0 HEENIC K > TRADERAICHEE NS 2D THB. — T, FENZTNZEETLTWERNT
TJVTA RTIRTOE S BBIIIBERINT, FELTOERWES ERETEVIEN 2. U EHICK >
THHEENIAEENT SICEHEMIC K > THR L TOERWIERICELT 270 TH 5. £z, TNHDOMERIIRET S
HoO ORHERREIAKF L TH D, mEOHEME & HICHHEERE I FAR Uz, AHZEORREN S, FUGEERMBRICBT
BIKZART TVTA S O#ELIZZFDERIGIIC K > TEZRTH S T e THEINS.

F—T—=R: ZALTTVTA b, R R R, 7SI, Bk
Keywords: dust aggregate, protoplanetary nebula, collisional disruption, sintering
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ERE DR E E & FIRaRE R DOELIT & DBAFRIC DN T
Planetesimal size and protoplanetary disk turbulence

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

LR RERARGHEEMI R, 2 JUE R AEIRRATIET, ® R LR
INagoya University?Institute of Low Temperature Science, Hokkaido Universifigkyo Institute of Technology

IR RO T, IkmE D &9 > EREBRIKIEN T +—H 2 2 TN T, BEREZRET UERRE®
HAZBDOHIMGZTUIT B0 BEREZET T &, RORFOERBFEREDHT >7eT A XD RIETD, REX
KR (FEHERE) W FBRSEBIC 1 DB E NG, TOX I BKENIEE O FIAREDZ DERDREOME & 755 K
BIRELEEZONTVD, —J7C BUAME THEX > TTELRELRAKEMRE LTINTED, TD2DN
T LE =T BYTIRAE, ITEDOMR T, MERENERERTIERENS Z EARBRENTED., o5, ik
ICHET 37 OMREDERII K DERICR S, TDDH, BERENKREZ VA X 2WMBE LITESONZYTH A
S0 FBE NEEWH TEIREDY A XD B FEREDMRE > 7eY A XD D, TDOKRE I 100kmIEETH 5,
FOEREMRE. MERED T X LN Z OXMmBHEE X D /N E <720 B K 2 MW 2EMimsis KR & ik
DERITIRE 5. HAMBOEIRIE, COMEBET VX LEEZBREE, BEKEMBRZIES S SN SHED
HBo DED, FLROBEICE D, WREDY A XNRED | JEMEINEBEDORZT LTI bkOENS, M E
2y Ial—vaVICKOEREL. KIBROBEDIZH . NEEHORIKDY A X072 1R % Te IR FLIRD
RE DBEIEITIAID RIS DV Tt 9 %o

F—U— P R, R RIR, DR, U X0, SEP K
Keywords: Planetesimal, Protoplanetary disk, Asteroids, The size distribution of bodies, Planet formation
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2 A7 1 WHEREIS %37 h 5 DN A
The formation of gas planets from cores in type | migration

TS EZ T P68 B0 !
MAESHIMA, Naohiko'* ; WATANABE, Sei-ichiro'

U R REER AR AR BRER A 22

! Division of Earth and Planetary Sciences, Graduate School of Science, Nagoya University

BINCE D, HAZF LS TVB EEZONIEREENZHFAEIN TS, TOX S I ARE DO FRaE R
TORRDT=DITIE, PR AT A TERICHOR S 2 AT EARE (T AKED 37 HICHY) FEHER I 7 EHEM oy T
EI2080H%. 12720, a7 IEMBAH A EOMBMERICK D, MVI &2 TEHR AT 2 (24 7 | #EfEH)).
PERDWIFETIE, AT EM i (TS BEHCED MV ZIC K D BRI THLEICE R % & EN TV ez (Ward 1997, Tanaka
etal. 2002).L» LESEDFFEIC KUK, H RIS DWTCIEFREREZE T 5 L HElE L7 EEENn 5 ML 27ick b, a
7 Hh A ZICENT B RE A RIS B E B (Baruteau & Masset 2008,Paardekooper & Papaloizou 26883 LT ~
WM 0% EEERE B TE, & La 7 N2 OHANCH S 2 S NI HER BRSSP (LR EREICK S5
7ot TS R g H AZ T % 2 MAEMA R E 5. 7272 LIED ML 2 R B AR (M) i <My <My mas)
DT LML (Kretck & Lin 2012). T DM =M, i L 75% F TIHIN NS &, ZORICED ML Y1
EOoTRESHUANBHILTLES EWVWS T EERTD S5, AR TR EIIKEL TEDX S I a7 ik
g - HREMEZITO O, HARBEE KO Tz DI BN ORE LR T

FIAR D 7 A FE AR 1 RS PEHLEY « photoevaporatiott & > THE(E U, IREEIZRGEINZR « hOEBSITE5 X %. ZD &S
75 P TR INEAE RERE DSREPE NI B DR NGBS 9 2 M TP RN T X 5. AL T Z D PP TD AT A
EEERATREEIC DWW THNS . B a7 IZHEDOENBEICH 2MEEZERB UGN SRE L, M oy I LTz SO
7’3%%?@%@“%

FER, MRYIEERICE LT, HARBIERGEIFIILL RO X S ICiRE S T WV o Tz, LW I (ELFATED o
1\7)< 2 =0.005)Tld, FIFEENRE VERE (P AEERER ~ 100" M oyr—1) T, LA E a7 HEOMENE
IS IR (AP AL >0.03) T a7 lEDHE UL, MO HRIEL (~ 10AU) TR S Nz a7 I3 ERH T
THERRICHID A BN, £ T TM i WGELUTHER, AAKEMERE NS, ZHITH U, ELDIENOFIHE T (o = 0.001)H
g, Pﬂﬁé%f)‘d\é {Tx o TERBE (A A REER ~ 10 3M oyr—!) TATKEMGE > TE H ARE BRI N
%. TOWE, EUAIF AT BRI 5.

F—U—F: 247 1 HuERH)
Keywords: type | migration
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U R EERRIC K B HRak 2 O HERDIF ST |
Protoplanet Spin by Planetesimal Accretion

SR K 1 5 /IR BE—ER 2
SHIBATA, Takasht* ; KOKUBO, Eiichiro?

VBRI R ARG AR TR R SCARI, * ENRCE

LUniversity of Tokyo,2National Astronomical Observatory of Japan

ERIPIC B THERE O L EZ#E TP E N3 IR O BRI DWW THNTz, BUEDIEHEN L2 RIP
VA TR RERBFHEERMR E KENZHRE XA SRR E NS BEMBR»SIERENS, £ITXAR
WER LU THF A= MVEEDOHREDEREND, MERRRNEZ LA SEESEHZRED IR LUKEL TV, K
REAIEEREN, AL RELMRBIIEHRET 5. FUARE FEREMRE) OEEDNEMEZEA 2 L.
FEMNKEFHEL, KEET— FEEHNKE LTS, T TEERREIPIERTEIC K > T—EDOWLERMREZ IR B 7%
Mo, BRFMICHEL TV, AT, COFKRREDIEHERICEWV THEREERMIC K> TE 5 EN% HinfA
HERZ 2R I 2L —2 3 VICK > TNz, 2T I 2 Lb—2 3 Y TRMEREROPUEEL. SBEEL. AixEk
X EESIRNS T ENTE D, FEEOHEIE. TORRRIMGTET 272, FIHEE OFEREZIC K % sk
HREWRZEZD LTHEETH S, Tio, FHEEOHEAET R, EREZIC & > TERRE 112 BRI ERER I HE K
ENB D, HERHUREDOHIRICOL T S, EHIC, BHEOKRERFMHBEDE TR THB LEZASNTVETD,
JFARRE D Hlin 2 i\ % T L I3 KE D HEZDRFEZTINS C LICDEMN %, stHEORE, JRIGREDOHisAHEE, H
BOMENE &I/ S HBHEANA SN, Rz O MU 73 B 5 A H R Rl ZE ORRS A EEE D 1/101% £ /)y
EWMEE > Too BRAVNEWHEENFIRREIC T VX LIS AN ZHEZREERT 5 & MERED L 72 59 f5HH)
B3, (ZIFHR L CEROAEBRDIFFINE <RD | FRREOREAENRIEH T LA LEY, LML, M
BEOEMTHREHMNT 2720, TNV HEAEZZEDT S, Lo THEMRZVWEDIF EBRMAELZIR/NE
5% JRARERE O HEsilER A 3 E TS L, REEDOX S BMEILOEZL DL DN b, Th
BHEREMBOEADHRBEDOYT A XX DB EMICKEL, & HICHEE DML /THNK E W2 DICHEZENE NS
CBC L&D, FIGREDOHIROMZEAEL, MEREIINERICNT 2N IR O B inA # g
& EHAEEORINE L EICKELRD ., woe pl/2 OBIRMMES NIz, T, MEEYIHE DK S WVIE E Binf g
DHBRAEDNH BB T END oIz, UL, HEEERA O MNETH S T LIZZED SR, FRIOFRIZ,
aRFcReahzZiE L. MBARCXSEHZERL TOERVD T, BE5NTHEAEERFRREER TR D
N%HEAEED LRTHZ EEXE5NS,
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TEY Y THHO/NMEEANDY > TR OE TR _ :
Gravitational accretion of particles onto moonlets embedded in Saturn’s rings

P AEL 1 R T 4 2
YASUI, Yuki'* ; OHTSUKI, Keiji' ; DAISAKA, Hiroshi?

VRIFORSABEAITERE, 2 — KRR AR
!Department of Earth and Planetary Sciences, Kobe Univet§ityduate School of Commerce and Management, Hitotsubashi
University

Collision and gravitational accretion of particles is an important issue related to the origin of ring-satellite systems of giant
planets in the solar system. The Hill radii of Pan, Daphnis, Atlas, and Prometheus are found to be within 15 % of the observec
long axes of these satellites given by the best-fit model ellipsoids. Also, the densities of these satellites (0.4 - 0.6 g cm™-3) ar
very low compared to the density of water ice and all approximately equal to the critical density at that distance, which is defined
as the density of a body that entirely fills its Hill sphere. From these results, the small satellites within the orbit of Pandora are
thought to be formed by accretion of small porous ring particles onto large dense cores, and further accretion seems to ha
been suppressed when the density of the satellite reaches the critical density at that distance. Local N-body simulations al
demonstrated that a Hill sphere-filling body is produced by accretion of small porous particles onto a large dense core. Howeve
it has not been studied how the degree of particle accretion onto moonlets in the inner parts of Saturn’s rings depends on tt
distance from Saturn.

The shapes of these small ringmoons would also provide clues to the dynamical evolution of Saturn’s rings. The fact tha
the shapes of these ringmoons approximately match those of their associated Hill sphere suggests that the moonlet cores wi
surrounded by a number of particles when they were formed. On the other hand, Pan and Atlas have the characteristic shap
with equatorial ridges, and are thought to be formed by two stages. First, their precursors whose shapes are similar to their Hi
sphere without equatorial ridges were formed when the rings were thick. Then, equatorial ridges were formed through particle
accretion onto the equatorial planes of the above formed objects after the rings became sulfficiently thin and also before rin
particles diffused. However, effects of dynamical properties of the rings on the shaping of moonlets formed by particle accretior
have not been examined in detail.

Propeller-shaped structures have also been found in Cassini images of Saturn’s rings. These propeller-shaped features
explained by gravitational interaction between ring particles and unseen embedded moonlets. From these observations, the si:
and orbital distributions of these unseen embedded moonlets are obtained, and such information provide us with clues to tr
evolution of the ring-satellite system. The propeller-shaped structures are mainly observed in the A ring. Recently, observation
of similar structures have also been reported for the Cassini Division, and the B and C rings. Although some of these moonlet
either may be collisional shards resulting from the breakup of a bigger icy progenitor ring body or may have formed by accretion
of small low-density ring particles onto larger dense fragments, the origin of these moonlets is not clear.

Using local N-body simulation, we examine gravitational accretion of ring particles onto moonlets in Saturn’s rings. We find
that gravitational accretion of ring particles onto moonlets is unlikely to occur at radial locations interior to the outer edge of the
C ring, unless the density of the moonlets is much larger than that of water ice or non-gravitational cohesive forces play a majo
role. Detailed analysis of accretion process of individual particles onto moonlets shows that particle accretion onto high-latitude
regions of the moonlet surface occurs even if the rings’ vertical thickness is much smaller than the moonlet’s radius. The degre
of particle accretion in outer rings is found to depend significantly on rings’ vertical thickness and optical depth. Our results
suggest that large boulders recently inferred from observations of transparent holes in the C ring are likely to be collisional
shards, while propeller moonlets in the A ring would be gravitational aggregates formed by particle accretion.

