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Venus Orbiter Mission
O/l Z—B8 (CCEHEFEAFHE AT

Venus orbiter mission was now officially approved as ISAS project. The main target of the
mission is to try to solve the atmospheric super rotation around the cloud height region
which has been first reported by one amateur astronomer in 1957 and finally confirmed
by Mariner 10 in 1974. 5 cameras are planned to be installed. Two cameras of EUV and 2
u m in wave length will be used to get cloud motions below and above the cloud, which
are core instruments of this mission. Detection of lightning and volcanos will be tried by
cameras of visible and 1ux m in wave length respectively. Spacecraft design is being
conducted for optimum instrumentation of camera imaging. Plasma instruments,
including magnetometer are optional but will be seriously considered to be accommodated.
The project will be initiated in April 2002 and the launch will be hopefully in Spring 2007.
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Significance of Hot Plasma Observations around Venus

CHT E B, 7 HEA ORI R R ER B P R R R 2 B 2 )
)11 #8 2 (40 T B R KIS Hh BRER BT FET)

The upper atmosphere of Venus directly interacts with the solar wind, which causes
excitation of various kinds of waves as well as accelerations of particles. In this paper, we
report on our plan to study such a plasma environment around the Venus with the onboard
instrument on Planet-C mission.
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Science and Technology of ENA imaging on Venus and the other Earth-type
planets. (2EF FECBRYUTEomEPIERTF(ENA) RGO T & 5#)

Swedish Institute of Space Physics, Kiruna: OM. Yamauchi, S. Barabash, R. Lundin
Institute of Space and Astronautical Science: K. Asamura
Hokkaido University, Institute of Earth and Planetary Science: S. Watanabe

Energetic neutral atoms (ENA) imaging is a new and quickly developing technique to
remotely diagnose space plasma. ENAs are atoms with energies well above the escape
velocity of a planetary body. Since they travel a straight pass regardless of ambient electric or
magnetic fields, ENAs carry information of the source conditions (energy, mass, angular
distribution). ENA are categorized into four energy ranges depending on experimental
technique: low energy ENA (LENA) at 0.01-1 keV, medium energy ENA (MENA) at 1-30
keV, high energy ENA (HENA) at 0.01-1 MeV, and relativistic ENA (RENA) at > 1 GeV.

Since the ENA flux at a given point is a result of a line-of-sight integration, interpretation of
ENA data is not straightforward. Yet one can obtain the physical information from inversion
models. Accuracy of such modelling as well as instrument developments in sensitivity and
compactness have reached a level that ENA imaging technique can make significant
contribution on studies of the Earth-type planets (Table 1). Venus is considered to be the best
planet to use this technique because of the anticipated high production rate of ENA from the
intense solar wind (except Mercury), dense atmosphere, and absent of the magnetic field that
allows the solar wind penetrate deeply into the planetary exosphere.

The main mechanisms of the ENA generation in space environments are (1) charge exchange
which operates at all the places where plasma and neutral gas co-exist, (2) recombination
which can occur, e.g., in coronal mass ejection, (3) back scattering of the precipitating ions
from atmospheres, which provides ENA albedo, (4) sputtering from solid surfaces, and (5) ion
neutralization on the dust particles.

ENA imaging can reveal (a) morphology of bow shock and other solar wind interaction
region, (b) plasma induced atmospheric escape (planetary ions converted to ENAs), (c) back
scattered ENAs and resultant modification of the atmosphere via ion/ENA precipitation, (d)
the surface information through the sputtering, and (e) quasi-trapped plasma and burst bulk
plasma injections (cf. terrestrial substorms) which are charge-exchanging with exospheric
neutrals. Table below provides summary of the application of ENA imaging technique for
studies of the terrestrial-type planets. ' SR ‘

Table 1. ENA production and its science for inner planets.

Planet Mercury Venus Earth Mars
Main production mechanisms @) + (1) (D +(3) (D (H+@3)
Main Scientific topics (d) +(e) (a)+(b) (e) (a), (b)

Keywords: ENA imaging, Venus, Terrestrial planet, Charge Exchange, Sputtering
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Observations of the ionospheric plasma by Venus Climate Orbiter

OFTEEE, /MMUFE—BF (FEHEREIZEFT),. Andrew Yau (W /L4 U —K%)

We present proposals for observing the plasma transportation and circulation processes and the
dynamics of the thermal plasmas that are the important element on Venus ionosphere by instruments
installed on Venus Climate Orbiter. Main purpose of the observation is to elucidate the following
unresolved problems: 1) How the upper atmosphere interacts with the lower atmosphere. 2) How
much the energy of the solar wind can enter to the Venus upper atmosphere. 3) How momentum and
energy of particles are transported into the upper atmosphere from external regions through the

coupling process. In the presentation, the observation target and strategy will be discussed in detail.
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Imaging of the Venusion ionosphere

OFENI—BA (FHMFHEMN) . IR GEIERABIR) . RHIEAN(RRXF).
INLIE—BR (PR PWZFT)

According to PVO observations, a significant amount of plasmas in the dayside flows to the
nightside. This fact suggests that there should be an effective loss process in the Venus ionosphere.
“Clouds” is considered to be one of the candidates which are related to plasma loss process.
However, the global shape, formation and the dependence on the IMF of the clouds are still
unknown, because the PVO obtained only local information on plasmas. Global imaging by using
EUV technique is a promising means to investigate such a study. We propose the EUV telescope
onboard Venus orbitor. This instrument has a imaging capability for He 1, He II, O II, and H 1
emissions simultaneously. In this paper, we present our motivations for conducting EUV imaging.

And also, the design of the telescope is shown.
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Long—wave infrared camera on Japanese Venus orbiter: Scientific objectives
and selection of wavelength

QIILLECE—L GRR-RERT L), SR CEEH, & LE#, FRAEA GEX-2)

The purpose of the Longwave IR camera onboard Planet—C is to observe the horizontal distribution
of cloud top temperature. In this paper, the science objectives, the selection criteria of observation
wavelengths and the required specifications are summarized.
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Optical atmospheric sounding on board a Venus orbiter
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A Venus orbiter to start observation in 2009 is planned by ISAS. Already at a previous meeting
Imamura (ISAS) discussed the scientific purposes. In the present talk main optical instruments
and their role for the scientific purposes are shown. The main purpose of this mission is to determine
meteorological parameters by imaging whole night- and day-side Venus disk at various wavelengths.
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ZODIACAL LIGHT OBSERVATIONS
WITH INFRARED CAMERA "IR2" ONBOARD PLANET-C

OL¥RzE, FHEAN BRRF), EBEEE (FERKRFE)
ARER, SPEIE, RE A (FHBEVZER)

We present an observational plan of Planet-C/IR2 (infrared camera) in cruising
phase. The camera, which has very wide field of view (12 x 12 square arc degree) and good
sensitivity (1.8 micro W/m”2 with 2 minutes exposure without spatial binning), has potential
to realize radial dependence of zodiacal light, detection of resonance ring of zodiacal cloud at
the Venus orbit and its symmetric plane. The main purpose of the camera is observation of

surface structure of the Venus at very lower altitude.
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Observations of Venus Clouds by Ultra-Violet Imaging Camera (UVI)

OERET (Ll KEREREARRD, MTFE— GRILKFERFREEMERD
HEZ (ALHRERZERERE AR, B LER  (RERERFEE AR
| PRIEAN GRERFERZGHEHTERD

Ultra-Violet Imaging Camera (UVI) on Venus mission measures dayside airglow of Venus by
using SiCCD as a detection element. UVI is specialized and used for an imaging of Venus
dayside clouds to investigate the dynamics of Venus atmosphere at ~70 km altitude. The
measurement wavelengths are 275 nm and 305 nm in the absorption bands of SO,. The spatial
and temporal resolutions are ~10 km at a distance of 3.7 Rv from Venus and ~100 ms, which
are much better than that of Orbiter Cloud Photopolarimeter on Pioneer Venus. From the
observations by UVI and other Imaging Cameras with different wavelengths, we investigate
the structure and dynamics of Venus clouds and atmosphere.
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Lightning observation in Venus with a hi-speed photometer on board
spacecraft

OEfETEL L HHE ML R ORET
VAL R - RFEBEZEAL, F EBMTZORT - LEREME T 25—

The existence of lightning in Venus is still controversial. Some observations strongly indicate the evidence
of optical flash or electromagnetic pulse induced by lightning discharges while other observations show no
clear signs of lightning. Radio wave measurements are sometimes contaminated by pulses generated
around the satellite or by natural plasma waves due to some instabilities in space plasma. Optical
measurements by Pioneer Venus Orbiter could not find out the flash. However, this results cannot to be
conclusive since the analysis were carried out using just the star-tracker data, and the observation period is
only ~80 sec. We propose the hi-speed photometer as an onboard instrument of Venus spacecraft mission '

which can detect very weak lightning flash under the clouds.
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Superrotation of Venus upper and lower atmospheres

O/NMLZE—BERNFEBEMER . BRELCHERT), RMEGRHATIEET)

Superrotation of the lower atmosphere of Venus is a well known phenomenon. Venus upper
atmosphere seems to be also superotating with a period of about 7 days. Possible effects
of the lower atmosphere on the superrotation of the upper atmosphere has been discussed
since Pioneer Venus Orbitor mission in 1978, although many scientists believe that both
atmospheric regions are strongly coupled.

Main target region of the Japanese Venus mission which has been recently approved
officially is lower ‘atmosphere where the 4 day’ s superrotation is a dominant issue
and 4 cameras will be installed for this study. As a visible camera of 777, 557 and 558nm
in wavelength will be also onboad, the night time atmosphere at the height of 100-130km
can be examined by detecting oxygen emission, which means that the use of both visible
and other cameras makes it possible to study the effect of the lower atmosphere on

the upper atmosphere.
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Radio occultation measurements in Venus atmosphere mission
OLFTHI. B 0 3EAT. /MUFE—BR (FERERZUE)

In the Venus orbiter mission Planet-C, radio occultation technique will be used to obtain vertical profiles
of temperature and H,SO, vapor with high vertical resolution. Such information is complementary to the
global data of clouds and trace gases obtained by imaging observations.
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Leonid Impact Flashes on the Moon

OMMEIEA, FAHRE (FBEX)

M. Yanagisawa, and N. Kisaichi (Univ. Electro-Comm.)

We detected three flashes on the unilluminated part of the Moon's disk on Nev. 18, 1999 by
means of CCD TV cameras attached to two small telescopes (20cm and 28cm in aperture).
Lunar phase was nearly the first quarter. Observational site was Chofu, Tokyo (N35°39.2" in
latitude, E139°32.64" in longitude, and 70.4m in altitude). The time for the flashes were
11h07m46.2s, 13h54m26.0s, and 14h14m31.0s, respectively, in UT (no correction for light
travel time from the Moon to the Earth).

1999 £ 11 AWM FERERESHHIZ, AEHOKRDOEH S %2 D& 20ecm(F4) &
28cm(F3.3) DEFEEEICE V1T 72F /72 CCD B AT TE=FZ—ERL, 18 A (Al
10 H) . M1OBEENTRT LI 2 3IEIORNEALER LU, B RIERE -8
S[EBERFETHD, BB T
BEHRH O . FBOLRERIZ 0. 1-
0.4 THo77,

1. FEBXRDI, EFEo
A DOBEWHSTOA, B, C,
3ODENEESRK LI-HEHA,
ADHDL WIS EmE T
LR TW3,

| o R DRI R THAD TR B
| ... B-Flash 2o B —Flash 2 OWTE 2I1TRT, Zhb
DEFEIL. WFEEREARD B m~DEZEIZ
LH5b0EER LT, ©o< W LEREZ
WA T BRI D D DBHUN TIREA
TEA0H LIV,

X 2. fEEhix, HERTZ Lo B O R

. X —fE, RENITREZRL., [KBIETE
100 -50 oTim:sz)loo 150 200 gpgpo e e bz

15

Brightness (x10 Wi 2)

— 25—



102

AE&E/ 78 (LISM) O ERAE L F—2 7 a7 SOFIFIZ DN T
Ground data processing system and data products of LISM
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Abstract: The Lunar Imager/SpectroMeter (LISM) is an integrated optical instrument for imaging,
multiband spectral mapping and profiling in the Selenological and Engineering Explorer (SELENE) project.
The purpose of LISM is to gather lunar surface topographic and mineralogical data of the lunar surface
with higher quality and greater coverage than previous missions. All LISM data will be processed and
stored at the Center for Lunar Mission Operation and Research. The Center will also work as a data
distribution center of all SELENE data. All raw images and controlled mosaics will be released to the
worldwide science community one year after the mission end. Higher processing level products, such as
DTM from TC stereo images, mineral distribution maps from Ml and SP data, and mosaic maps based on a
newly defined control network, are also planned.
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References: {1] Haruyama, J. et al. (2000) LPS XXX7 1317.pdf. [2] Kato, M. et al. (2000) £SA SP-462, 119-
123. [3] Demura, H. et al. (2001) LPS XXXII 1648.pdf.
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MUSES-C ££#0 X Bt COD 0 BRI AEEFE
Evaluation of CCD for MUSES-C X-Ray fluorescence spectrometer
OFARER 12, BHE 2 MHEEH 2, kR
(°M.Aokil2 K. Shirai? T.Okada? and M.Kato?)
1LERRIERY BIEWER HIRKERFEHER (Tokyo Institute of Technology)
2. FEHRIEMIEET (Institute of Space and Astronautical Science)

We are developing X-Ray fluorescence spectrometer onboard MUSES-C which will be
launched in 2002. Charge-coupled device (CCD) is used to detect X-Ray fluorescence from the
surface of asteroid. We have made an apparatus to evaluate the CCD with various conditions.
We will report about this apparatus and the performance of CCD itself when temperature and

driving pulse voltage are varied.
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MUSES-C #£ 88 XRS IZBWT KB XE=F U o T EOHE
Method of solar X-ray monitoring for XRS onboard MUSES-C

OBBRE=(FHU). MEZHEHEW). WEELEEFEHEP). NEEEFEHV

We are developing an X-Ray fluorescence Spectrometer (XRS) onboard the asteroid probe
MUSES-C. Variation of solar X-rays must be considered to analyze major elements quantitatively.
XRS observes solar X-rays indirectly using a standard sample. Therefore X-rays from a planetary
surface can be calibrated with those from a standard sample in addition to investigation of the
spectra and intensities of solar X-rays. We make a model of solar X-ray flux and simulate X-rays
observed from a standard sample under various solar conditions. We estimate inversely solar X-rays
with calculated emissions and investigate suitable integration times.
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AR kN MUSES-C /NREHEE . MEF #t & 2 RO THRES
Minor Body Explorations in the Post-MUSES-C Era:
Preliminary Investigations for Two Integrated Mission Plans by MEF

O REA (FHBFHERT - REFRER) ., MREFEET7 +—T A
O H. Yano (ISAS) and Minor Body Exploration Forum

Minor body mission plans in the post-MUSES-C era have been discussed since
last year and the MEF has selected two finalists and integrated them with other
candidates in terms of common scientific objectives and observational methods.
These are the multiple rendezvous and sample return missions to spectral known
near-Earth objects and the multiple fly-bys and sample returns to the main belt
asteroid family members. We will discuss their preliminary mission plans.
scientific objectives and expected results.
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MUSES-C %> 77 —SHRE: BUNESD LEREEOBLAND
The MUSES-C Impact Sampler Flight Model
Considered the Micro-gravity Condition and the Contamination Control

O R%Fal, BRE, RAE, o, CHEE (FHPZEUERT - REFER) .
MEFE— (RZ), BAEE (HAFEEKF)
O H. Yano, A. Fujiwara, S. Hasegawa, M. Abe (ISAS),
K. Okano (Toshiba, Co.), and Y. Takagi (Toho Gakuen Univ.)

The MUSES-C, the near Earth object sample return mission will employ the
impact sampling device, which has recently completed its flight model design and
manufacturing. It implemented results from collection efficiency tests under the
microgravity condition as well as contamination control protocols for returned
samples.
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DEHFEFH S A FEHEIZEMD CIZ & %
REMZERF A~ OFHA - 3 ERORER

Offe# Rfh (BEKHE) . Eduard Igenbergs (3 = >~ TFEKR) |
Rigxme GREUKER) . MDC 27—

Measurement of interplanetary dust particles by Mars Dust Counter (MDC) on board
NOZOMI: Three-year results

Sho Sasaki (Univ. Tokyo), Eduard Igenbergs (Technical Univ. Munich),
Hideo Ohashi (Tokyo Univ. Fisheries), MDC Group

Since July 1998, Mars Dust Counter (MDC) on board NOZOMI has been detected nearly 100 impacts of
interplanetary and possiblly interstellar dust particles. Change of dust detection frequency would be compatible
with the change of aperture direciton of MDC sensor.
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Effect of Ocean on Water Circulation : An Implication for Paleo-Mars

ORFEFZE, FEE GK - B2)
(OHaruna Kimura and Yutaka Abe
Department of Earth and Planetary Science, University of Tokyo, Japan

Many fluvial features on the surface of Mars indicate past active hydrologic cycle. A ocean
may have existed on the northern plain of Mars, judging from present features. A ocean may
affect the hydrologic cycle. Low latitude ocean induces precipitation of equatorial region,
where it should be dry when the planet has no ocean and the inclination is small (<30°).
Oceans may also induce a monsoon-like circulation. We clarify the effect of the oceans on the

atmospheric water cycle using a general circulation model (GCM).
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KEXTOREM L RURED
O BBMA (LK), W& ER (RA5E), SA% (LK)

E-mail: yokohata@ep.sci.hokudai.ac.jp, URL: http://www.ep.sci.hokudai.ac.jp/ yokohata/work/

In order to study the stability of climate on Mars, we constructed a 2-dimensional energy balance model which

includes the atmosphere, regolith, CO; polar caps and H,O ice covers. Longterm CO: exchange between the

atmosphere and CO, polar caps are estimated by investigating the annual amount of CO, evaporation and

condensation at the polar caps. From our numerical results, a scenario on the evolution of martian climate is

proposed.
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Simulation of Martian atmosphere using a CCSR/NIES AGCM
~ The occurrence of dust storms ~

OCEMAMsE - SIBE - BEAMK (RARBRERTLARAREZ Y —)
(OTakeshi Kuroda, Masaaki Takahashi and Naohisa Hashimoto
(Center for Climate System Research, University of Tokyo)

We are performing the simulation of Martian general circulation based on a CCSR/NIES AGCM.
We report the numerical results of the simulation, especially about dust storms which occur all the
year round. Three large-scale dust storms and many local dust storms occurring from fixed several
places are reproduced in the simulation. The process of occurring large-scale dust storms is consistent
with the observed one, which the dust opacity increases rapidly at one place and later the dust opacity
increases to the extent of the entire planet in 1 to 2 weeks. Two of these three large-scale dust storms
occur from southern hemisphere in southern spring and summer, and the other one occurs from

northern hemisphere in late northern spring.
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Seasonal Variation of the Polar Caps and Dust Storms on Mars
OBARA, BBIER, BERE GEK - REVAT LR T Z—)

Abstract
Mars has atmosphere mainly composed of CO2. And many dust storms have
been observed, which control the climate of Mars. Surface pressure varies about
25% of the mean pressure caused by sublimation and condensation of the polar
caps, which affect the generation of dust storms. We have simulated the Martian
atmosphere with CCSR/NIES AGCM which includes the process of seasonal
variations of the polar caps, and investigated how dust storms feel the effect of the

oscillation.

B

KEITIZERD D CO2 DENVKEBTFEET D, £ L TRE o TLFHITH¥EERP L
JEHERE TH AN ZEETIRF AR =4 (BE) BHEL, KEOKRITIZD
KEHIZFHETDHF A MIE>TXERENTWDS, ERAEOKRKEIL, MRIBUZTEE
FTBERIATA R (R PNEHEEHICHE - BHETIZEICENH 256% b EE
L. FA KRR N—LDEAEIZEEZE5 2D L0bNTW5S, RLITHERAIZERE SN
T2 KRKRBHRET NV (CCSR/NIESAGCM) 2 KERIZEEL, FAXA MR M—LDHK
EAHZRAERBIE X DEBEFRTEL, SEREBEOEHEHEBL, T
FNCHIIATe T & TEFDEB LT/ THIz, BED L Z A, FEIZ DWW TIIRELT
45T CO2 DEFFERE LB 2 B AICKEER FTENBEMAKIEIZZRS LI, £k
HIELISZTREHIZ CO2 MMt END Z iz Lk, EREFKIC OV TIIRRT
TEATIZR 7250 CO2 BV Z &2 Lz, REFEEE TITIIFE, BRICX
BDEAOHRLMAAND FETH D,
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Analysis of the Martian climate system: effect of changes of

the obliquity

o N EHE, Hips— (CGRA - H - #iE)
° Takasumi Nakamura and Eiichi Tajika
(Department of Earth and Planetary Science, The Univ. of Tokyo)

Many valley networks on the surface of Mars suggest existence of warm and wet climate
in the distant past. We construct a one-dimensional energy balance climate model with CO»-
dependent outgoing radiation, changes of areal extent of COs ice caps, and adsorption of
CO3 by regolith, under the condition of seasonal changes of solar radiation income. We have
investigated behaviors of the Martian climate system and, in particular, examined the effect
of obliquity variation of Mars. We found that a drastic change of the Martian climate (called
a “climate jump”) due to decrease in the total amount of COz might have occurred during
the long-term evolution of the Martian climate. We also found that the climate jump could
have occurred repeatedly in short-term cycles during the Martian history due to changes in
the obliquity of Mars.

