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Abstract: Astronomical observations reveal that the interaction between shock waves and/or blast waves with
astrophysical objects (molecular clouds, stars, jet winds, etc.) is a common process which leads to a more intricate
structure of the interstellar medium. In particular, when two isolated massive stars are relatively close and explode,
the resulting Supernovae Remnants (SNRs) can interact. The impact zone presents fascinating complex
hydrodynamic physics which depends on the age of the SNRs, their relative evolution stage, and the distance
between the two stars. In this Letter, we investigate experimentally the interaction region (IR) formed when two blast
waves (BWs) collide during their Taylor-Sedov expansion phase. The two BWs are produced by the laser irradiation
(1 ns, similar to 500 J) of 300 mu m diameter carbon rods and propagate in different gases (Ar and N-2) at different
pressures. The physical parameters, such as the density and temperature of the IR, are measured for the first time
using a set of optical diagnostics (interferometry, schlieren, time-resolved optical spectroscopy, etc.). This allows us
to determine precisely the thermodynamic conditions of the IR. A compression ratio of r similar to 1.75 is found and
a 17-20% increase in temperature is measured compared to the shell of a single blast wave. Moreover, we observe the
generation of vorticity, inducing strong electron density gradients, in the IR at long periods after the interaction. This
could in principle generate magnetic fields through the Biermann Battery effect. Published under license by AIP
Publishing.
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Abstract: The configuration of a commercial TW-class femtosecond laser amplifier and measurement techniques
used for laser pulse characterization are described. Designed laser modules and new laser system layout for
upgrading this sub-TW femtosecond laser system to a multi-TW laser system are presented. A four-pass Ti:sapphire



amplifier was designed to amplify the chirped pulses from 15 mJ up to 220 mJ energy. A vacuum compressor, with
two-diffraction gratings, was designed for amplified pulses temporal compression. Considering 30 nm bandwidth
input pulses with ideal Fourier transform limit (FTL) duration of 31.4 fs, 1.05 times FTL pulses can be obtained by
the compensation of the chirped pulse amplifier phase dispersion in the compressor. Some experiments based on the
upgraded multi-TW Ti:sapphire laser are proposed, such as spectral broadening for post-compression, laser induced
damage threshold measurements using femtosecond pulses, and coherent combination of ultrashort pulses.
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Abstract: This report presents the conceptual design of a new European research infrastructure EUPRAXIA. The
concept has been established over the last four years in a unique collaboration of 41 laboratories within a Horizon
2020 design study funded by the European Union. EUuPRAXIA is the first European project that develops a dedicated
particle accelerator research infrastructure based on novel plasma acceleration concepts and laser technology. It
focuses on the development of electron accelerators and underlying technologies, their user communities, and the
exploitation of existing accelerator infrastructures in Europe. EUuPRAXIA has involved, amongst others, the
international laser community and industry to build links and bridges with accelerator science - through realising
synergies, identifying disruptive ideas, innovating, and fostering knowledge exchange. The Eu-PRAXIA project aims
at the construction of an innovative electron accelerator using laser- and electron-beam-driven plasma wakefield
acceleration that offers a significant reduction in size and possible savings in cost over current state-of-the-art
radiofrequency-based accelerators. The foreseen electron energy range of one to five gigaelectronvolts (GeV) and its
performance goals will enable versatile applications in various domains, e.g. as a compact free-electron laser (FEL),
compact sources for medical imaging and positron generation, table-top test beams for particle detectors, as well as
deeply penetrating X-ray and gamma-ray sources for material testing. EUPRAXIA is designed to be the required
stepping stone to possible future plasma-based facilities, such as linear colliders at the high-energy physics (HEP)
energy frontier. Consistent with a high-confidence approach, the project includes measures to retire risk by
establishing scaled technology demonstrators. This report includes preliminary models for project implementation,
cost and schedule that would allow operation of the full Eu-PRAXIA facility within 8-10 years.
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Abstract: The standard approach to calculate the Thomson scattering probability is reconsidered for the case of
ultrashort incident laser pulses (USLPs). We established a new model for the interaction of USLP with plasmas that
is based on Fermi's equivalent photon conception to calculate the spectral-angular differential Thomson scattering
probability. The simulations demonstrate that the scattering probability for USLP is a non-monotonic function of



pulse duration in contrast to the standard long-pulse model showing linear dependence. An analytical approach is
developed to study the nonlinear behavior of the scattering probability as a function of pulse duration and other
parameters.
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Abstract: We investigated theoretically the time dependence of ultra-short laser pulse scattering by an atom at the
high-frequency limit for the spectral and total probability of the process using new expression which we derived in
this paper. We established that the time dependence of spectral scattering is presented by the curve with the
maximum for sufficiently large detuning of scattering frequency from the carrier frequency of the pulse, while the
total scattering probability is always the monotonically increasing function of time. We also studied the dependence
of scattering probability on pulse duration at the long-time limit. It was shown that, at the long-pulse limit, the
scattering probability is a linear function of pulse duration, while in the opposite case, it is a function with maximum.

