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*Hig ="2, Lazarian Alexandre®, Fft ZF2
*Ryo Tazaki'?, Alexandre Lazarian®, Hideko Nomura?

1. TR, 2 REIEKRE 3. V1 RAVIVYREIT1VYUR
1. Kyoto University, 2. Tokyo Institute of Technology, 3. University of Wisconsin, Madison

EE, ALMAICE > T(H ) IV RBICH T2 RAXERABRORAFUEIALNCARY DDH B, LH
L. TNODRRICBITZB/ADERISKREZESHMICAR>TWVWAEREWL, FIT, BLAIEM NI VRICEITEH
BEEOER~Z1ES2A, REAREZABICE TSR MNDEIERICOVWTRITET o7,

FalEY R DOEHETIEREABROIRTENEE I 2L —Yaveiiaabt, ABPORGICE
ITBEE MLV DAEIAFEL, ABORIBAAICE VW TEATTRER S R MEF, BHEAE KDz, 8EBH ML
JICE B R NBIEBERICLDE, YA NDREBEFDOREZMARINEE 45, 2EFEEICEVTIE. §R K
[THEEIBE Y ZLarmorEEFH L TWBEEZONTWEED, BTN LTI R IMDEIILTWEEEZLONT
W3, LaL. 40, AEFOmMmY 4 X052 NDFE. AEAZDEEICEL > Tlarmorii Z:BEID 5T 5
N, YA NDEBBICEITZ I EIIR#BETHE I &b >k, ZORDY, TDEHAY R M L TERST
ML ERBREE T 2EREENHNIENAREENELDD, BHRIZYIRADAZICY R MDEFT S
eIz, 2T MMUPAXDIRARNERNL—RTBEEZOND(HYD)I ) RTOREBRELRIERER
ICBWTIE, BAROBETIEARL, EBHIBE ML —RATDELIBRBAERY MHIBBINZZ &ICRE, —
FT. ABRKBICEAETSI/70VHAADOF A MNEMMERICRZLTWREHEIE. BHKIC. BHITY IR
DRAZICEITZ, LHrL. YR MBEREFEZEZICSTHE. ABRREBOHRIBEDEVEE THISIC
X BEINTRETHD I EARLE, COEIBRREDOI /70T A XDY R MIFBERMRDORHREER
BlIIC K > TEAINAIBEETH B Z & bh o T,

F—U— N : RARERAR. BAESE. ¥ X NEF
Keywords: Protoplanetary disks, polarimetric observations, grain alignment

©2017. Japan Geoscience Union. All Right Reserved. - PPS09-01 -



PPS09-02 JpGU-AGU Joint Meeting 2017

3D radiation hydrodynamics simulations of gravito-turbulence in
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Angular momentum transport in protoplanetary disks controls their time evolution and thus strongly
affects the planet formation process within them. In some cold and massive protoplanetary disks, angular
momentum can be transported by shear stresses associated with the gravitational instability (GI). A natural
consequence of the long-range nature of gravity is formation of spiral arms as a result of Gl, which globally
transport angular momentum. On the other hand, Gammie (2001) showed another nonlinear outcome of
Gl, called gravito-turbulence, in which angular momentum transport can be described locally as in the
alpha disk model (Shakura & Sunyaev 1973). Following Gammie (2001), many authors have studied
numerically various aspects of the gravito-turbulence, but, in most cases, a simple cooling function with a
constant cooling time has been used as in Gammie (2001).

In this paper, we present 3D radiation hydrodynamics simulations in a local shearing box to explore the
outcome of self-gravity in a protoplanetary disk with realistic thermodynamics. We found that
gravito-turbulence is sustained for a finite range of the surface density, from 20 to 50 times the one in the
minimum mass solar nebula at 50AU, when the grazing angle of the irradiation is 0.02. The flow is laminar
below the range while fragmentation occurs above the range. In the range of gravito-turbulence, the
Toomre parameter decreases monotonically from 1 to 0.7 as the surface density increases while an
effective cooling time takes an almost constant value that depends on the radius. The turbulent motions
are supersonic at all heights, which dissipates through both shock waves and compressional heating. The
compressional motions, occurring near the midplane, create upward flows, which not only contribute to
supporting the disk but also to transporting the dissipated energy to the disk surfaces. We also show that
the simple cooling function with a constant cooling time does not approximate the realistic cooling.
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Cosmic dust formed by condensation from high temperature gas around young and evolved stars or in the
primordial solar nebula [1,2]. Some of them could be building block of our solar system.

The ITP (Induction Thermal Plasma) system enables the formation of nanoparticles from supersaturated
vapors by homogeneous nucleation and growth because it offers vaporization of refractory materials at
thousands of degree Celsius and very rapid quenching rates [3]. It can also control the evaporation and
condensation environments by adjusting the characteristic of the thermal plasma. Moreover,
condensation experiments from gases with various chemical compositions can be relatively easily
performed in the ITP system because almost any reagents can be introduced into the plasma. For
example, GEMS-like materials were reproduced in the different ITP system in the previous study [2].

In order to examine the formation processes of various cosmic dust analogues, a new ITP system (JEOL
TP-40020NPS, max. 6 kW) was set up in our laboratory. The objective of the research is examination of
the performance of the newly developed ITP system on production of nano-sized condensates simulating
cosmic dust formation in circumstellar environments. We have already performed preliminary
examinations using starting materials of SiO, (quartz), MgO (periclase), and Si-Mg-Fe-Na-Al-Ca-Ni-O in our
ITP system [4]. In this study, we performed condensation experiments in the system of MgO-SiO, and
examined the performance of the ITP system by changing plasma conditions.

We used mixtures of periclase and quartz powders with 1:1 molar ratio as stating materials for all
experiments. The various operating parameters were applied to improve the evaporation rate and
condensation conditions, such as feeding rates of starting material, reactor pressures, the presence of an
additional slit gas, and the injecting direction of plasma forming gas. Plasma input power was fixed at 6
kW. The produced powders were analyzed by XRD, FT-IR, SEM, and TEM. Nano-sized condensates of
amorphous silicate, forsterite, and protoenstatite were observed in most of the experimental products. We
found that (1) the feeding rate of the starting material and reactor pressure control the vapor density and
residence time at the high temperature regions of the plasma flame, (2) the vapor condenses into particles
more rapidly by injecting the slit gas into the plasma flame, and (3) the injecting direction of the plasma
forming gas changes temperature distribution of the plasma flame, which most influences condensation
conditions. The plasma forming gas flows into the plasma generating torch axially (tangential flow) or
swirly (radial flow). The radial flow provides a longer and narrower plasma flame that improves the
residence time of the starting material at the high temperature region than the tangential flow. The more
uniform nanoparticles were produced in the radial flow condition.