KERIIZEHZ < OWRKRHENE SN, @ERICEBERLGENEELEZZ &N
RRENTND. KEOKBEREIX, KKERDTHD CO, DIBEMNRITH HEX
NHEEZLENTVS. TDOHE, KERBFDOERCO, VT —/NICEH L ZKKA-W
A LVIVALATLEZEZ DT EMN, KRR CO, BOREANZALEHS ETEEE
1825T< 5. TITHELEILUFADS, ML 1 KTV F—NT > AGEETIVE H
WTRKME- L TV A AT LADBFEITo>TER. TORE, AT LHOK CO,
BORER, KEOEHMRGEELICEE R REZRZLTWDE I ENDh -7,
2, MOTRBERBRKEDFEL 25, AT LFOK Cco, EORDIZHEY, H5
B TRMABIBERENERBICEB L LMl Z2E8 W, oI KREEMADA
i VAR 7 N | AR LS G el D

LU, KEOBERMER AL, TORFEZBEC TRKESEILL TE/- 05
MRS NTNS., HEMENADOEILIIREDGRREBICRESEZET L EEZ 5
NHM, TNNKRIBHE- LT AT AT LADEICRIF TR EER L -HRIIGEE
LZaw, I THRAE, KEOBERMER ZHELICELLI 8860, Mit 1 kT
FIF=—NTG O AGBEETNVORDBENEETL, TUNKEOLRENICEZ 2
BE2ER L. TO/KE, ARMERNAOERLENEVER TOXKBBESELE (K&
DY) EEOREUSIERILTELARESEND L L AEEH L.
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Melting curve measurement of ices by differential interference microscope

WA (FORIRBY) - SRAHEE] (%K)

Differential interference method was successfully applied on diamond anvil cell high-
pressure experiments at temperatures up to 500°C. The melting curve of H,O can be measured
at pressures higher than previous studies with bright field microscopic observations.

FATEVR7VENENVZRVWE-EEEE T COEMBHRERICAMATELIHLLF
B LT, BAMATFBEORAIIOVWTHRERTO, AHEIXEE - BEEBLWKEE
ORFHEEE DL BZERATH D, FEEHMRBZOEME LTHEERHO0 TH %,

HO I, BENTTCERORERERMBEROVETH 5. TOEENT TOUEDHE
X, FA - UK, BRIEREIE, ARAEHFICLIDERIITDODATHWED, RbHE
ZITD T D AETEE R Y EHEMBE R RIC L AL, HEVERTIER V. TOELLHEHE
LTiE, H,O DE&TOENE B IEEEHTH D, BIIID I PP EIINVWT L, H
DBEBNMIELZBIFRENNI N L, ZUTENBTROAZFREEZ BRI ERT 5 & SDBE
W&, EETCEZRICAVWEDNESIIHLTEI L, EBFETFLND. AR TEIN
SORERBRT B0, BMREREOEZZEHBSOE THATLIILDTES,
FRBAFBECLZBRE2EAAE. AL 2 IR AEBDOPEMIERT & TEAM
STFBERICNIELEY A 7OHmh 6,8 EWEENERE % 5D Nikon Plan Fluor ELWD 20xC
(N.A. = 045) ZHWE, ALY X®O Tmm WS EWESE#HOD L TEREET TCOXK
BEEEZTOIEDCTA7ELYR7 ENENVZEELE (BEE). L > XOEBIE
BT AEDIIKEY Yy bEREELE, IHICEI M ICHEZMMNT 2MERIZDON
Ty, BEBHEHNENA =0)ZESRNEIDICHOREZREI LEORZEEL o

UEZBAWTHHERZITOLER, BE SWOCETORET, F17EVFT7ENLE
MIZEbESI K VII BRI U CEBELZ2TY, SB8BSTHSUIRE/LIIEVTEL
(BEA). BHSTHBHNESPEBICESNIBAORBOEXIE, K 20um2E L ¥ L,
CDEDIZHART Y NOMEIZL >, ABNEBERZRFULZEFIRZEIIMAT LI LI
FEND oo CORIERRR L, FERITFEEIC K RO HENREEZ o /=E 7 10GPa
ML EDFEIC BN TOK VII ORREZREL T, ZOFBRICOVTIREZRIT Do
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Penetrative convection in rapidly rotating spherical shells
and generation of mean zonal flow of Jupiter

Ok E— (hK - #), John. R. Lister (7> 7 U v I X)
©S. Takehiro (Kyushu Univ.) and J. R. Lister(Univ. of Cambridge)

Penetration of columnar convection into a stably stratified layer near the outer boundary in rapidly
rotating spherical shells is investigated in order to consider generation mechanism of the surface zonal
flow of Jupiter. It is shown that the extent of penetration is weakened as the stratification is increased,
however, mean zonal flow component penetrates the layer much deeply than the columnar convective
motion. The results suggest that if the surface zonal flow of Jupiter is driven by the deep columnar
convection, there are two possibilities: the underlying columnar convection can penetrate the stratified
layer and drives surface zonal flow directly; otherwise, columnar convection cannot penetrate the layer,

but drives a large scale deep zonal flow, which is able to communicate through the stratified layer.

ARERGEREDBROFHRANMOREAEL TELZSNTNDE AN ZLLD—DIT, KEXSERDT A
T—HMMRIC K A5BEND S, BEERES IO 2 KT FESN B RO B THE 221
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&, 5bar M5 16 bar KM THRERBNEET B ENRRINTNDS, ZOLEIBEERBIEET S
&, TITRMREHNMA 5N D720 LD K SIEEB#HRIC L 2 FEERFOERNFATE/ <
IHRREMN S D. T I THEMETIET A 7 — BN E FEHREN LBORERBIZE OREBATS
MPARDS =D OEMEEREIT-7=.

RAWZBEETIVE 3 KITOEERRGET > R AV REETINTH S, BBONEIIIT EH % RBFRLE,
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TOMRR, ETOHFFIT DN TEIEE A ENIZIE 42T 1 T — R OXFOEE) & TR FUEE AN
Fonle. KEMBER T2 LEREEHOLTRENOEANKEICHE 20, FEBOFLERBAIC -
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Thermodynamic Calculation of the atmosphere of the Jovian planets:
Consideration of the static stability of the atmosphere

oIl #H—8 (dtK-B), NS EM (X -BHE), BX £ (ItX-8), & #0 (dtX-H)

An equilibrium thermodynamic calculation method is newly developed to investigate vertical profiles of tem-
perature and condensed species of the Jovian planetary atmospheres. Utilized is the method of minimizing
thermodynamic function to obtain equilibrium composition. Its advantage is that we do not have to know
the details of corresponding chemical reaction formulae. Assuming ideal gas and ideal solution, the calculation
scheme is greatly simplified so that the atmospheric composition can be changed with ease.

By use of our new scheme, we demonstrate the dependence of adiabatic lapse rate and static stability on the

atmospheric composition.

1. IC®IC .

BRI OFETHIRROMNBEEEHRT
DR, ZRHOBREEREL TRKDOBEE
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FETH 5. KEHBEBIZIBOWTIIERORLIN
BREICEEL, TS 2RO BRI SR
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Crustal Structure of Lunar from Topography and Gravity

CEHE (RKE / FHY), K&C FHEW

The mean density and moment of inertia are two major geophysical constraints when
modeling the internal structure of a planet. Since the crustal structure of a planet occupies a
significant fraction of the total moment of inertia, an accurate estimate of the crustal
structure is important to infer the internal structure of a planet. In this study we construct a
lunar crustal thickness model, assuming that the Bouguer gravity is solely due to the

variation in the relief of a subsurface interface with a constant density jump.

BENMEEEHTT L HE->TEER  ABENICLHOBE0NShTNEIE
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BUZ A2 L 5 sinuous rille DFEERIZHOUNT

Feasibility for the thermal erosive tube on the terrestrial planets and moon.

‘AEBE, BER (FH)
Chikatoshi HONDA and Akio FUIIMURA (ISAS).

On the moon and terrestrial planets, sinuous rilles are conspicuous and enigmatic features. For
process of formation of sinuous rille, it has been suggested that, assuming sustained turbulent or
laminar low-viscesity, the lava flow can erode into substrate with low-liquidus temperature. We
evaluate the role of material assimilation thermal eroding into substrate. Whenever the substrate
material that reveals a lower liquidus temperature than lava temperature, assimilates into a lava flow,
the chemical composition of lava vary. We estimate the degree of thermal evolution of lava flow on
the lunar surface quantitatively.

BE@HBRERB BV THEEICHEN R TH D sinuous rille iL, FOREKIZIBWTIBEIIZ AL
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Visible photometry of Near Earth asteroids 1998 SF36

TR ERRMEE’ EA)IE  EREER®  EHFAR | BAEE’
1 RK-H, 2 FEHF, 3 FAFEKRE

Youhei. Ohba ! ,Masanao. Abe 2 ,Sunao. Hasegawa 2 ,Masateru. Ishiguro 2 ,Hisashi. Fukai' ,

and Yasuhiko Takagi 3
1Univ. of Tokyo, 2 Inst. Of Space and Astronautical Sci

3 Toho Gakuen University

We performed visible photometry (B,V,R,D) of Near Earth Asteroid 1998 SF36, which is a target body of
MUSES—C mission, in March and August 2001 at Kiso observatory. We got light curve and color index of
this asteroids and compared it with others. As a result, we suppose taxonomy type of this asteroid is S-type,
composition of surface is uniform and spin axis is perpendicular to ecliptic plane. We also detect the
change of mean magnitude and rotational periods. We will mention about it in our talk.
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SUBARU_IRCS # A\ 7z MUSES-C &M XA
1998 SF36 DiTFRAEIE « 43 ELH]

Photometric and Spectroscopic observations of MUSES-C Target

1998 SF36 by SUBARU/IRCS

ORBER, ZHMER. RAIE (FHW) ., #EEM (NTAK),
FIE &5, Ml 5, SFEE. MEA (ELRXE)

OM.Ishiguro, M.Abe, S.Hasegawa(ISAS), M.Goto(UH),
T.Usuda, T.Fuse, H.Terada and N.Kobauashi (NAOJ)

We have performed nearIR photometric and spectroscopic cbeervations of MUSES-C target object 1998 SF36 by
SUBARUIRCS during 10th and 1ith on March, 2001. We cbtained photometric data in JHKLM, and a
spectrosoopic data in L JHK photometry reveals that 1998 SF36 is dassified in S-type astercid. Together with ML/
photometry and spectrotroscopy in L band, we discuss a surface temperature and albedo of 1998 SF36.
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Regolith thickness and structural strength of S-type Asteroid 433Eros
CELEEL RPEH. RY/IIE. BRIE (FHH)

Recent spacecraft observations indicate that 433Eros smaller than 20km
in diameter is covered with regolith layers. According to Michikami (2001),
for small asteroids smaller than 20km in diameter, the regolith thickness
depends strongly on its material strength by one order of magnitude. The
regolith thickness increases with decreasing the material strength. For
example, the regolith thickness on a 20km-sized asteroid ranges from 25m to
250m 1in case the tensile strength varies from 100MPa to 0.001MPa. With the
results of this work and the regolith thickness information from spacecraft,

the tensile strength of a typical S-type asteroid was estimated.

KEDOREBEH -7 ICLHINKXEIDORDEGRNS. FHERS 20km 1T
BOWNSIBNRETHVIYRBSEET DI EMSBASMICAR >/, LL,
BEDQEBRMMATIE, COXREESONXEICEVIVREFEFLEAERWNEE
AN TWe, SNINREDHEMEELZ LR EEE(EMRMEE TE 100MPa)
ERESREOOTWELEDTHIELEAOND, WEMBELEREINS L
JURBOERZICE, KRELHBLHZZENLM>THEY (GELE 2001).

- BEMNNEWNZEE, LIJYRBIREL<L LS., §EIF. S B/NREIORDOEK
ORFAHOVIVRDEZZMHEL. HEMG S BUMNREDMIRBIREELZR
Bbo/. TDOHERIOVWTHET S,
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Michikami, T., 2001. Evolution of Asteroid Regolith Layers by Cratering. Ph.D. thesis. Univ. of Tokyo.
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Impact strength of ice-rock mixture at various porosities
* BIHE (b - REHD), YFzvs - LYDIERT (VRE (TAT Y TK), HiBE— (K - R

Impact strength of porous ice-rock mixture was studied by laboratory experiments in a cold room. The porosity
of the target was changed from 0 % to 55 %. Ice cylindrical projectile was impacted at the velocity from 150 m/s

to 650 m/s. By means of the measurements of the largest fragment mass, the impact strength was determined for

the target at different porosities and rock contents. The strength increases with decreasing the porosity for the

snow target, however it increases with decreasing the porosity for the target of ice-rock mixture.
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The effect of a stellar encounter.on a planetesimal disk
Otk & HHEH X
RRIERPHERMENFHE T XM ARHMKRENZER

We investigate the effects of a passing stellar encounter on a planetesimal
disk through analytical calculations and numerical simulations, and derive the
boundary radius outside which planet formation is inhibited by disruptive
collisions with high relative velocities.

We study orbital eccentricity and inclination of planetesimals pumped up by
perturbations of a passing single star. We show that stellar encounter result
in high eccentricity and inclination of planetesimal in outer region of Solar

system and the encounter parameter which can explain Kuiper Belt Objects.

ERFEENDE, ERO—BELTEEND, BREEREEZZDE, thOERD
BHHEEEIHFVEBZIONTVEN LD, AAN—RIVERELZEOBRERD
NBBTRIAELHEEBILEIONE, Feld. BLVBRERDSHOER LB
BLEE, TOBEROELICEDLOREEEGESTHERANL, EEEED
EFNE L THMBEMREIBDEENBELEBTIREER,

MBEATR MIFE L TREHEETA-E. TORER. EESBEERLL
MEBE DBE NS DN D=, ROIMMUDK T ORISR LR S BUBERSBIZ. B LS
5h3, chld, BASKTOIRBROAA /- P REE—HKLTWS, &
DL LEREED/INSA—I—BIDLOHNEESLESTNERT,
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FIBKBREEFRHERICLP A RYa—I)LER :
AYRIYER AV RY 21— L OERK
Chondrule Formation due to Shock Waves in Solar Nebula:
Compound Chondrule Formation

AR Gugiy HEYESHEEL S —)

Formation of compound chondrules is studied in a framework of shock-wave heating model. In the postshock
region, particles with different sizes have relative velocities to each other. It was found that compound chondrules
are hardly formed in collisions straightforwardly, whereas it is likely that the transverse velocity may lead a
molten particle to a solid particle and make a compound chondrule.

HRE WmREEMBATIINTIE, 22 R a—lOFDORDOEI BN DNOEEH
RMEZHHTS ZENHKS a2 RY a—)VRTFIRBRR L REERE & mHR
(lida et al. 2001, Icarus in press), -1/ KU 2 —)L DY A X & [E#E(Susa & Nakamoto 2001,
submitted), 12 BV a— )L NRIEKGEREZEF THRPIREE L THEET 57201040
B/ 77 (Miura et al. 2001, in preparation). 1 /N> K« 32 RY 2 — )V OEERE,
NS UNDOBEENEREMATTII THIHTEDLONE DI NI DWVWTIE, 357K
LMRNNEEIR>TNWD.,
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B2, REOHEEKZEZRED oz, MTHEHEEEZ AN THEEE S L T,
R U I T R R e A (R, MOormdEE) &, B ICETR
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100:1, ¥ X MRIF DY A X5341 oc (B X)°°.
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WIBERNERIZRL, AR -3 RYa—)VEERT S LD BREREIEL
5. Thbhb, HBREMRETTIICBWTIE, M5 MEEICE RS 5 E22 1 JaE
S L, MAMBEEICERTEHENI /TR - a2 RY a—)VERICHS
G HRREMNH D NS, B, BEREIOC XD R 32 RY a—)VAE
B DEBMREITICONTIE, SBITOFETHD.
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The equilibrium shape of a chondrule containing metalic iron

(OMasayuki Uesugi', Minoru Sekiya®, Tomki Nakamura®

‘Department of Earth and Planetary Sciences, Graduate School of Sciences, Kyushu University

‘Department of Earth and Planetary Sciences, Faculty of Sciences, Kyushu University

Some of chondrules, a major component of ordinary chondrites, have distinctive shapes which indicate they
were spinning during their formation with considerable angular velocities. We may add some new constraints to
the chondrule formation model by analyzing these features. In this study, we formulate to calculate shapes of the
chondrules with metallic iron spheres protruding their surface. We discuss the preliminary solutions of these

analysis.
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From Planetesimal Systems to Protoplanet Systems

O/MARE—RR (BRI E) - FHE GRLAHE)

Eiichiro Kokubo (University of Tokyo), Shigeru Ida (Tokyo Institute of Technology)

In the standard scenario of planet formation, solid planets are formed through accretion
of planetesimals. In the present paper, we present the latest results of large scale N-body
simulations of planetary accretion with 10000 planetesimals in the whole terrestrial planet
zone. We confirm the oligarchic growth of protoplanets. Protoplanets with predicted
isolation mass are formed with orbital separation of about 10 Hill radius. We clarify how
the structure of protoplanet systems (mass and spatial distributions) depends on the initial

distribution of planetesimals.
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Orbital Evolution due to Disk-planet Interaction

CAHBFM (FIK-HZK)., W.R Ward (YD RDU X MK
Hidekazu Tanaka (Tokyo Inst. of Tech.) and William R. Ward (Southwest Research Institute)

Disk-planet interaction plays an important roll in the late stage of the planetary accretion
process. We examined the orbital evolution of planets due to the three-dimensional disk-planet
interaction. By calculating the force on a planet, we newly obtained the rotation speed of
perihelial and ascending nodes as well as the damping rates of the eccentricity and the
inclination. For example, at 1AU in the minimum-mass solar nebula disk, the evolutional times
of these orbital elements of earth-size planets are about ~10” years. The obtained forces would

be useful for N-body simulation of the planet accretion process.

BEEFBREEIICBWT, BUARERY AL OEAMEEERIZE D, REH

EFAEICEL TS Z ERRE SN TER, Bz, ZEE T A MBNIZHIERD &H
HHBAITIE, BUEERIIEFE, UEBORIIREETERET L L SN TWVDS, —
7. EEOHFFETIE, ZOMEERICLVEREIEHS MI OBBHESN, D
SEDITEHL Thbhrote, Z ok, BuEEEA A, EARE, FBRAREICD
WTISR®D B Z ENTERNS T2, RFFETIE, 3 RITBEIREHENOLBREICH
K EBHEOBEKE LTRD, TNOLOHBEROE(IELBF, TOREKR. HLL
RKDIZINE 3 SOMBEEROELT 5 G, BEUEOHMEBERE EFRLEA—& —
TholbZ L BNBELNIR-o T, AP ELIAAELOENHEAEEROHRIT
FEFIHN 2, REERBEHICBWCEEN T AMBEOT 5O 1 BED T ANRK-
TV, ZOENEEERIC LY REHE OB.LE, HRAL LD LED,
Rifr, BMERLT AL OENFEEERZELRCEE LNEXE#EFEN 2 S
NBEITo TEEN, AR THELNZHREIE HiZ, 20 &5 2NEFHEIZ
BWTHHWLZ N TE D,



406
BB H M8 OMEALITH T 5 ELIR DO E

Effect of Turbulence on Evolution of the Proto-lunar Disk

CHTH 24, B 8 GRK - )

ORyosuke Machida & Yutaka Abe
Department of Earth and Planetary Science, University of Tokyo

According to the giant impact hypothesis, the Moon is formed outside the Roche radius of the
Earth by the accretion of the material transported from the inner part of the impact-generated
disk through gravitational instability. There are two modes of gravitational instability; one is the
instability of the dust-gas mixture caused by cooling of the disk, the other is the instability of the
equatorial dust layer formed by the sedimentation of dust particles. If there is some turbulence in
the disk, the following effects are expected: prevention of dust sedimentation through stirring up
of dust particles, enhancement of dust growth through enhanced relative motion, and cooling of
dust through convective heat transport. Here, we examine the preferred mode of instability and
the effect of the turbulence on the Moon forming process.