The position of this maximum is determined by the detuning of the scattering frequency from the carrier frequency of
the pulse.
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Abstract: To increase the fluence and maximum energy of laser-driven proton beams in view of potential
applications such as isochoric heating of dense material or isotope production, it has been proposed to attach a helical
coil normally to the rear side of the irradiated target. By driving the target discharge current pulse through the coil,
this scheme allows a fraction of the proton beam to be selected in energy and to be focused and further accelerated.
The previously published results are extended to higher laser pulse energies and longer coils. This leads to an
increased number of guided protons and the generation of several proton bunches. Large scale particle-in-cell
simulations with realistic boundary conditions reproduce well the experimental results. A detailed analysis of the
numerical simulations and an analytical model demonstrate that the current propagation along a helical wire differs
from the one of a linear or folded wire. In a helical wire, the current pulse is subject to velocity dispersion, which
results in progressive modification of its spatial profile, and so in proton bunch trapping and focusing.
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Abstract: In the Shock Ignition scheme, the spike pulse intensity is well above the threshold of parametric
instabilities, which produce a considerable amount of hot electrons that could be beneficial or detrimental to the
ignition. To study their impact, an experiment has been carried out on the LMJ-PETAL facility with a goal to
generate a strong shock inside a plastic layer under plasma conditions relevant to full-scale shock ignition targets. To
evaluate the effect of hot electrons on the shock characteristics, laser temporal smoothing was either switched on or
off, which in turns varies the quantity of hot electrons being generated. In this paper, we present preliminary results
obtained during the experiment dedicated to the hot electron characterization. We present also calculations for the
second part of the experiment, scheduled in 2020 and focused on the shock characterization.
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Abstract: Aims. Investigating the process of matter accretion onto forming stars through scaled experiments in the
laboratory is important in order to better understand star and planetary system formation and evolution. Such
experiments can indeed complement observations by providing access to the processes with spatial and temporal
resolution. A previous investigation revealed the existence of a two-component stream: a hot shell surrounding a
cooler inner stream. The shell was formed by matter laterally ejected upon impact and refocused by the local
magnetic field. That laboratory investigation was limited to normal incidence impacts. However, in young stellar
objects, the complex structure of magnetic fields causes variability of the incident angles of the accretion columns.
This led us to undertake an investigation, using laboratory plasmas, of the consequence of having a slanted accretion
impacting a young star.Methods. Here, we used high power laser interactions and strong magnetic field generation in
the laboratory, complemented by numerical simulations, to study the asymmetry induced upon accretion structures
when columns of matter impact the surface of young stars with an oblique angle.Results. Compared to the scenario



where matter accretes perpendicularly to the star surface, we observe a strongly asymmetric plasma structure, strong
lateral ejecta of matter, poor confinement of the accreted material, and reduced heating compared to the normal
incidence case. Thus, slanted accretion is a configuration that seems to be capable of inducing perturbations of the
chromosphere and hence possibly influencing the level of activity of the corona.
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Abstract: We detail a laser plasma experiment aimed at enhancing laser to MeV electron energy coupling and then
the x-ray dose produced when a short pulse laser propagates through a long preformed plasma. This study can be of
interest not only for radiography of high areal mass objects requiring large doses but also for radiation safety of large
scale laser facilities such as LMJ or NIF able to produce long preformed plasmas through which a short pulse laser
can propagate. A low-intensity (similar to 10(14) W/cm(2)) ns beam explodes a thin foil deposited on a high-Z solid
target to generate an underdense plasma. An intense (>10(18) W/cm(2)) and short (<1 ps) laser pulse then (with an
adjustable delay <delta>t) interacts with this plasma and produces multi-MeV electrons. These high-energy electrons
are converted into a bremsstrahlung emission of MeV x-ray photons in the high-Z target. In a second target design, a
vacuum gap between the foil and the conversion target is also tested to let the plasma expand on both sides of the
foil, increasing the interaction length even more. Results show how the vaporization of the foil produces an
underdense plasma over several hundreds of micrometers which significantly enhances x-ray doses, with harder
x-ray spectra obtained at an optimum delay, delta t, until the short pulse laser is affected by refraction. Increasing the
interaction length with gap targets is at the origin of a much more complex plasma hydrodynamics involving on-axis
plasma stagnation which delays the optimum time for the maximum x-ray dose production.
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Abstract: Ejecta production upon the breakout of a shock wave at a rough surface has been the subject of extensive
research work for about six decades. For a few years, we have investigated how laser-driven shocks could provide
original, complementary data on this issue, over specific ranges of very high loading pressures, very short pulse
durations (ns-order), small dimensions (tens of mu m) and extremely high strain rates. Here, selected results are
presented in two metals (Cu and Sn), with either single triangular grooves of controlled depths and sharp angles or
periodic, quasi-sinusoidal perturbations of different amplitudes. Experimental data combine measurements of jet