References:
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Condensation experiments in the Mg-Si-O system for understanding of
circumstellar dust formation: dependence on the Mg/Si ratio.
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Silicates are major dust species around young and evolved stars, and in the interstellar medium.
Experimental and theoretical studies on solid formation are crucial for understanding the origin of
precursor materials of chondrites and dust formation around stars. Condensation experiments of silicates
were performed in various systems, where most of the studies evaporated starting materials with
compositions of (Mg, Fe,_),SiO,, SiO,, and MgO [1-7]. Condensation from vapors with different Mg/Si
ratio, however, has not been studied systematically. In this study, we performed condensation
experiments of silicates from vapors with various Mg/Si ratios to examine the condensation sequence in
different circumstellar environments.

Condensation experiments were carried out in a vacuum chamber. We produced Mg-Si-O gases by
evaporation of (1) melts with Mg/Si"1 (Exp02 and 03) and (2) SiO, and MgO powders separately filled in
Knudsen cells (Exp04-06) placed on the bottom of the crucible of 90 mm in depth. Here, the Mg/Si ratio
was controlled by changing the size of the hole on the rids of the Knudsen cells to be 0.9, 1.6, and 20.0,
respectively. The vapors condense onto Pt (Exp02-05) and Ir (Exp06) wires of 50-80 mm in length hung
from the top of the crucible. The temperature gradient on the wire was measured by thermocouples
before the experiments.

A mixture of SiO, and MgO powders were heated as a gas source at 1650 (Exp02) and 1580°C (Exp03),
which are higher than the melting temperature. We obtained condensates on the Pt-wires. In Exp02,
forsterite was obtained at ~1570°C and clino-enstatite at lower temperature regions. In Exp03, ortho- (or
proto-) enstatite was observed at the highest temperature region ("1520°C) and forsterite was not
confirmed. Clino-enstatite covered the Pt-wire at lower temperatures than 1510°C.

Quartz and periclase powders were put into Ir Knudsen cells separately and heated at 1580°C
(Exp03-06). No condensate was observed at >1360°C. Forsterite covered the wires at <1350°C and
enstatite was not condensed at lower temperatures. No clear difference was observed between the three
experiments with different Mg/Si ratio of 0.9-20.0.

Fractional evaporation may have occurred from Mg-Si-O melts, and the gas composition gradually
enriched in Si compared to Mg during the experiments. We did not use Knudsen cells for the experiments
Exp02 and 03. Therefore, the differences between the condensation experiments from gases evaporated
from melts and powders may be the Mg/Si ratio and gas fluxes. As future works, we plan to perform
experiments with much lower Mg/Si ratios and with higher gas fluxes (higher supersaturation ratios) to
determine the condition to form clino- and proto-enstatite from gas phases.

[1] Mysen, B. O. and Kushiro, I. (1988) Am. Min. 73, 1-19. [2] Nagahara, H. et al. (1988) Nature 331,
516-518. [3] Tsuchiyama, A. (1988) Mineral. J. 20, 59-80. [4] Toppani, A. et al. (2006) GCA, 70,
5035-5060. [5] Kobatake H. et al. (2008) Icarus, 198, 208-217. [6] Yamada, J. et al. (2008) The Tst
International Workshop "Crystallization in The Early Solar Nebula 4.6 Billion Years Ago". [7] Tachibana, S.
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Evolution of molecules in space: from interstellar clouds to
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Our understanding of the origin and evolution of planetary systems has been mostly limited to the
dynamics. The importance of chemistry has been emphasized, however, systematic studies about
chemical evolution have not yet been performed. We have thus started research project on “Evolution of
molecules in space” supported by Grant-in-Aid for Scientific Research on Innovative Areas from MEXT,
Japan from 2013.

We focus our attention on the most abundant solid materials in space: ices and organic materials. How do
these molecules evolve in space? We aim at answering this question by interdisciplinary approaches
including laboratory and theoretical studies about surface processes, observation of young stellar objects,
modeling of molecular cloud and protoplanetary-disk chemistry, and analyses of extraterrestrial materials.

We are now investigating the evolution of molecules by following groups; (1) Experimental studies about
surface reactions of atoms and molecules and photochemical reactions of solids at low temperatures to
mimic phenomena occurring in molecular clouds (Pl: A. Kouchi, Hokkaido Univ.), (2) Heating experiments
of molecular-cloud organics and Fischer-Tropsh type surface reaction experiments to mimic phenomena
occurring in proto-planetary nebulae (Pl: H. Nagahara, Univ. of Tokyo), (3) Observation of young stellar
objects by radio telescopes (ALMA, ASTE etc.) to understand the evolution and variety of organic
molecules (PI: S. Yamamoto Univ. of Tokyo), (4) Modeling of surface processes and developing of
chemical network model (Pl: T. Fukazawa, Meiji Univ.), and (5) Analyses of chemical and isotopic
composition of organic molecules in meteorites and cometary dust (Pl: H. Yurimoto, Hokkaido Univ.). | will
introduce some important achievements of respective groups.

Our project will contribute to not only the understanding of origin and evolution of molecules in space but
also the analysis of returned samples by Hayabusa 2 and OSIRIS-REx. We have developed some new
analytical setups: High-resolution imaging-type soft X-ray microscope/spectrometer, two-dimensional
HPLC-MS for amino acids analysis, high-sensitive HPLC-MS for organic material analysis, etc.
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EROZRRKICKRICERT DHRAZIRY MLIE, BTFAEHNZHDI XA NETHEHBEOHKN/ Y —
AR . INSOEMAFRESGRBICESLEELDOE—RTy TTREVHLHERINATL S, Ll
INFTHTREICOILZ2ZREESEKKIEKFTE (PAH) At EEBREEFIEEFEMENSOEBRINTELEHED
DV ZOBRRRY MLEBRTE 28 —52 VIREOEMLAFEIERLZICRHESTULAWL,

SEO581R - 6EREADKILKRICEBL., BREAEVENTIA—F—¢ LTEFILEFEEZTo. ¥
Z DBEMOPT, 2MfRF1 4 CuH,,”" (FER2E+68EKR5ME) ORARKKIRY ML, B—HFT
HYBRNAS3~153I/O0VOEETEARREIEFIEALEBRTEZ MDD 2122, FLohiUhEn
C,H" (BEBVE+68E2ME) THIERREN—ML %, Table1 ICZDRERETT .