F—U— R HOEM, NMER, RV VY
Keywords: gravitational accretion, moonlet, Saturn’s rings
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Super-EarttD K5 soEE L © 2B AR & BRI
Mass-Loss Evolution of Super-Earths: Constraints on Their Compositions and Origins

Bz LTy H— UH 2 Ak k3
KUROKAWA, Hiroyukil* : KALTENEGGER, Lis& ; NAKAMOTO, Taishi®

YEHEKRA, 2w I AT T 20 KT, 3 st TR
I'Nagoya University?Max Planck Institute for Astronomy,;Tokyo Institute of Technology

TS —FHEERICKS T UV MRS &3 BIEEOBRAIOMERIC K D | (KEEDORNBENR LI
TNTETWVD, TOHTEZHEFHRAINTOBHBRY A X 5l EEY A XOBEIZKEFR L T Super-Earthe FEEN T
%o KEFHED 3HNZ EMNT D Super-Earthiz £5D & HEE 5N TH DO (Howard et al., 2012) Super-Earthd FHIc %
SHHET BMETH S, Hit> T, Super-EarttDfHk, OWTIIEEZFET % C L3, REOER (L 2RSS |-
THOTHEETDH %,

AL TIERC, B& - B E SITHE TN TV Super-Earthe W T, FlERRIE & OLtik% & L1 Super-Earth
DR ZETET 2 BERICDOWTikam 9 %o Super-EarttDfHK DR E LT, KEANY T L N0 —TOHEBNET 5
N3, BOakEThL T2 LEZSNSEHEED Super-Eartth\7# £ % — /5. KEE CERFICES LD Xa—T%
REELTWVB & EZ 5N % Super-Earthb 71ES %, O K 5 S FBIS S EE & - PuE R EOBEWVHFIGRE RN
WA A ROENDEENTZ. & L IZEREBEOHIDE XUV(X-ray & EUV) BUEEREI O KGEGRIC X > T—HB0D
Super-Earthh 5 >\ —7h kb= & (Lopezetal., 20125 &) ICKINT % L EZ 5N %, X7z, Super-EartiDi
IS DWTIE, BHE - FENMEINTHTE, G - K- IKEANV Y LOTFEHD —RISRETE RN E WS, KD
FHROMEN D 5, KEEBED LW EBINN R E EENICHRZRIT 255 TH 20, Fahd/ Ny 7V FEiEEiEr
W7z @RS RN Tl TR AR FIVABIIINE N, R EJEICENFEIE L TV 2 ATREMED R E 7z (Kreidberg
et al., 2014; Knutson et al., 2014Super-EartD K5I BV T—RIVICEIMEET 256, B KGR Z HIFd %
CENNEEE RS,

AWZE T, T D 1.Super-EarttD T\ 11— 7 OH O, 2.Super-EartDFHLDFER & 5 BRI DN T, K&
BORE LT ED SHZIT S . FRCSRIORETIIHTLDEDARY MVEICEHT %, HREZAXRY MVHICK > T2
WERD LT L XUV YEED MG 5728, [ U TiRE & 72 2 HUEFE THIRT % & XUV REEDN L5, T
OWE %MWV T, Super-EarthD T2 N0 — 7 OFHEOFFIC 1 2 IEROEFE DO E L KBRS 2 % /8 L T
f#d % LB D, RIIFEORGHORELFTREOEREGE SNz o X — 77205 BlE & 75 2808153 - PRSI
HUDERARY MV LI i 208, & - EROAE TN TV 5 Super-Eartthd R ENTWS GHUE, K AR, M
BOZNZTNUTDOWVT, Super-EarttD T Na— T DHHEOMH L BEENTH S, TDT eh 5, Super-Eartd T/~
O—7OEHOEFEIE, KKHGRICK 2T N\O0—TDHEWMD TH5 T & RBIND, TOHA, Super-EarttDHHAL
OFHRORBICDONTE, RREEED Super-EartDH THIOEICT/MENEDIF T oA\ —T %2 & 729, KHKTH
BTENRMEEND, ZOXIEHLERFHEOKERIEIA /) —F4 VEUETIEK L. KEBEIZRBRLIzLEZ 5N %,

AWFFETIEE BICKREHORE T IV OAEESLHE D XUV YEEECDORNEEDOREZRG L, fEROZ LI OVT
HEmEIT Do

T 1 YRR, RSO, MK, 28— 7 — 2
Keywords: exoplanet, atmospheric escape, composition, super-Earth
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N7 A a A S VUTEIC KB REEREE D O E A
Exoplanet exploration for brown dwarfs with infrared astrometry

AT I B R R 5y NG R (S =
YAMAGUCHI, Masaki** ; YANO, Taihei ; GOUDA, Naoterd

VERTRX S

INational Astronomical Observatory of Japan

TARARXAMVICEZZNEEREEIRE LD SITON TV ERREFERETH S, ICEMDPDOSTHET A X
FEC K> THRASNIZREDORIIDOI N 1D EE S, CNREEOHEDNTOEDHEEICHARTHo/hEL, &K
BENCEZHTOLEDSEDENEM LIS VEDTH S, T THELIIKGD 1050 1 FTOEHEZFH>EtEREL
2=y RELT, FEREO7 A+ X MU #HERZHWTHRATE ZREONEN, REEERFHN:,

EHEERER O DRBICOVWTIRBES DR > THED, ZOTXTCTHREIL 107D 1 2/ Z %, Bl 10pc 2NiizHE
14, Rl 1070 1 0fEEERERERICH L TR, A EOWuEES O RiAMIE 3 S UMRMIET 2, THUIREE
D7 A+ X NIERETH S/ IJASMINE, GaiaT HoMHAIRETH S, TS OB DN BEREREE TH 55
101 r7ufzin5 &, Bk D LEEOBEEIE A—3—7 ~7\?’“ LHRETH B T hbh oz,

BaIFE BT, HROBEEREICH LTIV IASMINE, Gaiaz W e, B « SEER VO & OfEsz2 3
X BW NI, FORR, B 5N, EH R SHEREEL Eoh ik Df“b\nﬁiéﬁ%}’“ TZ5TEehbholz, i
fo. TNETEORDEICH UL TEEREIEAINTOAVWEN0.1H, REHR 10KREHB(HEOMEKZHEAETE S
ZtEbhhol, TOMEEIE. ZEAEDRGERIKITH LT/ JASMINE DA THAETE %,

F—U—R: 7A XY, GERERE, RERA, R, NV JASMINE, 7717
Keywords: astrometry, brown dwarf, exoplanet exploration, infrared, Small-JASMINE, Gaia
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A—IS—7 —ARGHOERYI L7 0V )VERKICEE T % ZERIIIHSE - F 5> Yy b
BN . o :
Experimental study on organic aerosol formation in super-Earths’ atmosphere: Implica:
tions for transit observations

VPR R L BEAR HEA 25 B 2
KOBAYASHI, Jumpei* ; SEKINE, Yasuhitd ; HONG, Peng

VAR IR RH IR B R A I, 2 SRR A IR R AR e R P T2 R
'Dept. Earth & Planet. Sci., Univ. TokyéDept. Complexity Sci. & Engr., Univ. Tokyo

A super-Earth is an extrasolar planet with a mass greater than Earth and below Neptune. Although there is no super-Earth |
our solar system, astronomical observations demonstrate that it is one of the major categories of planets beyond the solar syste
Recent transit observations of super-Earths, including GJ 1214b, indicate that their atmospheres contain opaque clouds or he
at high altitudes. One candidate for the opaque materials is metallic or salt dusts, such as KCl and ZnS, which would condense
the upper atmospheres of super-Earths. Another candidate is organic haze, such as those observed in the atmosphere of Satt
moon Titan, which would be composed of high-molecular-weight hydrocarbon aerosols produced through photochemical reac
tions involving CH,. Given the proposed formation mechanisms of nearby super-Earths, e.g., planetary migration, they would
have a wide variety in chemical composition of atmosphere. However, previous laboratory experiments have mainly focused o
organic aerosol formation in Titan’s and early Earth’s atmospheres. Thus, both the formation rate and optical property of organi
haze for various atmospheric compositions have been poorly constrained by laboratory experiments.

In this study, we investigate the formation rate and optical property of organic aerosols formed by laboratory experiments
simulating super-Earths’ atmospheres with a wide variety in chemical composition. We used initial gas mixturesn @G,
or CO, and CH,, and varied the l{CH, or CO,/CH,4 ratios. The experiments were conducted at a total pressure of 1 Torr in a
flow system. Cold plasma irradiation was used to initiate aerosol formation. We measured the aerosol formation rate, chemice
compositions of intermediate gas molecules, and optical property of aerosol using a spectroscopic ellipsometer, a quadrupo
mass spectrometer, and a UV/VIS spectrometer, respectively.

Our experimental results show that the aerosol formation rate decreases with increasingQHg #dtio, suggesting that
recycling of high-molecular-weight hydrocarbons to £étcurs through reactions with H and, kinder H-rich conditions.

We also show that organic aerosols are produced less efficiently at highé€BQOratios. The results of gas analyses also
show that formation of high-molecular-weight hydrocarbons are inhibited at highetGE{p ratios. These results indicate that
oxygen-bearing molecules and radicals formed by @iSsociation oxidizes hydrocarbons produced from,Gihich results in

a lower aerosol formation rate at higher gOH, ratios. Optical constant of the aerosols formed under the conditions simulating
super-Earths’ atmospheres is significantly lower than those of Titan aerosol analogs.

Based on the experimental results, we discuss the chemical composition and formation process of transiting super-Earths, su
as GJ 1214b, by comparing the observed transmittance spectra with the model spectrum. We suggest that organic aerosol p
duction in a H-rich or CG;-rich atmosphere is inefficient so that organic haze would not be capable of explaining the observed
transit spectra of super-Earths, even if they contains gaseoysnGhk atmospheres.

F—T—F: RHERE, A—=7 =X, AT V), A R, K&K
Keywords: exoplanet, super-Earth, organic aerosol, haze, atmospheric composition
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NA A7 FiDME R RINRE DO RKEE AT F)VET )V GI 34706N\D)SH _
Transmission spectrum models of low-mass exoplanet atmospheres with haze: Applice

tion to GJ 3470b

JUS e b AR RPE L e e 2 Rl 7& R 2
KAWASHIMA, Yui '* ; IKOMA, Masahird' ; FUKUI, Akihiko? ; NARITA, Norio?

VEREURSE, 2 BN RS
1The University of TokyoZNational Astronomical Observatory of Japan

19954EIC I DZRNEREMNFER T N TLLE, BI{EE TIC 1000fHLL FOZRNRBOFREDRE SN TWV5S, HETIE.
ULOOEEICH LT, ZHETHRI VY MM TONZ X 51/ oTz, MED TV RIS & 2 [HE
DEMIDIH S, ZOREDEEDIH D, Fio, WESNIEROBEEMKRENE (ThERAEBAXRT MLEy
) 1IiE, BERKGH DD ToNA X, BIC K BN - BELOERIEENS, 16> T, BT — & & R E R ZX
JRMVETIVEZIKT 2 LIcK D, MERKOMKEZFIKTE S, REHKRIE, RKEDOBUELLE R E 25
2% FTHEETHS,

INFETIC, BLOBZIL—T1F 2 DOBEERNEKE (G 3470bk GJ 1214b IS L TEZETO RS Yy b
BNZIToz0 TO2DDEE L&, IRIMKCLENZ & AIHBTRER T2y MERDBIIIENTED, 2D
TEMDH, NAZXDFEDNREENT VS, G 12140 DN T, A AZEE LR AT FIVET VORI
HEmDIRENTVB D, GI 34700 DN T, EXEAEINTVARY, ZT T, AWIETIE. IV y MEEIDENS
KO DRI ICHFEET BB R ELZME L, ZOEENKRKTICNA X% & D55 OMGRN TSR AT MVE
FIVEVER UTzo ZFD T, GJ3470bk GJ 121402 ARY MIVETFIVEEH L. ZOKKHRICOWTHERT 5,

HEG AT FIVETIVOERIC BT, ERGDFBIXONA RIS X 2 EEHOWIY « L&, (b2 PR EIC
Ko THEMRD 2 EE Uz, KEHHEIE, KB, KB B ZDFEITEER CIOZEZ =80, /KKK
BARKG R EREZ, REHBIT XKD ARY MIVETFIVODE RN, e, ~NA XDOEE., bift, BEREICXS
BEWIZDWTEHHNTz, EEOBEARY MVOBHS L ET IV EREE L., REORGHBICDOWTERT DB,
A 2 FBERITRV. FRKETIVOZ Y M2 BN HHE Lz,

F—T— R RNEE, F TV b BHARY FVETIV, KGR, ~NA X
Keywords: exoplanets, transits, transmission spectrum models, atmospheric composition, haze
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SEEDS:THiIC K % KFR a2 2 A [Tl O E R GR A
The SEEDS Exoplanet and Circumstellar Diks Survey

B ESE IR T 2 T RSE SRR TR Y I RE ° MR KIS R TIVT R ATIV T Vv I Y
X—AAE; EkE LR 2

KUZUHARA, Masayuki* ; TAMURA, Motohide? ; KUDO, Tomoyuk? ; HASHIMOTO, Jurt ; KUSAKABE, Nobuhik@ ;
MATSUO, Tard ; MCELWAIN, Michael” ; JANSON, Marku8 ; TAKAHASI, Yasuhird®

VB TR I T AU RHIBR R R A, 2 SRR ARG 2RISR R SOFARIR, 3 NT A BT, 4 4 7 F R~
REFWEL « FOSCEHI, ° EV R, ¢ AR AR iR A, 7 Y« X — i 2 —,8 71—
YARENIVT 7 AL FHYBEAA S 2 —

!Department of Earth and Planetary Sciences, Tokyo Institute of Techndibgpartment of Astronomy, The University of
Tokyo, 3Subaru TelescopéH. L. Dodge Department of Physics and Astronomy, University of Oklahéiational Astronom-
ical Observatory of JapafiDepartment of Astronomy, Kyoto UniversitYNASA Goddard Space Flight CentéAstrophysics
Research Centre, Queen’s University Belfas

KIGRIVESE (RAVERE) D7 RENIBIE 1,0001C e SE Tlckk o7z, THIC, Keplerfii2ic K3 H#EIC K> T, 3,000
B Z % RIVREARHRAEDIRE SN T3 (Huber et al. 2013) T D & 5 ICKE RIFTRA DIRITRICE N TEEMICTFE
ET2EDTHAN, TNETORNBEDOHHIHFROMIR L LT, ZORMMIIIFREICZHTHSZEbh>TE .
—1, TNOOMEREKT B RHATH % 2 AMBOBNIMNIZ L EA TV S, RHIC, SEFE DB S N7 B st
ALMA T & > CTHERERE R ORGE I U THBRENT— 28515 K 51> TE D (e.g., van der Marel et al.
2013; Casassus 2013)& E M IC R 2 FRfRIE ALMA IS K> THBFEITEITH T R TE 3.