velocities, using both optical shadowgraphy and Photonic Doppler Velocimetry, with ultra-fast laser based X-ray
radiography to estimate mass ejection. Results are briefly compared with the predictions of analytical models and
data obtained by other teams from explosive-based experiments, at lower pressure and over much larger temporal
and spatial scales. Thus, both interest and limitations of laser shocks for this particular field of shock physics are
illustrated and discussed.
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Abstract: The direct and indirect drive schemes for inertial confinement fusion (ICF) make use of a large number of
laser beams arranged in a symmetric angular distribution. The preferential decay geometry of the three waves
resonant couplings, mainly responsible for backscattered light in single beam experiments, may then be deeply
modified in the region of crossing beams where collective laser plasma instabilities could develop. Such instabilities
can occur for laser beams having a common symmetry axis along which they drive a common daughter wave. The
collective coupling results in an increase of the growth gain with the increase of the number of interacting beams and
produce energy losses in new backward directions. We have taken advantage of the multiple beams of the Omega
laser facility and of its large battery of diagnostics to study the physics related to this multiple beams interaction in
the regimes of high temperature plasmas relevant of the direct and indirect drive schemes to ICF. Experiments
performed in a planar open geometry have evidenced the large amplification of stimulated Raman scattering (SRS)
electromagnetic waves almost transverse to the density gradient as theoretically predicted 40 years ago. This was
achieved in long scale-length high-temperature plasmas in which two beams couple to the same scattered
electromagnetic wave further demonstrating this multiple-beams collective SRS interaction. The collective nature of
the coupling and the amplification at large angles from the density gradient increase the global SRS losses and
produce light scattered in novel directions out of the planes of incidence of the beams. Indirect drive experiments
were performed in rugby ball shaped Hohlraum irradiated by 40 beams. Large instantaneous (peak reflectivity >30%)
Brillouin sidescattering was evidenced to originate from the collective Brillouin amplification of a shared ion
acoustic wave driven along the Hohlraum axis by a cone of 10 beams. In this paper, the scattering geometry is
detailed for the two types of collective instabilities showing that they produce light scattered in novel very precise
directions located far from the original aperture of the beams where the diagnostics are usually set-up. This scattered
light could be measured on Omega thanks to the flexibility of the facility. Key features of the light scattered by
collective instabilities are identified that would allow to recognize their signatures in more complex, less diagnosed
experiments.
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Abstract: X-ray free electron laser (XFEL) interaction with solids has been simulated to resolve simultaneously
variable XFEL photon energy and x-ray spectral distribution of the target emission (2D-maps). It is discovered that
the highly transient charge state distribution exhibits a characteristic target response due to the action of the sharply
rising radiation field. Finally, we identify advantageous features for studies of dense plasma effects of two K-shell
vacancy hollow ion x-ray emission excited via resonance excitation. These features and characteristics permit the
global study of dense plasma effects via the simulation of the time-integrated joint distribution of pumped and
fluorescence energies. It is shown that the simulation of these specific 2D-maps offers a global vision of the complex

interplay between different processes or phenomena such as photoionization, resonance excitation, or ionization
potential depression.
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Abstract: Yb-doped materials, due to their high saturation fluence and consequently their low gain, represent a
challenging choice for high-energy amplifiers. In this Letter, we study two original amplifier designs adapted to a
large number of passes capable of operating in the 100 mJ energy range at repetition rates up to 100 Hz using
Yb:CaF?2 crystals as active media. Amplification geometries based on double-head active-mirror configurations are
presented. We confront two alternative strategies suitable for amplification of large beams: regenerative and
geometrical multi-pass amplifiers. This Letter consists of finding the pivot point, allowing us to discriminate the
specific interest of each strategy. We present compensation methods of the thermal lens adapted to each amplifier
configuration with and without cavity, and we demonstrate that despite similar laser heads and pumping conditions,
the thermal lens impacts differently the optimal performance for multi-pass or regenerative strategy. We perform
amplification up to 66 mJ pulses at 10 Hz with the regenerative amplifier and 52 mJ at 100 Hz with the multi-pass
amplifier. (C) 2020 Optical Society of America
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Abstract: In this work, the possibility of the implementation of impurities in the compositions of solid thick targets
irradiated by intense lasers is discussed in order to solve problems of optically-thick plasma diagnostics. Calculations
were conducted for relative intensities of oxygen resonance lines (H-like-3p-1s, 4p-1s, Sp-1s, 6p-1s, 7p-1s
transitions) in a recombination quasi-stationary model to obtain plasma parameters. In the experiment with 0.6 ns, 40
J laser pulses focused to 600 mu m focal spot at solid polyvinylidene chloride target the parameters of plasma jet
stopped by solid oxidized Teflon obstacle were studied by means of spatially-resolved x-ray spectroscopy.
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Abstract: We report in situ structural measurements of shock-compressed single crystal orthoenstatite up to 337 55
GPa on the Hugoniot, obtained by coupling ultrafast X-ray diffraction to laser-driven shock compression. Shock
compression induces a disordering of the crystalline structure evidenced by the appearance of a diffuse X-ray
diffraction signal at nanosecond timescales at 80 13 GPa on the Hugoniot, well below the equilibrium melting
pressure (>170 GPa). The formation of bridgmanite and post-perovskite have been indirectly reported in
microsecond-scale plate-impact experiments. Therefore, we interpret the high-pressure disordered state we observed
at nanosecond scale as an intermediate structure from which bridgmanite and post-perovskite crystallize at longer
timescales. This evidence of a disordered structure of MgSi0O3 on the Hugoniot indicates that the degree of
polymerization of silicates is a key parameter to constrain the actual thermodynamics of shocks in natural
environments.

