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X-ray Thomson scattering (XRTS) is a powerful diagnostic for understanding warm-dense matter, as it simultaneously encodes details of electron correlations, ionization, and the plasma thermodynamic state [1]. However, the low efficiency of XRTS has encouraged spectrometer designs to use large-area, time-gated detectors, limiting the number of independent spectra that can be collected from a single experiment [2]. To improve the temporal resolution and extend the diagnostic utility of XRTS, we have designed a high-efficiency x-ray spectrometer coupled to an x-ray streak camera for use on the National Ignition Facility (NIF). A conically curved crystal spectrally resolves and sagitally focuses 8 – 10 keV x-rays onto a millimeter-wide streak-camera photocathode, increasing sensitivity by two orders of magnitude over existing streaked spectrometers. The continuous, multi-nanosecond record increases the number of temporal resolution elements by a factor of five over high-efficiency gated spectrometers [2], increasing data collection and eliminating uncertainty introduced by combining data from multiple shots.
We will present the spectrometer design, characterization of its spectral resolution and sagittal focus, and initial measurements that demonstrate performance. With this new diagnostic, XRTS experiments are equipped to constrain the evolving thermodynamic state of laser-driven samples throughout a single experiment, enabling continuous equation-of-state measurements along multi-shock and quasi-isentropic compression paths. 
This work was performed under the auspices of the U.S. Department of Energy and an appointment to the Office of Science, by Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344. LLNL-ABS-2017307.

[1] S. H. Glenzer and R. Redmer, Rev. Mod. Phys. 81, 1625 (2009).
[2] T. Döppner, et al., Rev. of Sci.Instrum. 85 (2014).

Category: High-energy-density plasmas