Table 1. Observed interstellar Infrared spectrum and calculated wavelength

of hydrocarbon pentagon-hexagon combined molecule C,,H,,*" and C,,H;>"

Observation (micrometer) : 3.3, 6.2, 7.6, 7.8, 8.6, 11.2, 12.7, 14.3

Calculation on C23H122+:3.2, 6.4,7.6,7.8,8.6,11.2,12.7,14.1

Calculation on C,,H,**'3.2,6.4,7.5,7.8, _,11.2, _, _

DEIBE—FFTO—RIWHTTHY, 581R - 6EREESORILKRIVEELEFABRIFDT 7 3
)—ICR>TWBAREMZRE T2, O LEDFI773I)—DNELEVEDDRE LTI, BEEBHRAG L
TELRIZ7IVEPEIC, BAZELSEIBIXLT—NF (FICFOMY) | SLICEMDORES 4>
EELCIEIHIRNF—ADPBESINTREEALEELITVS,

SE R

1) Christiaan Boersma et al, Astrophysical Journal 690.1208 (2009)

2) Norio Ota, arXiv:1412.0009 (2014)

3) Norio Ota, arXiv:1510.07403(2015)
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Detections of Long Carbon Chains CH,CCCCH, C.H, linear-C;H, and C
,H in the Low-Mass Star Forming Region L1527
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2N, ,&linear-CH,D/ 8556, FFETOHORE o7, CH OEBEER1.3 x10%cm ™ linear-Cg
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TMC-1ERAETH 7, £oT. BllEIhizlinearCH,&C.H DEEEIE, L1527 6 TMC-1EH#ICRFRHES
FHREETHD I EETT,
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catalytic substrate of iron, nickel or its alloy
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Reaction of hydrogen and carbon monoxide on a catalytic substrate to form methane and water has
widely been used to synthesize fuel and called the Fischer-Tropsch reaction (FT reaction). Typical
conditions of the FT reaction for manufacturing application is a total gas pressure of 10°-10° Pa with a
ratio of H, / CO = 2 at 500-650 K together with a catalysis of Fe, Co or Ru[1]. Then, water-gas shift
reaction has been occurred as a side reaction; carbon dioxide and hydrogen molecules form from carbon
monoxide and water. The efficiencies of both reactions depend on the substrate, temperature, pressure
and other conditions. Cobalt has most been used as a catalysis because of the lower activity of the side
reaction [2,3]. Although the FT reaction has been used for long years, the atomic/molecular scale
mechanisms that govern the FT reaction are still disputable [4]. Therefore, it is not obvious that the results
of the reaction experiments are able to extrapolate to the actual solar nebula environment. Here we
demonstrate the reaction rates in the solar nebula conditions (below 500 K and under 10° Pa) on the
surface of cosmic dust particles, such as iron, iron-nickel alloys and nickel.

We developed an experimental system to test the catalytic chemical reactions in the temperature and
pressure ranges of 50-800 K and 1073-10° Pa, respectively, using a metallic plate as a catalytic substrate.
Our experimental system has a temperature-controlled substrate, a Fourier transform infrared
spectrometer (FT-IR), and two quadrupole mass spectrometers (Q-MSs). FT-IR is able to measure the
vibration modes of adsorbed and produced molecules on the substrate. Currently, several IR features has
been detected at the temperature below 150 K. To identify the mass signal of produced methane and
water in the Q-MSs spectra, deuterium was used instead of hydrogen. The intensity of the signal of masses
20 and 44 decreases as temperature decrease from 800 K. The mass 20 corresponding to D,0 and CD,,,
which are first products in the Fischer-Tropsch type reaction, was detected. Simultaneously, mass 44
corresponding to CO, was also detected. In our presentation, the substrate dependence of the reaction
efficiency will be presented.

References

[1] Van der Laan & Beenacker Catal. Rev. Sci. Eng. 1999.
[2] Chaumette et al. Top Catal. 1995.

[3] Anderson The Fischer-Tropsch synthesis 1984.
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New formation mechanisms of meteoritic amino acids based on the
discovery of hydroxy amino acids identified in the Murchison
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ntroduction: Carbonaceous chondrites contain a diverse suite of extraterrestrial amino acids, which have
various structures such as «, B8, v or § amino-group [1], while terrestrial life use only a-amino acids. The
distribution of meteoritic amino acids had been influenced by aqueous alteration on the meteorite parent
body (e.g. a-aminoisobutyric acid versus B -alanine [2], and L-enantiomeric excess of isovaline [3]).
However, a comprehensive formation mechanism, which could explain the diversity of meteoritic amino
acids, remains unclear. In our previous study, nine new hydroxy amino acids and one

B -aminodicarboxylic acid were identified in the extract of the Murchison for the first time (Koga and
Naraoka, under revision). In this study, the simulation experiments of amino acid synthesis were
performed under plausible conditions of the meteorite parent body in order to pursue their formation
mechanisms.

Materials and Methods: The aqueous solutions containing ammonia/formaldehyde/acetaldehyde and/or
glycolaldehyde (100/10/1/1 by mol) with NH,/H,O (1/100 by mol) were heated at 60 °C for 6 days ina N
,-purged glass ampoule with or without olivine or quartz powder with the water/mineral ratio of 1/9 (by
weight). The reaction mixtures were extracted with hot water at 100 °C for 20 h. The supernatants were
divided into three fractions: one hydrolyzed with 6M HCI for analysis of amino acid distribution, and two
non-hydrolyzed for investigation of their precursors. The hydrolyzed and one non-hydrolyzed fractions
were analyzed by GC/MS with a Chirasil-L-Val capillary column. The other non-hydrolyzed fraction was
analyzed by GC/MS with a DB-5 capillary column.