Plain Language Summary The study of silicate materials at extreme pressures and temperatures provides insight on
the evolution of planetary bodies evolution during solar system formation. During their accretion, rocky bodies have
undergone several collisions and possibly planetary impacts that have transformed their minerals. The microscopic
processes occurring during such events are not fully understood. In this study, we used high-power lasers to generate
shock waves into MgSi0O3 enstatite crystals, creating conditions comparable to the deepest part of the early Earth
mantle and large planetary impacts. During the shock wave transit, within few nanoseconds, we probed the structure
of shocked enstatite between 14 3 and 337 55 GPa using intense X-ray pulses from Linac Coherent Light Source
X-ray free electron laser facility. We found that, when shocked between 80 +/- 13 GPa and the conditions of
equilibrium melting (above 170 GPa), enstatite transforms into a disordered structure instead of forming bridgmanite



or post-perovskite-the expected equilibrium phases. This disordered structure is similar to MgSiO3 glass or liquid
and is observed up to 337 +/- 55 GPa. This study provides the first direct measurement of shocked enstatite structure
and suggests that the observed disordered state is an intermediate phase on the transformation pathway of
bridgmanite in natural impacts.
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Abstract: Fuel areal density (rho R) of all recent indirectly driven, cryogenically-layered DT implosions at the
National Ignition Facility (NIF) show a deficit when compared to simulations. Across all designs, experimental rho R
is lower than in 1D simulations without alpha energy or momentum deposition. A series of layered implosions were
fielded at NIF to assess the impact of fuel-ablator instability, as caused by M-band preheat, on lower-than expected
fuel areal density. The stability of the fuel-ablator interface is modified by varying the Atwood number through a
series of experiments where capsules were fielded with different ablator dopant levels. A key finding of this
campaign is that optimization of 1D physics (shock timing) dominates stabilization of the fuel-ablator interface.
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Abstract: We present a study on the impact of a gas atmosphere on the collision of two counterpropagating plasmas
(gold and carbon). Imaging optical Thomson scattering data of the plasma collision with and without helium in
between have been obtained at the Omega laser facility. Without gas, we observed large scale mixing of colliding
gold and carbon ions. Once ambient helium is added, the two plasmas remain separated. The difference in ionic
temperature is consistent with a reduction of the maximum Mach number of the flow from M =7 to M = 4. It results
in a reduction of a factor similar to 10 of the counterstreaming ion-ion mean free path. By adding a low-density
ambient gas, it is possible to control the collision of two high-velocity counterstreaming plasma, transitioning from
an interpenetrating regime to a regime in agreement with a hydrodynamic description.
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Abstract: Knot structures exist ubiquitously in young stellar object (YSO) jets, which are a key tracer in
astronomical observation to estimate the jet properties and eventually the YSO's parameters (age, size, mass and so
on). Using 2D and 3D radiation magnetohydrodynamic simulations of the laser-produced plasma jets in external
poloidal magnetic fields, we present a systematic analysis on the formation mechanism and characteristics of knot
structures in collimated jets. The simulations demonstrate that the multi-knot pattern in jets can be formed by the
oblique internal shocks in only single ejection. It is found that the distance L between different knots in jet is
determined by the ratio of its thermal pressure to magnetic pressure beta as L alpha D beta(1/2), where D is the jet
transverse diameter. There is a factor about 0.4-0.6 between the knot and jet velocities. And radiation cooling effect
can alleviate the intensity of the external magnetic field required for collimating jets. These findings are scaled to the
conditions of YSO jets, and can be applied to explore some characteristics of the astrophysical jets.
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Abstract: This paper presents an empirical model for the response of Fuji BAS-TR image plate (IP) for various type
of energetic ions. This model has been obtained using the works of Bonnet et al. [Rev. Sci. Instrum. 84 (2013)
103510] and Birks [Proc. Phys. Soc. A 64 (1951) 874] and has been confronted to several experimental sets of data,
showing its validity and its limits for high Z ions.
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Abstract: This study aims to compare the expression of P2X receptor subtype mRNA in different arterial tissues of
rats. After the rats were sacrificed, the internal carotid, pulmonary, thoracic aorta, mesenteric and caudal arteries
were dissected out. Then, the P2X receptor mRNA expression in different blood vessels was detected by reverse
transcription-polymerase chain reaction (RT-PCR) and real-time quantitative polymerase chain reaction. The P2X1,
P2X4 and P2X7 receptor mRNA amplification products revealed specific bands of the same size as the amplified
target fragment in their respective lanes, while the P2X2, P2X3, P2X5 and P2X6 receptor mRNA amplification
products did not reveal significant specific bands in their respective lanes by RT-PCR. Based on the P2X1 receptor
mRNA expression of the mesenteric artery, there were no significant differences in the internal carotid, pulmonary
and thoracic aorta (0.64 +/- 0.07, 0.17 +/- 0.11 and 1.49 +/- 0.65, respectively). However, the P2X1 receptor mRNA
expression level in the caudal artery significantly increased (11.06 +/- 1.99, P <0.01). Furthermore, there was no
difference in P2X4 receptor mRNA expression among these five blood vessels (P > 0.05). The P2X7 receptor mRNA
expression level was significantly different: pulmonary artery < tail artery = thoracic aorta < internal carotid artery <
mesenteric artery. The relative P2X1 receptor mRNA expression in the caudal artery was observed to be elevated
