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Time-resolved X-ray Diffraction by Short X-ray Pulse

Mitsuru UESAKA' and Kenichi KINOSHITA?

INuclear Engineering Research Laboratory, University of Tokyo,
2National Institute of Radiological Sciences

Several new short X-ray sources such as X—FEL, inverse Compton X-ray source, laser plasma X-ray
source etc, are under development recently. Simultaneously, several pump-and-probe analyses using pico-
and femtoseconds X-ray pulses have started at SR facilities and multi-TW laser facilities. Time-resolved X-
ray diffraction to investigate atomic dynamics is the major trend there. Especially, ultrafast microscopic
processes in thermal expansion and coherent acoustic phonon in laser-irradiated GaAs monocrystal has
been analyzed in the picosecond time regime. As the next stage, dynamic structural analysis of proteins and
time-resolved X-ray imaging are proposed and discussed.

We review updated research activities including short X-ray source development and application, and
foresee the related future, involving the activities at Nuclear Engineering Research Laboratory, University

of Tokyo.
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Table 1. Recent works on time-resolved X-ray diffraction

Research institute X-ray source Temporal resolution Crystal Observed phenomena
UC SanDiego Laser plasma 10 ps GaAs Thermal expansion, shock wave
LBNL SR 10 ps GaAs Acoustic phonon
Univ. Essen Laser plasma 10 ps Ge +Si Melting, acoustic phonon
Univ. Oxford/ESRF SR 1ps GaAs Acoustic phonon
LOA Laser plasma <1 ps LB crystal, InSb Destruction, melting
Tokyo Inst. Tech. Laser plasma 100 ps GaAs Shock wave
NERL, Univ. Tokyo Laser plasma 10 ps GaAs Thermal expansion, shock wave
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Figure 3. Experimental setup in the experimental chamber.
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Figure 4. Change of X-ray diffraction pattern of GaAs (CuKey,,)

at 150 ps after laser irradiation.
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Figure 5. Comparison between experimental (solid line) and ni-

merical (broken line) results of X-ray diffraction patter.
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Figure 6. Numerical results of shock wave propagation.

Figure 7. Visualization of Coherent longitudinal optical phonons
(standing wave, ~8.5 THz).
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Figure 8. Phase relaxation, thermalization and expansion (1~60

ps).

Shoclkwave acoustic ”

phonon

Thermal expansion

Figure 9. Visualization of shock wave acoustic phonons (coher-
ent) and thermal expansion (incoherent optical phonons).
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Figure 10. Difference of X-ray diffraction patterns for Si, GaAs,
and Ge monocrystals by nunerial analyies.
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