Results and Discussion: The simulation experiments gave totally 20 amino acids including the nine new
amino acids identified in the Murchison extract by our previous study (Koga and Naraoka, under revision).
Glycine was the most abundant (approximately 0.1 % relative to the total initial carbon concentration of
aldehydes), which is the similar occurrence as observed by the previous study. The amount and variety of
amino acids increased in the presence of olivine compared to those in the absence of olivine and the
presence of quartz. When glycolaldehyde was used in addition to formaldehyde, acetaldehyde and
ammonia, the yield of hydroxy amino acids increased 1.4 times, but 8-aminodicarboxylic acid decreased
by one-fifth relative to the experiment in the absence of glycolaldehyde. These results indicate that
formose reaction with ammonia in the presence of mineral is an important formation pathway to produce
meteoritic amino acids during aqueous alteration on the meteorite parent body. In addition, the
identification of a hydroxy amino acid precursor (3-Hydroxy-2-pyrrolidinone) is suggestive of a possible
formation pathway using the formose reaction products with ammonia.

References: [1] Burton A. S. et al. (2012) Chem. Soc. Rev., 41, 5459-5472. [2] Glavin D.P. et al. (2006)

Meteor. Planet. Sci., 41, 889-902. [3] Glavin D. P. and Dworkin J. P. (2009) Proc. Natl. Acad. Sci. USA, 106,
5487-5492.
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Estimation of surface composition of asteroids in combination with
Bus-DeMeo taxonomy and other physical observations

RN E. 2 AN U2 BELS @ xE°
*Sunao Hasegawa1, Daisuke Kuroda?, Kenshi YANAGISAWA?, Fumihiko Usui®

1. FEMEMRAREE. 2. BiIXXA. 3. AR
1. Japan Aerospace Exploration Agency, 2. National Astronomical Observatory of Japan, 3. Kobe University

CRNERBIINEBOREELHDODTWVWRZ ENMENTEY (e.g, Usui et al. 2013 Ap) 726, 56). xFED
VRS MDBXRETH D E—RIICEZ SN TWS(e.g., Burbine 2008, Rev. Mineral. Geochem. 68,
273), BL. MIRKIZEB T PRFREIV RF7M MENREFTDCRNREDEELERIIZFL VWb TIER
W ZHITHIRE CRERAZERZOHDAHNZXL (HIFEOHS, VYIILAT7AF—HROMEH) ONMXEMNE
TORGFMH, HMIKICEALTL 2RI/NEREDRE GREDOBVEDIEHIREARFICENTEAE LTEER
niw) ENrPVTVEINSTH S,

INRERBODBIZARNDEREF > TiTbhTLWz(e.g., Tholen 1984 PhD thesis, Univ. Arizona; Bus
& Binzel 2002, Icarus 158,146)%", JEFEDRIMFEVARMOFERICE Y, AHRIRRIBOE R EEA IC
BoBIENHY., AIRAICIA TERS F THRE L 72Bus- DeMeoﬁ*Esz‘ 2RI NT W3S (DeMeo et al.
2009, Icarus 202, 160), EHRMEE CHEIGEHEHEHAILIRL/ZZ &ICE VY, HIC, TR Tleature-less’Z>72 %
DN, BRRICHETE D LD IR o7,

INRE OYIRERIL AR - ERMRODHERLUATEER SN TWS, Bus-DeMeoD 4% & D DYE
BHERBRAEMASZ I EICE T, INBRERBOYEBERASIEHT LN TEZEEZOND, HROMA
HEDOLEICEL ST, NBREZED/NBREDHEMICOWTHZICHWNAEBEHT Z EINARFROENTH S,

AARTEEYT. BEICHXE LTHIRSNTWEH2WEREFADT —49 KD, Bus-DeMeo N $HEIC
EOZBERL. B~B8508RER (BLUXGYEBESRMTERE) 2MA LT -9 X—X&EH LT

¥ & B 7-Bus-DeMeoD4ET — ¥ IC 7 LR REHI(AKARLWISE IRASEHEZE DT —4) - LAHREA (Tedesco
etal. 1989, AJ 97,5805 DT —%4) - {mytERAI(Cellino et al. 2016, MNRAS 455,2091% M
F—4) L—4—&8 (Neese etal. 2012, NASAPDS) D5 —4%2MA T, FHROBIEHLAETo 7=,

LHIRDT—9 D 5IE, Ch,CghBUNRE & C,Ch,BENREDEANER S Z & X_low(X,Xe,XkTT LR
RAOTUTDED)IEC,Co,BRE/NKRE & LIBAICH B I ED DD 27, BAERD SIFENEORIGAED
BEWEDHC,CoDENBRETHDZ LD o7, BICL—Y—BINSIEZOCL—4—TILRRT
Ch/CghBY/NKE EC,Ch,BE/NKEALEK T ZEZD—FICL—F—TIRRKMEVWEDHEELTVWEEHED
BHdZEDDDoT,

RRANNS K KRBICIFKKDFEL TV S EEEEIER I N TE Y (Steigmann 1993, Observatory 113,
70). OCL—4 =7 IR RKIMEWBEICIEBEDBEWYERTREMEN BRI L TL % (Harmon et al. 2004, in
Cometll, 211), 2D END, REE L ICICKKDEFEDTREMLH B Z ENEAZFEI NS,

CRUNBREICOVWTHEEHR L LWRMEHMREINTL B (Vernazza et al. 2015, ApJ 806, 204), Ch,CghBlm /)
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HREORBHEKIICMOY R4 MIRRINTWEBKEZEA#ZFAOAVRSM1 MNERATHS

». B,C,Cb,CgBD/NEEDOREBMEMIFERICIFFEEL TUVWAL, B, MK EEXRSI CTRINSNZREME
DI BLEKTEANEERNFIHEC EWIRTH S, B,C,Cb,CgBICDRE TICIZKIKE BKEKILYHTE
ELTWBEHIREINTWS(Vernazza et al. 2017, AJ 153, 72), F4 DIRFERIZ T DVernazza® il F
BLAWMERICKR>TWS,

F—O— K NXE, [BA
Keywords: asteroid, meteorite
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ANZRICE 2FHELZEE L CIER - DALABNDKERA 4 VRHFE
H" irradiation experiments to pyroxene and olivine for simulating
space weathering by solar wind.