when compared to that of the internal carotid, pulmonary and thoracic aorta as well as the mesenteric arteries. The
P2X7 receptor mRNA expression level is pulmonary artery < caudal artery = thoracic aorta < internal carotid artery <
mesenteric artery. P2X4 receptor mRNA expression was not significantly different among these five blood vessels.
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Abstract: X-ray line shifts and delocalization of levels of He-like ions are studied within the framework of the self-
consistent multi-configuration relativistic finite temperature ion sphere model. A set of analytical equations for an
N-electron bound atomic system to determine X-ray line shifts and level delocalization is proposed that provides
very good agreement with numerical calculations, newly high precision line shift measurements of the 1s3p P-1(1) -
1s(2) S-1(0) He-beta transition in Cl115+ and the 1s3p P-1(1)-level delocalization in All1+. We re-analyzed the
recently claimed discrepancy between the predictions from the ion sphere model, analytical approaches and the data.
The analytical b-potential approach that imitates lattice effects via a perturbation of the free electron distribution in
the in sphere is developed and contrasted with currently unexplained line shift measurements of the 1s2p P-1(1) -
1s(2) S-1(0) He-alpha transition in Al11+. (C) 2020 Elsevier B.V. All rights reserved.
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Abstract: Many supernova remnants (SNRs), such as G296.5+10.0, exhibit an axisymmetric or barrel shape. Such
morphologies have previously been linked to the direction of the Galactic magnetic field, although this remains
uncertain. These SNRs generate magnetohydrodynamic shocks in the interstellar medium, modifying its physical and
chemical properties. The ability to study these shocks through observations is difficult due to the small spatial scales
involved. In order to answer these questions, we perform a scaled laboratory experiment in which a laser-generated
blast wave expands under the influence of a uniform magnetic field. The blast wave exhibits a spheroidal shape,
whose major axis is aligned with the magnetic field, in addition to a more continuous shock front. The implications
of our results are discussed in the context of astrophysical systems.
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Abstract: A new method of calculating the temperature of strongly radiative shocks (Mihalas number of order unity
or lower) is proposed. By including ionization, radiative energy, and radiative flux terms in the Rankine-Hugoniot
jump conditions across the shock front, a new, self-consistent method of calculating the temperature of radiative
shocks is developed. The method is compared to those used to calculate temperature in previous studies using similar
methods, including those which partially included radiative and/or ionization effects. The method is also compared to
experimental data, taken from the literature, as well as the SESAME equation of state tables and radiative
hydrodynamics simulations. The results show the importance of including all radiative terms for the case of strongly
radiative shocks. This result has important implications for the design and interpretation of future laboratory
experiments where even faster radiative shocks may be generated. Previously unseen phenomena could be accessible
when the radiative energy plays a significant role in the system.
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Abstract: A new experimental platform based on laser-plasma interaction is proposed to explore the fundamental
processes of wave coupling at the origin of interplanetary radio emissions. It is applied to the study of
electromagnetic (EM) emission at twice the plasma frequency (2 omega(p)) observed during solar bursts and thought
to result from the coalescence of two Langmuir waves (LWs). In the interplanetary medium, the first LW is excited
by electron beams, while the second is generated by electrostatic decay of Langmuir waves. In the present
experiment, instead of an electron beam, an energetic laser propagating through a plasma excites the primary LW,
with characteristics close to those at near-Earth orbit. The EM radiation at 2 omega(p) is observed at different angles.
Its intensity, spectral evolution, and polarization confirm the LW-coalescence scenario.
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Abstract: Proton beams driven by chirped pulse amplified lasers have multi-picosecond duration and can
isochorically and volumetrically heat material samples, potentially providing an approach for creating samples of
warm dense matter with conditions not present on Earth. Envisioned on a larger scale, they could heat fusion fuel to
achieve ignition. We have shown in an experiment that a kilojoule-class, multi-picosecond short pulse laser is
particularly effective for heating materials. The proton beam can be focussed via target design to achieve
exceptionally high flux, important for the applications mentioned. The laser irradiated spherically curved diamond-
like-carbon targets with intensity 4x10(18)W/cm(2), producing proton beams with 3MeV slope temperature. A Cu
witness foil was positioned behind the curved target, and the gap between was either empty or spanned with a
structure. With a structured target, the total emission of Cu K alpha fluorescence was increased 18 fold and the
emission profile was consistent with a tightly focussed beam. Transverse proton radiography probed the target with
ps order temporal and 10 mu m spatial resolution, revealing the fast-acting focussing electric field. Complementary
particle-in-cell simulations show how the structures funnel protons to the tight focus. The beam of protons and
neutralizing electrons induce the bright K alpha emission observed and heat the Cu to 100eV.
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Abstract: Experiments investigating ion acceleration from laser-irradiated ultra-thin foils on the GEMINI laser
facility at the Rutherford appleton laboratory indicate a transition to 'light sail' radiation pressure acceleration when
using circularly polarised, high contrast laser pulses. This paper complements previously published results with

