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Synopsis X-ray diffraction methods using x-ray free-electron lasers (XFELs) enable one to observe ultra-fast structural 

changes in the matter under extreme conditions, which are of importance for the understanding of non-equilibrium phenome-

na. Time-resolved wide-angle x-ray scattering measurements of Xe clusters were carried out at SACLA in Japan. Structural 

changes of the near-infrared (NIR) laser heated Xe clusters were observed as a significant decrease in the number of Bragg 

peaks obtained from the Xe clusters after irradiation of the NIR laser. 

X-ray free-electron lasers (XFELs) deliver 

ultrashort, spatially coherent and extremely in-

tense x-ray pulses. X-ray diffraction methods 

using XFELs enable one to observe ultrafast 

structural changes, such as lattice contraction 

[1] and surface softening [2], in matter under 

extreme conditions. These are of importance for 

the understanding of non-equilibrium phenome-

na. Here we report recent results of time-

resolved wide-angle x-ray scattering experi-

ments on highly excited Xe clusters. A near in-

frared pulse is used to transform the clusters 

into a nanoplasma. A second, hard x –ray, pulse 

probes the ultrafast evolution of the local cluster 

structure on the time scale of a few femtosec-

onds to picoseconds. 

The experiments were carried out at the ex-

perimental hutch 2 of the beamline 3 at SACLA 

in Japan. Xe clusters were generated by expand-

ing Xe gas through a conical nozzle with a 200 

μm diameter and a 4˚ half-opening angle. The 

NIR pulses (800 nm, 30 fs FWHM) were used 

to heat the Xe clusters. The pulse energy of the 

NIR pulses were up to 12 mJ. The XFEL pulses 

(11.2 keV, 10 fs FWHM) were scattered by the 

heated Xe clusters. The pulse energy of the 

XFEL was ~60 μJ. The Bragg signals from the 

XFEL pulses were recorded with a multi-port 

charge-coupled device (MPCCD) octal sensor 

[3] installed 100 mm downstream of the interac-

tion point. In coincidence with each single-shot 

scattering image, ion spectra were measured 

with an ion time-of-flight spectrometer. We ob-

served the induced structural changes as a sig-

nificant decrease in the number and intensity of 

the Bragg peaks from Xe clusters after irradia-

tion with NIR compared to no or prior (negative 

delay) irradiation. 
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