EFEHREIIECT AU BRI O K E X OEZ FFDRINEE (LHHERE) OBEADWIITZ AREIC T 2, T X 5 KikE
OBEIIRY TS—1EP TPy DR EOMBENTETIIMmO TH L. T, BEERGETEAMIBOREDZ
DORHEOMRICHH U T AMETFIETH 5. FERICEEIRBGIEIC X 5 )RR R RSB R b OHGEL D m iR
JEBINC X > C, ML REOYHNZETDE /BT 2 BEEGIHNNCNETHELONTE . BLE, TE2EEE
& EROMEDCFHEE AO188 & BITHITZICHIFE LTz @R RYE 71 X HICIAO 72 W TRIVERE & B JE P72 a4
WIGHFEAT 570V 7 b TH B SEEDSE T NE THED T E /2. SEEDSIFIB X Z 500D X —4 k7% &N B
5T LZBEEBLTED, BICEBHDETEND I0BEOKRGHNEZZ—7 Y ML TWED, HHEREDREREE —
o=y MCEENT WS, SEEDSH I ZDRUED 5 5 FHOHEEZBUEI TR > TWAW, 10 EOEBMERK
BAFRIC B TIPTRE 2 MG £ O BRGNS 2 M 4 2 DI L T % (e.g., Hashimoto et al. 2012; Grady
etal. 2013) X 5IC, 7V Fu XX JE Kappalet &5 B RIREZ N 5 KEEFKEKEDEAKIA (Carson et al. 2013)
®, GOMDOKGFHIEE TH % GI 5040 54 44AU BENT-HIGE 72 N5 T 2 FR A ASKE (G 504bYDR I LTV 5
(Kuzuhara et al. 2013) GJ 504bDE &= IFARED 4 ERE L HE TN, T HICHMREIE 500K EHEEE NS, THET
M E N AHUERE DR TE, COHBHEEMIREDMHEDO—DTH Y, T HICZDOEMREIFZNE T TRIKROHE
EETHS. BINTITo 2B 51X, GI504bDKEUC A R U HMEET B T & M S iz’ (Janson et al. 2013)iE
BREEBICBOWTAZ Y ZHRBT20RBHOT & THB. TDX I, SEEDSIETNE THIS N TV R s
EORNKEDOMHPZ DRUEIANRS T LI LTS, 2HEE 7%, SEEDSIHEAASROBAN « #atmiz ot
EITRIFTETH DD, FNERNEKECERAMBIINT 2 ZX 0O VoZFRiES 83 LI NS. £z, Fh
5 ORGSR OBE R EDIPRORZNKEHFERICB VW TEHEEGRBAOICARD T LB RFENS.

ARFHETIE, T GI 504bD#HH 7x E D SEEDSEB D FICDWTHIET 5. & 51, SEEDSEHH D ERRIR
SRR, SHBOFEICDVTEMET .

F—U— R KERIVEE, FRBZPIR, [RAna 2 R Mg, EOCRRE, I RRIG el
Keywords: extrasolar planet, debris disk, protoplanetary disk, giant planet, direct imaging observation
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PR S B8 L oMl E i A TR a DY = v 7 7 — Lk
Sonic Boom Analysis of Meteorite at Hypersonic Speeds in Earth Atmosphere

IR AL B R
YAMASHITA, Rei'* ; SUZUKI, Kojiro!

P BRURAER BT RIS A R AR

!Graduate School of Frontier Sciences, The University of Tokyo

FEA7E PRI E LT, SEMRITT 5 SICKORETZERE, dhbbY w7 —LhdbiFoNn3. 2013
E2HICOYT7OF U vy VAT TS NIZFS T, BBOMSHEELEY =y 77— LT X DEN T AEMMNE
ML, 2L ONNHEEW -T2, COTEDS, BANETEETYV Yy I T —LOFEERET 52 HFIEELEZ LN
%. ARWZETIE, MZEFHTETEbN Y =y 77— LPlFLEZEH T 5 2 & T, MEEER T 2Ba0567EL
ey =w 77— LS T 5. Bkicid, BdEsiikiz¢ (CFD) 12 DWWl (R. Yamashita and K. Suzuki,
APISAT2013, No. 02-05-8 Z il d° % C & T, EEEDAHIERA SN ZH X TRiEd 2 F 25N 5. fifrns
&, BE10kmZE < v N10 (B 3 km/s) TKEERMITS 2EAZ2Z8E L, EE20 mDBEKAEHL D DFiNGE Uiz,
BRAKET IS ERREMERS (1SO 2533:1975 7z, EEEHERSK T, IRENEEOBBTE A 5N, T, BE
EHAESUARDIREE SR N UK O SEH I NS, ZhOG5ERE, TJEZ U2 3 0T Navier-Stokesy
BRTH5. FERTE, 2200 T ZYIAERE 01 180E R I V7247 TH O, B TrElIHI 5547 THS. HIBkK
KOGE, EEICS U TRADIRENZE(LT 5720, HEWNAELET S, DD, TstEzit> 1%, YWikaisn
5349 % bow shock wavel i - 7oE G F 2B L, BERIRZITo 7. &, sIBRARMZENT 5729, FHEHEEK
Tt 7 Z—=1TEIL, YRR RO R 2 IoTlli it 2 5256 Uz, SHEO BRI AUSM RD A F— L Th % SHUS
(E. Shima and T. Jounouchif§ 14 [AIffiZea T H2E R 1Y VR YT LG X8, pp.7-12 1997) 7% 3 JUEE MUSCL H£IC
KO BEIKEEL LI D2 Wz, R 2 IR HLED TRl L, EHBZERIEE UTilio 7. £z, WeffE
& MFGSREfifrt (IB9eE, 55 29 IR )1 Al 2am (8, pp.325-328, 1997 Tiro 7z,

BUERRAITAS IR K O, ERIAD SFAT 28I, PAri /5 D bow shock wave: ¥i{A%ii D trailing shock waveC b %
Thn%. Z LT, bowshock wave: trailing shock waved il Eic/m ) TEDE, &E 8kmEX TICHAET 5. TDik
®, MHAEERITS 2EAD05E, QAT B (83 MELC2DIE 1EOAERD, bow shock wavek D 550>
trailing shock waveD & 5.13/N& < 2% (S EEOLE, NTIORIEZIER L, BRSO 2HE%%). FoU v
VAT DERTE, BAMMEFRICKD 3MEICHHL, i ET3EDOBEHENRELIZLME TN TS (NHK COSMIC
FRONT: O 7EADEI). DX D, OO O EIEREORED—HL, AEFHERNS/[ONI R E & —
T5%. —HRREERET 2EHRRE, EHISHT THIEIRICIEN B 728, i FIChIF THICHE L 5. —J7, HiBR
KEOGE, HEICHF TARKIEROCRGIRED FRT 5728, EH EREREES 280 <. R, FEEEtE
KETIEEE 11 kmA Sl FIS/ T, RED 6.5 KIkmOEIET ERL, HIENROPENEZICEND. TOHRE,
MASERE ClE AR FFMEDZBICIRA T B0, @SS kmA S Fic/MT TREFE A EEEDRRBNR V. £z, i
BRRS Tl EEW DI /T X > TS EFMEDREEMD R D, YV =w 77— LBEIEEHE N5 TrbiE K%,
ARATRE R TI, Hi L TORGHRED 1.9D%E, BAE FTHE LFENR 1.5 kPak 7z b, XA &3O T
ROENTVWBEME(E (24Pa O 635ICHNT 3. F o v EV AT DA T, BHT ADBEENBIE) FAME%
W U7ASE, 3.24£0.6 kPaTH -7z LM ENTWVS (NATURE 12740, 6> T, FHEEM & HEBEOMRITEMII R
B0, EN EFMEIZILIC 1 kPaDA — X —TH 0, V=v 77— LOERENZMGET % ETIIEHREREEZ SN
5. ZLT, 1kPat—A—DEN1 FANE 5T WEIIEKRTHD, Fo Vv EU AT TREZHRIZT DB R
WICRLIEHHTHS.

AT, MZFH LA TR SV =y 77— LT lFEZEN TS5 LT, BAaroRELEY =y 77— Ll
il Lz, SRIBSTA NI I ZART 272175 T Ic& D, FEEOBADOY A ARMTEMEZHETE S EEZ
5NM%.

F—U—FR: Vv T =L, BA, Wil EER, CFD, MK
Keywords: Sonic Boom, Meteorite, Hypersonic Flow, CFD, Shock Wave
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T v BV AT KERDIH % & & DIzl _ _
The brightness and the color temperature of the Chelyabinsk bolide

IENNEY/ N
YANAGISAWA, Masahisa*

L ELOEE R
LUniv. Electro-Communications

201342 A 15 H 3HF 20%) (ISR oy 7 « F oV ¥ VA7 TR E AR, HHASZEEL{DE
ZR—=HAATIC K> TR EIN, ZOWMBHA >V Z—3v b FICRBEENTWS. BLIEZOhmo—D%f#rL, BH%
T L OB MA L E Nz (H2 & ORRZ b ZKICRT). FERIEXDED THB. ) NHTHINVF—DIFEALIF 172
BEIOT L7 QNS 25 THRETE NIz, (2) 7 L7 LT OENE AR BES Tl 7AW (3) 7 L 7 KD A
27 bV 3500 KD BUATGS &7 & L7Ew; (4)3500 KO AR Z2IE T % L 2RO > THK I Ehb T
FOVF—IFHEAKT 1.0 X 1015 W TH - 7z; (5) DI T X IVF—D SHEE T N B EZET 2 )VF—1F 1.9 X 101 J (TNT /8
3 450 ktonD T 3)VF—ICHHY) TH -T2, Fiz, 3500 KO BAK[E %9 % EAADHEREE 120 kn? TH D, AERDHHF
KRS 72 1km, EE 20 kmOHEOXRED S DMSNHIEZ ENS.

X DFHH @ WA E Y72 0 OEE (IO HEE: RGB&/NY RIZDWTARR, WHE, MR TRT). YEREIZ BN Y
DICEAMICHE ENZ T XRIVF—LEHKT S, L0 HEIE 3500 KO BB ZIE LTS5 D G /N> ROMHE (R
MWOHEHEINZ2WEETONETHS. MOREZNE 20134F 2 A 15 H 3K 20 77 OF (HEFLEEF).

F—T— R KBR, RIEEZE, KBR/RIE, F o) v BV R T, AR=AH—F, BA
Keywords: bolide, meteoroid impact, small solar system objects, Chelyabinsk, Space guard, meteorites
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KL —Z =By BT O—#NC K 5 K55R 2 A LB OG> _ _
Statistical distribution of the solar system dusts by meteor head echo observations witl
the large-aperture radar

BT Bl 1 ; Kero Johaf ; Wik 51w 3 5 M RREAE 4 0 M — 5
ABE, Shinsuké* ; KERO, Johah ; NAKAMURA, Takuji? ; FUJIWARA, Yasunort ; WATANABE, Jun-ich?