additional data and modelling which provide information on the multispecies dynamics taking place during the
acceleration, and provides an indication on expected scaling of these processes at higher laser intensities.
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Abstract: The first laboratory evidence of a radiative shock (RS) decelerating during its free expansion phase in an
optically thick medium is presented. A shock is generated in a multilayer solid target under the irradiation of a high-
power laser at the GEKKO XII laser facility. The rear surface of the target is connected to a gas cell filled with Xe.
Upon breakout, an RS, characterized by low Boltzmann number Bo MUCH LESS-THAN 1 and Mihalas number R
10, is generated. Experimental results reveal that radiative losses through the radiative precursor cause the shock to
lose energy and decelerate. A model is developed that describes the shock propagation as a function of time. The
model is in agreement with both numerical simulations and experimental results. These results have tremendous
consequences for astrophysical systems, such as SN 1987A, where radiative deceleration may play a role in the
formation of the observed hotspots in the circumstellar ring.
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Abstract: Properties of liquid silicates under high-pressure and high-temperature conditions are critical for modeling
the dynamics and solidification mechanisms of the magma ocean in the early Earth, as well as for constraining
entrainment of melts in the mantle and in the present-day core-mantle boundary. Here we present in situ structural
measurements by X-ray diffraction of selected amorphous silicates compressed statically in diamond anvil cells (up
to 157 GPa at room temperature) or dynamically by laser-generated shock compression (up to 130 GPa and 6,000 K
along the MgSi03 glass Hugoniot). The X-ray diffraction patterns of silicate glasses and liquids reveal similar
characteristics over a wide pressure and temperature range. Beyond the increase in Si coordination observed at 20
GPa, we find no evidence for major structural changes occurring in the silicate melts studied up to pressures and
temperatures exceeding Earth's core mantle boundary conditions. This result is supported by molecular dynamics
calculations. Our findings reinforce the widely used assumption that the silicate glasses studies are appropriate
structural analogs for understanding the atomic arrangement of silicate liquids at these high pressures.
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Abstract: The second and final year of the Erasmus Plus programme 'Innovative Education and Training in high
power laser plasmas', otherwise known as PowerLaPs, is described. The PowerLaPs programme employs an
innovative paradigm in that it is a multi-centre programme, where teaching takes place in five separate institutes with
a range of different aims and styles of delivery. The 'in-class' time is limited to 4 weeks a year, and the programme
spans 2 years. PowerLaPs aims to train students from across Europe in theoretical, applied and laboratory skills
relevant to the pursuit of research in laser plasma interaction physics and inertial confinement fusion. Lectures are
intermingled with laboratory sessions and continuous assessment activities. The programme, which is led by workers
from the Hellenic Mediterranean University and supported by co-workers from the Queen's University Belfast, the
University of Bordeaux, the Czech Technical University in Prague, Ecole Polytechnique, the University of loannina,
the University of Salamanca and the University of York, has just finished its second and final year. Six Learning
Teaching Training activities have been held at the Queen's University Belfast, the University of Bordeaux, the Czech
Technical University, the University of Salamanca and the Institute of Plasma Physics and Lasers of the Hellenic
Mediterranean University. The last of these institutes hosted two 2-week-long Intensive Programmes, while the
activities at the other four universities were each 5 days in length. In addition, a 'Multiplier Event' was held at the
University of loannina, which will be briefly described. In this second year, the work has concentrated on training in
both experimental diagnostics and simulation techniques appropriate to the study of plasma physics, high power laser
matter interactions and high energy density physics. The nature of the programme will be described in detail, and



some metrics relating to the activities carried out will be presented. In particular, this paper will focus on the overall
assessment of the programme.
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Abstract: We describe the overall performance of the major indirect-drive inertial confinement fusion campaigns
executed at the National Ignition Facility. With respect to the proximity to ignition, we can describe the performance
of current experiments both in terms of no-burn ignition metrics (metrics based on the hydrodynamic performance of
targets in the absence of alpha-particle heating) and in terms of the thermodynamic properties of the hotspot and



