TSPE19230-032—-12

Understanding of Earth’s interior through
experimentally designing extreme conditions of

extraterrestrial materials
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SUMMARY



I. Title

: Understanding of Earth’s interior through extreme conditions studies
of extraterrestrial materials.

[l. Purpose of R&D

: We propose to perform extreme conditions experiments on meteoritic
minerals using 3™ and 4™ generation synchrotron facilities to gain
novel insights into the evolution of planets.

IIl. Contents and Results of R&D

: In this program, advanced synchrotron and XFEL facilities have been
used to understand the process of planetary formation. The results of
this research program are as follows. (1) Observing first experimental
evidence of anhydrous phase B in the ordinary chondrite(TILO8001) that
have not been found on Earth (2) The observation of shock-induced
lattice dynamics in synthetic iron and natural iron-nickel alloy (Gibeon
meteorite) through the laser shock compression experiment at PAL-XFEL.

IV. Application Plans of R&D Results

: Through this research program, we demonstrated a new model of
meteorite research under extreme conditions using advanced analytical
techniques at synchrotron and XFEL facilities. We expect that our
findings are novel and would show a model in polar research to shed

new insights into the geological and planetary understandings.
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Beamline XSS (X-ray Scattering & Spectroscopy) at PAL-XFEL i = bec G0
Target material : Ironfoil with 4 pm thick = L e

7

Rayonix™ MX225-HS e
detector " Fefoils are 4 um thick < (220)

XFEL
phoro nenergy: 12 keV
bandwidth: 0.4 %

\% . pu\se duration (expected): ~25 fs
/' d z

1200 ps * spotsize: 20 um

L e
\ 800 ps ! Be lens stack
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S\ 400ps
\ Achromat
: Ops 5N
50 ps intervals \\ Optical laser: 5
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* pulse duration: 140 ps
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Increase the delay time between optical laserand XFEL
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Shock direction
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of 7} o] dxE ALE. Ayes ol 2d 3 2o

PAL-XFELOA 389 &5 Heo F4 uy 43 23 45 ve dAdA
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Compressed Released

Un-shocked +

i . ----- Observed T T
Laser / XFEL:delay time : 700ps i 94 ] ket % beoatambient
be .‘(HD) Difference 9.2 : 4 beeat HEL
—— bec at ambient : # { E + bce
3 Ecc at '-.ELd . 9.0 4 o bec at expansion
n ompressed bee | ~g8.68glem?
I Expanded bce 8.8+ g;fcm ® hcp
‘0 = o & : o hep atrelease
f —— hep at release ol E"‘“‘} i ] @ fcc at ambient
‘, ] fec(111) bee(110) _g g4 R 1 h sts glem? © fec at expansion |
| % : [ 2 o FE ¥ Poinep=8-30 gfem?
‘l | | .g 8.0 Poire=8-02 g/em’®
| | heprroof filf| NeP(1n) 2 78] ' Potses=7-89 g/cm®
| ) | AR 4 ]
| e AL 7684 ~7.93g/cm?
Fl s Yo * L “7.63g/em?
= - 724 ~7.55g/cm?
T T T T - T T T T T
T T T T T T
28 30 20 34 16 38 0 300 600 900 1200 1500 1800 2100 2400
2theta (degree) Laser / X-ray delay time (ps)

<(F) F3 #olAeF X-Ael AA AFko] 700 psEwie] X-A 3 e ok
Pseudo-Voigt peak-profile fitting Z2¥}. (%) peak-profile fitting 23 & ©Hl&o 2
AGkE ZF A A 2 & Ze] o] 3 dWx ¥s) E3k>

F8k o)A et X-Ade A AAte]l 250 ps ¥ =7 Ado] o3 I FH=
Q3] Hugoniot elastic limit (HEL)o] S22 #zEw 300 psolAl & Ao
A Sl hep TER7F #EH7 A AR FsE dlol Aok XA A AL 450
psell Al FAdd o3 a3rt Hurk Hu olme] Ay = dHe Ho

Rankin-Hugoniot relatione 312]3t%<S W ¢F 34 GPa= FA %},

Fst glo) A e} X-Ao] AAAZF 650 ps °]F ¢ &3 dAE dojrpy Ry}
719 bee T+ HHY F bee A fee e Hol #EE T Al ZFSHL)

T AR 33 vk B o7 2200 ps o] 3
% = 7} bee FFRo Aw

o
=
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beeol Al hep TxE9 As = w AAE strain rateS °F T 30 x 10° sT1&
20141 Crowhurst et al.ol B1¥E zt (up to ~ 10° s H3} vl &S o =&
S 7FA ) (Crowhurst et al., 2014)

w3k gHo] 23] relaxing©
propagation®l] 9|3 A EH =
BAE beeot fee FER7F HE
o Mol =4 Ao THH F

¥+ final stageolA rarefaction wave®]
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2} otel (negative lattice pressure)ol] ¢] 3t
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be at ambient

delay time 1 ’ u
0+ Negative Stress
g h hep (~ 9.18 g/em?) (ps) 1200 A 9 ')A A beeat HEL
o + bec
20 O bec at expansion
| ® hcp
20 2000 — e O hep at released state
= R Compressed bec x feclyy —
& i ~ 8.47 g/em?) 1500 o
9 hip bec at HEL .g 800 +
10 3
@ A (~8.10 g/ecm?) 1000 = aq} '—
~ 8.68 % = ] b
§ ( g bee = 7.89 g/en? = ‘5‘0\?'
= ! fec = 7.93 g/eny’ 500 E oo e‘:ar, s
v ANy ; i W / /bee (e)| hep (g) 650 ps ~ 850 ps
0- » .M i asu ps~1100ps _ _ -
Po tnepy = 8.30 gfem? 6:‘.70‘9 9 1100 ps ~ 2100 ps f— e
. s U o TR { o0
Negative Stress % G P et es®!
I £ o™ 300 ps-~600
10 fec & bec at expansion (P = -8(2) GPa) / | 4250 ps ¢ .
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