U HAKEH TAA 2L TR 2 A 2 — 7 S sgeiT, 3 ENTRUigein, ¢ HARRERFZY S, 5 Eh R s
IDepartment of Aerospace Engineering, College of Science and Technology, Nihon Univi@sitglish Institute of Space
Physics (IRF)2National Institute of Polar Research (NIPRNippon Meteor Society;National Astronomical Observatory of
Japan

ATHBA R (FE) WEEETRKZEAT S &, GER 70-130kmic W TREMEO 7 7L —a Ytk b 75X
SWEE o KT, TRENY FT I AN RFENSERZTRENY FTa—ew5, FHLd, s AAEERE T
ZeT « EEEMU L—&— (B¥ 136.100, JLif 34.85[%) ZHW e, HiENy FTa—@lllzE Lz, MU L—X—
ICE D, 2009 LAKE, iR OREES & AR HUED BN S NT & 7z, 20144 1 ABUE, 9 12 DT EHIED
EFEE TRE > TV 5B, WRINZHIEE AL, HE T 0.3 km/s WUEEFET 0.1 AU LIFFIT/NE GRETH %,
CNET, TOXS HEHE TR BOREHENEFZE L TRE Nz Lidawy, L, TOTF—EZN—2X
DREEHEHTD 513 5 NTCHHE, RERIEER < /DR L OB EICOWTHE T %,

F—TU—R: R, XA A7A4AoA R EE NKE MU L—X—
Keywords: meteors, dusts, meteoroids, comets, asteroids, MU radar
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NEREDOY T I V) PRGBS BII O ZENEERIC X HBES _ .
Laboratory experiment simulating Martian surface observation with submillimeter-wave
polarimetric radiometry

AR Y88 2 gt il — 2 Ak i 3 SR BER 2
ARIMURA, Taketd™* ; OCHIAI, Satoshi ; KIKUCHI, Kenichi? ; KITA, Kazuyuki® ; KASAI, Yasukd

VIR EREBEBE TR, 2 B HOE SR TS, 3 IR A H A
!Graduate School of Science and Engineering, Ibaraki Univefsigtional Institute of Information and Communications Tech-
nology,3Faculty of Science, Ibaraki University

- HY

HPEDTFE LW ANE RGO KIGERICHBWN T, KA &K RO THAE - Bz 8L AL 2WE,. = xb
F—HY A TNV KERFERFOLEZ LN, TOBROI-DITKEDOMEEIRED LISAZH X 5 C LA E
BELAZ, COLILREFHEEZ S FCEREEERV-EGENDSEETCH LN, AERGSTICHEET ZZA D
B ORSF & 75 > TV TGN AN E SN T WD, 2T T, BENFAMIBREDEREVY T I
BRI 2RI U7 U 2175 T L TRNEX A N OFERZF T, R HOMGEHIAfEL R0, TIRVNER
[l RO EMR A EOERZEEZ N TES, LML, 5F COREHFEITHO AR RS V-2 L
OV T ) WRBEBSHERNM TbN7z6id7a <. BIZIRERT 2 203X mBNIC B % C OBITFEOAEZ+
DRSS B2 REDD %, AWIZE TR RIS X B2 L2 BRNFTEERETTS T i k> TElloAREZ
Hmd A EEREHMNET B,

JHE BB

i w2 & 5 A TBIHIT 212 T2E SN2 BEEEIE. HirhOIREICIS UG iR m Ml UK & A
S U7z & K& 5 ORE DR T TEELE N O E SICKKHZEM L TRt DL ks, HiEKmD
SR B X ORGRITHEED ASH, HEYEOBERLXREME, RICX> THRET %, EEOASA. [k, &
BECCAEREEZENT 52 & TAERIOEE, FER, REMHEZHET ST EHAEL T 5,

BSOS

RIS Ko TBINE N5 BEsE D S R OIRELAER, REHEL & OMREIREZ S 7z DITISEE D AL
ABRCRE A BN HHHE, K% LR EIRER KT /8T A—2 L OBGRMERHEE L TBHERD S,
Z T, HEBZESRUZRERITS T EDHREFERY AT LR U, EEBY AT LIEELAIEES. YR8,
EZEEN OB E NS, BELIETRS MR P RIEEZHHTE 5 X ICHZERBTES N, mHZEE T
EBRZNERMEEICHAIT 2 2 ENAEEICR > TWb, £z, WERIBTHET 2 AGHA L REZHIET 22 &n
TE, EZEREIAT S & THEREOKIED, ZEFDHRZ VD T & THREFEE S KOS HRHETEE
ToTW5, AL TIEY 7 2 VU IREHEEIE D 5 A BRI Z2w5 U e SIRE, SR, REHEREZE
HTEEMMET 2T EEHMNE LTWABD, TORDICIIHEIRAED /S5 X — & O LDV & DAETREE & i,
KYPRICHZ BBICDOVTHNS T e EE 5%, SR RIHESSR RN —-TH B EZ NS T 7 VU ILF
W, 7V FR=IVOY T I PRI RZE U, Bl OBERDE DFERPEREED K RICE X 55
BICOWTCHRNTAERZWGE T 5, COMERBEZLC LT, AEERIMD X S KIEA LIEWEMKE & DFERE Z
DRFEOBRMEDOMG 2175 TN TE, T HICHEHRE., FEERE OBFRMICOWTHEZITS T LM S NS,

F—U— FokE, KEBHL U7 VK
Keywords: Mars, surface observation, submillimeter-wave
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ALMA SBIC R B T2 2 5 S A + T 2~ LNO HONBIIATAER: & 2 OFF#1

B
SEFR

Scientific importance and possibility of HCN detection in Enceladus plumes by ALMA

Gl BEAR U BAAR RRN L B ENE 2 R RO AT BET S I R w2 O
KODAMA, Kenya'* ; SEKINE, Yasuhitd ; IINO, Takahird ; SAIGO, Kazuyd ; KASAI, Yasuko® ; SAGAWA, Hided' ;
MAEZAWA, Hiroyuki®

VHRGURARABERT A BB ARFZE R, 2 4005 R AP 2SRRI R ER BRI 22T, 3 M7 AT B0 B SRR S RFZE T
BRGIGEHII - > &, 4 ISHGE ST, ° KB LR R EBE AR 7R EERIARY, © BAREATI TR EN RS

! Dept. Complexity Sci. and Engr. Univ. of Toky#5olar-Terrestrial Environment Laboratory,Graduate school of science,Nagoya
University, 3Senior Researcher Global Environment Division National Institute of Information and Communicahiatignal
Institute of Information and Communications Technold@epartment of Physical Science Osaka Prefecture Univeftbigtjonal
Astronomical Observatory of Japan

Saturn’s icy moon, Enceladus, exhibits ongoing geological activities, including eruption of water-rich plumes from warm frac-
tures near the south-pole region. These geological activities together with the findings of Na-rich salts in the plumes suggest th
presence of an interior liquid ocean beneath the icy crust. This demonstrates that Enceladus’ plumes provide a unique opport
nity to investigate the chemical composition of oceanic water, possible geochemical reactions, and habitability of the icy moon
However, due to limitations of in-situ measurements of the plumes by the Cassini spacecratft, it is not able to identify or quantify
some key molecules, which could probe physical and chemical conditions of the ocean.

Here we discuss scientific importance and possibility of detection of HCN in the plumes by large ground-based, sub-millimeter
telescope, ALMA. Because HCN is one of the fundamental materials contained in icy planetasimals in the outer solar system, an
because it readily hydrolyzes in warm wateBQ °C), a lack of HCN suggests that Enceladus’ interior would have experienced
relatively high temperatures, i.e., a presence of hydrothermal activity. On the other hand, if HCN were presence in the plumes
this in turn means that Enceladus would have been cold throughout its history. Given the results of thermal evolution model, the
latter case suggests late formation of the Saturnian systeiyr) after CAl formation, which would result in a depletion of
short-lived radiogenic heat source in Enceladus.

To evaluate the possibility to detect HCN in the plumes by ALMA, we first estimate a special distributio®aja$ density
based on results from Cassini’'s observations and plume eruption modeling. Then, we calculate radiactive temperatures of HC
in the field of view of ALMA as a function of HCN concentration. Finally, the upper limit of HCN as a function of observation
time will be obtained. For instance, if HCN were not detected within 4-6 hours of observation time, an upper limit of the HCN
concentration in the plumes becomes 0.2% relative to water, which is comparable to a typical concentration of HCN in comets
Thus, the ALMA telescope is capable of detecting HCN in Enceladus’ plumes within a reasonable observation time, if it were
present in an amount comparable to that of comets. In either case whether HCN were presence or not, we would be able
constrain geochemical reactions and thermal history of Enceladus as well as the timing of formation of Saturnian system.
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P NABOL 5 DB D FIARIC 5 2 % FEBEDfATIC L) T _ _
Development of SPH: Toward Understanding of Disk-planet Interaction Near the Disk
Inner Edge

e I I AR — B L R fh L R AR !
FUJII, Yurit* ; IWASAKI, Kazunarit ; TSUKAMOTO, Yusukeé ; INUTSUKA, Shu-ichird

VI ERE

'Nagoya University

RABREOZHFERIC N, TLED T EEZ LT 5 RENBE SHET B EMIENICENTE L, N5
DIEEDZ AFHROIMUTIEE N, P & 2 E OMEMEH TAEEIEZRV, AIINEBEIL T EZ5NT
W5, BENHBAZRE CBREIL TS, MBAXEDHAFANE R0 TENY & FEdIc, MLk L
EXBZTLNTED, COXRBBMBOEICKREATEZGX 5, Lo T AW TREIBNROIEH; DK
ICG R 28RS 272D a— REFEZITS o TDICZERDND 2559, EEMEMHROREVHEZ R > TV
LAV SN T EI T2 HOEFETEEENNETH S, L, SPHEZHVWS I ETINSZHD
WS T EMTEZEMRFENS, TOMBEDOMRICIE, SPHILEDOEE R FIF2 2 EHAABENTH S, AHHEHTIE, O—
RBAFEDFEM & PERERTIC DUV THEK T %,

F—U— R RUVEE, JFRIGRE R, SPHIL
Keywords: exoplanet, protoplanetary disk, smoothed particle hydrodynamics

1/1



Japan Geoscience Union Meeting 2014 /0 d ;

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

PPS21-PO7 23 R AR —2 FFRd:4 H 29 H 18:15-19:30

JFARRE R IIC & & 7% 5 Tk E i Bt b L _
Evolution of a protoplanetary disk and chemical composition of planetesimals

KRB N
NAGAHARA, Hiroko'* ; OZAWA, Kazuhito

LHRGURA KBRS
!Dept. Earth Planet. Sci., The Univ. Tokyo

We investigate physico-chemical evolution of the proto-solar disk at the early stage by developing a new model that combine:
physics and chemistry with special interest to temporal and spatial evolution of the disk. Then, we discuss how the compositiol
of planetesimals varies depending on the time and space for their formation including refractory or volatile rich ones.

The basic of the model is a radial advection-diffusion equation, which includes drift and dispersion by turbulence with stochas-
tic diffusion term calculated by the Monte Carlo method and which shows the diffusivity by the viscosity of the disk. The dif-
ference from conventional disk models is that the present method stands on the Lagrangean differentiation, and it is able to tra
the movement of individ- ual particles.

A considerable amount of materials in the inner regions are transported outward at the early sth@® (yrs), which is
because the surface density is much larger in the inner region at the early stage of the disk evolution. Although the outward flu
is large at the early stage, there comes a larger amount of materials from the outer region even within “10°5 yrs. The mixing rati
of materials from the inner regions to outer regions is almost unity within several AU all through the disk evolution, suggesting
that thermally processed materials and unprocessed materials were mixed in the inner region of the disk. It is important that th
relative abundance of materials from outer regions becomes larger with time, which implies that planetesimals formed within
several AU at the early stage of the disk evolution consists partly of materials initially located at the inner regions and partly from
outer regions, but those formed at the later stage contain more abundant law materials transported from the outer regions.

The mixing ratio of materials from the inner and outer regions is almost unity at the early stage but the fraction of materials
from the outer regions increases with time. Combining the information about the maximum temperature that the particles ex
perienced, we can constrain that early differentiated planetesimals such as the parent body of angrites and planetesimals w
refractory-rich compositions such as CV chondrites were formed at the inner region of the disk in "10"5 yrs. On the other hand
planetesimals for other carbonaceous chondrites or ordinary chondrites that are depleted in sulfur were formed later, possibly
"10°6 yrs.

F—TU— R FARERE, (LA, 2 A - BE)
Keywords: protoplanetary dsik, chemical evolution, dust movement
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ErEE 2 ER LT XA N A ERIED KR H’J’!iﬁd AR

Simulating global dust coagulation with grain charging

BUE R T HI A 2
OKUZUMI, Satosht* ; TANAKA, Hidekaz(?

VB LSRRG B T2ARTSERY, 2 ALiE KA IR R AT T

!Graduate School of Science and Engineering, Tokyo Institute of Technélogyitute of Low Temperature Science, Hokkaido
University

Growth of dust particles by collisions is the initial step of planet formation. Conventionally, the theory of dust coagulation
in protoplanetary disks assumed electrically neutral dust particles, but in reality dust in the disks is likely to be charged given
that the disks are ionized by cosmic rays and stellar X-rays. In our previous work (Okuzumi 2009; Okuzumi et al. 2011a,b),
we extensively studied the role of grain charging in protoplanetary dust growth, and concluded that dust growth stalls at its early
stage because of the excessively large (negative) charges carried by small dust aggregates. We also predicted that this "cha
barrier” could be overcome (albeit on a very long timescale) if dust in the disks is globally transported by radial drift and turbulent
diffusion.

The purpose of the present work is to demonstrate the breakthrough of the charge barrier in a global setup. In order to do thi
we have developed a new simulation code for global dust coagulation including the effect of grain charging. The new code is
based on a previous code for planetesimal formation (Brauer et al. 2008; Okuzumi et al. 2012) but now calculates charging an
Coulomb repulsion of dust particles at each location in a disk consistently with the particle size distribution at the same location.
To verify the code, we perform some test simulations and compare them with the prediction from our previous theory.