dense fuel at stagnation-in particular, the hotspot pressure, temperature, and areal density. We describe a simple 1D
isobaric model to derive these quantities from experimental observables and examine where current experiments lie
with respect to the conditions required for ignition.
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Abstract: In this work, a quasi-neutral plasma grating is considered, generated by two counter-propagating identical
laser beams. Typical time scales associated with such gratings are given by t(unit) = root m(i)/2Zm(e)(kv(0))(-1),
where v(0) is the electron quiver in the laser field of wavevector k. In most situations, the behavior of the grating can
be characterized by a single parameter, mu, which is proportional to the ratio of background electron temperature to
the square of the electron quiver velocity. Indeed, even for quasi-neutral gratings, electron pressure might play an
important role, via adiabatic electron heating. The influence on grating formation and lifetime of other parameters

involving the inclusion of dissipative effects or kinetic effects is also examined in detail. Finally, an approximated
analytical solution to the fluid model is found and shows good agreement with first-principle simulations.
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Abstract: Time-resolved x-ray absorption experiments have been performed on shocked tantalum. Using a single
100 ps synchrotron x-ray pulse, nanosecond-lived equilibrium states of shocked solid Ta have been measured by L-3-
edge absorption spectroscopy. The energy shift and intensity change of the white line were measured up to 130 GPa
and 2000 K. The experimental results are discussed in light of density functional theory calculations and FEFF
simulations. The absence of occurrence of the hcp-omega phase is suggested from the analysis of the shape of the
white line.

Accession Number: WOS:000576600200002

Record 35 of 43

By: Prudhomme, G (Prudhomme, G.); de Resseguier, T (de Resseguier, T.); Roland, C (Roland, C.); Sollier, A
(Sollier, A.); Lescoute, E (Lescoute, E.); Loison, D (Loison, D.); Brambrink, E (Brambrink, E.)

Title: Velocity and mass density of the ejecta produced from sinusoidal grooves in laser shock-loaded tin
Source: JOURNAL OF APPLIED PHYSICS



Volume: 128

Issue: 15

Article Number: 155903
DOI: 10.1063/5.0022940
Document Type: Article
Published: OCT 21 2020

Abstract: When a shock wave of several tens of GPa breaks out at a free surface, a material is ejected ahead of this
surface. The amount and velocity of such ejecta depend on the breakout pressure, state of the released material (solid,
liquid, or mixed), whether the shockwave is supported or unsupported, and the initial geometrical perturbation (or
roughness) of the free surface. If surface defects consist of small grooves, pits, or scratches, material ejection occurs
in the form of jets breaking up into tiny particles (so-called microjetting), with jet tip velocities up to several times
higher than the free surface velocity. The laser-based experiments presented in this paper focus on microjetting in
shock-melted tin with periodic surface perturbations. Several complementary diagnostics are combined to measure
the velocity and mass of ejecta during the early stages of the jetting process. One relevant advancement is the use of
ps-laser x-ray radiography to probe the density of the ejecta in distinct jets a few tens of mu m-wide. The effects of
the depth and wavelength of the initial perturbation are investigated in both linear and near-linear growth regimes.
The results are compared with predictions derived from the Richtmyer-Meshkov Instability theory.
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Abstract: We demonstrate the impact of the optics roughness in Offner stretchers used in chirped pulse amplification
laser chains and how it is possible to improve the temporal contrast ratio in the temporal range of 10-100 ps by
adequately choosing the optical quality of the key components. Experimental demonstration has been realized in the
front-end source of the multi-petawatt (PW) laser facility Apollon, resulting in an enhancement of the contrast ratio
by two to three orders of magnitude. (C) 2020 Optical Society of America
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Abstract: Statistical models combined with the local plasma frequency approach applied to the atomic electron
density are employed to study the photoionization cross-section for complex atoms. It is demonstrated that the
Thomas-Fermi atom provides surprisingly good overall agreement even for complex outer-shell configurations,
where quantum mechanical approaches that include electron correlations are exceedingly difficult. Quantum
mechanical photoionization calculations are studied with respect to energy and nl quantum number for hydrogen-like
and non-hydrogen-like atoms and ions. A generalized scaled photoionization model (GSPM) based on the
simultaneous introduction of effective charges for non-H-like energies and scaling charges for the reduced energy
scale allows the development of analytical formulas for all states nl. Explicit expressions for nl = 1s, 2s, 2p, 3s, 3p,
3d, 4s, 4p, 4d, 4f, and 5s are obtained. Application to H-like and non-H-like atoms and ions and to neutral atoms
demonstrates the universality of the scaled analytical approach including inner-shell photoionization. Likewise,
GSPM describes the near-threshold behavior and high-energy asymptotes well. Finally, we discuss the various
models and the correspondence principle along with experimental data and with respect to a good compromise
between generality and precision. The results are also relevant to large-scale integrated light-matter interaction
simulations, e.g., X-ray free-electron laser interactions with matter or photoionization driven by a broadband
radiation field such as Planckian radiation. (c) 2020 Author(s).
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Abstract: Novel phenomena and methods related to dielectronic capture and dielectronic recombination are studied
for non-local thermodynamic equilibrium (LTE) plasmas and for applications to non-LTE ionization balance. It is
demonstrated that multichannel autoionization and radiative decay strongly suppress higher-order contributions to the
total dielectronic recombination rates, which are overestimated by standard approaches by orders of magnitude.
Excited-state coupling of dielectronic capture is shown to be much more important than ground-state contributions,
and electron collisional excitation is also identified as a mechanism driving effective dielectronic recombination. A
theoretical description of the effect of angular-momentum-changing collisions on dielectronic recombination is
developed from an atomic kinetic point of view and is visualized with a simple analytical model. The perturbation of
the autoionizing states due to electric fields is discussed with respect to ionization potential depression and
perturbation of symmetry properties of autoionization matrix elements. The first steps in the development of
statistical methods are presented and are realized in the framework of a local plasma frequency approach. Finally, the
impact of collisional-radiative processes and atomic population kinetics on dielectronic recombination is critically
discussed, and simple analytical formulas are presented. (C) 2020 Author(s).
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Abstract: In the interaction of ultraintense, short laser pulses with solid targets, the collisionless Weibel instability is
observed. For a sufficiently high resistivity of the target, an additional resistive instability appears.

