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Ultrafast time-resolved in situ observation of shock-compressed materials using
X-ray free electron laser
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X-ray free electron lasers allow us to carry out ultrafast time-resolved
X-ray diffraction measurements due to its short pulse width of less than ten femtoseconds. We have
investigated deformation, structural transition, and fracture of materials under pressure on the
basis of the combination of the ultra-fast X-ray diffraction measurements and the laser-induced
shock compression experiments. A high-power laser with the pulse width of several nanoseconds
reproduces shock-compressed state inside materials, and the generated shock waves propagated in the
material transmitting stress for several nanoseconds. By varying the relative exposure timing
between the high-power laser and the X-ray free electron laser, time-resolved pump and probe
observations were conducted with the time resolution of less than one nanosecond. Based on the
time-resolved in situ observation techniques, we observed uniaxial stress propagation in the
materials above the elastic limit and its time evolution.
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