DX AT AN RHRIZENE, FBBRANDAEY 1 ZOREDOHFRICK D, BEih
HIBROBDIZT AN EH AN WROFEMAMEIBRINS, Z0O%, FEisA BN
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N, TITRAZERT 5. REAMBANTREID I ZEAFRKEICIELUTO 2 DDE— KA
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Estimation of the SO,/SO; ratio in the vapor cloud

produced by the K/T impact event: reaction Kinetics of sulfur oxides

OXE Hth K -#H), #EH H& GEX-#EH). MF 82 K - #RH) .
B B (FEW . EHE LT GEK - i)

The hypothesis for the mass extinction on the K/T boundary event is widely accepted
now. However, its exact killing mechanism is still under controversy. One promising
hypothesis is that sulfuric acid aerosols induced by impact-degassed sulfur oxides
reduced the sunlight for a long period of time. Nevertheless, the oxidation state of the
degassed sulfur is very crucial in the production of aerosol and has not been studied
extensively before. Here we discuss our experiments to assess the oxidation state of
the impact-degas sulfur.

S35 6500 FEERNCB & I K/ITHERAEMHFICBIT 2EMKREEBIL. DEREDHDNIX
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Occurrence of quartz with planar features :Is the Mt.Oikeyama impact crater?
Akaishi Mountains, central Japan.

OERAFEXR (Bh/#FR) | BAEK - +B ¥ (sER®)

A semi-circular topography, about 900m in diameter,is found in the eastern side
of Mt. Oikeyama in the southern Akaishi Mountains. Quartz grains characterized
by planar features are found from veins in chert and sandstone in the circular
structure. Occurrence of the planar structure is reported in detail. The most
abundant angles between c-axis and poles to planar feature is oriented parallel
to (0001). These facts suggest that the Oikeyama circular structure has been
formed by impact cratering.
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MEASUREMENTS OF CONVERSION RATES OF CO TO CO, IN UV INDUCED
REACTION OF D,0/CO AMORPHOUS ICE

OERMER, FN R (dex - ARIEHT)

The formation of carbon dioxide molecules from D,0/CO binary ice induced by UV irradiation have
been studied experimentally. The measured conversion rate of CO to CO, is about one order higher than
previously reported ones. Our results imply that the CO, formation by the UV process can be efficient even in a
quiescent dense cloud.

D,0/CO K%~ T, KEME LIZBIT 2 5IMEFHE CO,EH DY I a2 — g U FE
BREITo1-. ZORKER, CO,PARFEEIIINETEIZLN TV LD LY IHRE
K&EL Y, BEORVNSTEFTLFAEIV I DI LEAALNIR-T.

EEROB/M : D,O/COKEME-T, LIMRIZLD CO,ARBRZ EEMIZTADS.
512, D0 ONfEEE, D, OARMERME RFEL Y, M D,0KOFRRL LT S.

EBOER  ISOOHEBIZEY, ZRETTFHRINTWZ@EY, ZED CO,WKEM
BrRICHEAETAZ ERHERIN. Ky b0 Co,nAERBRRE LT, HO/CO
KDOENRFERIENEEG RSN TE 22, CO/ICOo, DELIPBBRISNT-mFE
DEEIZLLRW, EFRICEEORVWGFERTOD CO,DFER, REDI LD,
FREISCEENREZ TR Z 225 5. T O/EMAIL CO+0 FUNZ X D CO, AR E
BROFEERSE, SHITHME->TWAREITHS. LOLAERDL, @RI 722> T
WAHINETOERIILNT L0 DTIIRW., EIMRFERLUEDOER T, X
BORMB 2 ELKOER, EIREBEOENRR+5572 EOREREZEH, CO+0 E
BRIZELELERODEBERDIMLELRTIRTH S, Fx OFRETIE, TEIHLETER
FIGICHEWR CTOEREZB LT, D TOEMBREZ EEMICHERL TVD.

EER : EBRIT 10° Torr IZRENEZEEE R TITo72. 10K (TS iEik EiZ
D,0/CO~10 DEILTT E/LT 7 ZKEIERK L, 126nm O E R Lz, REE
BIZE 5 CO, D,0, CO,DEBEZFIDHEBTRIEL, MK LRIEZRORIER
W EETE A U BEARE B Es TR L 7.

2 . D,0 OMRBEEWTIEME, D, OARBEMAEIXENENLIENIIT > 72#i D,0 KDHE
BB L —H L. CO L CO,DERIFIINETORELV L IMBEREI -
7=. AEOMERIT, EMZEHoOWEELE#ERT D LT, S FERFBROFERICL
5 (IEfER) EEMAOERBEEHZHD TRLTNS.



P02

BERFRIETLEBREOREIZONT

Orbits of meteorites that fell to Japan recently

OrmH=E, AREFH, HARER (&R KFERFPE B REHEHSEED
OTetsuji Asada, Yoshiaki Ishihara, Muneyoshi Furumoto,

Graduate school of natural science and technology, Kanazawa University

We have determined the trajectories of the 1998 Miyako Fireball and the 1999 Kobe meteorite
in the atmosphere by analyzing seismic signals, which are generated by shock waves from the
objects. We compute the parameters of the orbits in the solar system. The estimated orbits are
Apollo types. To find their possible families, we search asteroids and meteors whose orbits are
(or were) similar to those of the two meteoroids. Two and three asteroids have similar orbits of

the Miyako and the Kobe meteoroids, respectively.
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THERMOLUMIESCENCE STUDY OF SHOCKED ORDINARY CHONDRITES
°M. Yamazaki, H. Fujimoto, M. Nakagawa, and K. Ninagawa (Okayama University of Science)

abstract: We have found different TL spectra for Y-74190 (L6), Y-75108 (L6), Y-75102 (L6), Y-75097
(L6), and Sahara 98222 (L6) from usual TL peaks for ordinary chondrites. These five chondrites include
maskeynite. This fact implies that the change of TL peak was produced by strong shock effect. This time
we tried to identify to phosphors responsible to TL emission of Sahara 98222 (L6) by two-dimensional TL

readout system. The mineral responsible to the unusual TL peak corresponds to plagioclase.

Collision is a fundamental process, which has taken place in the solar system, making craters,
regolith and breccia in planetary surface and meteorites. Plagioclase is one of main minerals as well as
olivine and pyroxene in ordinary chondrites. Shock accompanied with the collision makes deformations on
plagioclase. The plagioclase is also a thermoluminescent mineral in ordinary chondrites. The
thermoluminescence (TL) is a useful tool to detect difference of solid states, namely defects in the
plagioclase, which cannot be clarified by optical observation and compositional analysis of minerals.

It is known that equilibrated ordinary chondrites have a peak of 450 nm at low temperature and
400 nm at high temperature near 350 °C. We have measured TL spectra of six Antarctic and thirteen
non-Antarctic equilibrated ordinary chondrites. However we have found different TL spectra for Y-74190
(L6), Y-75108 (L6), Y-75102 (L6), Y-75097 (L6), and Sahara 98222 (L6) from above mentioned usual TL
peaks. Bjubole (L4) has usual peaks of 450 nm at low temperature and 400 nm at high temperature near
350 °C. On the other hand, a group of Y-75102 (L6), Y-74190 (L6), and Y-75108 (L6) have an additional
570 nm peak at high temperature. Another group of Sahara 98222 (L6) and Y-75097 (L6) have a 450 nm
peak at high temperature. All five chondrites include maskeynite. This fact implies that the change of TL
peak at high temperature was produced by strong shock effect. We measured TL glow curves with a band
pass filter (600FS80-25). The five chondrites have relatively low intensities at low temperature. These
relatively low intensities at low temperature correspond to decrease of TL sensitivity by shock effect. On
the other hand TL intensities at high temperature are increased comparing to the usual glow curves.
Remarkable increase in ratio of TL intensities at 380 °C to that at 220 °C is observed over shock stage S5.
This fact implies that maskelynization of plagioclase makes TL growth at high temperature. This time we
tried to identify to phosphors responsible to TL emission at high temperature for Sahara 98222 (L6) by
two-dimensional TL readout system. High TL intensity regions correspond to blue CL regions of
plagioclase. The mineral responsible to the TL at high temperature would be also plagioclase in shocked

ordinary chondrites.
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Measurements of bidirectional reflectance of ordinary chondrites

OEH Z#Ex. BN HBF [P RERFER  BABFENERD

Photometric studies of asteroids have been carried out by using ground-based telescopes.
Recently, spacecraft observations have brought us more detailed photometric data, that is
disk-resolved bidirectional reflectance data, of S-type asteroids (Gaspra, Ida, Eros). The
target of MUSES-C, 1998SF 36, is considered an S-type asteroid. The NEAR spacecraft found
the surface composition of Eros is similar to that of ordinary chondrite meteorites.

In this study, we measured the bidirectional reflectance of the ordinary chondrite
meteorites with a He-Ne laser (wavelength 633nm) and photomultiplier. We will compare our
data with S and Q-type asteroids’ data, and discuss on a comparison between ordinary
chondrites and S and Q-type asteroids in terms of the bidirectional reflectance.

INETEOBMEBENC L DABRED X T L MAHATORRERA I ThIT X7, FE.,
BTEMICX D Gaspra, Ida, Eros &\ 072 S BUNKERED L 0 M2 MBS, T4bb
disk-resolved bidirectional reflectance % 51T X 7z, F 72, MUSES-C ®x3 5 X1k 1998SF36
b QI SETHLEEZOLNT WS Y , Eros A ThY o 72 KTME LS. S B/NKE D

EEIYFI74 MEROBRAETH L L W) WEUENLNEL hoTwd, &5 FEEKD
Vet 4 tl:[:?"h?éf HOEEI Y FT A MEAD bidirectional reflectance 7 — 7 (&4 7%\,

zZ 4, K 633nm O He-Ne L —H#—%HWCHEEIT Y FI 4 FEADBISGAIE %47
2720 KETQ\ B A Z ZNEN 0°~80°DEIFH TEIL X TENITHED) RITEROE(L 2 A7z,

0.12 , [ o ERITHIE L 72 Tuxtuac fB A (LLS, $LF
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1)Dermawan, B. et al 2001, AERERZEI VRI v 4
2)Kamei A., and A. M. Nakamura 2001, Jcarus submitted
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Determination of 26Al in small meteorite samples using extremely low background
v -ray counting systems of the Institute of Cosmic Ray Research, University of Tokyo.

OEMFE (LIERHEK) . KB ERAKER)
OT. Fukuoka(Rissho Univ.) and H. Ohashi (Tokyo Univ. Fish.)

Detemination of terrestrial ages of Antarctic meteorites supplies useful informations for the
frequency of meteorite fall, the mechanism of accumulation of meteorites and the age of ice.
26A] (HL: 702,000y) is a useful tool for the dating of terrestrial age of meteorite. Antarctic
meteorites are determined non-destructively by extremely low background vy -ray counting
system for measurements of extremely low level radioactivities, Institute for Cosmic Ray
Research, University of Tokyo. The counting system consists of three well type of large volume
Ge detector. 1.5 to 4g of crushed samples are packed in plastic vials prior to put into the well
of detector.

THETICAARKIC L W EES - BEBEE OREIT 2 TEICES, —F. BRKKROENRIX
4 0 FEEIRSEEZLNTNS, (- T, 2 HEDRERAITRE 40 FEMICb-TET LD
DEEZBZENTED, BEOHK E~DETENR (terestrial age) DREIL, Th HHEAD
FBEHIZETLTHNADON, HABMCED LEON, L0 okBEEME T2 L TREREET
HB, T, EEEGEIHAHIRICEBL TS EEXLNTVSR, HETERREDCHERIIE
B ORI b SR LEBELZLNRD,

BB 0% THERRMEIIER PICERET 3 FHRERBZROBKRBRRIE X » TITbh 5, %Al
CEMHT 702,000 4E) Oy BBEIX, 4 OFELBAOETERMELTAD, L LEBEATO
BAL (ZHRD TL RV, R EN S v BERET 272 DITITEBEORERBLERITD,
v 70y FIEFHREEL T 2LERD D,

IR CHE KT HB AR OSBRI ERERI I TEREILMEXOHT F 227
L. #EEAREFME Ge REB—BEBRBEEIN TV, ZOEBICLY 1.5~2g BEDIRA
Rk 28A1 y BEEICRT), ETERWELRIT o7, L LiBRHO O, R OHERFRKET,
BEX v L /8AD 15mM TRICBRENE, ZOEROEBRITHTAROBEH LETFERIY
FRAEID ALy BREIIIT L 2D o2, SEIOKEKEFERFAFTOMF ¥ o " ABEBICDH
=0, HT 20mOH FENHR S, . HEREME Ge BRHBD 2 AR S, 6FF 3 BICH
L&, #EFEFESEFICVITE, INETULED data ZEHTEZ S b D LHFIND,

ML, HET 20m ORMT TRERICLD Ay 7 /T FOET, #HiTEMES SO Ro
EREZDEHRRE, BL-AR—NVFOERSIRED, Ry 2 770 FL-OWdBERRE
DIE< . SBILEERD 10 3D 1 UTRBEX LTS, RO Ge IHBZD v HRHDIES 1.4
EREHVL ORI, #FOHEL 1lmm & 16mm @ 2 EAREB{INZOT, K F Vv
VBUEBIC AN 1.5~4 g ORDRFAEI O vy RBENAIRETH Y, BERHMOER LTINS,
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Massive Star (CH5 T 5 TTREM &
BHERREBEILY—-F—JL 14> DIcH
Nucleosynthesis in Massive Stars and Application to Presolar Grains
from Supernovae

°HMH B B EE Lk - PHE)

Takashi Yoshida, Masa-aki Hashimoto
Dept. of Physics, Kyushu University

In order to distinguish presolar grains of supernova origin, we pursue nucleosynthesis
of elements in a 8 M He star from the He burning to the core collapse and the
following supernova explosion. We investigate the paths of various reaction sequences
of elements and clarify the isotopic ratios insensitive to uncertainties of the models of
the stellar evolution and the supernova explosion. Based on the obtained results, we
discuss the isotopic ratios useful for distinguishing presolar grains from the supernova
and the ranges of the isotopic ratios.

ZNFETSIC R graphite BED T VY —F =7 L A VICBHFEBREREO LV —
FG—=T VA VEROPoTWE, Ths s 1/4 T FIT 28BS O BE R ST TG 44T
DIRFFICE o THBIENTWBA, FRIIZINS 7 LA O HIEE L BB EB5

CFREINDEEDP—H L ZVAMKLEIRENTWE, ZO—KLEZVWERE L
TRT VA VIEEEED HHlE E TOROHEOM, EEE(LRPBHEBREETTIVOR

ML AHBREOARERESEZ ONS. I TR CIHIEE#L L B EBRFE
DLEFEEHBREEZHE, TNETNOTREOER, HEXEZTFHRDL Z L TEFVIK
LIS WIRE R 2 <7z,

A 8 M He star D#EfLE BITEBRERORE, BEELICHbE TTEEGRE
BOREZ4T>72. He star DIREE, FEHELIE Hashimoto (1995) IZ/REN T W2 E
TIVOIRE, BEM#ELE AV, BIEBRERORE, FEELIE Shigeyama, Nomoto,
and Hashimoto (1988) THW O N7ZERWFRBRE TNV 2 HWTRD 2. I DL DIRE,
HRHELICHHE T He star DEILTIE Ge £ TEHE N5 233 B, BHEBRRERTIX
Sr FTEINLLAUBEPOLIERIC A Y P =2 2 HWTIUHEARBELFTEL

. TDFER, He star #ILEMETIIELRTTEOMBSA I 7 LPREEE REMRBET
@75?2/::\521_%_ WCEDIRTY, BHREBERFIEIFLILH25 Mg L h bHREITE <
DITLEVBENTTRERDORE LRIz, N TLBREETIES L) dBWITHEIR TS
a-capture IZ X D AR S, Si LY dEWILHEILIFEIZ neutron capture |12 & h K I
720 RFEBRBETIE S & Y EEWILHE DT neutron-, proton-, a-capture (2 & O B I 7z,
RAY —TIIINLDHEREBENTREERBEOFEHLER L CHFEBRRERE Y
VY —=9=7VL A OHFNE L =R ARLEZ R,
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Nucleation process in a system dominated by diffusion
Kou Yamada, Hidekazu Tanaka, Kiyoshi Nakazawa, Hiroyuki Emori

(Earth and Planetary Sci., Tokyo Inst. Tech.)

We improved the homogeneous nucleation theory in order to describe nucleation
processes under a high density condition, where grain growth is dominated by diffusion
process. We obtained the equations of grain growth and the number density in a high
density condition. As a result, the obtained number density of grains is much higher
than that given by the previous homogeneous nuckation theory. The results are applied
to the formation of helium droplets inside Saturn. It is shown that the droplets are
grown to about lem and sedimentation of helium toward the interior of Saturn can

occur regardless of convection.

Wik EB R RICBT A BWEERIC O TR, 2FO HBITRAEW D JRBIC
LB TFORENEEL D, AR TR, ZOHBREERZEORICBT 5 BARBREY
AR, BROCTER SN BRLTF OV A APREEERD T, ThIC K VB LR
BEiE, TR ERRE LEERoE K2 (Yamamoto & Hasegawa 19702261550
BMITHRT, 10H L ELREL R I BT EBHALNI R T,

EBHIT, TOBEFERREORICBIT ARAREREYICAL T, LERNEO~NY T A
EDOFARE BHEBBRICOWTHAL, LERNTFOKE —~Y U ARBRERICBON T,
ANY DT LAERKENLHESBEL THEREND, ZONY VLAERBENLERTDIZ LI -
T, TEEBORERAZXVX—REEHHT L5 LB TE 5 L., Stevenson &
Salpeter(1977i32"8 L7z, LA L., FEFSESKICI T 2 TERBRRLER S LD~V 7 A%
DR VIIREEENDITRARIOA TV, MEROBEAERBERE ZDO~Y U LAERAR
BICZOEEEHTEHE, ~U TLAEOEFEFI0 km (2725 &V ) HBENRE L 25T
LE D5, Fhicst LT, KBTS L iniiiEl 5 R COBERBEREANVNDS L. ~
U AEDOXERIT lcm BELRELOND, 2D lem EWHIH A XT, brdEANY A
ERMFENOSBES N, BHEBRTHEOICLELRRESTH D, o T, Fx OFERIX
~NYTAEOBENEBER+RMETHDLZ L E2RLTND,
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Experimental inspection method of homogeneous nucleation theory
‘HAPSHF. BREHN. RER (RIX, HhEXREE)
Kyoko K. Tanaka, Hidekazu Tanaka, and Kiyoshi Nakazawa (Tokyo Inst. Of Tech.)

Recently, homogeneous nucleation process in the vapor phase has been investigated with
molecular dynamics computer simulations. We propose a method of comparison of the
homogeneous nucleation theory with results obtained by molecular dynamics simulations in

order to inspect the validity of the theory.

REYWEOEREMS LTHEEL Z2Z2BBOOE DICERRENH 5, T8, B L DRAER
BHREZHLMZTIED, DFEAFEM) Iz b—ra VXD EEERS, FHERE V-
T LOFESHO O TETWS, KR TIE, BAEREREHRIET 272910, KAERHER
FEBRE DHEBFEICOWTRET S,

MD I 2 b—3 3 (Yasuoka and Matsumoto 1998, J.Chem. Phys. 109. 8463) Tix. #IHEA
FEEDS 1 LB, RESFRICKL T B L VW IOREDOS & T, MOERBREZHHRL, b DHHH
IR END 7 VA Ve W) EH BN OERB LR, L L, BAERRIIRHELT D
WAAMBICBUR R T2 AR &L BT 5 - DIITR ORISR BETHZ L BLETH
5, AR TIIHEEERLFCREO T CHRBHEEZIT o, TOMKE. BERE, S THEE

CUTBTE), 7V A ORBEROY A XekR oK e LTl 2 bR EEE
BRLHBTDZENTE, X, F VA UBERTHETORLRHE G FRT L EBETH D,
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P09
R E OBLERLICB T B WEKRENE

Density dependence on orbital evolution of planetesimals
Ot EET  mHHIE
wWERKERFERE BARFEER

In the protoplanetary nebula, the mutual collisions between the
planetesimals with size of about a few hundred meters occurred. As a result,
in the region far from the Sun, many planetesimals consisting of different
ratio of compositions, i.e. volatile icy materials, non-volatile refractory
materials and voids appeared. The differences in mass density among
planetesimals suggest the different dynamical evolution of planetesimals.
That is, the planetesimals with low mass density receive the relatively
stronger gas drag, compared with high density bodies, and consequently,
they spiraled into the planetary region faster. The proto-giant planet
scattered them into towards the edge of the proto-solar system, as well as to
the inner planetary region. The influence of mass density of planetesimals
on their dynamical evolution will be shown in detail.