F—T— R XA, v, MBI, FaR R R
Keywords: dust, charging, planet formation, protoplanetary disk

1/1



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’{;‘sgiem

Union

PPS21-P09 23 R AR —2 IRFfd:4 A 29 H 18:15-19:30

ﬁ-ﬂmﬁcc_%w% T TS IVRIEDEIEN AL S 2 L —
N-body simulations of Rubble pile Collisions in Tidal flelds

TCOA A e ORB s
HYODO, Ryuki* ; OHTSUKI, Keijit

LRI RS FE TR

IKobe University, Graduate School of Science

TROF VIR EFHLEEDOT Y ¥ 2 BEROIMUTIZH B0, FDEKEIC BRIV THh 2 Tz D HDEED
WY 1 DN R T VIS HIE LT W05, — . Ay Y —ZIK KB R»S FU > 7idy v 7k rhHE
CENOTEMLETY VT A ERZBEFELTWS ERBENTWS, ESIERESNT TV 7 A My e
B INCH | REEEINT, BRA TR SHEHIRE LTFEL TV EHEZ NS, WYEZEH Lz BBR2EMIcBIT %
FAKE L DOEZIC OV T/ NREDMR B DO T o A L L TEL DRATHE TR bN T E 2, —fRINIC T NS O
24Tl head-onfEiZ4C BWTHHEIZEZE T 3L F—IC K> THRENENNICHEL S NS T & TBT %, DED.
ZET )V F—DFIMAE > TRAMF Y A RN E A3 MEMICH 5, L L, HDBEITHE < 8w hgR < T <
HHEHTE 7 7V A FEHBOREEESIRT VY ) VOREEIDAFDEDEE>TL %, TOXIFKRRICBITS

7TV A MALOEZITHBZEROED L IFRIT T DEED S5 B ETRENS,

AWIZE TR RO HHE ) & #2277 Z % U Clyisz BT 2 RI2BT % Rt N KGR Z W CTREE 7 7)) 7«
MALOWIEY S 2 L—2 3 Ya{ral, BESIEHOREREN 5 OIRHC EO & 5 ICRIFT B2 2dl Tz 251
& UCIEEhiEs g m L WEES /o @D 25 L, EREE 2T A—2—L Lz,

AFFZRIC K> Ty ¥ 2RO SHMUDOES JihvsR < AERS 2 ST, BRSO EZE K O & s EE) /5 i O %¢
DI MITHNPT O EDTH o7, & SIS MDOEZICEB N TIEHBZEM DS ED X 5 I L+ —
OIS K > TRAMA YA ARG SNZERICIZE ST, K0 EMEEREEPARSNTZ, ZL T, Lh%@ﬁ
TR, AHZEMICBOWTIERERT 272595 EEZ LN TOVRBHEE XD £1E 2 M/ NS WVIHE THEZE Lz
EIBIC DM B eV yholce TOT ENSHEY I EMT 2B T 27 7V 75 A ]‘Hﬂj@@lkk%b\“( %
DOUHET 1Y A 25w T 2 BICERI IV F - THEL . HEERDOT VT A FOIREEELRZ T Lo
Teo oo HDEEND KD EIDZICONTHWHOMNMRII/NELEB T LT, HEMRIIAHZEMTHELONSED
IEDNTWL T e R LTz,

DL EofESHIZ, the Astrophysical Journat % Fai5 A Tdh % o

F—I—R VIR, T TVTA
Keywords: rings, satellites, aggregates
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PR B2 3613 3 7SR E 7L O F | N
An improved fragmentation model on outcome of planetesimal collisions

FEFH YA L s K GEH 2 s INRR i 3 Y FSRT A Bl L
FUJITA, Tomoaki ;: GENDA, Hidenor?* ; KOBAYASHI, Hiroshi® ; TANAKA, Hidekazu* ; ABE, Yutaka

VRRURS: FRAASRIEZERE, 2 SR LERSE HIBRAEARIZET, 3 SRR BEAWTER, 4 JLimE R (IR A A 22T
!Department of Earth and Planetary Science, University of Tokarth-Life Sicence Institute, Tokyo Institute of Technology,
3Department of Physics, Nagoya Universitipstitute of Low Temperature Science, Hokkaido University

RERHORRRIC BT, MERER L X723 MR L R E OB C D DX 5 HEZe2 ¥ TRIKIIK
E9%, LTAN. ZOXS GEBIIIHUIENZEREZENTE D, ThHRBEREZRT ETAMKREZRRICLT
LES, 94505, ZOXD REREDEDEEMIENTSH > e 25 id, MEREONEREZIEL T 5 Lk
THETH S,

TNETIC, BmERTOERDPDIRCE - TLE S & 5 AEN A2 25| E i C 3 HET 3 )VF— Qp* k4 7k
ZMTIHRNBNTHD (Holsapple et al., 2002; Benz & Asphaug, 1999; Leinhardt & Stewart, 20893 JE 1% 7% i U % BRI
BZDX S HHEN S EEOARNEFHINTE, Qp* DETHELIFIHENTWVZ DA, Benz & Asphaug 1999
KX TRHBEENIZEDTH S, HHIFIEFICEDEZEY I 2 L—a V&b Qp* ZHEL TOVBA, 5 DEE
V2 alb—a BB MG IERD TS . Qp* DIEMIUR T B REIEETANT VARV, £z, BobOMEIC K
&L HEIIIOVF—D Qp* KD E/NEWVEK S I L, TO KD HERIIHENZ VD, REDOKEZE X
2 L CHEBETHZENRBEIN, LTAD, ZOX S 5/ NERBGREZEN D KGR Z DR SEHETE2ETVE
TFEL TWIRW,

BIEOWREZ XD IEMICHERRNT 272013, IELWV Qp* DL, /IMREHEZ-CET 5, FZET 3 VF— & ZDFRITTR
Uiz AY 27 ZHBEOBRPREL G2, AFFETIE, BRI 2 L— 3 VIcK D, Qp* DGR ZTIN,
MR ERIC KT % Qp* DA L, /o, MHIREZRICKET 2HEIIIVF—L 1Yz 7 ZHBOMGRIEZE
MeU7z, AWIFETIE, SPHL (HCENAD, WHEHELE) EIFREN AR I— XD AAfeRER T O
2y ab—a Y ERMIICAT o Too 28561 L TIE, 100km 10kmY A XD X —47"y b Kik L kA 75 A DK
ROMWEZEREZ, T, EIEME, RREZHRAICEZ TRR L,

ZOFER. Qp* DIHFRBEIIRIFT % T &b o Tz, THUIEZALOBE RS, 7 (G M OhE i H B L TH
H9 %7 —RICE D, T RIVF—D, Z—7y b RIKOESH T 3)VF— LN IV F— DT 1)V F— il
DRAGERAFIEZFF DT LICHK T 2, TOTXIVF—RdRIE 7.5 X 107 Kz B> L7 & T ATIURY %, Benz
& Asphaug 1999CfibN TV 74 5 X 10 TH D . IELWV Qp* DIEZRDBICIEA T TH BT b ol
AWFETIE, AIREZRIR D @RS T Qp* ZRDI=DIEN. ZTDMHEIFH S DK D EFHE E/NE L T o7z, THUIHER
ERLOHmENCNETEIALONTELRDBIENTH > L ZEKT %, FERITAMIL LS D Qp* DfEZfli->
T. Kobayashi et al. 20125 E NI K O FIRRE O EZ RS > 7c L T, REMITIEE N5 [RinaR R
HEE, ATz HVTEa &0 & ERE ENE ko T,

Ko, IR E L B D TR 2 I BB E 20§ 2 2 1)V F— L EREOMGREZ A —V Y JRlE LT
ERXE LT TORT—Y 2V JANG. 2= v b YA X Qp* THMSL LicEize T x L F—, HIEHETAr—Y V7
TE32lbbholz, UL, BEEAEICIIKETEL, Ba2:08 5N, SEELNTE Qpr EXT—V V%
Kobayashi et al. 01T 25 E NTfETARIC G- 2 T & T A, mfRins 2 E&IE 1 AU T 0.05811BkE &, 5 AU T 0.17
HIERE R, & WO RERDBME BNz,
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iISALE shock physics cod& 7= fEiZe51 5
Numerical modeling of impact phenomena using iISALE shock physics code

SE R I TR Y RIS = R e 2 T 3 BikEH M 2 £l A K SRS R B 6 R I
? 7

KUROSAWA, Kosuké* ; SENSHU, Hirokt ; WADA, Koji ! ; MIKAMI, Takashi? ; HIRATA, Naru® ; KAMATA, Shunichi? ;
ISHIHARA, Yoshiaki* ; GENDA, Hidenor? ; NAKAMURA, Akiko 6 ; TAKATA, Toshiko”

VT RET R SESREMI L > 2 —, 2 JGERY KPR BB TSI, 3 SR OV B o — 2 TR, 4 5
HIMTZEWIIE RS TR AWIIERT, 5 B TR  HUBRA AT, O i Ko7 REEBEEwioeRt, T B a R B
FHECE

'PERC, Chitech?Dept. of CosmoSciences, Hokkaido Uni¥Dept. of Computer Sci. & Eng., The University of Aizu,
4|SAS, JAXA,SELSI, Titech,5Dept. of Earth and Planetary Sciences, Kobe Univer&yyision of Science Education, Miyagi
University of Education

iISALE [impact-SALE (Simplified Arbitrary Lagrangian Eulerian} B2 RHPAFEEI 0 U TABE LT B @24k st
Ha—RThs, FHCKEREMEHICRE LIz T 'Y a3 >, WL0E TN RTRERfEE Y 7 S DSy r—o & LTl
HENTED, TTICEL DRCKOMFEEMENZICH TS, TNETHAOKERZEIRII 227 ¢ TRIZ S
& DOMWEIETH > 72 ANEOSRYIERRE DR Z IO ANTEEGITRZ FRIGESE BT MM TEE T LI KEHFIN
THB, BRABHADKEREII 227 ¢ TH ISALE Z HHNCH A B EREIZ(E 5 72T [ISALE users group in Japan
EWVHTEEZFIB LT, ERXIZERHRTTH RN, Bz E iz wiki R—=V & A=Y VTV X M b BIFT0a,
HETIIA T A NETEOBIZHENT %,

iSALE users group in Japab ™/  FX—
https://www.wakusei.jp/"impact/wiki/iSALE/

Mailing list
isale-users-jp@perc.it-chiba.ac.jp

Eifi3
iISALE DFi¥#E TdH % Gareth Collind® 1, Kai Waunnemanri#1:, Boris Ivanovi#i 1z, Jay Melosh# 1:, Dirk Elbeshausen
HIE#HE L X9,

F—U— B @dEge, BURTRIARTE, IRETT R, 5 £ 7)), iISALE
Keywords: Hypervelocity impacts, Shock physics code, Hydrocode calculation, Equations of state, strength model, iISALE
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KRB S L—2EH AR A F I 7 AORBERFEICRET 21898
Study on fundamental characteristics of penetration dynamics into icy target

b2 I ER T N/
NAMBA, Kazuya'* ; SUZUKI, Kojiro?

LHOUORPE R EBE TR IZERE, 2 SRGUR AR 2GR ik Bl R AR 22 R
!Grad. Sch. Eng., The University of Toky&GSFS, The University of Tokyo

KEDERREICEEHTN—RI T 1 T L, RKIKONEBZERHENT 5 L ZHNE Lie X2 FL—X LIFEN
LUERIE, FTROBRBEREICEOWTHEERKEZRITLEZONS. WEDT VR —IT LR THEERBRIN % <
THEH, KERD ZIC—EITHEOBRADITS LIFWIHETH % 5i/a & TEOIEZ RO, BARICH M BEHENKE L,
BEETI v ¥ a BN UIBIEFE LR, —), BEEZPZ Y a/RIcRE{ESNZIKKRIKICIE, Eamouifkyg &
R 5ERYIDEET 2AREED & <, FRRINEEENSRE LTEETHS. T T, KAEKICEAL, THRCX BTG
REZTFTOIROHE FOY > PV EEENT 2 DKkXER N L—21 OFHEIERICEVENZ S, XX FL—2D
Tl UTld, RENEWES N7z LUNAR-A R ERH B D, KRR N L—RICE% & NASA O CRAF R (Adams et
al., NASA CR-177393, 198D AIC[E 5N, HADX A F 2 7 RICBIT % TR DRV, ZD7z8, KRiFZETIEN
UAT 4w 7 LI HOTERRYIARD HyO RNOE AR 21TV, R EICBI T 20582 T 7e.