SRA S T B & MK EC, fhR ST R BRSO ERR B
*Yuma Asada', Akira Tsuchiyama1, Aki Takigawam, Toru Matsumotog, Yusuke Nakauchi?,
Masanao Abe**, Naoki Watanabe®

1. RBKEXRERELAER, 2. RBRZEABEYY—. 3. FEHNEAERAERBFTERZHERN. 4. BEMAKRFRK
Z (MEFX) . 5. LB ERFEBERNFHRAR

1. Division of Earth and Planetary Science, Graduate School of Faculty of Science, Kyoto University, 2. The Hakubi
Center for Advanced Research, Kyoto University, 3. Institute of Space and Astronautical Science, Japan Aerospace
Exploration Agency, 4. SOKENDAI (The Graduate University for Advanced Studies), 5. Institute of Low Temperature
Science, Hokkaido University

BYNBRELQEDRIDBVWKRARAICS ITZ2FHECDERE LT, MERADOEZRE., KERORHN. FH
BROBHRALENZZSNTWS[1-3], NBREICSVWTEHEXABARMNCHEAERICKYFERAEN N RETWS
EEZLNTELNB] EPRIFERIBTER >HFOIMICEL T, MNEKEA MATDLEICTYRY—¢
MEN BRI NIEEE M EREBREDFEHRALLEZ I INIGREINS[4-6]& &0, KEFRABEH
FELTA MATRFOFEREEZES LI ENERINE4].

AEREEBRT 24TV DIFEAEDT keVDH" (95.41 %) &4 keVDHe™ (4.57 %) THB[7], L7
BoT. KBREICLZFERAEICEWTENFNDA A VN EDLIRFELERIZFITDOIEFASNIT H780
ICIE. 1 keVDOH &4 keVDHe %, 4 MWDK FEERT 2UMICBHII2ERETOLENHD, &2 3
M. 4keVDHe #BETI2RBRIICNEIFTEHITONTVWBIDICHT LT [e.g., 8. 1 keVDOH % IEB549 %5
RIEEAETREOLNTESY. KIBRAERAFOKREE HEHD1 keVOH DA KBRAICK Z2FHERELICEWTE
DEDICIRZDED OMIRZEB S AT > TULRL,

AR TIE. FEREARAICSVWTEERRETOA 4 v E—LBHEBEOMERRETIEEBIC, Th
ERAWT, 1TkeVOH 2A Y IVRAYIA4 MNEHBRDERZ ATV EVICH L TR 2RBAETo72, R5
BOSEIEEREFIEMSE (JEOLISM 7100F) IC&KWRMEMEEHR L., —SMOABMEISINRA v E— L%k
& (FE-SEM/FIB FEI Helios NanoLab 3G CX) THII L. H@&EFEEMSE (FE-TEM JEOL 2100F) TEHR
T2 7=,

—RTEERI7 77T Ny TEHXHBAARICEHSIEEIETI AV E—LDTRTD G ERE LK
R, HEE1.2-2.7 MmO E— L%, EBREE052-1.22 um/cm’THERE LK BONE I &b otz &
S5, 1BRBEICEICZERI7 75Ty TOEREEZRELLETI S, BLZI0BHEAEEIRONTE—LD
EEMERESEL K,

BRHEBROI—Ty b LT, BBIVRSA FOXEEBRINTHZAINY IV RI94 K (Eng,,
Tanzania) . 7# VAT 54 & (Fo,,,, &) . 7Y EY (Foy, San Carlos) DO 3@FEEZRAWT, ¥ 7L
HA4 A3 mmx5mm, EX0.5 mmOERKRDODEA R 2 ZNTNEBKREAE L, AIR0.25 umETDY 1A
YEY RIBRICK 2HEBHBEATo7%IC. RADYA—YBERYKRSZOHIC, JO45IL ) Aick 31t
PHEET o, TO®R. BERESICLVRAEZ V) —=VT L,

1x10" ions/cm*DHBHICE W IV R 9494 NREICIE, ERERCPEBRLEREEDIKERE (EX26
nm) DI HEREI N, TNIFSRIMETEOICE > THEEINS1 keVOH+BHICE B9 A —JBDEH &
B THB, LKL, RRGFEETHREBAEITEHABRLIBEREIAVEDDREEDESDIIEREEIR S
nizzeEhs, YU TV EROERBETHEICLZIX—VBIRUKREZATWAL > EZ &b bh ok, &
7=, BEMEEICIEIHBREE FICER30 nmTEE3x10" /em®*D 7Y 29 —ABRBE N, ThEETHFR
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ICBFZM FHTHFA-6lEHBELTHBE, TURI—DY A XPEE, MBIESHNM MAhTHFE LM
TWBDICH L, 1 PATKRFOIRREBOESIEEL YEWL (40-50nm) EWIHIEWHRE LN, TOES

DEWIL, 4keVDHe 1ET keVOH & W E I RILF—DEL, SFVWEIBETAYRADL I ENTE S[4,9]72
REEZONDG, UEDZ END, A NATHRIFREDT ) RAY—DFKIZT keVOH DBHA, IERZEBD
TRk I%4 keVDHe DBHAZRHWTH 2 AN TR I NS,

[1] Pieters C. T. et al. (2000) MAPS. 35, 1101-1107.

[2] Hapke B. (2001) J. Geophys. Res. 106, 10039-10073.

[3] Clark B. E. et al. (2002) in Asteroid Space Weathering and Regolith Evolution, Asteroids Ill. pp.
585-599.

[4] Noguchi T. et al. (2014) MAPS. 49, 188-214.

[5] Matsumoto T. et al. (2015) Icarus 257, 230-238.

[6] Matsumoto T. et al. (2016) GCA. 187 195-217.

[7] Reisenfeld D. B. et al. (2007) Space Sci. 130, 79-86.

[8] Demyk K. et al. (2001) A&A 368, L38-L41.

[9] Ziegler J. F. et al. (2008) SRIM -The stopping and range of ions in matters.