FIARE R EROFBES TiE, RETA S/ FTAPDERLERET, KRDO<
YMVEDL o HMERESHEEBDEL Tz, £ORR, HREEGOK,
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ARICER T R R 2T A IREEMERE D, FHAREHIRICELAAT, K
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T, BERPEERFOMI LR — NV N EXRRT 5, AR TIE, KEH
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Nebular Gas Flows around Protoplanets

O Z=fr (k- 8). & FH 5 (K- R)

O Takayuki Tanigawa!, Sei-ichiro Watanabe?
Department of Earth and Planetary Science, Nagoya University
2Graduate School of Environmental Studies, Nagoya University

We investigate gas flows around protoplanets in a gas disk with Keplerian rotation
using three-dimensional hydrodynamic simulations in order to understand the accretion
flow structure and accretion rate. The three-dimensional flow we obtained is compared
with two-dimensional one which was already obtained from our previous study, and

consider the application of the flow for the formation process of the giant-gaseous plan-
ets.

ARERBEIL, 1505 10 HIEREEREOEKRI Y O F DICKEDH AHLIT (Hp, He)
ZEEOTVWD, TOREDOH AT, EEIT OB OFRERIDENNCAL
EZRILURENIIHEINTZ, LB 5N TWS (Mizuno 1980, Pollack et al. 1996,
TIkoma et al. 2000). UL . H AFEENBRIG S NI B OB ABEETRIC DWW T
B Mo TWERW, £IT, RAZINETHRBXERMBOESZ BWHEL /2 2 KT
STRICE DEEANON ABERE RO TEZ, LML, BEEBNAE <ZWES (100
HIREEL T) IXMBOELINEH T 2 ENTERWN, T TARETIE, FRIARE
FHAZAHBNSREANDOH ABEDOKTFZ 3RTHEKRS I 2l —T a a2 HNTK
B, BENOH AREOHGBEHSMNIL TN,

9. RAMCNE T 72 2 KTatEN S GO NEBREROMEEE LD S, (1)
BEHERNBENIIIZANA N ay e RiFEr 7 S—EEd 557 4 A7 (W75 4
27) BRI, FARERMABT AL Z0OF 4 A7 2@ TREANLEIN S, (2)
HEANDH ZABERIZ M = 8.0 x 1072 Mearsy (a/5.2AU)71 (M,/10 Mgaren) 2 yr=! (72
ZU. M, 3EEHEE. « JEEREETHD. FAXERMNBIIK/NEETT IV FHE
JB)TEZLBN., ZOBZWRD TVWBDIEIYVT T 4 AZHDOZINA TV ay 7 DR
ThHb. TIT, TTID2D0OMHEITDNT 3RILEHEE 2 KoTEHEIC DWW T ik
L. SRTICHEEOREZRMD B, ZL T, FNNKEMRERR S O A E2E2 3
IZATEDEDITHNTL BNEBELET S,
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Stellar matallicity change caused by scattering of planetesimals
by a giant planet
O# M| % (RLX3H). D. N. C. Lin (Lick KX #&)

We investigate “shielding effect” in extrasolar planetary systems and dis-
cuss its relation with the metallicity of the host stars. A giant planet can
eject cometary objects, planetesimals that are scattered into inner region by
outer giant planets, and can protect inner habitable planets against the im-
pacts of the cometary objects. We integrate orbits of test particles thrown
into the inner part of a planetary system, under the gravity of a host star and
a giant planet. We calculate the probability of ejection of the test particles
by perturbations of the giant planet as a function of its mass and semimajor
axis.

FNBEROSHN GHIEAY AREOUNE) L. ZORLEDET
*ﬁEF“a DT T 5o E__EZIK& AhEZIE. (1) PFLEFERZRERK

% (FRFIBRICIE Vo 22%) OMEREDOERIZL YD, 2OFREDETLHE
ﬁEB% (BEIF 21E) BNV 2 DEIZL 6N, AEICEFVRLLENIZ L,
(2) 72751, BEAN AKEOHEIC L o Tid. TOMBEOHLE~NDEHR
FHESN, HRBO [HfR] 3hfonsbewvn)l e, THb,

Cﬂifﬂ%W@@%%%Eﬁ%ﬁéﬂTw%ﬁ\%n%®¢bémﬁ
i%ﬁﬁ&ﬁ%m:tﬁﬂ%nfw%oﬁtﬁ@%%E%%O%Wi k%
RPRBEBEDOEDOFHII L HR, BMOTHEV, N, MRELRIC
F%%Jf%b\%wiﬁ%ﬁﬁﬁﬁﬁéﬁﬁaﬁﬁﬁ&Té%ﬁ#%é@g,
Lw@MﬂmUoﬁ%%@%@ﬂﬁﬁﬁﬁ@<@giﬁﬁﬁTéﬁ\CCK
EARENTERENS L, ZOENTHRESBWHRISEVEEILZ Y, F
LDRBICHEET S, —H. jil%?%@ LT BRI ARKED ﬂfiiﬁf*h‘ftc <\

 FPHEESICAFEETAHE (KE). %@Wﬁlc HFET A MERBIREA DR
EOBEAAGED SN D L\ )RR (shielding effect”) 755 % (Wethenll
1994), ”shielding effect” (i L LEADMKEEROHET 5,

KEFgETiE, LR ERREOR ﬁﬁkm%ﬁkﬁwﬂLQ&&E
AHLRAOEY FHIVOEERIT% o T FLEEH D shielding effect” 13
EAH AKEOHLED S O BEICHMKET A t%rttopm
s, ERREOHLES,LOEEE | RLEOETEFAREICIIAEEA
Wb EWHFINS,
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Possibility of atmospheric loss by a giant impact

R HEE G - B, BTEE CGRA - )
OHidenori Genda and Yutaka Abe
Department of Earth and Planetary Science, University of Tokyo, Tokyo, Japan

There is the possibility that mars-sized planets impact each other at the last stage of
terrestrial planets' formation. The terrestrial planets have degassed atmosphere and may
have nebular gas. In this study, we will present the possibility of atmospheric loss by a
giant impact and the numerical simulation of escape mass. Taking account of giant

impacts, we will discuss atmospheric formation and evolution of terrestrial planet.

WEREIEE RO BRI BV T, ZOBHBENICE, KEY 1 XORME
RV HMER S TR D 5 2 L HMON T b TREKES A XOK
B2 X > T, MHEREOME L TW AR (A AKSR. BIHABRRLE
EFAROKRR) PRERIT SN LR D o FFETIL, BRIZL -
T, MENBERET 2 WEMED . KR EET HBEREIC LD L) HEEY
M Do E RIS 0. TOREHEE CIREDRFF L T D KA LT
LEIIDEIDPHEY I aLb—2ard b, 72, HEOHEM L HEHREDRMR
2RO Do FONIRERE b I, ERRKER L EE LR EOKS
oM & USHEALIZ D W Tl 2 TR TH 5o
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Stability of a planet in a binary system

O —E (MEA- B8R, Il |k (WHK - )
Kazumasa Moriwaki (Graduate School of Science and Technology, Kobe University)

Yoshitsugu Nakagawa(Faculty of Science, Kobe University)

We estimate upper limits of binary and planetary eccentricities in the extrasolar planetary
system, MACHO-97-BLG-41 lens system. The planet was detected by gravitational
microlensing, and is considered to be the first observed one orbiting both components of the
binary star system. This observational technique cannot determine binary and planetary
eccentricities. However, these orbital elements may be estimated by long-term numerical
integrations of binary and planetary orbital motions. We performed such long-term numerical
integrations with various initial conditions in order to see what initial configuration produces

the stable planetary orbits during the integration.

1999 K. HEDORMZ AR T 2 REOEEDMES N0 (Bennett et al. 1999) &
DREFEHNTA /DL U XTOHDTORRTH . BLID 5 BEHECKE DR
DRI > TRV, KIEOEKIX. COBRPSEDPERVWERE, RED
BEORE JER RGP S HRT 22 LI2H o

HEOEMZAET S LI RBEOREYPEDOHFmIE, HELL, HE - BREODH
R BEOYEELFE L VWS 72835 A —F 1258 <K T % o (Holman & Wiegert 1999)
CORELSEZ. UHEL LTEZ2EE - BEOBOERZRLICEZ CEHHGE
ROBERE A ZTRD. REREFENEORKBETIRECR > T LI > 5GE,
B2 AAEECDRICBVWTHEYTIERDP LR TE 2, TDX D RHMS
DS REMESERELELFE O LOTELHE - REOBOROHEN 2K A
EDT. ThIZDOWTHET %,



P14

INERBEOBRET Y 7
Modeling of Asteroids

O BEE MHEE EPFRXFERERERBEFER)
S. Takahashi and T. Mukai (Graduate school of science and technology, Kobe University)

Asteroidal properties, such as the state of spin motion, the spatial distribution of the
minerals on the surface of asteroid, would preserve the information of the collisional process
of pristine bodies in the early Solar System. These properties have been derived from the
ground-based photometry of asteroid based on the simple shape model for asteroid, i.e. the
triaxial ellipsoidal shape model.

We carried out photometric and polarimetric observations of 3 Juno and 216 Kleopatra using
HBS installed at Okayama observatory. We analyzed Juno data taken oﬁ Jul. and Aug. in
2000 and constructed the shape-albedo model based on triaxial ellipsoidal shape method. For
Kleopatra, we compared photometric observations on Oct. in 1999 with the simulated light
curves. The simulations were performed using polygon data offered by Hudson on the
internet, and scattering properties of its surface were assumed as Lambert or Hapke model.

We will report these results at this meeting.

NEEZ, KBREAPIBRENEREOHEEGRICIVBRENLEEZLRA TS, 0
HAROEHREROMAIL, REDC/INKEDOGEMSH. SERAHOH. REOWEN2 LI
DNTITON TV D, NREDOBESEECREDES L. EIT/NREDOAPDLEET — & 2847
TARZEIZE-THEINTEE,

B4 iE, /NRE 3 Juno % 200048 7 A 25 8 AICANT T, B R A M LR Ky BEEFT IR E
SN IEADESE (HBS) 2AVWTHBHEILE, Bons7—4# %, 3 $RSHEHEET L
ZEA LT ZITV, PRE Juno OREHREEEDETAAIER LIz, ZELETIZIIOKE
ERET D,

i, EEL—F—REERIC L SIREOBBENIC L, Y Z L BT — & A
ENTWS, £ZT 216 Kleopatra DFRF—FIZ, S ~_L MBLUOANTFIC L AHEEST
AEEAL. B’ 1999 F 10 AREEE AV TER L/ NREORINER & OB a R4,
IORRELEDETHRET 5,
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Laboratory measurements of polarization for the analogue surface of asteroid
O#%JIl BLE], Bk BBF, M B (FPEXRE BRREIFRD
Koji Shinokawa, Akiko Nakamura, Tadashi Mukai
(Graduate School of Science and Technology, Kobe University)

In our group, the photopolarimetric observations of asteroids have been continued using the
telescopes at Dodaira and Okayama observatories. However, a lack of available experiments of
light scattering by the actual meteorites prevented us from analysing the surface structures of
asteroids from our photopolarimetric data. We have performed the experiment data of polarization
for the meteorite samples, which are analogue of asteroid surface regolith. We present the outline
of the equipment of this experiment, and show some results of polarization measurements, which
include the information for the size and mineral composition of surface regolith analogue.
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Laboratory study on surface structure of regolith layer

OW#Ig+ 1, mHAHEE L hiiEE?2, AHKE3
(L RFERFEL B RF AR, 2RI ER, 31 @kHh

Surface structures and textures of airless planetary bodies are considered to be the results of the
course of their evolution. Light-scattering and thermal-emission properties have been the clues of the
nature of the surface material of the planetary bodies: however, these properties are also affected by
surface conditions such as roughness, the size distribution of rocks and particles on the surface.

We performed a laboratory study of the topography and porosity of regolith-like surfaces. We
examined the effect on surface roughness and porosity of the size distribution of constituent particles

by using particles of various sizes, and mixtures of them.
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Estimation of ejecta size-velocity distribution by analyses of lunar secondary craters

OF#E BH., & Hib. P BT @WFX - BREF)
Y. Hirase, H. Mori, and A. M. Nakamura
Graduate School of Science and Technology, Kobe Univ,, Japan

Size-velocity distribution of ejecta by impact has been studied by laboratory
experiments. However, it is unclear if the laboratory-scale results can be applied to the
impact events on solar system bodies. On the other hand, size-velocity distribution of
ejecta of lunar primary craters has been determined from the distribution of size and
position of the secondary craters. We analyzed Clementine images of the lunar surface
and distinguish the secondary craters from the primary ones by their ellipticity. Using
these secondary craters, size and velocity of ejecta was determined by cratering scaling
laws and we compared this data with the previous result of analysis of lunar surface
and those of impact experiments.
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Geologic analysis of Oceanus Procellarum
ORE B4, WD ¥ (BHEKR - BB

Distribution of FeO and TiO2 contents on the lunar surface was mapped by using
Clementine UVVIS data to study mare volcanism and chemical composition of the lunar
mantle materials. In Oceanus Procellarum region, TiO2 content of mare basalt changed
from low (late-Imbrian) to high (Eratotosthenian), while FeO content stayed high through
this period in all areas. These results help us to construct geologic and volcanic history of

this region.

ADOWOKBIGREOBZZENEARL Z L3, ADREILEEZ L L TEELFEN DY &
5o AORMOTEEIZILA HEDOKEL, #a REROZREBREH S/ L TB 0 LEE
BAELICEATWAZEDPHONTWS, T2, ZOMBICIEZREBE UMD AL
F—2A% DMD @ &) %2 KIS B L T b, HOKBIHEE % EMT 272012
BIN6D2=y PPEDL ) ZIEFTEE SN E2IEEBT L EPULETHL, 22T
RHETIE, 2 LAY ¥ 42 UVVIS 7— % % W TROKEDHG N 21TV, T DOHIE
DKIKIEE & Tz, BNTHEEIX, T2 LAY Z 42 UVIS =4 205 FeO - TiO2
DA AR Ly (LM OB V% b L IO EREDHEA o770 LT, HHELEL
=y MEORBFEfT L=y FOBRBEREE S L — 5 OEBOILEAR T BE ITRE L 720
EADTEERIT. Wilhelms (198RS NAMERK E A —F L Tz, £1=2v bOD
LA, FeO BiIZDOWTIF 2=y FETIZE A EED 2 VAT, TIO2 B 1-2% Db D
PO 10%BUEDOLDETHAEL, EUOZ=y MIETIO2 BEXEVI Ebholy ZD
MWDK LNV IET 28T 7 VIBEMO2 © 9% L By ZEtEid. Wilhelms (1987)Tiio
TIATARR - AN 2 AROZEEICHE L, KT ¥ ViBE(TIO2 . 6% UL TF))D LR
B3 TI) T AROZRBIIHYET S, COFF ¥ VBEBEOLRAEDRBEIL, KBNS
"7 L— 7 (ERE 1km BE)TOETICETHNOKT ¥ ViEEOLZREFBZEHELTBH, En
ZEFbroTz, Lir L, TOXREEEILEOKERERL H WO ERIC 2 ) TLSIR I
SHLTEY, BEEEHORMAMEMOWBICHRTE V. OO KBIEEIE 2 TBT 2
O, ZoET Y VIREOLZRERGVEE LR E L) BARMIZH S Z EALET
b, T2, BEDHUIBOENLLFEMRELOBREHESIZ L, oL oK
EAIZLIEETHY, 4RI INSDBEIZOVTRET 2,



P19

A DO ithakiEE DR "Lunar dome” DA M LD FEHE
Lunar crustal structure: Implications from origin of the lunar dome

HREFXR(FHBAZEEE) -BBHPD A (OIEIFRREL42—)
Takamitsu SUGIHARA (NASDA)
Ayumi KURATA (Tsukuba EXPO Center)

Origin of the lunar domes was investigated to understand lunar crustal structure using the Clementine multi

band images. As a result of the investigation, the lunar domes are classified into three types based on their

spectral features and morphology. Origin of each type is closely related to evolution of surrounding mare

units in the lunar crust, and temporal changes of physicochemical characteristics of the magma would

reflect heterogeneous crustal structure of the moon.
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Free oscillations of the Earth and Jupiter
excited by moist convection
Ol @B (LhABE-B), HER B= ( S&F)

OK. Nakajima(Kyushu University),
S. Notsuhara (Japan Meteorological Agency)

It has been established that the earth’s free oscillation is incessantly excited with amplitudes of nano-

gal. We demonstrate semi-quantitatively that moist convection in the atmosphere is a likely candidate

for the source of the incessant exitation. Incessant free oscillation is presumably excited in Jovian

planets, where similar type of convection is thought to be occuring. Kobayashi and Okuchi presented
a similar argument in Japan Earth and Planetary Science Joint Meeting 2000 but with dry thermal

convection, whose excitation properties differs significantly from those of moist convection. Amplitude

and frequency distribution of free oscillation predicted with moist convection will be discussed.
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Effects of the crustal inner structures on the degradation of craters

* WEHRT UAMSTECIFREE). BE#HfE (GEA - B). EEH K - EH)
Yasuko Yamagishi IFREE, JAMSTEC), Tomonori Kusanagi (Dept. of Earth & Plante. Sci., Univ. of

Tokyvo), Kei Kurita ( ERI, Univ. of Tokyo)

The shape of an impact crater is greatly influenced by the surface environment of the
astronomical body. And the later change of the shape depends on the inner structure.
This means that a crater's shape and degree of degradation give some information on
the interior of the target body. We modeled the degradation processes of craters and
made numerical calculations to find how a crater formed on a crust with a certain
structure changes its shape. We further tried to speculate the interiors of planets (or
satellites) by comparing our results with images sent from spacecrafts.
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The compositional heterogeneity in the lower mantle: Effects of viscosity
structure and of ”missing heat source”

Takashi Nakagawa
Department of Earth and Planetary Sciences, University of Tokyo

Paul J. Tackley
Department of Earth and Space Sciences, and Institute of Geophysics and Planetary Physics,
University of California, Los Angeles

The heat loss from the surface due to mantle convection is assumed to be 44 TW. However, the heat
production in the mantle is uncertain and quite different between BSE (Bulk Silicate Earth; 19.2 TW,
whose composition is modified from chondritic) and the simple heat budget calculation of subtracting
the contribution of heat generation in continental crust (6 TW), core-cooling (3-7 TW) and mantle
cooling(10TW). The heat production estimated from this heat budget (21-25 TW) is slightly larger than
that from BSE. It is thought that the mantle is mostly composed of depleted, MORB source material,
which requires an enriched, primitive reservoir, perhaps in the deep mantle. Here we consider the missing
heat producing elements from BSE to exist in the lower mantle as primitive material, and the preferred
distribution of compositional heterogeneity and seismological structure of the mantle are investigated
using numerical models of mantle convection in a two dimensional cylindrical shell with moving heat
sources and two profiles of depth dependent reference viscosity (simple layered and Double Humped).
We have also investigated the effect of core-cooling and of self-consistently generated plate tectonics on
the preferred distribution of compositional heterogeneity.

The preferred distribution of compositional heterogeneity is found to be a ”blob” style rather than the
"pile” style obtained from numerical modeling without moving heat sources. The blobs are distributed
throughout in the lower mantle and inhibited from entering the upper mantle by an endothermic phase
transition. The anomalies are found to be "hidden” by the cancellation of temperature and compositional
contributions to seismic velocity when the coeflicient relating composition to seismic velocity is between
0.65 and 0.9 of the coeflicient relating (nondimensional) temperature to seismic velocity. This ”hiding”
of anomalies is more effective for the simple layered reference viscosity than the double humped viscosity
structure. With core-cooling included, primitive blobs in the lower mantle are also obtained, but the scale

of the blobs is larger than with no core-cooling. Here we will also show results including self-consistent

generation of tectonic plates.



