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BREAIENEERBIEUDIFBNRE) 2077 & HBREIHAE
Chemical reaction processes bridge between asteroid Ryugu and early
evolution of Earth

FH RS RE BB BE N

*Seiji Sugita'?, Hideharu Kuwahara? Kosuke Kurosawa®

1. RERRERZREFRARMMKRENFER, 2. BEARF 3. FEIFKZ
1. Department of Earth and Planetary Science, Graduate School of Science Sciece, The University of Tokyo, 2. Ehime
University, 3. Chiba Institute of Technology

PRS2 IFHEFRNERE) 20 I DRELNBEASMILDDH B, D, Vao Tl oDLdRRRICED
INBREDNWIKICEHR L& EIC, MKRBREOELICEARTEEEZRIIFINZEBB T DI LIIBHTIER
W ZDERRICIE, EREFICES Z)mﬁﬁ%@ﬁﬁ#fﬂigkigfi)éo FERTIE. RIRADHFBIRE
MWRICERLUABRICEET 2EREAIERNOFRCERIGBRICOVTLEaA—L, NEERBOKERH IR
BREDELICEADHEEZHRT 2,

F—O— R NERERE. BFEER. FEAKJE. A[IEAYEBERE
Keywords: Asteroid missions, Hypervelocity impacts, Impact vapor clouds, Atmospheric entry physics
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Time-resolved synchrotron X-ray observations of mineral
transformations under static pressures: applications to
non-equilibrium behaviors in shocked meteorites

2% REA'. =E EBR®

*Tomoaki Kubo', Masaaki Miyahara®

1T AMNKE, 2. KEXRZFE

1. Kyushu University, 2. Hiroshima University

High-pressure transformations occur on timescales of “0.01 to a few seconds in shocked meteorites.
Reactions in such short timescales often remain incomplete and/or metastable state, which is usually
problematic for the interpretation, but can be good information for shock durations if the kinetics is
experimentally known. Here we present some experimental results on curious kinetic behaviors in
seifertite and lingunite, those presences in shocked meteorites have been difficult to explain based on
phase equilibrium. A conventional method combining multi-anvil high-pressure apparatus with
synchrotron white X-ray was routinely used to observe non-equilibrium behaviors and their kinetics in
minerals at pressures up to “30 GPa by collecting time-resolved X-ray diffraction data every 10 sec with
energy dispersive method. By using this system, we found that seifertite and lingunite are metastably
formed at high pressures from silica and plagioclase, respectively. The problematic presence of these
phases in shocked meteorites can be reasonably explained as metastable phases. Extrapolations of kinetic
data obtained to shorter timescales at higher temperatures of shock events uniquely constrain the critical
shock durations and the size of the impactor. Similar strategy has also been applied to the
back-transformation recorded in shocked meteorites. Time-resolved X-ray observations have revealed
that some high-pressure phases such as bridgmanite and lingunite do not directly transform to their
low-pressure phases, but through the amorphous state. This may explain the presence of amorphous
phases with enstatite and plagioclase compositions in shocked meteorites. Our studies demonstrate that
the conventional 10-second time-resolved synchrotron X-ray observations under static pressures capture
the critical processes of solid-state reactions during shock events. On the other hand, crystallization of
high-pressure phases from shock-induced melt is another important process to be solved. Improvement of
the system with better time resolution and grain observations by 2D detector are required to detect the
rapid melt crystallization processes.
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Ultrafast pump-probe experiemnts for planetary materials using
high-power lasers and XFEL

=Rt

*Norimasa Ozaki'

1. KBRKZ
1. Osaka University

Materials at high pressures and temperatures are of great current interest for warm dense matter (WDM)
physics, planetary sciences, and inertial fusion energy research. At the high-energy density (HED)
conditions, the micro-structures of material significantly influence the behavior and properties. Ultra-short
X-ray pulse, i.e., X-ray free electron laser (XFEL), is a unique and powerful tool to directly observe a
structure and to reveal the time scale of the structural change under the dynamic high pressures. Here we
present recent experimental results on shock-compressed planetary materials using high-power laser and
XFEL.
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X#RBHEEFL —Y—TikA 2 EHE]E

Tracking dynamical phenomena with X-ray free-electron lasers

ke S

*Tetsuo Katayama'

1. AHFMEEN BEEXARZEHRRtE S —
1. Japan Synchrotron Radiation Research Institute

XIREHEEFL—H— (XFEL) &, 7L MDOBBREXIR/ LA ERETBHRRE LT, EEOBHFHRT
BEBT 2 EAREL S -BEBRE (F1F3IVR) 2BABZHRICHEINATWS, 7 1A MNDOBERI4E
B Tld, XFELERHL —H— & HAEHhEREEOBXIREHAICK > T, BFLARILOBERE - ZREDHEEE% #
/D [9F8E] "CHATREE Ao, — A, T/ BULORBEETH-TH, MERTIRIEZL SIA
Mo FRAMARERE, XFELOBBEMAENM LTIV FILYay FCEREILED EVWSHRSEBEINT
W3,

AFEETIE. XFELOXBFRFMEPSACLAICE T2 NS DHRGIZHBN L. MIKKRERIZICH 1T BXFELOH
BEMICDWTERT 2,

1. T. Katayama et al., submitted.

2. K. H. Kim et al., Nature 518, 385-389 (2015).

3. T. Katayama et al., Struct. Dyn. 3, 034301 (2016).
4. K. H. Kim et al., Science 358, 1589-1593 (2017).
5. E. Nango et al., Science 354, 1552-1557 (2016).

