Observation of submicron-scale dynamics in laser-driven shocked foams through high sensitivity differential phase contrast and dark field imaging
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With their extreme source brilliance, hard X-ray free electron lasers provide novel capabilities to probe laser-matter interaction [1]. We present here recent developments in hard X-ray grating interferometry [2] to enable differential phase contrast imaging and dark field (scattering) imaging while still preserving the classical absorption radiograph within a single X-ray shot [3]. This new capability to reconstruct images related to three different X-ray interactions enables more refined description of extreme dynamics in laser-driven shock compression experiments [4]. We will showcase in this work increased contrast and sensitivity from X-ray interferometry to quantitatively and qualitatively characterize shocks and Rayleigh-Taylor instabilities in foam shock tubes. Novel analysis methods will be demonstrated on recent datasets acquired at both MEC instrument (LCLS) and HED instrument (EuXFEL) to illustrate how these new capabilities enable to advance our understanding of micro-physics in laser-driven shock experiments.
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