P23

RERBVATLOEEFHER/ —FR—IL - T—RAERE

Carbon cycle and Snowball Earth phenomena
HE%E— (HX - H)

Eiichi Tajika (Univ. of Tokyo)

Earth may have been globally ice-covered several times during the Proterozoic. How-
ever, during the Phanerozoic, the Earth has never been globally ice-covered. This differ-
ence may be derived from difference in the solar constant between the two geologic ages.
Analysis of a carbon cycle model coupled with a one-dimensional energy balance climate
model suggets that influence of the solar constant in the carbon cycle system should be
cancelled out owing to the defference in the soil biological activity between the two ages.
Thus, the solar constant may not be responsible for the difference.
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Estimation of the Fireball Energy
~An Experiment of Shock Wave using Artificial Shock Sources~

OBFRER SHER?2 IMRE? HAFRR'
1. RAFRFZREARRENRR, 2.2 RKXFEARHBRFER

O Yoshiaki ISHIHARA', Mio IMAI?, Yoshihiro HHRAMATSU? and Muneyoshi FURUMOTO'
1. Graduate School of Natural Science and Technology, Kanazawa University

2. Department of Earth Sciences, Faculty of Science, Kanazawa University

The shock waves generated by fireballs are often recorded on seismograms. The amplitudes of
the shock waves depend on the energy release rate of fireballs. To estimate the source energy of shock
waves, we observed ground motions generated by shock waves from fireworks. The fireball energy is
estimated from the recorded ground motions with the correction of atmospheric pressure and the
dependence of amplitude with travel distance. We estimate the energy release rates of the 1996

Tsukuba, '98 Miyako, and '99 Kobe meteorites by comparison with the firework shock waves.
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Core formation and tectonics of Mars

OFfiEic (RK - 38), #aHZFM (X - #itRE)

OH. Senshu! and T. Matsui'?
1: Graduate School of Science, Univ. of Tokyo
2: Graduate School of Frontier Science, Univ. of Tokyo

According to the early thermal history model of Mars, Mars has a three-layered-
structure at the end of accretion: the surface silicate layer, the central undifferentiated
proto core, and the intermediate metallic layer. Because this structure is gravitation-
ally unstable, the formation of metallic core due to Rayleigh-Taylor type gravitational
instability will take place. During the metallic core formation the interior of the proto
Mars is heated by released gravitational energy. We simulate the core formation of Mars
numerically. Our model shows that the distribution of the temperature increment due to
core formation has dichotomy. This may explain the crustal dichotomy of present Mars.
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Magmatic Origin for Melting of Permafrost and Permeable Flow on Mars

— Implication for Flood Event Formation —

O/NMIMEFGRA - #), IIERTJAMSTECIFREE), T HH(HA - HiF=AT)
Yoshiko Ogawa (Dept. of Earth and Planet. Sci., Univ. of Tokyo), Yasuko Yamagishi (IFREE,
JAMSTEC), Kei Kurita (ERI. Univ. of Tokyo)

The formation of outflow channels observed on Mars requires a huge amount of water
flux. As for the origin of such huge water mass, melting of permafrost layer by dyke
intrusion seems most probable. We simulate the process considering convection in
porous media with phase change. The result is that for the suitable Rayleigh number on
Mars (>3 X 10 and presumed environment, focussing of heat transfer by convection can
generate melt pool in a short time scale. We discuss the water release process in two
cases; one is release from this water pool at once and second case considers gradual
release. We will propose the formation process of chasma and chaotic terrain relating to

the water release process.

KEDT 7 b7 0—F v FIURTHI) O I IE R EAWETH A & ENb, L
LZDEREHIE A LS IS TN Ry, JKOREGEFEE LTY A 7 OB AL A8
R ER Do ZOHTTERIFEFE % 180E LA bt ) S US4 T2 72,
FER, KETHEEINS L—1) =" 3XIAIBWTIL, (BEDRDEEESITHAT, S\ B
PREEH SRR AR CIIR S NS Z EDSERIN Do 72, E 612, NEREOIE—RE,
HABDREEROSEN - EET B &, Bk OE IS, FIMISFER CKBOkhvE
BESNDELFATRENT 2,

RIZ, BlRCA U7oROFEIOEAR COWT, 720 TSRS e & 7201454 | i i e
2RV, FRL ) AiiVKED OitantAT) o BISNAT Y b 7 0—F v JVOILIREBES L
G, HHISNAEEFEHIOWTHERT 5o T720 HAEEREM), A+ AR,
(ZRL T, B TERREAE LU 7B S WTRECH 2 Z L AIR L, FORGERE AT 5,
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Thermoluminescence and Optically Stimulated Luminescence of
Gamma-rays Irradiated Ices

OXBEREL, FELE FHR WPTH, thexH
RKERERZREZMEHFHBIRBFHEL

OTakeshi Yada, Kimihiro Norizawa, Makoto Hirai, Chihiro Yamanaka and Motoji Ikeya

‘Department of Earth and Space Science, Graduate School of Science, Osaka University

Icy bodies like Europa have surfaces of solid H,O including impurities such as
ammonia, methane and carbon monoxide. New molecular species might be created through
reactions of free radicals and metastable molecules produced by solar winds and cosmic rays
in solid H,O. The reactions might be affected by thermally and optically stimulation. We
made an apparatus for thermoluminescence (TL) and optically stimulated luminescence
(OSL) to understand chemical evolution of molecules in icy bodies. Red LED’s were used as
stimulating source of OSL. TL measurements from 90 K to 260 K were carried out. Both
TL and OSL were detected from solidified heavy water, distilled water and ammonia water

irradiated by gamma-rays.

KRETOGFOILFEENEZZDITL, BHBRIZIVBEINZITINR, BRELFE
EOBR KA LSBT DLERHD. AR TILREERIEENLRE TELELIRY
X (Thermoluminescence, TL) BL U ¥ /NIy & X (Optically stimulated luminescence,
OSL) I E%BARIEL, 77K T 15 kGy DH v~

BEBMLEKRA, B, 7TUoESTAOKIC 3 N | |

SUTRERT o7, Fig 112 90K ICHOT28%0 5 |

FrE=TAMILBLNE OSL 27T, X § ¥

600 FPLL LFEv V. ”; 20
HARBEHEMEES 2000 EAAK  § 1]

ETE, POTTE=TAKD OSLOBEEIT  ~ W L

o, 4 OSL 07> =7 BEKEE, Bk ° e

DKPBELNT OSLAREZDH%DIFFRDAKEIT

SNTHREEITD. Fig.1: OSL from 28% ammonia water ice
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Simulation of in-flight calibration for XRS onboard MUSES-C

° yeH BE [, ik =4 (1], M| = (1], g 2 (1]
° T ARAI [1], Y. YAMAMOTO [1], T. OKADA [1], M. KATO [1]
FHEREWER, [1] ISAS

We are developing an X-Ray fluorescence Spectrometer (XRS) onboard the asteroid probe
MUSES-C. XRS contains 5 CCD chips. XRS will not carry in-flight calibration sources.
Therefore we will observe cosmic X-ray objects for the calibration with XRS during the cruise.
We performed numerical simulation of observing some known X-ray objects. Those

simulations were run with exposure time about 3 hours, based on the best-fit models to the
ASCA SIS spectra.

2002 415 LIFFEO/NRERER MUSES-C 13, RELEHE L THD TRIEEIC CCD %
BN X B HEHXRS) 2HE#T 2. XRS IIER. KB XBRURBHINFREREZES
T2 CCD1ME, INRES T T —RICHNE X B2EHTD CCD4 5735, ATE 1 BIIBE
HOBYREZ2T =5 T2, MELTIRNF—RENTES, LnL., #BE 4 BIKEA
DORBIZHEBR L 20D, BiELTHAO XBREZEHAUL TREZTOLENRD D,

MUSES-C IZEEFEMEZMIT TR FETH V. XRS OBBA S FIIFEREROEMARICE>T
REZ, 2. AF P UFERAPIRBRIZT IR 0WED, EEEARREL 3 REICE SN 5.

FRE T, XHEEE ASCA SIS OERIF—# 2 HW\WT, MUSES-C D#EHITH (k5
ATy = Tz—X) KKBITB CCD DBESIal— a3 &fTork.

9., ERICBEHATEORARND X BR, RUBHEREOT—FE2HWZ, TZTiE, &
EEIND XRS DLFNF—Z7—)l. REFIE, RUOLR)IF—oFEZHN. EREOEHR X
BRARY RVITHT B Mokt s8R & ARG B 2 METR0ICEEME L /2.

F7z. XRS IIBEEBOERIAFIKST . HEFA 3.5° X3.5° TFHER XFECXBAEHAT
Z3, RUKRIZ. BRY—XRAOTF—FZ2HWN, X BOKRERE. /1 XFE. RUONv I TS5
T RIIDWTHERRT—FZ2RBT5201C, HLELBEBFRRMZEML 2,

XRS CCD ANDELF )V F—1T3Hd B ARHETH Py [count /sec/ eV |12,

_Cus _Sxrs _ Lurs
Pos Qs . Ssis * Lsis

TR o7k, TIT. Cgy : SIS TRELAZEZINF—ITHT AT, Qg @ SIS O
B, S 1 XRS CCD OHEZHEM. Sy : SIS OENZHEHE. 1, : XRS OEHIRFH.
tgs : SIS OEAKR & L7z,
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- Development of XRF/XRD instrument for exploration of planetary surface materials

OFEME GLK - F#H). 84 B (FHEb). MEEH (FE. g ¥ (FHD
OSatomi Ito(University of Tokyo * ISAS), Kei Shirai, Tatsuaki Okada, Manabu Kato(ISAS)

We are developing an XRF/XRD instrument for future planetary landing probes. Using this
CCD-based device, major elemental and mineral composition is determined through x-ray
fluorescence and diffraction method. We have designed and fabricated a miniaturized
laboratory model with a two-dimensional CCD. We considered a geometric configuration of
the CCD and samples to improve precision of measurement. We investigated a method of
onboard data analysis to decrease an amount of telemetry data. We report results of
measurements and analyses for XRF and XRD of major minerals.

BLITIRDOA - REBBRFRTRICERLUEAXEOXREMWEZRHETS/NE{L L X #E
Y - EITHTIEE XRF/XRD OEBHEREZT> TS, 2O XRF/XRD 2HWVW3 E8EXBEX
BEPTZE 1D CCD THRIETE, XERXRELYOMRNFERICRETE 5, FTEILFIC XRD
IZEBL T, 2R5CCCD ZAW/NEUL L -ENAOEREBZRET - BIEL =

M1 IC8BEL-EREBAROEENEZ RS, ZONIBHAREOEZET v > N—DEBHNEZ
ENBREBDTHSZ, BHXBEIVA—FY—TROY > IINVICBFE L. TOEHFEZ I
R7 4 2H=IC&>THHAL CCD THIET ., HIEEEOR L HEELL T CCD LiREIOR
B, QUVA—Y—OFLRERERL . SEOERTIIY > 7))V E CCD OERE 10 mm. CCD
OFLOMBEIL X BOY > 7I)VRBE AN SBHAMIZ 16.3mm. IUA—F—DFEIT 0.3 mm &
Lo TOBRET ALO:D X BEHHZHAIE L EEIC CCD KEFEINZEIFHDS I 2 b —
a VRERZN2ITRT., MENKEVWEITRICERI SN EEOFIMANIE I 5 —fkk. 1I1358E.
IIEIIRATH 5,

HEF—FYEBFTRICHE>T. SER/NELLZEBZERICEERICHEIKRL 72 & =1,
HEZRETAT—YBMM/NTEDLIRBITHFEEER L. CCD TRIEL T —F Db
HBEIXNF—LULEOLORETEZROHL., EHL THEIIEEFEL THS XBREHFOHITRNZ
BETITILVTATTEENIHETH D,

INSOEEREZT, BHEL-EREBZHAVWTEEREYRE O X BEH & B8 X BEER
ELUBTLEEREZHRET S,

'_ cold finger

vacuum

N . "
\\ aze\ \ (024)
I =30

~ 33 3\ e\; 26.3

X2 Ales@ Xﬁ@?ﬁ%?ﬁ“ﬁbtc‘:%k
CCD i 2EBDOI I o
K1 SYEL~ XRF/XRD £ENTOEEK L—3a UHR
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Properties of the Release Mechanism of SELENE Relay Satellite and its Influences
for the Lunar Gravity Observation

O HMEE, fee A2 (NASDA) | BT, fEHEZER, WEEZ (RIXEKR) |
WARRAT (FLHRF)

T. Iwata, T. Sasaki (NASDA), Y. Kono, H. Hanada, N. Kawano (NAO), and N. Namiki (Kyushu U.)

The Relay Satellite (Rstar) and the VRAD Satellite (Vstar) of SELENE will be used for the four-way
Doppler measurements and the differential VLBI observation which derive the highly accurate global
mapping of the lunar gravity. We have obtained the property of the Release Mechanism of Rstar and Vstar
by the ground test using breadboard model. Our results suggest that gravity data can be calibrated by the
estimated values of the spin rate and the attitude of Rstar.

ROENGHAEZALNCTHZ EiE, BOHERa T 7 EONEMEEOYBEDOHEFEICEE
Tohb, SELENE (HAERME) Tk, THEERVO2EO/IAEETHD U L—HE (Rstar) &
VRAD #E (Vstar) VT, 4 V= F7Z5HAROMEXT VLBI B L 5 A EASEBRIAT
9 (Iwataetal. 2001) , ZIUZX Y, LP165P (Konopliv e al. 2001) % E[E]1% 71—/ LdxDERE
EREGRT 4 BNHESRS,

Rstar " Vstar i3, FRBARIHIBEY V7 HAROBRERISBHEC LY, S45E
2,400-100km & & 800-100km ? A FEFEHELEIZBRA IS, T b0/ NMEE T, REIM
DYLET — 7 DRENLEIGEEROHZ L, ROVNY - BEAF BIZEL 752 05, BEEIROR
BERBEIEH A {THOT A EEDORE LTINS,

BRI NS F7T7ROMIEET —# L#E8%F VLBl 5 —# 1%, £ 3HEENETRIEICE S HVH
ER T, IRUWT Rstar/Vstar DB « AU AEE - —ao—F—3 3 2, BEEE. FHKREA.
EOEE - #i ERNOBIEENHIEIN S, Rstar/Vstar OREBOERITEIER|Z (T ABEESE &
EHERNC LD M7 B3H 0| EHEBERIZIIEERET « 74 7 RO EME & 8P EEdhic
ERTAH =a2—T a3 B3 d, FCOBET v 7 7RO =2 —T —Y a3 VOENRKE L,
v ia VIR BLTEEIEDZENTERY, Fv7F 7 L— MISBEHSEOEEMREIC
KELMEFET A0, HEMEEGE, EAhxy BBl a vy a— N, HEERIEARET
7/ (BBM) &RV ERBRIC X0 DEEREA R, Ty T AT L— MR U AEE
DT 01 LT THY ., ZOBOLBERETF v 74 7BRO=2a—TFT —2 a3 VOERBNESAITN 11 E
720 BHBSEROBEROENIESSEBEREHRT D, HEO=a—T—TaiFZT7 v
TTOEBE LT RTZ77T—ZIOMESH, F778EEL KE< EED Z 0 LBHETED D
WELTRETED, /-, ACVAEEIIN Y IT -4 ORASKS E LTHRADZEND, &
WY TV T LI RT3 —F a0 — A7 4V E @ T2 LI L VHEE - BRET 2,

L E BN

Iwata, T., Takahashi, M., Namiki, N., Hanada, H., Kawano, N., Heki, K., Matsumoto, K., and Takano, T., J. Geod.
Soc. Japan, 47, 558 (2001).

Konopliv, A. S., Asmar, S. W., Carranza, E., Sjogren, W. L., and. Yuan, D. N, Icarus, 150, 1 (2001).
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Performance of Terrain Camera on SELENE

O#F|l $i— (Haruyama. Junichi@NASDA. go. jp). K AE. KT E#-F.
MR EFE, W W% (PHEARFER ARMAmRE S FH K (B
FHIMEAEEM BEEiEMEe/THRBREEN ARIAMEE S F—).
LISM F— A

We will install a high-resolution camera called the Terrain Camera (TC)

on SELENE as a subsystem of the Lunar Imager / SpectroMeter (LISM). For
this purpose, we developed a prototype model (PM) of a TC optical head and
tested it for vibration and optical performance. We concluded that there
were no fatal problems in the PM. This year, we entered the TC flight model
(FM) design and manufacturing phase and are collecting calibration data
for it. In this paper, we will report the final performance of TC based
on the FM test results. '

BME 200 5EETEFEDAFEEBRER SELENE 121X, AT —F 2B
FEDOEMREEDONSIaF vy OIS A S (TC, terrain camera)
BEHREND, #HEH AT, BEETHEICR L TE15° HWWZZODHF
FBREY . SMERFERAT VAT E2BET L, TRENLORFEROER
EFiI. HESEE100kn2b1 0 nw/EETHY, AT AT LITEENIC
T2 0OmBELVWIBWEENSBIEDT VANVEEET VOERPHIFTE 5,
JIFATIEDI vy a vHEZBL T, KEFHMEEIFRAIZEEBET
— ANRARBIZONTELNDZZLIZRD, HIBEI AT DT —FIZE>T, 7
L—F —DRREEYFARERELEE LY, BEROLENY #RDIZD .
TR EF 2 — T OHmOBEOMEBEERRT LI EBHFEND,

TNETHED A TIZOWT, Exix7a h&A 770 (PM) ZRIEL,
THER MOV R BRI MR BR A 1T o T & 72, TOFER., PM AFERBEA TIT,
£ EIEEET . 72.54mm T v . HEEED 72, 5mn IR L TH0. 1% &> T 5%, F
MEIE, 3.98 & 72D HAEED 4 12R L T-0. 5% T 272 MIFIZOWTIE, HFERE
wTiE, POEA CEFA 5° ) ITOWT, T 0.41 (4 X MK Z{kk
ELTWAMN, P IR DA RE CTEARREELZ BumeTDHIENT
EEBEROBERRAMESEDETO0.2 L EOMF ZRSFLEA (AL )
TERTEXAIENEND LN, 7270, TALVADE9.65° Tid MIF X
0.1 BEETIITAB, BOXEICHOWTIT., RFEREETAHAEH.65° T
87.9%. —9.65° T 88. 1% % DMEREZER % 277,

PM TlEEmm i R MaixAE U3, PMERLABE 2. BE, PUERET - BUERMEIC
AoTN5B, KABETIE, THNETORBRERLZEEZEE L, HiIBEIATHE
DL DI EREEER TEARBLADVWEDEH#EMICRET S TFETH D,
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OHMBE-FHA-FLUH—(FHHEEXE BFRAAEtE 2—).
&S (EEEISHZEAT) - SELENE it £ F—A20IEBO—X% 55 )L—7F

SELENE Moon Mapping Database for the integration science
OH. Demura, N. Hirata, J. Haruyama (Lunar Mission Res. Center, NASDA),
M. Kato (ISAS), and the SELENE data processing working group

The SELENE (SELenological and ENgineering Explorer) mission
will bring data sets of Moon mapping. One of the advantages
of SELENE data is the global coverage with systematic
navigation parameters. The data needs the GIS (Geographical
Information system) database functions in order to solve lunar
standing issues. We will introduce the functions, which has
been discussed by the SELENE data processing working group.

AEEIRIE SELENE EHOEHMOHERBICLH-T. REATESHF. TS H. K5
B WEREHE. RREER. EABHH. LEERM THEELL S -HALREBYY
EVIT—3anNALRIChi-o2TELND, 2HLET—4%5HEICSE - - BEBR]RL
THRADEETEROCHEREZEAETICIE. MEZREL-BHREEMBENTR
BENAHRTH D, CHIZDULT, SELENE 2vsavliBITdT—4R—XDEKMLGE
BNEDLIGEDTHIREN W EF—2NEBI—F 55 IL—TI2BLTREEET
TSl FEAE HEBIFRS AT LICERL =25 - BRF- TS5 X - B 5T - Y HES
MEOBELGEETRMYAALET —ER—RAL AT LNERSIN TS, FRRAEZ—(L, FD
REHEREHRET D,

WGTZEIToNhTWAELHAIVELY T—FARNEBL, F¥LUPS VI RIERLED)
* ARE (PRIEE)TYEY 10km/pixel — 100m/pixel
(y B/ XER/AITLEFN D - FEBHFHRRNE-BAHt-UL—EE-L—5—)
FKETTHF 5 1 : Mg AlLSi,Fe,Na,Ca,Ti,Th,K,0,UH,Rn,Po
REMBYSH - FIEL  BE.HEG. AIELO#K- 7T RIH L
REARIML EAAES . FHEALELRE
L—F—H o 0T40F LIYRBEAE WHEBIEEO ADM P L EERNES T
ESEEE
AU F 1K (Selenoid)$s KU 2 BRkFZIK (2km ZI| &) D BRI SAFNRI BZ 2%
* BRE (BREE)TYETY 50-10m/pixel
(B85 LISM O HhAS - DA EHHAS)
MEHEFER/AL OO T vV BRGE EEEZ (5-4)
LLERBRTAS A EHEKEE EE S (Clementine EE LRI R—EFROH)
—#F 2L % Clementine 7O4 VR ERLEHM T—HEREEORLLERKT 5,
10m ATy 7 DOHENEER
* AR (MR- thER)
(SELENE #8&T—42#R. E88%)
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Correction and calibration of the Multiband Imager of SELENE mission

ORMERT, FL#—, FHK, ZEER, HirmE (FHEREFEER. APAMEE &)

Multiband Imager (MI) is an instrument being developed for the SELENE
project. MI is a high-resolution multiband imaging camera consisting of two
visible and near infrared sensors. MI will obtain the global mineral distribution
of the lunar surface in nine bands to understand the origin and evolution of the
Moon. In this presentation we are going to introduce the correction and
calibration procedures of the MI with the results of prototype tests, and the

ability and scientific objectives of the MI instrument.