F—7— K : FHEL, KXER

Keywords: space weathering, solar wind
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TEILT 7 AKKREICE T 54 VREBR
Adsorption process of ion on amorphous ice surface

R BB BN REART
*Norifumi Hara', Riku Togashi, Yu Kumagai1, Tomoko Ikeda-Fukazawa'

1. EARFET2EHISHALER
1. Department of Applied Chemistry, Meiji Universuty, Japan

In interstellar molecular clouds, various molecules (for instance, H,0, NH,, CO, CO,, and so on) are
formed from elements such as H, C, O, and N [1]. Most of H,O exists as a thin shell of amorphous ice
around dust grain. The molecules undergo chemical evolutions to organic molecules through various
processes on the surface of amorphous ice [2]. Thus, the surface structure of amorphous ice is an
important factor to understand the molecular evolution of organic molecules in molecular clouds. To
investigate the effects of adsorption of ion on the surface structure of amorphous ice, the molecular
dynamics (MD) calculations of amorphous ice with NO,™ were performed.

The MD calculations were performed using an atom-atom potential model, KAWAMURA potential model
[3]. The amorphous ice was prepared by quenching of a liquid phase consisting of 2760 water molecules
from 280 to 235 K with 2.5 K/fs in cooling rate. After annealing at 235 K, the system was cooled to 10 K.
The density of amorphous ice at 10 K was controlled with the time period of the annealing at 235 K. To
equilibrate the fundamental cell, the MD code was run for 40 ps at 10 K. Then, an ion (NO;") was putin a
position, such the center of nitrogen in ion was at a distance of 0.5 nm from the outermost hydrogen atom
in surface. An infinite surface was simulated by replicating the cell in the directions parallel to the surface
using periodic boundary conditions. The pressure was kept at 0.1 MPa. The layer with 0.5 nm in thickness
from the outmost atom was analyzed as the surface layer.

The result shows that the atomic displacement parameters (ADP) of oxygen and hydrogen of water
molecules in surface layer increase during the adsorption of NO; . The values are diminished with
formation of hydrogen bonds with surrounding water molecules, and gradually approach the values of
pure amorphous ice without ions. For surface with NO, ", three oxygen atoms of NO;~ form hydrogen
bonds with hydrogen atoms in dangling bonds of water on the surface layer. When an ion is adsorbed,
surrounding water molecules rotate to form hydrogen bonds with the ion. Thus, the rearrangement of
water molecules occur even at low temperature. The result indicates that the thermal vibrations of water
molecules are enhanced with adsorption and diffusion of ions on the surface. To investigate the effects of
ion adsorption on smoothing of surface roughness, the potential map of surface layer were calculated.
The results show that the potential map charges with a collision of ion on a convex position, whereas no
charge was observed when the ion adsorbs on a concave position. This indicates that the smoothing of
surface roughness of amorphous ice at low temperature results from ion collisions. The effects of ion
adsorption might have important implications for surface reaction in interstellar molecular clouds.

References

[1] A. Kouchi, T. Yamamoto, T. Kuroda, J. M. Greenberg, 1994, Astron. Astrophys. 290, 1009.
[2] N. Watanabe, A. Kouchi, 2008, Surface Science, 83, 439.

[3] N. Kumagai, K. Kawamura, T. Yokokawa, 1994, Mol. Simul. 12, 177.
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T73IWVART74 MERB LA Z ADKREAEE
Surface Structures of Forsterite Crystal and Glass

TR ER SRR AT

*Junya Nishizawa', Tomoko Ikeda-Fukazawa'

1. ARERFRETE2MARISREESH
1. Department of Applied Chemistry, Meiji University

In interstellar molecular clouds, elements such as hydrogen, oxygen, carbon, and nitrogen deposit on dust
grains, and form various molecules (e.g., H,0, CO, CO,, NH,, CH,, H,CO, CH,OH, and so on). These
molecules undergo chemical evolutions to organic molecules through various processes on the surface of
dust grains [1]. Forsterite (Mg,SiO,) and enstatite (MgSiO,) have been observed in interstellar molecular
clouds and young stellar objects [2]. Although various studies have been performed for bulk structures of
forsterite and enstatite, their surface structures are less conclusive [3]. To investigate the surface
structures of forsterite in crystalline and glassy states, molecular dynamics (MD) calculations were
performed. The surface structure is one of the important factors governing the chemical evolutions in
interstellar molecular clouds.

The MD calculations were performed using an atom-atom potential model [4]. The potential parameters
were empirically determined by constraining the model to reproduce the experimental results of density,
thermal expansion coefficient, and bulk modulus [4]. The glass structure was prepared by quenching the
liquid phase consisting of 2400 Mg,SiO, from 3000 K to 10-1750 K with 2 K/fs in rate. An infinite surface
was simulated by replicating the cell in the directions parallel to the surface using periodic boundary
conditions. The pressure was kept at 0.1 MPa. The MD code was run with NTV ensemble at each
temperature for 500 ps with a time step of 0.5 fs. The layer with 0.5 nm in thickness from the outmost
atom was analyzed as the surface layer.

The result shows that the melting temperature of forsterite crystal with surface layer was 1927 K. This
value is lower than the MD result of bulk state without surface (2418 K [4]) and experimental result (2171
K [5]). This depression of the melting temperature is attributed to the structure and thermal vibrations of
atoms in surface layer of forsterite crystal. The nearest Si-Si distance, which was analyzed using the pair
correlation functions of atoms, for surface layer of crystal is larger than that of internal part. Furthermore,
the amplitudes of thermal vibrations of atoms in surface layer are larger than those of internal part. The
results indicate that a surface layer with low density and high thermal vibrations exists in forsterite crystal.
The amplitudes of thermal vibrations in surface layer increase with warming and approach the values of
the bulk state at its melting point (i.e., 2418 K) at around 1927 K. This induces the depression of the
melting temperature for system with the surface layer. For glassy state, a surface layer with short Si-Si
distance exists, although the amplitudes of thermal vibrations of atoms are large in comparison with the
values of the internal part. This inverted tendency may be resulted from an inhomogeneous structure of
surface layer in the glassy state. The surface structures of crystalline and glassy forsterites have important
implications for adsorption, diffusion, and chemical reaction in interstellar dust grains.

References:

[1] N. Watanabe, A. Kouchi, Prog. Surf. Sci., 83, 439 (2008).

[2] J. P. Bradley, L. P. Keller, T. P. Snow, M. S. Hanner, G. J. Flynn, J. C. Gezo, S. J. Clemett, D. E. Brownlee,
J. E. Bowey, Science, 285, 1716 (1999).