FERICIE, AHREDTTET 2N AT 0w 7 LY V2R LTz, FREMARIGILER YR & I EfEZUC K D B A0
ISR E N, ERNTY RS0 L, WS IICERICAS XS REBSNLZ—4 Y MCBZEd 5. Hizemiy
l& 100-300[m/sD CZ L E B 7z, MAMAL LT, SHRRSIMA (SRR, ~Fi% ¢2.45 X 45[mm], Hi& 1.71[g]) & Sl
IRAPFIA (B, % ¢8.4 X 15[mm], i 2.33[g)) 2 L7z, X—7 v Mcld, HlUK (1% 270x175x130[mm] &
i 5.5[kg], %% 0.90[g/cn¥], ZEBRER 3[%)]) & KKz B S B THE > T ARMIEIK (517 155%x120x100[mm] E & 1.5[kg],
#JE 0.75[glen?], ZERRHE 19[%)]), F LD =&ITkG L (114 155x120x70[mm] B & 2.2[kg], %[ 1.7[g/cn?]) Z{#
Uz, BZEOFIENA AE— R AT (7 L—LL— | 2200-8800[fps] #&/EHER 15[us]) Z WV Catgk L, AL
DL LWHEREOEA « 7 L— 2ROk 2B L 7z

HoO JKICTREIADEZE LTz & &, BRERICBONTI—IROA Y o 7 ZEHDFE L%, 2—7y M 5HIIFE
BEACER LY 2y MRAY 2 7 ZEHDRET ST b o7z, O 100[ms]A Licb iz 2 EMBDOE
DT, MEANODEACBT 28I VMIREOR N I— RO LSRN R L ko7, £z, BAIKKOEEEE N
TOKDKER T HEHE NS 128, KiEANOEADBICHET 5 K95 7%, TEMADE D OMEISHDHFI SN TEES NS
BSOS, /Y272 (I UHENTLE S ML DS EDHERTE 2. REMAD 2 —7w b 5ERIc
BEDE L 721 BRI DE 125 TS K A ¥ o 7 ZEHBHIO T2, T O/EANSAREIC N 2 E2EWmam A E v
BiRic o Tmd Ronik. WANOWEEATOBAICBW TS, MERIROAVEAZRDTr—ANEZ L RN,
Z0id, HAI vy 3 VERIKIEHERIRO G NVERICE  flgeERNEmnC eMEZ5NS. HAKBRD 7 L—2TBIR
&, TROBAEGLEO E Y MME, ZORIOEL RIZSEZR—)IVIEK, Z—7"y N OILEIPHICIEED 2 7 5 7
5720, IKANDOHAJEIROEZLIC B % JeTHIZE (e.g. Kato et al., Icarus 113(2) 423-441, 1995., Arakawa, Low Temperature
Science 66 113-121, 2008) & HEAIIC—E L TV 5. BiZeri THAET % 11172 —RotHBE T H 2 FiiliiZeatl (Wada,
JSIAM 16(4) 19-31, 2006)c & © RAEEE - 7zfEH, HyO kDI = AR ATE 12 KE A TED, E2iass ek
FEIWTRE AL L, WikE UCIRZ 58S C EWHEITE 3.

AL, RV E MBS (RERITE (B)N0.25289301YD k2% TirhbNiz. T IEHOEZERT %.

F—T—F KKK, XX =&, J L= NURAT 4w T LY
Keywords: icy object, penetrator, crater, ballistic range
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S OEEE E 7 WO TR R 3 R D FEERAT IS¢ _ _
Experimental study of compaction process of powder bed by centrifuge experiment

KA e 1+ KN E A L Guettler Carsteh; Wikt B+ 1
OMURA, Tomomit* : KIUCHI, Masatd ;: GUETTLER, Carsteh: NAKAMURA, Akiko !

LA R 2R ZEREF 258, 2Max-Planck-Institute for Solar System Research
!Graduate School of Science, Kobe Universitylax-Planck-Institute for Solar System Research

B DOERIC BN TIE, BWERFOE ), DA AKX BET]. BEENCK > TEREENZ(ET % (Kataoka et al.,
2013) /NRER EDOHERMERICBVTE, HERDOIENPHCENCK > TT TS IVRER L TV R JEOZERHE
WX ENB EEZ BN,

th ECHRIAZERE DD 58 & EDERB LR EROBFRIE. ROXSICEINS (Yu et al., 2003; Kiuchi and
Nakamura, 2014)

p=po+(1-p)exp{-mRr~"} (1)

T T Rp XN rNICE  BE ) R B E DT, R PRROBMTH S, po. m. nIZEET, po 1M1
MAIFIE LW EDZERETH 5,

D) RXPEZZEI T TERD IO E I DRIHEIDEN TRV, Fiz, (1) RNEEMHR FOZEFRRICDOWVTDE D
T, RIKRERIC E DREEEH ATREMNME D> TRV, 7ab B, T TICHEE > TV AR T OZERRRLH L < Wi rhHk%
DFEEATLICED EDXSICEILT ZEDHh> TV, RIC Q) XD T TICHEE > TV AR FICEBEHATES LT
NE, MFZEHNEREL LTV T E TRy Z/NEL Lt EDZERRE 1) XH SELNEHEIC—HTELEZLN
%o T CAMIE TR, ENINEERZLEEERZITV. TORELE 1) ROLEZTTS,

FERGEURNC I 2R D 60 Wb i T-IEE 7.5-80um ORI T 5x 50 L. 2AD 60 % 1-8 um DKL 7h 5755 7 5 A
Tyvyazrfnt, TNHEERS.8cm HE 3emD ST AFy FHIHEE RIS D WVAN, 1y THhEIRARTRE
HZKFCT oY D, ZNFTNZERLEIBEZ 60 %, 70 % Lz D% AWz, HUEOEERE S VT 1-18 GO
BgE S 2, ZFOROEHOM T Z2EEBICH O I T AT THE LUz, —AmbhbER N THEMT 25810
MBENCHO MHT U S, @Oz 256, BaNIChN 12 —kRICT 22 LM TES W0 Rl
W& % (Mizuno et al., 1991) #fEE /)2 HIN L 7eic & d S 2 bz IE U, F25Rai1e COZERBROL L2 \T, £
[ & ORE I L—Y—EEG 2 v iz,

EEROFERZERRLIL, HAOR FEENZTNTNEB O OTIUETH % 24 um(ED)., 4.5um(7 547 v 1) TH
BEMCELEGAED (1) X&E., ZRFNZEEE 6 %N, 5%ANT L, B KZEFEIRNT EDh -5
Teo WICHHET % L. TORFERE 24um &5 DI, R ORKE LR DRE DITHE L TWE/NEIZRORE SIS
(AN

F—T— R PR, NRE, 2E5R, mE ), Frkiik
Keywords: planetesimal, asteroid, porosity, high gravity, powder and granular material

1/1



J apan Geoscience Uni_on Meeting 2014 /0 d ;

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]ggg;gim

Union

PPS21-P14 23 R AR —2 FFRd:4 H 29 H 18:15-19:30

7J<f’ TRR 2R L TOK « IHEEYINCHS B 7 L— X —JE R

High velocity impact cratering experlments on ice-sand mixture simulating the surface of
icy satellites

%ﬁ ﬁijj‘( Le JIL“I BULL' L. {%# P VAR 2
TAKANO, Shotail* ARAKAWA Masahiko! ; YASUI, Minami?

LR RS AR EBEER AR TR, 2 P K2 F AR AR et il S T2 e ER
LGraduate School of Science, Kobe Universt@rganization of Advanced Science and Technology, Kobe University

FUOIC KR, NEFT., NKET L ADOHHRE EIKkEEORTOREGMNEEZESONTED, R/
B L AL, NASA O/NEEEEER Dawnh 2015FICEZE L TN b NS FETHS. DT LRI, /INRERFD
AA R CHBDT, TOKHGTRICIE, HRLEXATONKENERL T L —R2—%ES. HEI 1L —Z—0DY
A ZRIRE, EZLYERHR O, & 5ICHEZSHE R ONEMEEIC X D K2 B kT 5. 2T, ¥ L AN
DY L—2—ZHETBH LI, HELU/NREOHEEYZOME, £k, 7 L AMBROSEAOEHERLWNEEG
&Emﬁﬁéﬁﬁ%ﬁézaﬁf%% COX D HMHEZRET 5I1C1E, BENEBRTORDEEHNLETHS. I7%

IKRK - BERTIREY), X 5IKENIBEEZ R ORMICIER I NS 7 L—2—DRMEHSMIT 08D
5 MKT TIN5 ORI E YA OFEIC K D ED X 5 KRR Z T 2 il AR BN H 5.

INETY L—2—EREhHRICET % RMIN7EFERIE FICHUKEEN TOHTON T E /2. FOKICEL Ti& 0.1km/sh 5
7km/sE TDILWHEIF T, BREEOMHALZ Wz L—2—EREENM TN TV, LM LEDD, K- SOhHES
RN U TR B NI F T UAVERIZITDN TE TR, FHONRERICHIT B4 L ADKHFRAN\DEZE % %
Z % LI5S akm/sLl b T O gl Ze IR e BT 2B D B, ZTOFNI DRV, F T TAZE T 1km/s7zitd
A % EHRER T, JEWEE &R 2 R O BEEE OMALZ W TOK « SAkHREEYERRIAD 7 L— 2 — Bk 52k
Eiiofz. TUT, 7L—2—BIRR T L—Z—IEABIRIHOK E LR T ED K SIS 2D EHFHNS T i Lz,

FBRTIE L IR 2013 SR L KB LIRS TP R D ZBREUKEAT AFiZ2 VT o 1o 7 L AR 72 Kl
L7oK « SR FEERIEARNE . R 500u m D il & K2 B F Lk 80~83wtnll 72 % X S ICIRE THEf L7z, ZDIREY
ZELE 15cm. @& E 5~10emDHFER BRI AL, -23H 5-15 COMHETH S TER LUz, situcid, B 2mm
DTIVIER, VIVaAZTER, FRUBREHW. TNTNO®EEE, 2.7g/cm3 5g/cm3 5.7g/cm3,TH 5. Th 5 DAL
A O RIS U THE 1.6~5.1km/sTHS Uiz, EEEENE, B2UERNIcEZzEF v N —AICERiE L, HZE
I EZITVE EWEAT 5. FERREDF v > /N—NDJESJ1E 200~230PaD N TH %, 7 L—X—TEHGEFEIZ A A —
VAUN—RZ—N AT KD SusHHIC 18 nliRss LTz, T OMGEEGN 5, BZERDA Y 1 7 2R Z DR EE 7 i
NTHOKE DL ZRTTo 7z, EERIE, BRI Nz L—2—DIkE / F R K D EHIIL 2,

FERFER - SR DOFERN 5K - EEM?&Emnﬁﬂf&iff@knﬁﬂc‘:th\f Spallation’’, E D5k, HEICHBWTEEE
W ehbholz, T SpallcBid 2585, HRIERLOMERIEN « AR RENE S MOKR & 1385k
%o 7L —2—ERIHEETXIVF—DE CHAE. K - EEM?( mdﬂmiffwknitﬂ@frﬁ# Yt ehbholz,
Hiraoka et al (2004)Ci%, K « SAEAYIOEAGERELEZTND, ZEF—EDOHALLR)VF—T7 L—2—EKER
Eiiole. TOEZERE L AL DORBHER L KL, 7&—&—@@&5%%@%3@&& LIZd 5. #iH, Hiraoka
TZEDMT o TORVEWEER 8OWWD T — XX, 5 DEAR 50%DT—X LIFIF—HL, 50 % F TOHE M
W, 80Wt%E TIIih i N T L ZHEMIC Uiz, ZDHHE, 80~100WtWD TEIMIC 7 L— X —hVNE KB T EH T
MEIND, Thid. 0~80WtWC I TIIIKDFREEZ S LT % DI LT 80~100Wt% Tl 41 H B DS il 7 S fid g
X9 HmBEN5IEEEZEND, £z, Housen and Holsapple (201DIERE Nz 7 L— & — X7 — VA7 LN TK -
AR TRARENCHT 20T/ ST A= —1r & 1y OBMRZRDTZ, 80wtV £ R TRkt DENE | -5k D sRE Xl
EINTOVERVDT, 30WWDIEAYIEIROMEDEZ V. TOWE, ng & my OBRIIKDESE & KE < t;o
1zo % T T 8OWWH R TR AR OME %, #Z1E 100MPalic LT, HERGRZE RS THD EHUKOMZREIFIE
T5E5ICkEo. ELINDELNET S & 80wWtUD kiR AR OENNF | 55 D 3R IZFOK DR D 61ﬁ;&<
KRBT ERbhoT,

F—T— ROKEEE, K - IIRAY, 6527 L— 2 —, @ Ese s

Keywords: icy satellites, ice-sand mixture, impact crater, high velocity impact experiments
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Experimental study on the decay process of impact-induced stress propagating throug
granular materials

FL:% —E Le JIL“I BULL' L. {%# P VAR 2
MATSUE, Kazumé* ARAKAWA Masahiko! ; YASUI, Minami?