< NVF N KA A—T ¥ (Multiband Imager; MDiZ A BR#&E SELENE (Z## X, &EQ
100k mOEEN HER - FFRIMNERKOEE 9 N RicBIT 3 HRBOKEREZRE TS L
W&o TRBEASIRT 2 A TORKSFHELBRIT 228 Th 5, FIHRIERIIOHERBETITA
SR A I B IR R U 7 F ) 2 B S FE T 5, A ORI A 78059 5 BB TRE
LB RICRIT D4 EB N ORIz ARBOIM S EMD Z L 25 ML iz X 2808
DERITH D, MLIZFEA - ERAAD 2 RO ERBEL TN ENDORHIBIOORDIEHNFR &
FHEXEB L VERIN, INETERROAESHBEBREREB LI VAL Z A XL 28
P& B UC 1 M@V A I 2 fRRE . FTARIK 20m, T ARSMEES 60m AR L TV D,

SEIORFZTIE, THETIT> TEREBBAREOFEROBRHOKEREONTMIE, RED
THDTNTY X5 SH%T D TEDOKERR, #HIEHROBREFEFIZOWVTRA L. MIEA
BBOMEELBRIOBEIZ W TERT 5.

IRETIE ML OA— Ry = TIZRIEETAORE - UF - FERBRL B CEEEHET LD
HHETTHIIERT LTS, Bx DI —7 Tk, T O EERABEROCHELEHET VOB
FHRERZ B L2 MI BT — 7 BUS% OfEITIC LB fER LU EFIEORFT 21T > TE 7,
BRHBFRB OB RO, AIEARESB TEFEAE LFECRERTOHERFESLETHY
F AR ARESR IOV TIEIERDOBERGFEERY =7 UV 7 ¢ —fiE. BHERIC L DHEEN
HEBICRRDIENOEFBHEXLERERFBEICRODIEBMLETHD I EMRfE-> TRV, #HIE.
REDT LTV AMIENOERERR L TERLTWS, /- MI MBOTF—ZIZES< AR
#RET LR FAWT, IR LD ELODREBM I BRCELRITLTCEY, ZhbEan
ZERI SRS L MR OB E, ERIMEOBBAIZ L > THRERZ L—F U LY, BEETHED
HHFEMRBENLETHOHERE D KEVHIRIZB W TH - RERBE L, FICKRERRK
RAPR/OND EHFTE D,
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Developement of a Multi-turn Time-of-Flight Mass Spectrometer
'MULTUM II' for Planetary Exploration

CEmER, RiAH', FERE', TIAERM', BEXX? BAkER?
" KBRASRASRESAERYESER, 2HALXEF (%)

We have already constructed a multi-turn TOF mass spectrometer ‘MULTUM Linear plus’
which comprises four cylindrical electric sectors and 28 electric quadrupole lenses. It has
been already demonstrated that the mass resolution 350000 could be achieved after 500
cycles. However, the development of more simple and compact system is necessary to
carry on a spacecraft. The new multi-turn TOF mass spectrometer ‘MULTUM II’ consisting
of only four toroidal electric sectors was constructed. The design parameters and initial
experimental results of this new TOF mass spectrometer will be presented.

RATEREE Bt O REEL, 44 ORITHEEICHGIT S, Lz >T, /M
A BECEHEoMETEA I, A—#Er ZHREANS 5~ VT ¥ — v BitHE—
DHREHEE TS, AL, VT & — U RITREEEE &5 475F [MULTUM Linear
plus] Za%El - BELY, SmMeEss FrBohs It amRLP L L, HER
ERICEET27:01003, SHIINE - BB TELENFH L. CORELHRT S
72O, 4D A FNVEROATACEZERBEA 4+ U RFERTELEL, 204
FUHFERED LITH LYV Ty — Y RATEEEVE £ 545 TMULTUM 11 % 84%
L7z (B01). IMULTUMIL] ZBWTh, FAEEIIE L THHEENE LTI e %
HERLZ (K2)., EEOMELEONERERIIOVWTHLIERT 5.

(1] & Mg, BRKHE, WOE—, REEE, SABEAE, RERE, E£A,9(2000), 103.
[2] Z2HIE, B KE, AERE, TABLE, REFFE 2000 EHFFEEATFIFE, (2000), 79.

1/ (2.10m)
Bl FAB, MALDL | | e |1 4 > RERES :HTMP
ESiizé& .
—— 450 EL QLY X¥ Ty b ] = A , .
Ll : [72]
PN ‘ %41.5 33.5 455 | 47.5' 49.'5 51.5
° = N BT Loy 0 € |10@ (13.87m)
=4 < . © FMP - 129 132Xe
< (8 €  mye
g AL PR TIVRE i 134
EERg+<y | U Xe 1mye
: FTU—h) ;
: ,I ' i . : . - 1 . LA._
t] 296.0 298.0 300.0 302.0 304.0 306.0 308.0
Time-of-Flight (us)
= 2 [MULTUMII| |2 & 2 XetD 1 JE OB
X1 [MULTUMIL] OEkB& X OV 10E Mm% D TOF A7 ML,
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Development of WIZARD (Wide-field Imager of Zodiacal ight with ARray Detector)

OREER G, HEsd GOesD. R G, mEEE GIFAER . FHEGE GOS0, R
(NASDA/EORC). Kwon, Suk Minn(Kangwon University), Lee, Changyon(Seoul National University).
OFE, ETBES, iR @ESE V-8R

O M.Ishiguro(ISAS), M.Ueno(Univ. of Tokyo), M.Fujino, T.Mukai(Kobe Univ.),
F.Usui(Univ. of Tokyo), R.Nakamura(NASDA), S.M.Kwon(Kangwon Univ.), C.Lee(SNU),
K.Sekiguchi, A Miyasita and M.Nakagiri(NAOJ)

Zodiacal light is a scattered sunlight by interplanetary dust. We have developed a new instruments, WIZARD(Wide-field
Imager of Zodiacal light with ARray Detectar), for the cbeervations of not only widespread faint zodiacal light, but also NO2
airglow. We have obtained the first images by WIZARD at Mauna Kea (Hawaii, 4200m) on March, 2001, under the
cdllabaration of SUBARU. In this wark, we repart the detail specification of WIZARD.

FEXEIIREMEBIZ L5 RKBRELET BAKE 480nm
bd, BENXEZBERT L LIZE-T, & ERFA X 13.5 1 m(4096x2048 EF)
EREOERSLELIC OV TOFERNED MipRT EEV 42-80
h5d, R, L EBEIT — & DTG, mF2 11.6mm
NO: BIEOBKDOHD X LMD Z N TE £ 5 BEE 32 5mm
5, Bx ORRIN—T Tk, B LRIZ £ BESYRRAE 1.35 (arcmin./pixeD)
IR o T BB ORBRT 2 H12, FE o 80x46(degree)
HBRFERE S AT WIZARD 0% . 28
iT>72,19 99458 XY WIZARD DBF WIZARD 0 EA A

FIZEVAEA, 200 1E2HICEREY
7—ANI7A4 MIREILTZ, 200 142
A& 3 AIEMRXENT A BB O
XY, U7 ILEC TEEXROSB
WEEH L7z, AFRTIE, BT —# &
ERETORES TIZ, WIZARD DOHERET
Iz ONWTE#ET 3,

WIZARD &) &. WIZARD CBRRIL7=FHDHBEL &)
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FGEEREE ;. Error Estimation in deriving the Atmospheric Motion Vectors from cloud images.

EE4ETE . O TG . A4 B (R |
DA A GRREHEERIIZERN | A IEA GRARED

HYEE : The method of Atmospheric Motion Vectors (AMVs) derived from cloud features of successive
satellite images is already established. The Error of AMVs is defined as a difference between AMVs and
contemporaneously observed wind vectors in the case of Earth’s AMVs. In the case of other Planets,
whose wind vectors couldn’t be contemporaneously observed, the Error of AMVs is a deviation of
neighboring AMVs in the past researches, but this error includes a disturbance. A disturbance is an
important signal. [t must not be included in the error. In this presentation we suggest the method of error
estimate derived from correlation coefficient, which eliminates a disturbance.

BEE . 20075FFTH L FEDO & EBIFEERE (Planet—C) Tl A—/3—a—F—3 gL FRE TIN5
PEAE DOEERE (B 70km TRI100m,s) DARK HERFAD =X LDEARIATHZE D K72 BAED
— D ThD, HFENOCEEF CAERRVEN T A =X NIFHIAENTERY., Zh st
DIUIZBEI TORKDIEREGDVEED DD, DT & FHE ClX, EDOEIZL DKM
DEELIE (BEFF: 290, 380nm) <2, IRV RY (FFK: 1, 1. 7. 2. 3pm, ETEELSIUCN
TRARKHED HOBHEHZ I T, FERANIENES R L L TR EESND) D>5HIRIVA
L CHRBL . REZIDS R D 2D EHEHF > CEDBIEAT . EREN ULV ARD D, B
HFEROERE) O, BRAEEDOEBEN MUK ELZEIBEDBRN TSI TAD T,
S RREEZ IO CERNEO RO NAMEEL AN TE, A=/ =1 —TF — T a Dff
RICEERFERELN,

Fo, A= —m =T = a ORI ERBI A VAR E BSREI TSRO DT ENLE L
%o BEOSEFE CIIBRIFFOZERINHRIECT — A RRIZLY , A=/~ —F — g DA
WX ES2)> o7, Planet— C T, iBEDOBIRILDE VRIS HZEET, F2ERGREDEA B %4
BZEZIY, ZOIORRRESE VT L TN,

I CEIRIFEO B R ISE L1203 1BFEOHE TR G- AT HE L RIS D 2 8
DRoTe, FHUT, BBV MV ORBRERHI IR, (ERDOEBE T ML OB
EIULT DI DO TH D, EFEL - EEEER)OEREI I MLVE RO D HIET, RIERBLRIT
VIBRIZRENLS AU THsY |, HIBK LT, BRER R DT VA 7 OBRAIEE DL U CEHIL TV D,
UL, BRI 4 o 7R a— 7\ L A8 R s & e & DR Cii, B IV
DRREIZOFETFHEN TE72\ ), IBEOHFFE CIITFHIH I ML OS5 EEFRZELL QU Vol
O, ITEERI AT AEESREICE TN QU T THEELLE, ERE T ML O HUSZE LoD
ZETHY, BEERL T TV ThD, LU TRRENT, fMBEDORIBRREDEDIA 2L 1c I~ TX
FZEND, EBEI MV EEBDOEDBEIRL OB TH D, 1E- T, BREHEILIL W TH
%o BEEIZRONARTIEERD AN =X NIFIINFRIAIN TV Vi, a8 HEELCH
BEEZ LIVCONAR, BERV VIV THAEEL B E TN TLEI LI RERREN 5, F
TC, BA X ORERASET A HIEREE L,

SHRTIE, BB A HR T 2SI EARE T D, Tn, IATDOMEER S EDE
IZBB T 272012, EEDEDHRELIFIZ TRBMENDD, 1T, BEOFLBREDKRKEX|T
DV THBSEMAFRELHET D,
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FIARBERMARCEITEF R EDILFHAK

Chemical cqmposition of dust grains in the protoplanetary disk

OfF Fih. 1Al #E (WPFX-BR)
OHideharu Mori and Yuri Aikawa

Graduate School of Science and Technology, Kobe Univ., Japan

In planet formation, the formation of planetesimals from dust is an important process. What
planetesimals, which form planets, are made of is of special interest. Furthermore, since
planetesimals are formed through the col | isional growth of dust grains, the chemical composition
of dust grains is expected to play an important role in that of planetesimals. We have constructed
the chemical reaction networks in gas—-gas and gas—dust phases in the protoplanetary disk, and

will show the chemical composition of dust grains by using numerical simulation

SEMRBRIZEVNT, ¥R MO OHRESEH SN IBREEEETH D, HIS. REORMHMT
HAWBEMN, FOLSHMEL S TETUVEARRKEN, —AFI, MREIF R FETOERMS
ElIZE-oTHREND, O, HETRREZRYIERTFX FOLFHEML, MEAEDOBRIZKEL
E59351L0EFEEND, KAHETIE. REARERABNOBESHELX LDV A XNHERE
LT, FR B EDE S BILEME THR I h DM %, gas—gas & gas—grain DILRRIERY bT—H
EHEL. TORELIAL—2 3 EFLRS JETHLMAIILTLL,, TRIE, grain RERGZES
BLE-BEE grain RARGEEZEBELGEN2BEDOL 2 ab—2 a3 VERTH D Grain RERSH
FRPREIZHTDITY FPLBOERHERIZKEGHEESA TSI EADN S,

Species Abundances [om™] Abundances [cm™]
(grainRERICHY) (grain RERMAL)
co 3. 0e-08 1. 3e+06
c0, 1. 3e+06 6. 0e+00
C, 9. 2e-09 3. 4e+04
C;H, 7. 7e+03 2. 5e-02
CH, 3. Te+02 5. 1e+02
CH,0H 7. 9e+00 8.4e-03
H,0 9. 2e+05 2. 3e+04
0, 1. 9e-06 1. 1e+06
H,CN 2. 1e+04 1. 0e-19
HC,;N 2.0e-15 1. 2e+03
N, 1. 8e+05 1. 9e+05
NH, 4. 9e+01 7. 2e+00

*. BET=20(k]. HREEn=2.0x10"[cm®] (~50AU)
2B 5T 0 FLVBORFHEE.
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FHBRERABO R MRV T —REEMIT

2 YAV A, BYABRIETHE

Effects of the Colioris and tidal forces on shear instabilities
of the dust layer in a protoplanetary disk

O MeE Ea £ uk-H)

In a protoplanetary disk, dust settles toward the mid-plane of the disk due
to the gravitational force of the central star. Then, the velocity difference
arises between the dust layer revolving with the Keplar velocity and the gas
layer revolving slower than the former due to the pressure gradient.

Our previous researches where the Colioris and tidal forces are neglected
suggest instabilities grow up slower than the Keplar period in the dust layer
if the Richardson number is larger than 0.1. In this case, we need to take
these forces into account.

We carried out linear calculations including these forces and using the
solid wall boundary condition. In case the Richardson number is equal to 0.1,
rotational effects decrease the growth rate of the instability but do not come
to prevent it.

FUAERABRCTHLEOENIZLY, X MIABOP.LEICIEET 5,
TDEE, HTT—HETAERLED ETHF A NEEMBROBRSMOES
RAENTETES AR LIS LTV RABETHEREENELD, ZHIZE>TAE
LAY T—IZLY, FRANBIZVT —ARETIZ 2D AEEERH 5,

INETORRLY., 2 ARMY 172 EOBRROMREZEH LI L &
VFr— R P01 ULEOF R ME TR AREMNII 77 — AT
Do VRETAZENDMotz, ZDBAITIE, =V 4 MW HhEBE
THMLERD D,

ARPFETIE, MBEOBRAFRICERERRFHEEL 5 X, FERODRTH D
2V F Y HEMW 1 ANTEBRIEHREI T2, VF v — FY U ED 0.1 D& X,
ElERDOEEBIIEABRKICRERELE 52, FREHOKREEREZ B 7225,
WHETAETIZIEL 2o T,
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HRICE DL T IRFOY A ERIRIER

Size-sorting of regolith grains in impact cratering
OWARMR, EFKm  (dbX - KEH)

We have performed impact experiments into regolith targets to investigate size-sorting
of regolith grains in impact cratering. The regolith target was composed of soda-lime
glass particles with mean sizes of 5 mm and 200um. Projectiles with mass of 0.2g were
accelerated by using the electromagnetic gun. The size distribution of the particles
ejected outsides the target container was measured. Our results show that the ejection
velocity of ejecta from regolith targets depends on the particle size. Based on the results,
we will discuss the hypothesis that frequent impact cratering produces size-sorted

regolith grains.

INRIKFRE DB RER - EELPCY X NORBFEFEZMREFT TS5 X T, L
TJVRBTOERRERZHLIPICTEZILITEETH D, KFFETIE. 7L
— 5 —ERERE TCOERBHEMOEE & A XOBERZIRSDPICTT 25 =0,
VAV RBZEBEEELEZY—T v MU TEREREZITO 2. LIdYRXS—F
v b UT, BfE Smm & 02mm OEHEOH SR E—XZRGLEZHDZH
Wiz V—IVHYZHWTEZK 0280 TOY 2745 £V &K 200m/s 12
L. LDy —ry NMIERIEE, BHRIZL>TY =Ty hEANEZA
NYIDOMT RO U =R F ORI Z TV, 2 FEEOR T OAHREL £ (=5mm K
FORE+0.2mm ki FORE) ZHELL,

ZOFER, ¥—7 v MIHAZED f B 1 BEOES (DD, Smm & 0.2mm
DKL T HE UEBE & TEHELET 2R). ANYONTROH TR FOKREL D
LIZEWEZ B2 eDbh o, Thik. 7L —% —TE0BRE Th O H
HWEIR TV A KRS BRNZEEZBKR LT WS, —A. F—7 v bYIHAE
DRELRBIENT, BIESNBRFD £ DEE. F—T7 v PDZRITEHEA
T BUEKRELS RSB, DX D, 02mm K FDADH Smm KFIZ< HRTHHRXK
SIMEXNBZ eDBbhol, ThHDFERLD, FRICLBLVIVRAEDOY
4 ZEMBBIZOWTERT Do
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Origin of rotation for the fast rotating asteroids

Om# IE. #OFHEA], Saklayen MD Abu. EH =E3E
(FF KPR EEE B RELEFERL)

The asteroids with fast rotation periods have been detected recently, e.g. asteroid 1999SF10
with a size of 60 m has a rotation period of 2.5 min. Since the centrifugal effect on such asteroid
is larger than the gravitational attraction, the asteroid with fast rotation seems to be the
"monolithic body", and not the "rubble piles". The mechanism to yield such fast rotation on the
asteroid has been examined. A hypothesis that such a high spin asteroid came from an extinct
comet is presented.

1996 EEEXTIE, KEE 10km LUTO/NKRET., BERICLKDRE R LN,
BEENE2BASLOLSRAGNREZBANZhTWWAEM >/~ (Harris, Lunar
and Planetary Sci. 27, 493, 1996). 2D Z& &, MEEN/—B/NKRED /NS
REBEENMS. MNREOARBEELLT, BBEHICK>TEHIEL =R E

(rubble piles ) EWSHEBEBEINTIVE,

5. BCEAICLAEAZWAPAM2BELAR LV EEHE/NRE N, HER
ENREE LU THROVTRRE XN (Pravec et al. 2000, Icarus 147, 477,
Whiteley et al. 2000, AAS-DPS meeting #32, #08-06) .

INERE HEAM (min) KEI (m)
1998KY26 10.7 30
1995HM (~) 97.2 130
1999TY2 7.3 80
1999SF10 2.5 60
1998WB2 18.8 120
2000AG6 4.6 80 x 35
2000DO08 10.4 85 x40
2000EB 14 107.4 150 x 50
2000HB24 13.0 75 x 60

NSDERBIE/NREIZ. TRTKEEH200mLUTT, BOOWPEKEECEAS
ZBATNS7=%. AEREIEIL. "rubble piles "TI37< T. "monolithic body"
EEZOND, TR INHD/NWBREICERAEREFELAEEL. SXEEE
DEFHMICDONTERT 3,

(1) BREOHRBIZEFICEBSTI8REE. (2) MNREREANDODBREDS ~
YLEGERICLD BEEFOME LR, (3) HEBERELREL EHSDBEKE
EDEBHEBICONT, IEXRFRRERET S,
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EAEE: TIEAEEEIC L B KERIMES Y — A
JEEE B H : Outer Solar System Survey Using Subaru Telescope

FEG, B (RRELZOKLIZOZEA)

AT R (BMFR/ELRXR), O ER EH— (BZX
X&), ke Eig (BVRXR), A BF (RREFK)

EVEE (100 FEREE)

More than 400 objects are discovered in the outer so-
lar system since 1992. These objects are called EKBOs
(Edgeworth-Kuiper Belt Objects), and thought to be rem-
nants of planetesimals. It is important to reveal the size
distribution and the spatial distribution of these objects to
understand origin and evolution of the solar system. The
survey of outer solar system was carried out using 8.2-m
Subaru telescope at Mauna Kea with prime focus camera

(Suprime-Cam). We will report results of this survey.

