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X-ray radiography is a key imaging technique in a wide range of laser-plasma experiments in High
Energy Density Physics (HEDP), including laboratory astrophysics and inertial confinement fusion research.
It provides a two-dimensional density distribution over the entire volume of an object and enables the study
of the temporal evolution of rapidly evolving hydrodynamic phenomena such as laser-induced shock waves
or plasma jets, blast waves or hydrodynamic instabilities, which are often opaque to visible light.

The simplest and most widely used probe radiation is an X-ray source based on laser plasma. Typical
resolutions achieved today are in the order of 10-20 pum in space and picoseconds in time. As the visibility
of the recorded X-ray pattern depends on the brightness, monochromaticity and coherence of the radiation
source, the images from laser plasma sources are blurred.

The advent of free-electron lasers (FELs) opened new possibilities and even a new era for X-ray
radiography in HEDP experiments. In 2009, the first step was taken at FLASH facility to implement phase-
contrast imaging (PCI) in the soft X-ray spectral range at a photon energy of 155 eV [1]. However, the
real progress in the development of X-ray methods is associated with hard X-ray FELs (XFELs). These
sources offer a unique opportunity for decisive success in the study of extreme hydrodynamic phenomena in
laser plasmas by implementing the coherent phase-contrast radiography approach. Firstly, the femtosecond
duration of the XFEL probe pulses provides a high temporal resolution, far beyond the usual nanosecond
timescale of plasma hydrodynamics. In addition, the extremely high spectral resolution, coherence and
extreme brightness of the source enable the acquisition of high-contrast images of objects with low density
gradients using the phase-contrast radiography approach.

There are currently three XFEL facilities (LCLS — USA, SACLA — Japan, EuXFEL — Germany) in which
stations for investigating the HEDP are in operation. Each station is capable of simultaneously delivering an
X-ray pulse and optical pulses of nanosecond and femtosecond duration into the experimental chamber. The
combination of an XFEL beam (with probe energy photons of several keV) with powerful optical lasers in a
laboratory pump-probe experiment opens unique possibilities for solving problems in laboratory astrophysics,
condensed matter physics, laser nuclear fusion and other fields.

In this report, the capabilities and limitations of coherent phase-contrast radiography with an XFEL pulse
to study hydrodynamic phenomena in laboratory experiments with laser plasma are discussed in detail [2, 3].
An overview of the latest outstanding studies on laser-induced Rayleigh-Taylor instabilities and elastic-plastic
shock waves in nanosecond laser plasmas is given [4—6]. This is particularly relevant in the context of the
construction of the “mega-science” class facility “SyLa” (Synchrotron and Laser) in the Russian Federation,
which includes an accelerator-storage complex with a 4th generation synchrotron source and an XFEL. The
expected parameters and the structure of the complex are described in detail in a recently published work
[7]. It is important to underline that in the frame of the project an experimental station at the XFEL dedicated
to the study of matter in extreme states (MEC) is being developed. Comprehensive studies of laser plasmas
performed in such experiments require the development of suitable X-ray diagnostic techniques.
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