Collective processes in plasmas often induce microinstabilities that play an important role in many space or
laboratory plasma environments. Particularly notable is the Weibel-type current filamentation instability, which is
believed to drive the creation of collisionless shocks in weakly magnetized astrophysical plasmas. Here, this
instability class is studied through interactions of ultraintense and short laser pulses with solid foils, leading to
localized generation of megaelectronvolt electrons. Proton radiographic measurements of both low- and high-
resistivity targets show two distinct, superimposed electromagnetic field patterns arising from the interpenetration of
the megaelectronvolt electrons and the background plasma. Particle-in-cell simulations and theoretical estimates
suggest that the collisionless Weibel instability building up in the dilute expanding plasmas formed at the target
surfaces causes the observed azimuthally symmetric electromagnetic filaments. For a sufficiently high resistivity of
the target foil, an additional resistive instability is triggered in the bulk target, giving rise to radially elongated
filaments. The data reveal the growth of both filamentation instabilities over large temporal (tens of picoseconds) and
spatial (hundreds of micrometres) scales.
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Abstract: Significant challenges in the detection of laser-accelerated ions result from the high flux (10(10)-10(12)
ions/pulse) and the short bunch duration which are intrinsic to laser-driven sources. The development of diagnostic
techniques able to operate in real-time and on a high-rep basis is a key step towards multidisciplinary applications of
such non-conventional beams. Real time diagnosis of the main beam parameters for high-energy protons accelerated



by the Vulcan Petawatt (VULCAN-PW) laser system has been performed using an on line diagnostics based on the
Time of Flight (TOF) technique and the use of diamond detectors. Proton energy spectra have been measured for
energies exceeding 30 MeV. The results show that the TOF method employing state-of-the-art detectors is a robust
real-time diagnostics, able to operate efficiently under the harsh conditions occurring with kJ-class, PW laser
systems, and offering the possibility to monitor on a shot-by-shot basis the main beam parameters of high intensity
proton bunches for energies up to the 100 MeV level.
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Abstract: Weakly magnetized, relativistic collisionless shock waves are not only the natural offsprings of relativistic
jets in high-energy astrophysical sources, they are also associated with some of the most outstanding displays of
energy dissipation through particle acceleration and radiation. Perhaps their most peculiar and exciting feature is that
the magnetized turbulence that sustains the acceleration process, and (possibly) the secondary radiation itself, is self-
excited by the accelerated particles themselves, so that the phenomenology of these shock waves hinges strongly on
the microphysics of the shock. In this review, we draw a status report of this microphysics, benchmarking analytical

arguments with particle-in-cell simulations, and extract consequences of direct interest to the phenomenology,
regarding, in particular, the so-called microphysical parameters used in phenomenological studies.
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Abstract: The micrometer-scale tube that fills capsules with thermonuclear fuel in inertial confinement fusion
experiments at the National Ignition Facility is also one of the implosion's main degradation sources. It seeds a
perturbation that injects the ablator material into the center, radiating away some of the hot-spot energy. This paper
discusses how the perturbation arises in experiments using high-density carbon ablators and how the ablator mix
interacts once it enters the hot-spot. Both modeling and experiments show an in-flight areal-density perturbation and
localized x-ray emission at stagnation from the fill-tube. Simulations suggest that the fill-tube is degrading an
otherwise 1D implosion by similar to 2x, but when other degradation sources are present, the yield reduction is closer
to 20%. Characteristics of the fill-tube assembly, such as the through-hole size and the glue mass, alter the dynamics
and magnitude of the degradation. These aspects point the way toward improvements in the design, some of which



(smaller diameter fill-tube) have already shown improvements. Published under license by AIP Publishing.
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