B

K RIMEERC Z L F T2 400 L ED/NRAED AR
DR L2272 ) EKBO (Edgeworth-Kuiper Belt Object)
ETFINTWE, CNOIEIMEREDEEZKRD TH Y | 15IEL
BRETHDLEEZEZONT WS, FDI2OFDY A X5H
REMSHEESMIITE I L IIKEROEERELEFE
2ZAHLETEETHA, HAIEIRITENT A BHEIFrOO

D =S EfTotze ZOF— A BHOEREHET 5.
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SUBARU/IRCS ZRWV-EIX /A0 RD:EFN 7R

Near-IR spectroscopic observations of Pluto-Charon system by SUBARU/IRCS

OEHE(FKAE), 78/ BMNASDA/EORC), A BIERGFEHM). KT RKEFGFHF ).
AHESCZCERE), FHEEMERIXE)
(OAi KaNNO, Ryosuke NAKAMURA, Masateru ISHIGURO, Daisuke KINOSHITA,

George IGARASH]I, and Hiroshi TERADA

Pluto is now the outermost planet in the solar system, which has the only satellite, Charon. We have done the
near-IR spectroscopic observations of Pluto and Charon system by SUBARU/IRCS on June 17th and 18th, 2001.
We obtained spectroscopic data of Pluto in H (1.49-1.83 um) band, K (1.93-2.48 u m) band and L (2.84 -
4.16 u m) band, and also obtained data of Charon in K band. We discuss about surfaces of Pluto and Charon,

comparing the result of spectral analysis and the model spectrum.

EEEIIKBRDOIDOBEDIL, M—FHERFREMDE — ELH NI DRV KEHR I
BHOBRETHD, EEEOHIEIIKBROMORELILANBFEAHTHY, REELSNDRE
BIEEALF—FE ETIHEHSEEZ OO LEEEIT 17 ELEWE-SUERZL D | B
DROGVEEOC—HIXEEEHEORAMIZETAVIATWS, REEM—OFmE I X
B 1,200km THY, B 2,360km OEEEIZH L TENNEIEDKESOHE THD, TF.
Ty VT —RFA 73—~V IR (Edgeworth-Kuiper Belt objects; EKBOs)EFREILE KGR IME
HCRAETA/NREPBROTHRRIN, 215 EKBOs O MNEEE LI nr ORFEEELIL
TWBZEEEONTEL T, EEEL L% EKBOsOUNEDEE Z BN HD, RIFFETIEE
FE /o ORBEOMEAL, KBERARICRBITARF2ERTAZLFPENLLT. EXE
S Aay DEFRN G HBBNEATE DR EERRE T~

BEOERMHBERNCEY EEROREIIAY L, BH,—BLREDKIIMEL, =D
KBTI T HIEMN R E 7~ (Nakamura ef al.,2000), £77. T OFREIT—HFIZ H,0 K THbH
NTNBEEZ BN TV D (Nakamura er al.,2000), EER LI OREHRELVFELIGAD
72DIT, Box DRFFERI N—7122001 £ 6 B 17 B25 18 HIZHNT T, B RXAETIEHEESE
RV REE /Ao OERADHBRIET o7, TIEDEIERFEO RN HRIBIERE IRCS
EERTHIILICIV,. EEE%S H (1=1.49-1.83um), K (1=1.93-248um), L (1=2.84-4.16
pmSURBERIR, ins g K ASURNERETHOEBEIL, B, LNV FERR COBENT
BEIZFDENSDTHD, AR T, SEOBRT — OB REEBRFAZMLD
EFAMEREEBL, EEE I OREGERIZOWVTHR TS,
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FHRICEAYI2U—Y 3 VEER | IMWDRSHBOANRD RIVEIE
Simulation of Space Weathering: Spectral Change of Olivine-Orthopyroxene Mixtures

RS BREE ek & GOR-E - )
OErika KURAHASHI and Sho SASAKI
(Department of Earth and Planetary Science, The University of Tokyo)

The spectral mismatch between asteroids and meteorites is explained by a so-called 'space weathering'
process where impacts of interplanetary dust altered the optical properties of asteroid surfaces. In
order to simulate the heating by dust impacts, we irradiate nanosecond pulse laser beam onto planetary
surface materials (powdered olivine + orthopyroxene mixtures). The laser-irradiated samples show
significant reduction of overall spectra (250-2500nm) and reddening. Although the spectra of
olivine-orthopyroxene mixtures are altered with mixing ratio, the alteration is not proportional to the
ratio.

INREIIABERVIBADBREI BT A ERA RS L TRV .. A RORIR L L2+ 5 L TKRE
EERQFETHD. B, NEBIIFEROBRETHB EEZLN TS, LhL, AT hr
IZEBHE TR LSV SBYNRBITHST AT L A LTEEET. E-BREOEL 25D 5EE
a2y R4 NOFFART WSS B/NREITIEF D72V, ZoERE LT, ERIERVINE
ROFERZELL T, VY A TEONRIEREDIEFONRLIIENLT D L0 MFHEEUE
Al BE#EF 55,

AR CIIFHEMICRT 2 FHRMLER 2 BT 572010, BREERIEHiEL TXLy MR
LI b DIZEZED T ) B VA L—P—2 BT 5 LWV ) FEEZANTWS, L—F—REHZ L
2T, I7 YA AORYINT A ML ANMBDSFRIN TS, L——BBE% ORBIOFIH A~
7 MVERIET S Z & CFRERIMEROEELFANTND. TOFERIIE > THEE TIZ, DADA
AIXEA XY bEYLERZZT0T WV E W BEEBREMEON TS, -, HBERETEMSEC
LABIERT, HMEOFERE L THEHRBRAICEZ DN TV T A— ML A XO8INRE D A B ABRL
F U AEICHER LT,

RO SEUNKBESEED Y T4 MIFIIHALAR EEATHERINTWDM, T E TOHL
WIREY I 2 b— 3 VIEERFHE LIMTON TR O, ERCEREITOLENSHS. £ T,
SENINDAUDAREER (T REZA S - A=) OFEEFENE AW CEHR(LIERIZ
LBANRT MBLERNT-. TORER, SDREHIZ L > TARY MUIELT 55, O kX
RAHIZEMIZIIHSI LN WO ERVERBME O, Fo, 1 umBIEOEAICEE L T,
MABABR+TZ U AT XA MNEARBHIBW TDOABARDIENRZ LV RAZZAL FEDHRENT &
Bhdrofz, —H T, 1umBINED Continuum Slope IZBE L Tid, MA DA+ NA /X—V IBRER
BHZBW TS =V VORDBDPADBAR LD b RENZ EDDD -T2 I 6T, AT MVOfE
ORI Z BT D = LT, SEVNKE OISR LE D BN VR FERAN T 5
TENTEDTREMENH D Z L bbborz. S%IL, SRS ABIOERIER L ERRETEORBRD
KA HITHOTFETHS.
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Step-scan FTIR [Z&LAT7EFLUDE/I—BIUHISAE—D RIS FE

Step-scan Fourier transform infrared absorption spectroscopy of acetylene monomer and cluster

OFMHE—. FREFEXR (B KE-RE)
Shinichi Hirabayashi and Yasuhiro Hirahara

Division of Earth and Environmental Sciences, Nagoya University

The infrared spectra of acetylene monomer and cluster have been obtained in the 3 um using a supersonic free
jet system with a pulsed nozzle combined with step-scan Fourier transform infrared spectrometer. Rotational
temperature as low as 10 K has been determined from the monomer spectrum. A broad band was also observed
between 3220 and 3260 cm™ with a dominant peak at 3232 cm’', indicating that this broad band is assignable to
the high temperature cubic phase of solid acetylene.

IR (10~100K) | K5 B (n(Hy) = 10°%cm™) D4y FETid, AR TFEHE RO B I L4
TV HNBEELERMEBISPEMRE TORISHEIZLY SEELHELZEM D FOFEY .
EREBENERIN TS, BRI FTHLT T L id, BEMOFEL T T ARERE A
—NARyTEETHRAINTEY, tEREEOKBEEFZAZ L THRHPIN TS, BfETEFL

D HFRIFRIT, EHESCER T ORRCEARATL ETEETHD, £ TAMIIET
WL BEIRD D0 FRIEROIZEAERWREZEVH T 72D SV R ) XV E VT, EFED
HERRSEEZONDT BF L ke BEEY =y MR TAERKSE T,

EBTIE, 10%DTEFLL% Ar HICARL, »
’r‘E‘fE 3.5atm TEL 0.8mm D/ R /Libs L ARG 0.000 | i
7 NS, ROMRIRAS VBIEE g0 | e
step scan HREAH ¢ A7 — AR 25 0.006 | w

(FT-IR) Z Fi\ N TR S0 f2EE 0.25cm™ TIT- 77,
3270-3310cm™ OFERIZ, E /v —D v, T—FE v

. 0.002 SRRE4cm™
vt v s ERNIZEDAART VBN R L, A 0.001 |

Absorbance

0.003

= i i g

I NVEROFR R E LB EIERIE E T 12K Th -o,oo?
ST7e Flo. ZONRUROEBEERIO 3232em™ {431 3350 3300 3250 3200 3150
L:t"-—?%ﬁor@ﬁ;b \/*‘Z/F‘ﬁ‘iﬁ%ﬂf:o Wavenumber(cm’')

TEFLD/NER I TAZ— (n<5) id 3260-3285cm™ IZHRNAHZENR DA > TEY (Miller et al.,
1984) \ G EIDANRT NTINEIRT FTRAE — D AT NV LIS RALB SRS R > TN 5,
NURIBBIENWZ EEE 4 OEEREEDN D BETE TORNWIENS ZONVRIZE RIS 2AL —F
FIXEHOT 2T LTIV EEZLND, TEFLiE 133K ICEIBHRORSSBEE THANM
77 & % (cubic) M HARIEAE D £ & 5% (orthorhombic) ~DIEEB A I+ :N N TEY . 7
EFL D 2 FLES TR E > Q0D E— U BITEHIBRI T BRED CGH, DAEE—
B, 7TEFL-E/v—DIRE (~12K) BPEETvF Lo O EBRMLKIEHEOBEER R E
(133K) L0272 DRV 0 b b T IR F & RO CGH, RSN =28, BEE vk
PGB RIS =X — BB OEE MR 2D ITBB H BRI > TWAZ L TR CX 5,

Young stellar objects (YSOs)DELHI T —& & B 7242 A, K HO @ OH {BHE/ N REERD,
SEOERTHOLNIEET £F LU DORILAS ML O BB O B #7225 U 20~ T, R 3E
ERDEOTETF L GFHREE T, K H,0 VD BEOE CORENEIZFINS,
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V) ar—=n—mRrRiCBITOEEL AT ML OFEE
Formation of SiC Core-Amorphous Carbon Mantle Grains

MAERET FIMKA
OARNEBEX. TREF. LB, BHEERA BATS

Carbon-mantle SiC grains with 0.2 volume fraction of carbon has been predominantly
produced by evaporating of silicon from the special designed carbon boat in Ar gas. IR
spectra showed the strong feature at 11.3 pm in agreement with data seen in
circumsteller dusts. By the in situ observation by high resolution electron microscopy, it
turns out that this carbon layer solved into SiC completely at 800 °C in vacuum. By
cooling down SiC with the solved carbon, the carbon layer emerged to the SiC surface.
The growth process of carbon-mantle SiC grains have been discussed on the basis of the
result of the present in-situ observation.

A=) v FRE—OFHEFRAFROBEHNCE T 511~18 pmD 7 1 — R
PUISICIz LB b D7EEEZE2 DN T3, EICEBINTVWA11.3 pmdDN KR
H—Rr=y PVTBONI o MOSICHLFIZE 2 bDTH B Z & B/MEEHURE
L7, ZERM T 7a—Fi3F oz REanhTwawn(il,

WERDHARTT — 7 KB E AV TSICEERT S HFETIZ, RfadBEARLSICO
BT L VBRI ART "ARE L], /2, I—RU0BIZEY o & gHEDA
BRBRPBATEHZLEZLHALNILE, 48, RIZTRTEIRERICEVZERICY
—Rra— b ENEHEEORW B -SICHERTHZ EE2BRRH LY,

INLEZET e — R U BIZSIEREZ Db DR RREE L LTHY., REMEN X
FCHEAMETAZ L T2 nmO I —R v MACB LN ESIiCEE F 5 2 BIZ/E
U7z, H—RUNREWRETOSICRIFDAER T, MRIZ BRI CHIEOBRE & L <
—HLTW3BI2l, 2D &5 RRFORNMRINARY bAIE11.3 pmiT ¥ ¥ —FRK
WER L, ZHI/DNEENRLE~ Y PEER 23S LTW5, /MEZEDE
HTEa-SiCOI—Rr<Y MBOES TRIRMENEILTEZZLEZRLTEY.,
113 ymiZ ¥ ¥ —FRBINE R LIZEEBIOT — 21X B-SiCEO I —R <= MLUE
ThHhHHB, B-SiCl~vy MNEBOEKRELLIIHEMELE B—&KE2 LT,

CDORIBRRFEEER TCEHSEEBTHMRSESEEZ L2 OMBALLELEIA
800 CTH—RVENSICH FHFIZEITIAASICIBEIZR > TWB I LRS- T,
BFORERHBEREFEBR TR TWBRIENS, ZDX5R<y MURIFOREIT
I =R BEHKF CRE LR FFICETRAALEI—RUBEHE L HITHE L.
—RRBEEDHI—ARVETRLONDZ L TERTEI D EEXOND, ZDXKH 7R
BFDOERFHENR IRV AZ—TRI > TWBERREND,

[1] T. Kozasa et al., Astron. Astrophys. 307 (1996) 551-560
[2] C. Kaito et al., Planet. Space Sci., 43:10/11 (1995) 1271-1281

— 105 —



605

Mechanical Properties of Dust Aggregates

O#% HAlI (MEXFE, B, BE F— GEHEXKFE R15)

Planets are formed by accumulation of sub micron-sized dust grains and their aggregates
Outcomes of dust aggregates collisions are determined by mechanical properties(elasticity,
strength) of dust aggregates and their relative velocities

We studied mechanical responses of two dust grains which are connected with a viscoelastic
bridge. Elasticities of dust aggregates could be large because of the viscoelastic bridges.

We can expect the existence of organic materials affects the outcome of collisions

BERIT, sub-micron YA XDOEABEITF (FAR) REFOEAE (XA T ZUHAAR) B
BRI D EIZE VR, WEELT D, FAIPHFRANTZVHA MR EOBEKRLEOERD
FERIE, AHREREORE SITMA T, TOEEOHZ DM GEEROMES) CERESND, ¥
A MM, EICEREIEY . AW, KOS TWD (Greenberg 1998), ¥ X MIEEND
BRI, BIER, MMERNRE L L BICKE CED AR TH D (FERNIEH 2001), H%
(THMERG (dynecm®) (T, RET K) OETFTEEHIT 109225 10° L TELT D, AT
BROBEEPLERENMICKRERFEEEZ - ETFREND, ZOZ L 2% T, bivbilidkss
R REEMEBR LA NT 754 SOTEDEEH O N T H-0 0B/ EEBR L TV
%,

BARNTTVTA MD~< I aR i, 2ROF X MIFRONDZMEEREZ L L ICE
HT&5%, 2EROF A MRFIIFORBE IR LF—ICL ) FROEECHEET D, KBEREL,
BB ZERE LRWVIREMEIR (170<T<400) Tik, ZO/BAHS OEBICHEMERTH 2 HED
DEBEFERT D, ZORBOFEIL, 2RO R M TRIOAFMMEEREELLSES LT
MIhD, HEERIZOER Y A LRV U T, BEAS D EV, MRS E 0,
AL EVET D, AR T, MAREGERBARENSD E WV, BERNS2EVWT 52
DOHFEITDONT 2 R O S22 E Ve 2 77,

BALTWD 2EROF R MRLFI3, 2 BKBIOMUNERL (Bl-8R0 . ZA00) (oxt L Tl
S2FEVET S, TORRERL. BEICFECI> TUTICE IR I B o7, B
DEDEVHEMERTH Y, REOBEMERN G0 (300<T400) DFHZ AN ITRELITE
EEF . BEBOHMERIG>10* (170<T<300) DIFEZ A4 0 IXREHITIEEME O MR G IZHH
LTKREL 2D, BEOEDIEVHEMENTHLBE. SloR 0 ITREFITIEHY I 155 M
HROFEHTEL LV, BEOSZ T ODNREMTHIHEE, 5l-oKD . &R0 IXREEKITE
fbL72\, FART 7 U A MOBHERIIFEICZADBVITRNERTREADT (sirono 2000) .
BEWIFT A NT 7V A FPOWHSERE, ZORPIIE U TRELSELESEDI LB LN D,
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Linear response analysis of viscoelastic bodies

IAREE (BKE)

Tetsuo Yamamoto (Dept. Earth & Planet. Sci., Nagoya U.)

In view of a problem of collisional sticking of dust grains, a linear response analysis for
sinusoidal time variation of the stress loaded onto a viscoelastic body has been developed
as a first step. The results have been applied to three types of model viscoelastic bodies,
i.e. Maxwell, Voigt, and standard linear models. It has been found from an analysis of
the energy dissipation that the features found in the experiment (Kudo 2000, Master
thesis, Hokkaido University) are reproduced qualitatively by the Voigt and standard
linear bodies.

th@%%ﬁ%@:hif@ﬁ%@@,ﬁxbﬁ%%ﬁ@%kbfwofw%«mm-
shi et al. 1993, Dominik & Tielens 1997). I D4, HET AL F — 0 8k 12 M O
ﬁﬁ%ﬁuft:%.L#L—%mdﬁxbﬁ%uﬁﬁWTu&<,ﬁﬁﬁ@%ﬁmi
él%wﬁ—ﬁﬁ#%ﬁﬁéotﬁéﬁﬁuﬁ¢%ﬁa&91wé.ﬁxhﬁ%%%ﬁ
ﬁ%tbfﬂw,ib~%%#0ﬁ%%&ﬁﬁ#%ﬁ%15%%ﬁ%é.%ﬁﬁ%dﬁ
TR FS K EBR TR IRET 5

BENZ IV —7 (Kudo 2000, Master thesis) IZ & 2 B~ D & BER DO EZEED L
k@:kﬁ%%#tént:Uﬁ%%@@ﬁ%T%~%Kﬁ%@%ﬁ§%%%é%tt
%,ﬁ%ﬁﬁ:é%kﬁﬁwmﬁﬁﬁfé.mﬁﬁ?u%muﬁmuﬁd<.awﬁ,
%ﬁMTuTﬁLﬁT%KOhT%W@ﬁ&ié.Q%%&LT,%%ﬁﬁﬂ{ﬁmm
BRRELD, TLbBLRETLIIBOT, bokbl oo hn,

Cmiﬁﬂﬁ%éﬂ,?ZF®E%H%®%ﬁﬁE%%%Eé%OO%%.%ﬁﬁ
¢®I$w¥~ﬁﬁ@$®uﬁﬁﬁﬁ@%é,é@uﬁliatf,ﬁEQEJLEA%
%Eﬁ%bt%é®~&%&%ﬁ%ﬁ&5&t%ﬂ,L$w¥~ﬁﬁ®mﬁ%ﬁﬁmﬁ
P REL 72, #R% Maxwell, Voigt, 8 LU standard linear €7V IZ@AL, T4
F—HORDIRERIF D BRI ERF K7 TDORER, Voigt B LU standard linear
model D&, FROEBRERE T EMMICEITE 22 L h5bh o7,
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Experimental study of thermal stability of free radicals in ice
— Chemical evolution of planetary and interstellar dusts —

OIEEATL, RESE L, FHH L TE, s ol
KRR ZHEE AV 7R T H R 2 H K

(OKimihiro Norizawa, Takeshi Yada, Makoto Hirai, Chihiro Yamanaka and Motoji Ikeya
Department of Earth and Space Science, Graduate School of Science, Osaka University

Chemical evolution in protosolar nebula and molecular clouds occurs by photochemical and
radiochemical reactions in H,O ice and many thermochemical equilibrium models have been
calculated. Recently, non-equilibrium models are also attempted to calculate final molecular
compositions. Although the compositions strongly depend on lifetimes of free radicals, there
are few model calculations using the exact lifetimes because of a little experimental
knowledge. In this study, we will report the experimental study of thermal stability of the free
radicals in H,O ice using electron spin resonance (ESR) and thermoluminescence (TL)
methods.