LR RS R EBEER AR, 2 P K2 F AR AR et il S T2 e B
LGraduate School of Science, Kobe Universt@rganization of Advanced Science and Technology, Kobe University

W UHIC  BZEHRIIEREEKIC BN TREEELRYELEED—DTH D, KERNDBEARIKICIZZ DL E U Tl
287 L—R—EFET B, TR L—Z2—0Y A Xk, HZEREOY A X - Pk - H2e5ett, U RIKEEO
FHERPIMEIC K DL T %, (> T, 7 L—Z—DifEED SEZERAEDYIMELE I T 2 IHHRMEE NS, km Y
A REBAZB 7 L—F—TlX, ZOEMRBREIENCEOZEHINTHE EEDNTED, ZO2dHhik~ND 7 L—
X—TERFERING ETICE TN TW5. ZO/HE, BRI TEMBADEICK > Ty L—2—Y A1 XAWEE 5
TEMHENTVS. —), ROIOREEETRMNINKEORTE LIV ABTEDODN TSI b TER. &
RSNE 2 O/NVEHERIIE 7L E (SCD I K B0 X 5 BREHO/NS EM/NEDO L TV AJAD T L— 2 —TERGHE
YR BITE, RHAOYIEN 7 L — R —EREERIC ED X S ITHER X TSN RRIAT 208 H 5. K
WCHETZEIRIC BN TIE 7 L—Z2—DHHGRN 7 L— 2 —T A XD LYFLEIE L ZZ 5N TWS DT, Mkifkow)
& IRHROBRZHS NS T 208N H 5. Z 2 TAWIETIE, EHZERFOHHIRORN Mz ek d 5728, Frhifkd
TARIEST 2010 ZRHNS 2 2 &ic Uiz, Z LT, TOIRITEDOERE - WED, 7 L—2—Y 14 XMmhilkoytt & £
DX EBRICHEZMEFNSL Lic L.

FERIT L 7 L— 2 — IR DG 12 JIE T & % X 5 ICERIASR 2 e i L7z, 34, K& A% 10cmx 10cmx 10cm
D7 IV IET, MRADEHRZE 1-10cme Z{b Wiz, FHINCHAWZIEIEHE, S5 R 20kPa [EE KBNS 2kHz D
BF—VRE YT, ORI —2EZENAE FOEMICHD 7z, FERIEABE T « A KA2ORER—BEE A A
FBEHWTITo e, FNEFNFHERTIE, ISHIEIRE 7 L— & —Y o ZOHFY A A7 « EZOEE A2 ATz
ISR D RENIKEE R TIFo 72y, M O A ZAGENCER Y 72 5 /a0 K S ISR E ARG 2 vz, FErEENC i
FIRRLE MR E AR % 4 FHEOMBZHER Lz, ZhblE, A A=A HEMTHD, ZTNZFhRifE 100,500m
TEECH Wz, ALK BB FOFEERTIEAH T ABR (B 7.75,10, 156mm) A AFHOFEERIEF A « 7))V IF (B
3mm) 7z AV e, 28 E & R T 2-5.5m/s HABTIE 60-70m/sk 2L E ¥ /e, ZTNZENOHEIRFBRICHNT,
I L—2—Y A XL B2 LTz,

R D 7 L—2—Y A X LG EB T 3 )L — DO BRISEENOFREIC K D x5 T &b o iz, R, 100um Of
PR TIE, RIS NE R L—Z— U TEARD 5Tz TOMMZEIND 2D RO MZ Xz, Al FE
BRIC X BEIBIE, 2EUCEIDEML, SRENCELURRICEDT EH, HI AL —XTREeMImD L. Ak
WOLEEIT T Lz, FHC, 100um A TIEEIRIOEGIREIN R 5N, Z DT OFEREAY 0.5mskL
TTHBTemRBLTN5.

MR DFENC X 2 EHIIER, ARDOGEIZEHEE FOLE LIZER CIIETH 12D, HI AL —XDGEE
DEZCE > TIRENRE > 7o, FEDFEVEAIZ (5-10cm) HEE FOBA L [H UIRER, #< %% & (-5em) 45
WO ORRICEEIRE 2/ RTIIE kot £, HENAELAS LIXRTORFICIEFOEGREN RSNz,
NS DFENEIEZ RRFEINCE L TLUEP(1)-P(co)=Aexp(/7) (r : $EFIFFRT,A @ &) LIREBEIEICHET % L IE
U CHERIBS R 2 sRD Tz, ZOFER, 71 3H T AE—X TR 103s, AHEMTIZ 10 4s &40, 7 3POMEEEICZ(Ld %
HTHBT Dbl £ie, EHPLGEEErOBFRIIRD XS G TET T ENTES : PO)=Py(riL) P (P, : ¥
HIFEAEIET,L - SRR b =T A 2., JREFRbIE, BHEE FTORBR T, -0.7907F A8 —X), -0.94( kD), 7i
ARDOFEERTIE, -1.61(H T AL —2X), -1.71(HH) &% D EZSHEIC X > THEEORERN R 55 L ix o 7z,

FIHHE FORRICE T 27 L—R—Y A XEES dem TRl U T KIE S POBGRE FINS L b ffHmIic K& <
BNRE 5 2 ehbhh otz —7, TOEIIEZ ORMIEE r ORI BHEH U2 iHE & OBIfRZ#R% &, o
WKEST—DDEMTT 4 v T 4 VT T B ENTE. TR, BHNER 7 N7 L— 2 —JERR Otz 7 %
TYHEBETHZ T EERELTWVS. 5%, COEMBRAMOEDL S MM EEFRL, YFREIC X D ZT S
DRIz,

F—TU— R HaHR, Bk, 7 L— 2 —JE ok
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K - SOMERE OWZRIRIC BT 2 FERIIIEZE & [ A ARADOEZERIEIC T

B2 FE DR E . . .

Effects of impact angles on the impact strength of icy and rocky planetesimals for the
collision among equal size bodies

AR B SR BUZ L R TR dr 2
KOMOTO, Yasunari ; ARAKAWA, Masahiko! ; YASUI, Minami?*

VIR KRR EBEEP AR, 2 phE R FAARL AR St Al & L BR B AR
IGraduate School of Science, Kobe Universt@rganization of Advanced Science and Technology, Kobe University

B UBHIC 1 INFTHE HEREICE T 2SN TO N T E 2D, TDIE LA ERHILEAFZNDEEAD K
ERHLDOREMO THo e, RKOWEIRIERE L, BEXICEARBTARIVF—5E (HALOMEE)T )L F— AL &Y
DHEFE) TRIZENTEEZDT, HALDREITLENTNE WG, —RICIZIFFEIC RO E T < TR EZe i3 s
Lz, —J5, MEREOYMERIEMTIX, ZOMNEIEHERE I0mBEE TH > EEIALNTVADT, TOXD
IARGHE CREZEMIRIIIZ LA ERI DRV LIRS, LA LEDD, HIIEEER T, MEEMICKEETAX
FEDEVIREETHRENREEIZEEASNTWADT, [V A XH2E TOEIENIEBENELE L 755, KHCFHY 1 XMHZe
Tld, EZEBIEIC R E R REISHE 2RO B ENTES. HICE AR, TORMEHEELITTOHETIE, #iL-H
BRI K S SRR OIS 50/, BEEEZHER S % ECIFRICHEREEL VA, NETE
B0 EOE T2 - ToiilL « BRIR T OFERRIRZ RV REEHNCHME L T T E 2R, Y A Xl2E Tl
ZEMg D 2 — VAT B < AW 5N % BRI O s AR BRE S PE DR D L DD LW, 18- T, FY A X
bbbz O 7289 K 0, REROEZEIERIE 2 RO 2 080 H 5. AT, K, 68, A7AC-XREA
Bz HOTRY A ik 2 Horclizeddiztro> 7. TNEOREHE, KRR, aY F I MEARRKOHEREZ
BHEL TV 5. E5Ic, EmEZEIZT Tk BRI 9 2 MZef R & 7z

FERIGiE K AT AC—XREAE. TUTHEZHVTERE 25mm & 30mmOKIEERZER L. ThTho
RN AR 2 TR LA C EIC K DR UTe. MiZeBRiciy, TOMEICS U T 3FEHOKEZH W, ZN5iE, N
it (EOEEAD, HEUA R OKAD, BUARGT (BN THa. &k, WmZEdEid 47160m/sk Lic, X7z, H%e
RZHAROHLNET 59 T LICK O RIDEZEEEREIT o7z, TOROMEIR 0 (EHEZS) »5 80" (KX 1ugEn
2% L L7, FBRORTFIEHETF I AZTEML, RBBOWmZR I N TRINL CEE M MzetlilLe. &
5, MR T A L THEETE AW 2 TA2RRIRAET S T LIckD, HE - lAEE R EHNT

FER T YA RRHEZE D B O T3V F—HEE, HEHRZHWICROEIH TIVF—ICIDERT S LIl
7o, TOHELRTOEIT LT —%2 W ic T3V F—#E 7% AV TEZEBIEMRE Qv K % LK, AHEER T, 8
BRI 1050, FAR A 2HZERMTESNIE L ZIER Uz R Ue. —7, E—XAD AEHRTIEE RS 10520 F
DEFFRE D /NEWNEE > Te, TS, MR E Y A X5RHEZE Tl RFE B D 7 DEZE L Id R E < 5Lk
ZholceEong. ROHEETIE, AEDPREIADICONTRAMFIEINE L G>ThoT., T T, HEHIESHED
ERRTIR O ER G 72 2 o Te TRV F—EEZ VT T — 2 28T 2 LIZIETRTOT—XIE, ThThoaik
T—DDEMICHES T LD oTe. Ko, FHUIU BT EED SRR 2 A o 7o, ZORSR, KMRERE
£ 20km & O REBRAG SIS EHERL, Hla Y FI A FRERAZ I UM IREE 5.2km & D KEZK
RELIEFHEMT S eMbol. ZLT, OV R a—bz2B& 50 EALEE OHEREXERE 6.7km& Hh KEFNIE
HERT S Do T,

F—U— R HERE, ROmZE, EIEURmE, T3V —0id, AR

Keywords: Planetesimals, Oblique impact, Impact strength, Energy partition, Re-accretion
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ZAUEYE OB R EER | KRR RARDE L HANDINH _
Dynamic compaction experiments of porous materials: Implications for impact com-
paction of pre-planetesimals

R B o B ATTE 2 AR TER 2 I BUE 3
YASUI, Minami'* ; YOKOTA, Mizuki? ; SAKAMOTO, Kan& ; ARAKAWA, Masahiko®

LR K BB AR A S ISR ER, 2t RS2 AR R E B AR, 3 i R EB A Ze Rt BR e R Rl A e
!Organization of Advanced Science and Technology, Kobe Univef$igculty of Science, Kobe Universit§Graduate School
of Science, Kobe University

F I HERBEEAGEIRICB VT, cm YA X5 km ¥ A X (HEREFEKRA L FES) NDOREA A=A LG, 2D
DOFMEEEN TV S, 1D, FEEICTHE. BHELIEXA ST U7 A FIEHCENCE > THR - Ui L., MR
2T 5 LA LB NARLED,. €5 1D, BREERZROBELTEALNT TV T A FhOMEENENET S L
A TCERZEGRIENRTH S, AHETIE, EERGHRREFICERT %, TOTIE, MR AR LAV 2E% 1%
DIRY T ETHIHERD LR U, T OROEIETIFEPCHIUIRINET O GHRKEMIEEIND LWV 5 HERDND 5.
Z T, 2RI K - TS 2 MR AR A DRIE L2 NI DDA (2013 455 TH 5. AT EZER
DHFICAT Y L AMEZ Hiliig T &8 2\ RERZITV. 2R OIS T) & EFE . R OKRE E Ok
ZIASMC Uiz, UL, JARDWMZE TIEZEHED 0.7~3.5m/s & TR i 5K AR D FL i)/ N X W i 2 s i ©
FEZIT>TW5B, £ T TAMRTIE, BERERBERIADER X A =X L, HZIG) ERIZHN% 728, 5m/sLA
O EHEPA T D ZALUEYI A O IR 21T o T2,

FERT RENCIE, SR X OOKMERERTR AR Z B LT 8—F 14 b B Vi, FOYHAZERRIE 70, 80%,
IN—F A S OYIHAE L 85kgin? TH 2, FOMEZEREBIIILKMRMOMIEZE (-(10°C), NN—F 1 FDOFEERII A KT
10, B — B A X $ N O R — B A7z i U7z BOERBIHABROHZMH Uiz, 7 7V LRENICH
RZERNICHERE U TIER L 7KK+ (40~200um), K 72idiflid/ S—Z 1 MR (2.2~3.4mm) ZHE 12emicz3 &5
AN, 2em R CRE U TOKR £ 7213 8—F 1 M TERZ 5 EIED . RIS BMEA L Z2BIgiiks K Hic Lz,
CTO7Z7VIVENOENO FICEA N U ZRRE L, #TER N U 2IE S8 TR Z S Uz, fittud, SR%TR
B 25mmOsHER— L2 IV, HEREE T ERE 30mmO MY RZ O (i 725tk R— )Lz flviz, X R,
£ 30mm, & E 10~30mmaDRY AA—FKRxA b, TV, KU T EZ—)VIEEEHWT, EXA MK BEEDENZ
FARTz HALOEZHEE X 2~118MISTH %, BEOMFIIEEE L T4 H AT TR U, #d £ 1% 6000~10000fps
R 20~100us & LTz,

FERRGHR C £9°. EX MU OIEED SRD DI 0, & TRVF—DRGEADNSRDZARTNEEY ZLEi L
Teo ZTOME, 0, EYIBNRN—=F A, FH, fRC 101 DBRICHZ T DDA o T,

