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Fig. 1 Schematic of shock compression. The P, E, V, U;, and u, are
pressure, specific internal energy, specific volume, shock
velocity, and particle velocity, respectively, where the sub-
scripts 0 and H denote the states of material ahead and be-
hind the shock front, respectively.
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Fig. 2 (Color online) (a) Nanosecond high-energy laser system coupled with SACLA. (b) Photo of the inside of target
chamber. (c) Schematic of an X-ray diffraction measurement configuration. The sample, X-ray detector, and VI-
SAR/SOP optics are mounted on the circle stage. The inset shows the sample stage axises.
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(a) Schematic of the pump-probe laser shock experiments. The experimental XRD profiles were extracted from

the XRD pattern recorded on the two-dimensional detector (MPCCD) as shown in (a). (b) Observation of the
lattice stretching at #= 1725 ps in the (002) plane of Ta; Observation of the compression wave at £=2125 ps due to
the relaxation of the tension after spallation. Molecular Dynamics simulation modeling the experiment and direct
comparison with experimental data; (c) Comparison of the diffraction signal obtained in the experiment and
simulated by the MD just before spallation, at #= 1725 ps. The filled and open arrows indicate the position of the
shifted-diffraction peaks. (d) Direct comparison between the position of the maximum of the different diffraction

peaks in the experiment and in the simulation.
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Fig. 4 Two—dimensional XFEL diffraction pattern of laser—shock
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and compressed HOPG (002) plane are presented by ar-
rows. Two clear peaks from synthesized lonsdaleite were also
recorded.
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Fig. 5 (Color online) Pressure—temperature phase diagram for

high-energy density carbon. Dotted line, a possible Hugoniot
model; Solid lines, phase boundaries predicted by ab-initio
calculations2024,
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Shock compression experiments using
SACLA-XFEL

—Behavior of materials at ultrahigh pressures
and ultrahigh energy densities—

Norimasa OZAKI| Graduate School of Engineering, Osaka University, 2-1 Yamada-oka, Suita, Osaka
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Abstract Shock compression is used to investigate the behaviors of material under extreme conditions. In
particular, the states in the high-pressure and high-temperature, extreme conditions created by
laser-driven shock is of great interest in the area of high-energy density science, planetary
science, condensed matter physics, material science, and those applications. X-ray free electron
laser (XFEL) is a vital tool for directly observing the structure of such fast-moving material and for
understanding the kinetics under the conditions. In this review, our experimental platform
coupling the SACLA-XFEL with a high-energy laser is presented, as well as the recent achieve-
ments on the ultrafast observations of material deformation, phase transition, and fracture.
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