Fansk B R B R T FE TR, KROFF 2EFRETOHLF: - BUHILZERICIZ
Lo THEDIFEADIRI o TnEHEEZLNTEY, #iLFEPHEZRICLAE
TIWVERHEDPZENT VD, FREFETEFEFHERIFELETVOERIN TV 5,
INOHDEFNFETIE, RICHEERTH B 7 70 IV OFEH R %5k z
ROLEXEOTVE, L2L, 7Y

7 )1/0)%/!%0) ﬁ%l[ﬁﬁfﬁ‘%ﬂ% Y (GRS Temperamre T (K)
b Hhb oY, EERT— 5D g 8 2
72O EMERETVEER R SR TS 1018._..‘?’@,.'?- S S 7S]
Lhhrolz, R#FEETIE, KkbTDOSY 0sF 2 ; ;/'76‘@ 1 1Gyear
HNDBEEMEIZONWT, BFALY Y 1012; 8.-"' Y ) Q'.. & ; 1Myear
JEIE(ESR)E & BV 3 % v & ¥ A (TL) N i 7 1kyear
HEAVEROFEL L 235, 201 L/ 1 s
Table.1: Radicals in various icy matrices at g 10° C ’ ] ’
77K irradiated by y-ray. S 10 1 T
Ice | Impurity Free radical E o AL ]
HO0| — JoH-, HO, 107 £l o -
CH, |OH-, HO,". CH,- 103 fr oS :
NH, OH-., HO,-. NH;: 10-5r!.%i.\|....1l...1.“4|.,“_
Co, _ COo, . O, 5 10 15 2_()1 25 30
HO0 | CO,”, 0,7\ HO," 1000/T (K)
CH, |CO,”. 0,”. CH, Fig..l: Arrhenius. plot of radicals in
SO, _ SO,. O, S,. SSO~ various icy matrices.
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EXPERIMENTS ON AQUEOUS ALTERATION OF MODEL
INTERSTELLAR ORGANIC MATERIALS

OfEEz, &R £ bk - KEH)
H. Nakano and A. Kouchi

We have performed hydrothermal experiments of interstellar organic
materials analogue to investigate the effects of aqueous alteration on chemical
composition of the organic materials. After experiment, samples were
freeze-dried and elemental compositions of the samples were analyzed. We
compared C, N compositions between freeze-dried samples and carbonaceous
chondrites.

BRBIIHY - K - EFEEWH» 220K FTHY (Greenberg,1998) . K&
ROFEMEE TH D, Bexid, EMAEMEREL =Y R4 MR ofF#Y o RE
HZBAONTTHEDI, TNETETLVEFERY RESZFASLERLEEST
IWE) ERVTERREREREZIT>-TE L, EFNLVEBMEWRYORRBRE L IREE
AR MDCNEFEEZEBLAEFER, COCVary R4 FTIZRW—E%E R
T2, CLCM 2 F7 4 b TlE—HLAAWZ ENDhot, 2O D, BEAE
B OERERIETTIHXCLCM 2> R4 hO CNEHBEZHFTE 202 & 03
SNz oTz, BREEMIL. BREROMICTHRIZ L LK. BAERRETDOK
B-BERRESESEREREZITD I ENEZOND, REBBLIREE 2 F
74 MDD CN GHEEEOTIIERERUANOERBIER 2B L EFHTX AT
RBERDH D, AFRTIE, REEIL FIA NERIKTOKREERIEFIZER LT,
KREEBRIERADBEBMEHBIDO CNEBRBICGZ DB LTRD-DOERE T 1=,

BRI OEBEFRNEOFZE NS, CLCM 2> RS A MERIEIZIZD D THY
CRBECHEDAKMBFLEL Tz &, £, KEERIZENEN 140°C,20°CD
BETHEZ LB n1roTVD, ERTIE, 20X RREEaL R4 MR
KTERZIVBLIKEALERORREBFRT S, EFLVEEMEKE 2: 3 ITRBELER
¥ 500mg 7 7o VBRIRBICEAL, KEFRELEZAT vV AREERGERANT
—EREH] (3—250 HFR) AnZh (50—200°C : 1.2kPa—1.58MPa) T3 &R B 7
oz, ETNVEEMITARREEREZ SETWARWVEREEL |, 100°CT 80 FFRIARER % S
VR 0z, ER% . RE 2 —T0CTHBBSED 2 LI XV kF B S+,
RLRABI D TR Z SRR T2, TORRE S L2, ETLVEBAEY D
AREEDOC, NEFENKELEREZ T TEDLHIIETIONERET L, RE
Ba N9 A4 MOCNEREELHE L,
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Scenario from Complex Organics to the Emergence of Life on the Primitive Earth

O/MNHRFEIE - KFEBEES « BMEBFER - @ T1MH (BEEKEL)
Kensei Kobayashi, Akihiro Ohashi, Yoshinori Takano and Takeo Kaneko (Yokohama Natl. Univ.)

In the conventional scenario of chemical evolution toward the origin of life, stepwise reactions from
small monomers to oligomers were hypothesized. Finding of complex organics in both
extraterrestrial environments and in products of experiments simulating primitive planetary
environments suggests an alternative possible pathway to the life via complex organics. In the
present study, structure and functions of complex organics formed by irradiation of primitive planetary
atmospheres were examined to present a novel scenario to the emergence of life on the primitive
Earth.

FHARE L TOEMOERZ(LFELICIDRBPL LD ETHH. R, NEWE/ DT
DEFEERIDVBRLICKRZNDFNERL, ONTHIELEREDBEZETARTF EPL RNA
MERTBENSISF YA a priorl KKESINTER, THETHBRERSEEZEL KRN
BEL TN, EAEEE/ - (TI /B - HBEER L) OERSREINTEZ. LML,
INSDE/I—E2ELEYNCERSTHCRERERENVLETHD, BEEZFTH LD AN
JF R+ RNA OARIZBHOTEHETH S, bDbNIZOX D REBRERERYN, HBMNS
FROREVNVDTFOEMIBESY (Complex organics) THB I EE2RWELE, —F. HER
M BDRETIREBYNEETHIN, BOaPEREFOEHEY b £/, Complex organics THB T
EMNMEINTVD, ZHFETIX. FHRHBRARERL2—BLRE - €8 - KOBREEHITHT
BERFLUABCECZEBYOMSE EBEZMITL., TOHEZB LK., ERMOBRICESH
ERIFTUFTEBETHIEZENELE.

EBR Pyrex RIARPITKEQE mL) BRUO—BLEFB50 Torr), EHR(B50 Torr) DRESKME
ZAN, Z3UZ van de Graaff inEs HITKR) 50 3MeV B8 % 2mC BH L7z, £5RP
OKEHE) 3. AT O 2T -7 : TROH. FT-IR, A THEARY Mb., ZIVIEiE HPLC
(GFC), MALDI-EEZ(MS), Bk -1 4 >3 HPLC (72X /BH. £/, HE &
LTCZEB I A L oBXN 4-AF)N TR 72V V) CBREAWT, TAT5—EH
HEBIVRRA T 7 ¥ —EREEDORAIE DTS 2.
BREER GFC BXU MALDI-TMS TH4FE 1000 LA LD FOFEINREIN., FIBERK
BN SHEE, DTFRORZVDTHERL DB I EMERINSE, TROTERIZ. C26%, H
45%, O 20%, N9% LD, BEHECHEEETE I EMRBINE,

T )BT DORER, Asp, Ser, Gly, Ala REOHRBEOT I /BRI, £
BYBECIKEROBO—BLRR - BEROBOFRNED, ERPENKPBTEHIETL->TH
Gly.Ala72 D7 I JBOERL 2. ZORRIZ.FHBAEN S DT 2 ) BOAEKRAHCN, HCHO
BREDEBBEFTORBICEZbOTIREL, BFHREPTEOTED 172 Bl A
BHEBEERTBIEEZRIABTEILOTHD. £, EBRMIT AT S —VFREEBIUORA T 7
¥ —VPEHEZEETHZ ENbhol,

UEDRREID, ROLIBIFUFZRHSIENTES . EBERELT, ETHFEOKREZE
WHATOEMIZESY NER (BLRHER) iz, T3 BLOMMEREEZETIELED
2, IARGBICKOT I ) BREQOEESIFORBEME Lz, ZOFTAELB AL T (B
O TF) 2B EIKET Garbage world EHWNIRERMERLDTFOESRMKILL, T %E
BELELTRMNT Protein world L <1 RNA world 4R L77Z. TOEIRIFUFD
RIEDEDHIZIZ, X SRIBBERERDDOHBRBEBAETEBMOBITESLEELEZZ SND,
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Asymmetric formation of amino acid in interstellar dust environment

= B, O/ EIE, &7 MBMKEARKT), Bf E—NTT BEI R,

Sandra Pizzarello and John R. Cronin (Arizona State Univ.)

Yoshinori Takano, OKensei Kobayashi, Takeo Kaneko, Jun-ichi Takahashi*,
Sandra Pizzarello** and John R. Cronin **
Department of Chemistry and Biotechnology, Yokohama National University,
*NTT Telecommunications Energy Laboratories,
**Department of Chemistry and Biochemistry, Arizona State University

Origins of biomolecular chirality, that is, one-handedness of bioorganics such as amino
acids is an essential problem for origins of life. Enantiomeric excess in meteoritic L-form
amino acids” implies the origin of biomolecular chirality came from exogenous influence:
Specific circularly polarized light generated from neutron stars may, for example, induce
asymmetric synthesis. Remarkable L-excesses were found in meteoritic amino acids having
no a-hydrogen atoms. Among them, isovaline (a-amino-a-methylbutyric acid) showed 8.4 %
L-form excess. Here DL-isovaline was irradiated with circularly polarized continuous light
by synchrotron radiation, and possible asymmetric formation of amino acids in interstellar
space was discussed.

WA IR =)V Bk, HIEREM O EESFHEEEORE, RECHBIINT
WIZWED—DTHS. Murchison [BE 5 513 LAEN, ThRbbITF>F4EFE
ERDTY I/ BEEIN, 0D, offORBEICKEEZR-RVWT I B TOL
T FA BRI TH D, L-1YNY 2T 84%DBEZERLZ V. ZD
Z &, EMOREICERT THERBI TOIL2E gL DB TH S H O YEKRK
NFELIEZELEZRBTEIHDTHS. INSOEAEEYORFTRIMORBIESE L
T, BHERRBICKDECEPETEN S BN ENAARENE HEINTVS.,

BRI INET NIT BEHABEROS > 70 b0 R EZRWT, EEE8YO
EREE R NRBREERIC DWW TERW - ENRERZToTER2 20V
O b O INESE, BWEMEZREDOZENSEMERE, AREXZEBENXELT
BDETIENTE, EENEERORBRICY 70 —F2RA55 L TEETH 5.
T I THAHRER, RBEREPISRHBEINZaKBEEZHZRWY I 8 DL
YN 2R, SIVRERAREERF 2T o2 BRERBE&EERGE7 O Y
T74 K&K, TFCFAREENSBREFMLZ. ARETE, ZThETD
ERBEBIVORBREBENSESNIERL S, KEEHOERICOWTERT
5.
1) J. R. Cronin and S. Pizzarello, Science, 275, 951 (1997)
2) J. Takahashi et al., Appl. Phys. Lett., 74, 877 (1999)
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Experimental reproduction of barred olivine chondrules
Yuichi OSADA, Akira TSUCHIYAMA, Hiroki CHTHARA ( Osaka Univ. )

The purpose of this study is to reproduce barred olivine chondrule textures in a
laboratory to understand chondrule formation processes in the primordial solar nebula.
Last year, we succeeded in reproducing barred olivine rims by partial evaporation of
chondritic melts in a vacuum furnace and textures very similar to natural ones, which
were composed of a few crystals by using small charges. In the present study, we found
by using a universal stage that the crystallographic orientations of olivine plates of

charges were also the same as the natural ones(//{100}).

N—RFYVErary ) a—A2ERTLZEE, ar FY a— LV ORBRERSEREL
MHETEETHD, TNETHELRA—RLT Y EVOFRERICE > T, RARIEWE
RHBOBFHRNB 2 IN TS, EFER4IX, BEETTANLVMEERSEDLZ LITED N —
RAY EVEENR LD Y LAOBEBRICKII L, FRBOI A XE/hEL 352 LiICLD,
REHROEBRERD I D bECRRIGENVLONRTE L &R LT,

ASENE, FRORBRERYOER 22 =N—P VATV THEL, BEFTMIIONT
KRDN—FAY B LT, a i IRREROBROZTAELRELILL IS, £
BRAERMOBA, 1FEALDLONR0E~5EOFPAICINE -7z, FIUTK L, KR —
R4 Y VOB EEE~HEEOHBICH O IE-72(K 1), ZHud, ERERM ORI
e, RAORERIIBE RERFNOREP#HE L, LYV KRERB/BEPELCLLLONDH L
nipvn, ZORER. WE LEERERDOERITMIL, REN—FF ) B ORERGALE
IFFE—E L, BB T 528 RROBERD a BUTIHFEERFENIIED > TWD I &R
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XHBCTIC L B3y RY a—A® 3RTHRTRE X OWEHE O /530 KRB D AT
Three-Dimensional Shape and Distribution State of Internel Materials (Voids, Metals and
Sulfides) of Chondrules by X-ray CT Method

O&H =— BREBRFRFR BLAFER DEARFEEX
'l KIRKRFZRFRE BEFRR  FHMERAFEHL
FE E PEREMEHIIERT HBREL EFEE R

EX ERE BEEERIEEE S —
Ho & KR FEED B AR 7

Chondrules have physical information, such as their shapes and internal textures, which
can give knowledge about chondrule formation.We imaged chondrules removed from the
Allende meteorite (CV3) three-dimensionally by using a micro X-ray CT system at SPring-8.
We compared their external shapes with the internal structures (three-dimensional
distribution of voids, metals and sulfides) quantitatively. Based on the results, we discuss a

possibility of spinning of chondrules during their formation.

Y RY a—Mid, FOENREREZT TR, FIROPEERE L Vo It ERRIER S
boTW3, ZHIZXY, BREDOIY FY 2a— L ORESCEHDOBREICOVWTOMR LR
HI LMW TXED, Kawabata et al. (1999), Tsuchiyama et al.
(2000) 1%, X#RCTIEIZ & B 3RITRYRMITIC L Y | SHEDR

oblatefkDHL DN H B Z L0, T DOEHEIIZZERPBEE > T
WAIER A& B Z & barred olivine chondrule {23\ Tik
olivine DR H L IFIFEEIZR D> TV D HDMBLENT &
BRERWHL, 22 FY 2— LOEEIFICRIT 5 EEEE RS L
77, 5 EF, 41X, Kawabata et al. (1999), Tsuchiyama et al.
(2000) & A%k, AllendefEAH D= K Y 22—/ DOIRITHEE

%. SPring-8 D& N ERECTEE [Uesugi et al. (1999) 1 % AV 0 100 200 300 400 500
FXBMCTHRIC L > TIREE L, 3> FY 2=/ 0 bD3KRITHIR 8

W% RD, AL NI (258 - £B8k - iboskst B 1 prolate = B Y a—ic
HI725075) & OHE R ERIICI T 2 oTe, TORR, oblate £ SRR - MALHOLT.
KD b DDIENIT, prolate kD b D b\ DH RO 72(K AFATBIHSERE 2 2720,
1), TONBOLIERE - Mifkiit, B, OEENTHEE pH  TORMC WERe LTEERS
BRE bR, BEDT Lk, 3 Y a—A g0y  TRREROB1ZRERL T
BORIEIC IV TR MEPEE LTEEL T W) Z L2 2

Eh s,
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DUNITE INCLUSION IN ANGRITE ASUKA-881371
METEORITE

YANAI Keizo (Faculty of Engineering, Iwate University)

Angrite Asuka-881371(A-881371) meteorite collected from Antarctica is 11 grams
in weight. It is rounded stone almost completely covered with dull black fusion
crust. Pale green, relatively large olivine crystals are seen on the exposed interior
surface. A-881371 have been identified as angrite meteorite which is one of quite
unique type of meteorite belong to achondrites, and it shows the oldest age almost
4560my in all meteorites. As the figure of the thin section of A-881371 shows an
unbrecciated and typical ophitic(doleritic) texture with euhedral plagioclase,
intergranular fassaite and relatively coarse Ca-olivine(kirschsteinite) with opaques and
spinel. Pyroxene(fassaite) is the most abundant mineral and is relatively strong
plecochroic halo, from near colorles in the core to brown in the rim. Olivine shows
very wide compostional range of Fo2.8-90. Plagioclase is remarkably and virtually
pure anorthite over An99.

Small inclusion(or fragment) consisting of fine olivine aggragate is recognized in
A-881371 angrite. The aggragate at botton of the thin section(Fig. 1) consists of
fine-grained and almost equal granular olivine grains which are under 0.Imm in size.
It is dunite inclusion. Compositions of aggragate olivine in the dunite inclusion are
nearly homogeneous Fo85 with little variastion of core(Fo89) to rim(Fo82). Olivne in
the dunite inclusion are quite differ from those of olivine in host rock. Most olivine
in host rock are large grain(max Smm) and very wide compositional range from Fo90
to Fo3. Especially Fe content have been remarkbly inriched in the most outer rim of
large olivine grains. Unfortunately it is not sure whether the olivine aggragate(dunite
inclusion) is xenolith(accidental) or cognate inclusion.

Fig. 1 Photomicrograph of thin section of angrite Asuka-
881371 meteorite: Dunite inclusion indicate arrow mark
: field view is 11mm.
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Origin of micrometeorites estimated from their chemical and isotopic composition
CRHE, hHER. BRERE LRREE)., FRMRE @EKEER), NEFHE (B

Antarctic Micrometeorites are analyzed by electron microprobe for chemical composition of
major elements and by ion microprobe for oxygen isotopic ratio. Results of both analyses
indicate that micrometeorites are closely related to parent bodies of carbonaceous chondrites.

HMERTIRESNSFTHER, FICRAREEONRECEEN S XEMERICRE S NZEN,. &
SR OHEEBORICHIR EICETLZDDTHD, R4IE19 9 8FEICHAFARICL D EFEBOP®
FEIRELOBEKE THEESINAEEWY A 7 0 A5F4 51 N (Antarctic Micrometeorite: AMM)IZ D WA
Ty FERFEMRON,. BREAMESFTEZTV., TORBIZDOWTER2Tok. £79. KKRBEZRA
FEDMMBIC K DBBIL 2o 72 AMM SRR U - BEEIEEFHE (A7 )—)V) Ot 1 7 0K
WKOWTHEWEBRZESEHL, EPMA KX DABBRROEETRERS T 2T o/, TORKER, I
VR AMM OB EZ9 0 B EIRERENMBICE DML TERINZEBRDNDMELON AL A
1. A, SIS RDHIREMCK D EITHEREIN TV, 2O LTINS D AMM 48 CL, CM,
CRIVEIA MEREDK IR, KELREZTERREZEREL TWS I EEZRET S, £/,
JEVERE AMM & A7 o )V—IVO(LZEMERRZ Ca/Si & AUSI FLICDWTHB L TH B &, FEER AMM @
KEHD CasSi ANKBHRE L DEVWDIZH LT, A7 2=V OB EH0 WK RO ETD
HHFLTWBI ENDMhol (1), Ca & Al IBHICHERMETET. REBRABOMAIZX
DZDRLERINEBELRBNEZEZLENDZOT, TOEMIIINSDORA T 2 I)L—)V ORI EILIERR
DFHBEEGRERDIEERET S, RIT, TNLOHEER AMM SR 7 x)b—)IVOFICE SN D HE
AEMASABEIZDWT, AN KEEZICH ZITEA I N 2 K14 EESHTEF CAMCA #8L 1IMS
6f K VEZEFRMEDIET>. BRIIF2ITRTERD, HIEROMBELIDELS, EERFEED
VRS NOEKRGEHMDTA EDIIETEWERIC Ty M X, Engrand et al. (1999)I2L 5 AMM
OEERMAEINE LIS PEERER S, TNOSOEIBRFEIS RS NOIYDO R EIZIEE
RO THO, THERMERSITOEREFELIRN,
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Meteorite search party of the 39th Japanese Antarctic Research Expedition (JARE) have
collected 4180 meteorites in bare ice fields around the Yamato Mountains and the Belgica
Mountains from November 1998 to January 1999. Positions of all 4180 meteorites were
recorded by Global Positioning System (GPS). Three meteorite concentrated fields are

Yamato 98 A DN AAIZDWNT
Distribution features of Yamato 98 meteorites

ONGFHHE. wEHET (ENURMATZER). KHE UKEZM)

distinguished; around the JARE IV Nunataks, around the Minami Yamato Nunataks, and
northern field of the Minami Yamato Nunataks from plots of the position all meteorites. 1800

meteorites were collected around the Minami Yamato Nunataks. 1000 meteorites were collected
in northern field of the Minami Yamato Nunataks. 1000 meteorites were collected around the
JARE IV Nunataks. Four meteorite showers are identified by field occurrences and petrographic

features of meteorites.
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