Picosecond Diffraction Studies of Coherent Phonons at ESRF
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Over the past few years there has been significant progress in the field of time-resolved X-ray diffraction, and with present technology sub-picosecond temporal resolution is possible. These advances have been made following developments in both short-pulse laser technology (giving rise to the ability to generate K  radiation on sub-picosecond timescales)[1] and in synchrotron technology, where lower-power femtosecond lasers, synchronised to the storage ring, are used both to induce coherent phonons within samples and to initiate registration of the diffraction event by triggering ultra-fast X-ray streak cameras.[2] Such capabilities have led to a number of novel experiments by several groups where, for the first time, coherent phonons with frequencies close to 1THz have been observed via X-ray diffraction techniques. High frequency acoustic phonons have been directly observed, and novel means of investigating electron-phonon coupling times developed.  Experiments with picosecond resolution have been performed both at the ALS and at ESRF, and it has been found that the observation of the phonons is highly sensitive to both the bandwidth of the source, and the diffraction geometry In this paper we provide an overview of the current status of such experiments at ESRF, linking the data to dynamical diffraction simulations from both laser-induced acoustic and optic modes. We are fast approaching the point where the temporal resolution obtainable is set by the diffracting properties of the crystal itself, and simulations of femtosecond diffraction of relevance to 4th generation sources will also be presented. [3]

[1] Christoph Rose-Petruck, Ralph Jimenez, Ting Guo, Andrea Cavalleri, Craig W. Siders, Ferenc Raksi, Jeff A. Squire, Barry C. Walker, Kent R. Wilson and Christopher P.J. Barty, Nature 398, 310 (1999).

[2] A.M. Lindenberg, I. Kang, S.L. Johnson, T. Missalla, P.A. Heimann, Z. Chang, J. Larsson, P.H. Bucksbaum, H.C. Kapteyn, H.A. Padmore, R.W. Lee, J.S. Wark, and R.W. Falcone, Phys. Rev. Lett. 84, 111 (2000).

[3] J.S. Wark and R.W. Lee, J. Appl. Crystallogr. 32, 692 (1999).

