Ultra high-speed X-ray phase-contrast imaging using

single-pulse synchrotron radiation

M. P. Olbinado®, X. Just®, J.-L.. Gelet®, M. Scheel ®, P. Vagovic ®©, T. Sato ©?),
R. Graceffa®, P. Pradel | T. De Resseguier ) A. Pelka®, M. Roedel ®, J. Grenzer ®,

M. E. Rutherford®, D. J. Chapman®, D. E. Eakins®, and A. Rack®

(1) ESRF-The European Synchrotron, 38000 Grenoble, France
(2)Université Grenoble Alpes - CNRS - SIMAP, 38000 Grenoble, France
(3) MERSEN France SB, 69720 Saint Bonnet de Mure, France
(4) Synchrotron SOLEIL, 91192 Gif-sur-Yvette, France
(5) European XFEL GmbH, 22869 Schenefeld, Hamburg, Germany
(6) Center for Free-Electron Laser Science, DESY, Notkestrasse 85, 22607 Hamburg, Germany
(7) Institut Pprime - CNRS - Université de Poitiers — ISAE-ENSMA, 86962 Futurosscope Chasseneuil, France
(8) Helmholtz-Zentrum Dresden-Rossendorf, 01314 Dresden, Germany
(9)Institute of Shock Physics, Imperial College London, London SW7 2BZ, United Kingdom

margie.olbinado@esrf.fr (Margie P. Olbinado)

Third generation synchrotron light sources offer high photon flux, partial spatial coherence,
and < 100 ps pulse widths with megahertz repetition rates. These properties present enormous
potential for studies of processes, which evolve on timescales governed by material sound
speeds in the order of km/s (um/ns) [1-3]. We will report on hard X-ray phase-contrast
imaging (XPCI) with single-pulse temporal resolution and multiple-frame recording with
million frames per second rates that is being developed at the European Synchrotron
Radiation Facility (ESRF) [3-5]. We will present visualizations of various transient processes
such as crack propagation in glass, explosion during electric arc ignition, laser-induced micro-
cavitations and jetting in water, laser-shock-induced compression in polymeric foam, and
hypervelocity-impact-induced shock, cavity collapse and spallation. We will highlight the
importance of multiple-frame recording to observations of stochastic transient processes
which are impossible to realize using single-shot or stroboscopic XPCI. We will demonstrate
XPCI as a powerful diagnostic to observe instantaneous velocities and internal structures,
which cannot be obtained from X-ray attenuation-contrast imaging and cannot be probed, or
only partially probed, using conventional ultra-high-speed optical shadowgraph techniques or
laser-backlighters.

[1] S. N. Luo, B. J. Jensen, D. E. Hooks, K. Fezzaa, K. J. Ramos, J. D. Yeager, K. Kwiatkowski, and T.
Shimada, Rev. Sci. Instrum. 83(7), 2012, 073903.

[2] D. E. Eakins and D. J. Chapman, Rev. Sci. Instrum. 85(12), 2014, 123708.

[3] A. Rack, M. Scheel, L. Hardy, C. Curfs, A. Bonnin, and H. Reichert, J. Synchrotron Rad. 21(4), 2014, 815.
[4] M. E. Rutherford, D. J. Chapman, J. R. W. Patten, D. E. Eakins, J. G. Derrick, G. S. Collins, A. Rack, P. A.
Bland, Scientific Reports, 2017, in press.

[5] M. P. Olbinado, X. Just, J.-L. Gelet, P. Lhuissier, M. Scheel, P. VVagovic, T. Sato, R. Graceffa, J. Schulz, A.
Mancuso, J. Morse, and A. Rack, Optics Express, 2017, under review.