[3] S. Kohara, K. Suzuya, K. Takeuchi, C. K. Loong, M. Gimsditch, J. K. R. Weber, J. A. Tangeman, T. S. Key,
Science, 303, 1649 (2004).
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TIVTER, TRV ETVEZTHLOEERRERRILEYEH BER
RIET ORBEERIG

N-heterocyclic compound synthesis from aldehydes and ketone with
ammonia: A simulation of organic reactions on the meteorite parent
bodies

*Sif gt RREE. Tl 8g
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(3]

KFEIY R4 MEXBROBRMDIEZERETES., KPRFRBEDERMERD ESATWD, ARH
REBERED—AT, FEAEDRFEIAY RSM MHEKIEPDERF DI ENS, BREATOKELEARR
LTWBEEZLNTWS, BRAFDRFZEOARENEEME LTHEEL. AILAVEEYT I /BAREDLERY
B FRIEEMTHZABMEEHYI(SOM, 17°30wt%h)E. BLF CEMLEEAF OTAEEED(IOM) IS
FInd, KA TOLY-EEMEEERIC. KEEZEIFEEEZTW I ENTEBIN., KIBERTOEH
MOILEEC AR T B7-DIC, SPOBRENEASHNCTINENH D, KFRTIE. 2FETCHERHEEINS
EEANFTHBT7VEZT(NH), HILLTZITE RHCHO), 7t 7Tk R(CHCHO). 7OoEx> 7
7 & K(CHCHO). 7+t b~ (CHCOCH)ZR¥HICAWTERRXRA LORIEZ &R L - BHYMEKER%E

T-o7=

[32ER]

KA E LT, NH(1710)/HCHO(0.171)/CHCHO(0.0170.1)/CHCHO(0.0170.1)/CHCOCH(0.0170.1) %
B RELLFEIMNIZ EILLL) ICAR L -6 BEDORIGARIC. $54(Forsterite(San

Carlos). Magnetite(Utah). &R Forsterite) R IERE T 1 BIE(MgSIO)MEKREMA., TNhETNhEBRAR
BRLEZT7 Y TILRT60780C, 1447 1928FEMER L7, SEMID. BHMERNDHEL AN D -DIZHME
PEELBVROEREREL ., G20 EORISERNEBIEAFL Y/ AS / —IL(2/1 FFELL) THH
L. @&k sO~x NI Z5 71 —BEDWEITo 7,

fER & ER]
SEXRBELEZLTORIERICBEWT, FILFILEY TV (CH, N). ZILFIL1IFJ—IL(CH, N, ~
FHAFLYTIIIV(CHLN)PEETELERER Y TH o, T RAELAHMAC H,, N,OT
RINZIEEMEERERME LTHRESI N, ZILFILEY DY, PILFILAIFTY—ILICDOVWTIE, KK
BREANSHMEEINT W 3S(e.g. Yamashita and Naraoka., 2014), — A, ANFHXFLVF NS I VIFREE
FEBAMNSDREFITLVAS, BEETOERAMRBHICLI2BEBREBERYHSERLERYE L THRESTW
% (V. Vinogradoff et al., 2011), JESRE /S 1 ERIE. Forsterite(San Carlos) ZETDRTIEIAFHXFL VT b
SIVOEREMNBDL. PILFILEYI Y, FILFILAITY—ILOERENEM L, HIC. FERET A
BB D FETCEILERYE TH 5 (Kemper et al.,, 2004)Z &N 5, KA TOEMYTEKRICEELEE 2R
LTWEZENTRBINS, RIGHFBEAEY. RIGICK 2EMEOE{LEZBELMCTEHIC. 51 EER
PUETH 2,
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Meteoritic organic compound analysis by nano-liquid
chromatography/mass spectrometry
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(&)

KIBRICE T BBRENREZERE L DORFREBADERERD ICIETEEYCKIEETNTWS, FBREHE
MICIET I /B PRERIEE L EDERBEEN FNEENTE Y (e.g. Burton et al,, 2012), LR DEREDER=H
SMRINTE 2, REROFETIE, —BWIC, BEMKREAREZ/70 N 571 —2RAVTUBERAERH %
LTSN TERL, LHL. BBERERAAEAIFEEERK - SMERICEVWTARE—THE N, BRI LEEHR
TIZEYHEBAR EORFNABRIIEODNTLED, FEAEDEAITIRRAEALTKEENREZRRLTWS L
H, BEMENYE OREZIERET S EIE. KA TOERMDILFEELARBT B/-DICHETHD,
512, FBBEOEMMOMIEERY Y TINICEBAIND %, ARETIER., SRELRSF/REI/OT NS
7 7 4 —(nanolLC) & B REEE B DM(HRMS) 2 AW T, HIRAME BN FOERYOHOREFEEBEMNE LT
w3,

(B & D FiE]

KZFREPEA 2 F&(Murchison, Murray:CM2) DHLF (#9300~900 um, 0.168mg~2.392mg) %= X ¥ / — )b
SuLITiRL. BERMH., £ BRICLI2MHEET o2, ZOHMERT uLlinanoLC/HRMS(m/Am
=~140,000 at m/z200) Co#rL7=. 1 # ViRIZILESI(electro spray)Z= B\, DBEICIZCISHHEH T LB &
UAmideh Z A% BW, REERICIETE M= NYIL/K/FERREBWE, il - DFETRTIZY—VIL—~A
ATITo7=

(ER & ER]

FRLEAMAFREICBI > Ao OFIETREONAN o7, CHNPCHNODHM % £ D{tEY
NERESIN, 1 FVEEN14.0156 (m/z-CH,-) $O2EAZIEPYRIVAY N LORFRFEDT
nhs, IhSRE7LVFIVEKRETHZ EEZOND, AEREOKREIZLITHIREE—BLTEY
(Schmitt-Kopplin et al., 2010; Yamashita and Naraoka, 2014) . 7L L#ENIEXREN T % kREBRRIGH
BIoTWBZE%ERBLTWS, MurrayBBEH 51EC H, N(n=5~26), C H, ,N(n=9~28),C H, N,
(n=5~23),C_H, ,NO(n=3~20), C_H, ,NO(n=9~12), C H, NO(n=6~26)DRKEFEERETZIENTE
7z F7-. MurchisonfgEH 513C H, N(n=5~24),C H, -N(n=10~26)DRAKFERET 2 &HTE
oo TNETNORABKEDRFRFEHEIZBEARBICELY, BEPARMOFRHE—MHE2RLTWVWS, £ T
H—RomEaE ORENrH D EEZAOND, BARBRFELOREBN /7O NI Z 71 —DL I BWRICK
DEBHPRICEHELTWSIE LAV, BEEBE AN E ORREMBIBTZDICIFT SRS
WMHPBRETH S,

