X-RAY PROBES OF ULTRAFAST COHERENT DYNAMICS IN IMPULSIVELY STRAINED SOLIDS
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We report pump-probe time-resolved x-ray diffraction studies of the coherent lattice dynamics of InSb and Ge crystals, which were impulsively strained by a femtosecond laser.  These experiments were carried out using a 1kHz 50 fsec laser source on the MHATT-CAT beam line at the Advanced Photon Source.  By combining pump-probe methods used in ultrafast optics and wave vector matching techniques of x-ray diffraction, we were able to build a two-dimensional picture of the induced strain as it evolves following the impulse.  The experiments display clearly the dynamics of both the compression and rarefaction of the associated strain wave.  
Time-resolved x-ray diffraction studies of lattice dynamics in the Bragg geometry are limited to detection of the near surface region of strain, due to the finite penetration depth of the x-rays.  It would be desirable to probe the strain wave as far as possible in the propagation direction.  We have explored this by measuring the anomalous transmission of x-rays (the Borrmann effect) through 0.63 mm of crystalline Ge.  Coherent oscillations of the transmitted x-rays have been observed following laser excitation.

The techniques developed for this coherent acoustic modulation of x-rays could be extended to the terahertz regime by using optical phonon modes of Bragg crystals.  We have studied several candidate systems for this, and have found lattice distortions of over 0.1% in crystalline Bi, as well as long-lived optical phonon coherences in bismuth gernate.
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