F—T7— R :XIREREBEFL—F—. BHBERE

Keywords: X-ray free-electron laser, dynamics
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High speed measurement with synchrotron radiation X-ray.

it - N: -

*Kentaro Uesugi'

1. ABHEIEASBEARERRA L9 —
1. Japan Synchrotron Radiation Research Institute

XIREIMEICH T E2EBINEL. MEOREREFZ-HDOTO—TELTELTWS, & ITEM
LY M VBRICHEE T 2B BXIEREDFRICE WMERSOREBHARINAETHZD. I HICZFOIXRIL
F—ZARYT ML SIFPEICL BN - BHEARY ML ELR LS, FHEHFEDSIZ. MEOIHYEEE
ETBENTRETH D,

BT HEXARIE BRI ITER AR MLAEBLTWS, ZhickY, MEOREBECVLEE TBERICIHELT
XIEBHIRILE— CER) #HABLEHELT 2 EPATREE D, KBRS HEEXSPring-872 K DE =K
LARE D T H HEER T IEXEE D YR B E (photons / sec / mm?)# % W EHEREE (photons / sec / mm? / (mrad)? /
0.1%bw.)EEmH 270, 7r2al—9—REDBBARBENEAINTWVWS, 7VPal—F—D50K4
KXIRE S RAKBEN S OXBOBEA LB T 5. RATIOBREOHENHZ, D2EYTY
Val—4Y =S THRAKRRE SRR SARWEEDXIREE (ERICIIARBE)N S SN, ERNLEF
B - Zf - TRILF-)DREEERETE 3,

To & ZIEXIREEEHRI(XIRA XA =YV & HED)TlE. TkHZERED 7L —LL— M TOBRIF+HITA S
L. MNABELEHE THEHKkHz TERDI UL K RO DBEEIN Z DIBHRTE %, BHE ORI NHBEE
D Dispersive XAFS&E WD FETIE I ) WEE TXAFSESORENAETH 5, I oIk~ RIEFEH 5 L
BEMBERERZIDDICEMTH S,

EETIRHBAAXREFRA L TERESINEEEIDOEFE WV DNRL, SEBEDL D LRHIKRIZMIR
RIGEATEZH, SMEBEERLIZL,

F—7— N BEEXIR. SREFHAL. XA X -2 0T
Keywords: Synchrotron radiation X-ray, High speed measurement, X-ray imaging
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Recent advances in high-pressure synchrotron X-ray experiments on
magmas under pressure at the beamline 16-BM-B in Advanced Photon
Source

“EAE S
*Yoshio Kono'

1. BIEREHBERS A IV ARV I —
1. Geodynamics Research Center, Ehime University

RBESET L AZAVEEERREHEHEHOE B EXIRAE L. MEKABREHARICS TE2REEH
BRFEED—DOTHY., INEFTEESERETICES T 2UMORER. HREE. REARR., BEREED
BIEREICE Y, BRSO PILRZMERD ED BH RHIKASMESEIEBEI N TE R, —A, HIK
REICHITBIY MLIERP T L — hDhAAH. ZHICHEI BADER - IR, £L-E5ADAMYERL -
R DEE, MEAMROT I = v VICHB T RBREMBKDOY A F IR BE, LD Y Atk
RPRRABET DN, HIRRIOY (T IV REHEPTLLETCEELRBEE L THRINATVWS, &

I, EADOHIEICKZMERERFPLPII/YOLFRICL B NUOEXRARE, HMIRATICIHEEHE T Z2ERKED
AN ZXLOYERZHERIL, HMIRABRZOA TR, HENICHEEEREETH D, ZDLH1 ‘H
B HERRIPIRRAEB T Z7-DICIE. ThETITHONMTEL B LEERREEELS BN LEE
ERMROFHEBIVRETH %,

AEKRTIE. FICREOEERFAXIRRRICLKZ2BET I VHAROEBICOVWTENT 5, Y/ TIERE
FHETTERT28EMETHY., BETICETRIIIRED HRiE OFE. MEOERRIL, HIKREIBD
RUREEC T NICEE LIRS O BEE, CEHELLEERT I LTEELRETH D, FIT. BET
ICBIT B I DOEER(bIE, HIRWNERICH (T 2 DOEGERERIC. RODEMRNTEELQBRTH S, 'H
KOEEERELEANTREOEEERRIZ. EROFHESICLIYHFZVITONTVWRVDIRKTH 2, &
T Bzl 7 A ORI HXERMEEXAdvanced Photon Source (APS)D16-BM-BE—L S 4 VICEWT, ik
DIEE, MEAESRMOREEBHNICIT> TER (FIZIE. Kono et al., 2014, Nature Communications, 5,
5091 ; Kono et al., 2014, Phys. Earth Planet. Inter., 228, 269-280) , ZD#ER, SETFICBWTH 1 BE
AWKNE—KETEARESKERZIBEERT OIENHALMIRY, BETICBITB2TMBIEXIL NOBEEZL
DT ABIEXI NOBEECHEICKELSFELESZ M >TEL (FIZIEX. Wangetal.,, 2014,
Nature Communications, 5,3241) , ZDLIBEETICE T2 T AMBIEXIL NDOBEZELEZNITHESY
M2, HIRAICE T BT I TOBEZEBRAEICKELRFELE X, HERREBDO Y I DIREE & Z D#EE
HIBRT L LECHBICEETCHDEEAOND, ARKRTIE. EEMIAXIERRICLIZEETICEITETY
ROEE, YMERIEICOVWTEN L, BEY Y YERMAORRK & HROH L LWEERSHXIRRBRAB T 7=
RBEEMT 5.

F—U—R:8BE. I, BREEXIE
Keywords: High pressure, Magma, Synchrotron X-ray
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