RIT, BRI DGR pp RIRD YR RD, pp ZRDZBETIVAEIRE LTz /3—T A MMk 7O
KB K o TEEDHEITT %, MBZEC K D BHEI Nz R AmziEdha & lHB) T 3V F—E, TLlg U 7zhs R,
HE T3V F—EHHEND D Am=10"3E,%* LW I RGO NIz, Tz, W L7z DRBHED S—F 1 MR T
DA Z b B L AGE U CTIEERIZOENE R TR 2V & BTV pr=p/(1-Amim;) (p; © BEHNOEGHIA
£, m,  HENER) BMESNT, £RCoETIVAEERMEE XKL,

—Ji. BOWE. IR FRIOBRIAVNE 722 T &I K> THEEMNETT 5, TDT D, 73—F A MAKKEEFTZD
BNERRFXZHCT, ET VR pr=ml(Lo-AL)S (Lo BEROFIIIEE . S ENOERER. AL @ BNO RO
EXZm) Mioniz, TTT. ALREZL)] & EREORGRD 515 5 NI TR R n Z 0T AL=E /Ay, S
(v, GERA N VEE, AZER) &74%, 2O D, FOTVERMFEITHEIRICK > TRED, FEE & X<~
®L iz,

RARIC, BRI Ll ORAERRIE ppy LIRS o) OBIREHRNTZ, ZORER, R—F 4 M T pr1=3.00,08(kPa). &
Tl pp1=1275,03(kPa) &\ 5 BARMG B NTze LA LEIR, 0, > 100kPATE% & ppy ICIEXEDENRENS, THUI,
AN Z R LDEOHEFEEEEZZ 5N%, 100kPall R TIEEOFHAZRER THE X /1 = X L2 L LS, 100kPa
DL EDOBE, WIHZERRER 70%C I E B ORI X B EEMEEC O, YIIHZEERE 80% T I EiZ2EZic LEiih R
FCHERL, ZO% FNEHBHRR & HCFRFICEEREI NS T b o Tz, — 17, 78—F A MIETOISSIHIPH T
JEENC 5TV, T—Z2OR5EDETRIFZLAERLNENS T,

F—T— F: KRR, BITEE, B29920R, Rarm e, A RN, FERTRG T FREL
Keywords: pre-planetesimal, dynamic compaction, impact experiment, final density, Kinoshita strength, compression viscosity
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RIPED IDIIRDEBMBERIC 5 2 2 5B O FERERE :
Effect of particle size distribution on thermal conductivity of powdered materials

WA R s /NI R 2 ARH BRAECS ;S 1] BOZ 45 rh R 2
SAKATANI, Naoya'* ; OGAWA, Kazunort ; HONDA, Rie’ ; ARAKAWA, Masahiko' ; TANAKA, Satosh?

RRBWIITIERERE, 2 THREANIILHT, ® @AIRE, + e R
1The Graduate University for Advanced Studigsstitute of Space and Astronautical Scient€pchi University,*Kobe Uni-
versity

AEEL IV XD K 5 ik OBdmE A 1 = A LEHRT % T Lid, BEOBEL EBHEDBIREEZHEES 5 LT
HETH S, MEYEHOBMRERIINZEZLZDNMA, R, [EHIC175 ERL R8T A—2IKAF L. TOREICK >
T AU EZET Z2EDTH B, ERWEIIZENDIRNTD, BUEL A Z X LOMRIIA T TH D, EEEO KA
L TOMARBMLERZHINT S L IEHETH S,

AWFEDHINE, BMEERDINT A — 2 A7 DR RIHEIC K > T, BE AN A L2 BRI 2L TH 5, %
NI &> TARERZET IV L, KK FEOBMBERAEEICISHT %, TN E TOMMADOBRERIC BT B FERIHTFSE
D% &, RO ToiRY > IV ERWIEEDTH -7z, LML, ALY X um ¥4 A5 mmy A1 XETD
K FOIREMTH %, Tz, T2 FI A4 MEADREREDHEERK X, S )Y 7 AT A XAy R a—)bY A4 XD
K FOIREMIE L EZ BN, TODX S TR %F > T WMADBBERICE T 27513, CNFE T FHloH LY
N Tz (Woodside and Messmer, 1961; Huetter et al., 200838 & Tld. HZZ NI B THMADBYRE SR T 5=
BRzITV, RO A U RS %,

WYy TV HSAE—=XTH O, kifk 100um & 200 um DREMTH %, MUY > T IVIZ L SHETSH
D, TNETNORZROEREALE 1.0, 2:1, 11, 1:2, 0:ICH %, TNZTNDOY > T IVDZERHIZ 0.38, 0.35, 0.32, 0.35,
0.38TH-7z. TNEDY VT IVDOEAEHIL line heat source: THIE L 7z,

EEROFER, H—RIRY > 7 IVO%E, 100pum & 200pum DH T AL — XOBRERIZZNZ 1 0.0023 W/mKE 0.0035
W/ImMK TH o7z TORMBEROMINE, FICERN O GOMEMMEKNTH S, —/. NMEZESYCOVWTIE, BE
f2:1, 1:1, 1:209 > )V OBMRER T Z N F 1 0.0039, 0.0029, 0.0039 WIMK'H b . KiBIE Y DOELERIZ 2[R
ERWVHBEZR > T\ iz, o, HIIE T NIZEBMEER LIEGEOMICITEREFRIE RS NT, M FROZ(LZ/RT T &
DS MTE 5 Tz,

WE U BRI, R R OBzl 7238 - 72 MRS D F 5 T 5 [EAMAER &R 7R O BRSO3 5 THh 5 1E
HEEROMTRENS, AR THEOSNIATRIE, ERRER EEIHEEROR M LIS K R OFEIC XK >
THPINBZ LEZBNS, LED> T, FRIEROMIRDIHITIE, HIE S NIl FAEER L lE s R o) i
T2R0END S, TN, FEHFEEROROREMREEZRH LU, BVMREROMREKFEZHHET S5 LI K> Thlhe
Lix % (A, 2013) AFER TR, FiF8Y > 7 U UTEMBEROIBERIFEORTEHERE S T, B RER
CHREHAEER ORI BRI IRIZIEIC DOV T O RERET 5,
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Wt o A — XOBLIER & SR OUEFER L
Measurement experiments of thermal conductivity and sound velocity in sintered glas:
beads

FREH B2 L NI RO Y IR R 2 TR BUE 3 IR TR 3
TSUDA, Shokd ; OGAWA, Kazunort* ; SAKATANI, Naoya? ; ARAKAWA, Masahika® ; YASUI, Minami?

VHRURAE, 2 BB IIER BR3P K7
1The University of Tokyo2The Graduate University for Advanced Studig&§pbe University

The thermal conductivity and sound velocity of sintered particle materials (glass beads) were experimentally measured, an
a correlation between them was investigated. Particles have often played important roles in the solar system history. Especial
dust particles condensed in the early solar nebula formed planetesimals, and they remained as the main structure material of t
bodies. The particles were then gradually sintered as temperature increased by disintegrations of radioactive isotopes. Finally
part of planetesimals might be completely sintered and began to melt. Currently the sintered materials may also exist on the lun:
and asteroid subsurface for example. Mechanical and thermal properties of such sintered materials are essential information f
investigating the history of these bodies.

In the thermal issues, particles are known as a strong thermal insulator in vacuum. Although the thermal conductivity of
sintered materials has never been measured, itis considered to be a value between the unsintered and a continuous rock, depen
on degree of the sintering process. Concerning the sound velocity, characteristic feature depending on the sintering degree
expected to be similar to the thermal conductivity, because basically the phonon conduction is a common mechanism for bot
the thermal and sound phenomena in electrical insulation materials.

In this presentation, we report results of the first experiments of the thermal conductivity and sound velocity measurements i
sintered particle materials. For measurement samples, 9 different blocks of sintered soda-lime glass beads were prepared: th
bead diameters of 180-255, 355-500, and 710-1@80and three degrees of sintering that have nearly the same porosity 40%.
The cross section of sintering contact sites (neck) was evaluated for each sample. The thermal conductivity was measured by t
line heat source method by a line heater and temperature sensors given in the sample in advance. The sound velocity was direc
measured by a transmitter and receiver put at both ends of the block samples.

As results of the experiments, both the thermal conductivity and the sound velocity had an apparent correlation with each othe
and with degree of sintering. They appeared almost in proportion to the neck diameter, which feature obviously indicates that thi
neck or contact size controls the bulk thermal and sound conductions, in weakly-sintered particle systems at least. These resu
can be directly applied to estimation of thermal and mechanical property of the ancient planetesimals. These results also sugge
that the thermal conductivity of sintered materials, and also of unsintered particles probably, can be evaluated by measuremer
of the sound velocity.
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Experiment to know the power to pull mutually between things that are axisymmetric for
the Saturn’s-like magnetic axis
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TREOMIGIE RGN TS E S A5 EEESTHED., S HIC O HiREE —BLTWVWa (1), TOBHEFEE
EHEHNTH S, EHICTEORIEITEDOMEHZNEL TWVWS (2 TNHBEATSH S EDOFHHIINEEEZIN TV
WeEbNG, IS OBHEREFHNTH %,

ELWVEROTWINRFEHGZ, CNETICHREIN TV S BROFHN RIS ORI TE Z 720, W5
DHULE I D RGN T EIC A2 B (R RET &V D) _ETIRRGERFRIC S 2 & OO THEICS 1 E A5 711 (BlE5|
N WFET B, DFEOEREMKT ZYEIEEIET 112 X > T 180 RHIOYIE & BHN B b HROERIZERE N
HERFEN T3, COEERZRFAT 2 ZBRICHD ATV 2 D THRRZHNT %,

HERZ B HRICEHIA L 72V, A T DO A U —J51 (REEHCEAT) IChii S & SN d. BHICIEREAD S HRET x
IWF—DRAT S FAIEBEB I TRV F—HifGa L THEEF TE2ZEHHEVEDEIFEZ RV, BEREmicin
IHM TR AEYDEDDIIIVF—HENLZ W5 ZNEHHET 2 -OMARDS ZWIREE GEICREEFmIE Dm0k
HE) IC75 %o Bl DB /RE T FICHEBIEFRIC 22 K5 2O EOAZEET %, [HE (A)A - Kik (Wa)B - iz
(A)C) DITT, ABCOET 1 HHZD) ITIHAT 2HE/ER FOT XV F—DREETIE TAEEH - BEZW- C
] DMV THB, THEIRMIREL TE /2 2{RERHRMEZDOEDEDTA L CHEIES1TIZEED ()

s FEEROKERL (X 72 )5+

A,C : RIRIEAT (45) 28Il L7z & @ (34L X 25W X 25H)

B : KRG (BT =51 F,40L X 40W X 10H, REBEHAE B=79mT, W5 )] F=2.746kgf) % 4~8 {7z HEiz &
@ (40L X 40W X 40~80H)

BEEFTHIRD Ry 7 A (KE) ZRICEDB T2 IRAE (280L X 580W X 410H) THIHT %, HEEICAR, A= E
M5, HIRIC 150 X 150FLEED e, FEZEDRKIIC 50 X S0FLED /R ZRIT 2 (FHISEWALIE), KRDIND Fiid ¢
65 X 1,000LDIFEISA TZH O 1) %, FEEDRTHIENZYRZME LIc T Aik%, AR NZEDE LM T
BB, 150X 150 X 3t DN VI ZBT B Z I3 DIAATZIRIET/NE B DR Z I—F > 79 %, ZTOXNZVHZH
WIS HR D7 FES K IO (1T %, ERZIEE/SA 7 EibINIAEIREE L 725,

AFFHNS 288D (1,700L) TH O FFHNAEENTHEIEE TE 208 LA T B & OB 20mmiEE TH %
3%, CIREZNRRNSARTHESEIN, COAMHEICIZHORDINESE SN TWVS, BEFOHND S RZ51
B A5 CRET (IRAECL) C N TE, O C % BICHIBRD 20mmiLEIcEE S ¥ 5 (IRREC2) 2 &N TE S,

oL X B 56 BORERKE MEAZZ(LIERD 3@ & Utz SF 10 #it 8 HEHEA (RIEEATE). £ 2 #it 4
A (RERSAE). S&0F 3 1 K 4 A (Gl A A 7K F)

s fFRAIDOFEsx 1A ZWIEREES S (REECL), 2. ETAH AT T A DIREZBAT % (IKEE C1), 3.5ME 27
% C1Mh5 C2\ (IRHE C2), 4.5k 4 771% C2/0 5 CL\ (IRRE C1), 5.Bikf 6 731 CLH 5 C2\ (kA& C2), 6.FdUs 857
(L3 S R

ookt ek LR ISR EE TR AR, A ZRUNCEEBI L Tz, 1.560F 1 RUSMH 2 DG, O (KEE C2)
ORI ICIRE DS N, 2 [EHO (IREE C2) ORI ICIREIAMEIR S Nz, 2.5 3 DG, 2RFEHIC A DR
T LIZERD ENEh o T,

sk B B Sl 2 LM 3 DHIRIC X D R RHA DB BRI T VEEZITXESZEITH S, THRLIEID KT
ENTVABARENND %,
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C: natural whetstone(sandstone,
34L x 25W x 25H

B: perm: i pic ferrite.40L X 40W X 10H,
B=79mT.F=2.746kef) piled up 4~8 pieces
40L X 40W X 40~80H

Condition1 3 kinds of Condition

change of composition and direction of B

Gondition 3
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