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The use of ultrafast laser pulses to generate very high brightness, ultrashort (10™ to 10™ s)
pulses of x-rays is a topic of great interest to the x-ray user community. In principle,
femtosecond-scale pump-probe experiments can be used to temporaly resolve structural
dynamics of materials on the time scale of atomic motion. However, further development of this
field is severely hindered by the absence of a suitably intense x-ray source that would drive the
development of improved experimental techniques and establish a broader range of applicability.
We report on a project at the Lawrence Livermore National Laboratory to produce a novel x-ray
source and essential experimental techniques that will enable unprecedented dynamic
measurements in matter. Based on scattering of a sub-50-fs, multiterawatt, multibeam laser from
a co-synchronous and highly focused relativistic electron bunch, PLEIADES (Picosecond Laser
Electron Interaction for Dynamic Evaluation of Structures) will produce tunable, ultrafast, hard
x-ray (10- 200 keV) probes that greatly exceed existing 3rd generation synchrotron sources in
speed (100 fs - 1 ps), peak brightness (10%° ph/mm?s mrad® 0.1% BW, and >10° ph/pulse), and
simplicity (100-fold smaller). Such bright, ultrafast high energy x-rays will enable pump-probe
experiments using radiography, dynamic diffraction, and spectroscopy to address the Equation of
State and dynamics of phase transitions and structure in laser heated and compressed heavy
dense metals of interest for materials science.
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