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Fracture process inferred from fragment shape in impact disruption

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

LE¥ERNKRZE 22— T LA

LUniversity of Occupational and Environmental HeakNewton Press

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

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

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

Fujiwara, A., et al., in Asteroids Il, pp. 240-265, 1989.
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Experimental study on collisional destruction of iron bodies: Temperature dependence

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

LR REER B E IR

!Graduate School of Science,kobe University

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

rock samples

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

F—U— R RN, BOREZEENE, HuabiRm

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

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

LT3R
Tokyo institute of technology

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

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

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

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

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

L ERUR
The University of Tokyo

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

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

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

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

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

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

VTR
Tokyo Institute of Technology

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

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

TV

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

e

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

EiE

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

i

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

iy R
TANEKO, Akira!*

!SEED SCIENCE Labo.
LSEED SCIENCE Labo.

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

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

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

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

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

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

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

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

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

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

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

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

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

{1 DR

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

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

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

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

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

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

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

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

AW & > T BB 28 W AED M0, A2 RO B BT IVIMERE Nz, SHBIBARIILTIERK
LIeETIVZISH LT, RANBREDOENBIARY FIVANGR 258 2HET 2 ENRETH 5,
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FIFARMBRIC 35U 2 g E iy Ot i Rie S

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

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

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

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

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

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

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

Keywords: Ocean tide, Dynamical evolution of earth-moon system, primitive Earth, eigenfrequency, eigenfunction, tidal force
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ISALE shock physics cod& 7o B iE B 2Sa 5 R i n i@ rE o b
The attenuation behavior of shockwaves induced by hypervelocity impacts investigatec
using the iISALE shock physics code

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

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

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

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

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

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

F1 N/ |
SUZUKI, Kojiro**

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

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

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

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

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

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

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

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

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

VH TR
Tokyo Institute of Technology

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

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

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

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

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

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

F—I—F: aV RV o), EmEY REIIaL—a v
Keywords: chondrule, shock wave, hydrodynamics simulation
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A numerical simulation on diurnal thermal waves of an asteroid surface with detailed to-
pographical model

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

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

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

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

F—U— Fr/NRE, RETRE, IBIRE TV, Ve TV, Hif, 2ME M
Keywords: asteroid, surface temperature, spatial resolution, thermal modeling, topography, thermal inertia

1/1



Japan Geoscience Union Meeting 2015 /0 d ;

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

PPS21-P17 S Ry g ViR—)b FFR9:5 5 25 H 18:15-19:30
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Thermal evolution simulation of asteroid Vesta

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

PR KRBT ERIZER, 2 il R RABEEREE AT SR

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

P E AT
'RIKEN

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

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

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

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

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

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

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

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

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

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