F—7— K : AEEY. KFREIY KZ4 b, nanoLC/MS, FH—M
Keywords: organic compound, carbonaceous chondrite, nanoLC/HRMS, heterogeneity
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Isotopic Analysis of Presolar SiC Grains with the Post-lonization SNMS
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*Kohei Miya1, Kentaro Terada', Hikaru Yabuta?, Yosuke Kawai', Takahiro Matsuda', Michisato
Toyoda1, Jun Aoki', Morio Ishihara’, Ryosuke Nakamura®

1. RKIRRZERZREZARR, 2. EERFAFREFMAR. 3. KIRAKFEEZELE XL
1. Graduate School of Science, Osaka University, 2. Graduate School of Science, Hiroshima University, 3. Office for
University-Industry Collaboration, Osaka University

For unveiling nucleosynthesis during stellar evolution, in-situ isotopic analyses of individual presolar
grains have played important roles. So far, we have been developing a new mass spectrometer, Secondary
Neutrals Mass Spectrometer (SNMS) with a femto-second laser, in order to enable further sensitive and
higher mass/spatial-resolution measurements. At the conference, we' Il report our recent progress of
development of SNMS and application to the analysis of SiC grains collected from Murchison meteorite.
As preliminary results, we detected isotopic anomalies of major elements (Si and C), which is consistent
with those of previous works. We will also refer the challenging isotopic measurements of other minor
elements.

F—U—R:[EEEL FLY—F—KF. BLEDIH
Keywords: Stellar Evolution, Presolar Grain, Isotopic Analysis
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Formation of celestial body that was caused by the change of
electronic states of matter
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HROREDOHHRIERTIZIEBMARDENRIREFHEOEFE L REI’REINE LE[1], MEOMRIFKE
KRBDICEVWELAZEFREBICEELTEHORE L THEANEEBLEYT, T I TR, REDEKICEWTY
BORELZ2ETREOECLOMREZRBEL T T,

EIEMANDI—OY AL RERNOFESI AP ABICERLTVWET, BiELALZRFO10 ' mZE DEREIC
BWTHABINDI10°ME LM ALME AR T 2 EHEHNMERLE T, ERAMEICEKOSFISEATY
T. TDDFICL 2D TEBELFHEDORORKRICES LET.,. — KIS, MEIPKEZAMICARS EEFKE
BOBEEFRANPKRELAY ET, £z, EFRENMPBELAZREICARSZ S, TRIVF—DMEVREICAY X
T, BB, WONB TERERDEMARDEEL T OEH N TREICES T 2HBAICITIBRERIKRELA
5 EERDBEEOMROEGITRILET,

. FESINGEENER 2 L BERICERLCREINET, 2L T, BENM2.0x10%keaBR B LEN
MAEERENZRELEF T, RKELHBREFINSVWVHBRELZNVIAAETT, KEDPKELL BB EKRARDEN
BRIEDOKICR Y READORRZINEL X9, KEDKKR CTHALFAEAM L GEEBED TRET 2 D TRES D
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F—U—F:RIBE. FHE. 2 TFHEES. OB, ENBER &KEAE

Keywords: protostar, cosmic dust, intermolecular bond, short-range force, gravitational collapse, nuclear
fusion

©2017. Japan Geoscience Union. All Right Reserved. - PPS09-P06 -



PPS09-P0O7 JpGU-AGU Joint Meeting 2017

Mid-infrared observations of the dust-forming classical nova V2676
Oph with Subaru/COMICS
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Tokyo, 3. National Astronomical Observatory of Japan

A dust-forming nova V2676 Oph (discovered in Mar 2012) was the first nova to provide evidence of both
C, and CN molecules during its near-maximum phase and evidence of CO molecules during its early
decline phase (Nagashima et al. 2014). The derived carbon- and nitrogen-isotopic ratios in the nova
(Kawakita et al. 2015) are consistent with that the nova explosion was hosted by a CO-rich white dwarf
(WD) star. To confirm a type of the hosting WD (CO-rich or ONe-rich), we performed the mid-infrared
imaging and low-resolution spectroscopic observations of V2676 Oph with COMICS mounted on the
Subaru telescope in June 2013 and May 2014 (482 days and 782 days respectively after its discovery).
No clear [Ne Il] emission line at 12.8 micron was observed. Based on the absence of [Ne II] emission, the
WD hosting V2676 Oph is considered a CO-rich WD. Both types of dust grain, carbon-rich and oxygen-
rich, were detected on both dates, although this nova is considered as a Carbon-rich (C/O > 1) based on
the presence of C, observed earlier. The 11.4 micron unidentified infrared emission was also detected on
these dates. Non-equilibrium processes are likely to be responsible for the grain formation in the nova.
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Silicate dust evolution in protoplanetary disks
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Silicate is the dominant solid component in circumstellar environments. Infrared spectroscopic
observations have shown that both crystalline and amorphous silicate dust are present in protoplanetary
disks, and crystalline silicate dust seems more abundant in the inner warm region of the disks. This
suggests that thermal annealing of interstellar amorphous silicate dust occurred in the disk and changed
the dust properties of disk dust temporally and spatially with disk evolution. Some of those processes
occurred in the early Solar System may have been recorded in fine-grained matrices of less
altered/metamorphosed chondrites, which contain abundant amorphous silicates and a small fraction of
presolar silicate grains. Laboratory experiments help us extract the record of disk thermal processes from
natural samples quantitatively. We have done experiments on crystallization and hydration experiments of
amorphous silicates and evaporation and condensation experiments of crystalline silicates, focusing on
kinetics of these processes. In this presentation, based on experimentally-obtained kinetic data, we will
discuss the silicate dust evolution in protoplanetary disks.
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