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Abstract: Plasma-based accelerators use the strong electromagnetic fields that can be supported by plasmas to
accelerate charged particles to high energies. Accelerating field structures in plasma can be generated by powerful
laser pulses or charged particle beams. This research field has recently transitioned from involving a few small-scale
efforts to the development of national and international networks of scientists supported by substantial investment in
large-scale research infrastructure. In this New Journal of Physics 2020 Plasma Accelerator Roadmap, perspectives
from experts in this field provide a summary overview of the field and insights into the research needs and
developments for an international audience of scientists, including graduate students and researchers entering the
field.
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Abstract: In recent years, multi-petawatt laser installations have achieved unprecedented peak powers, opening new
horizons to laser-matter interaction studies. Ultra-broadband and extreme temporal contrast pulse requirements make
optical parametric chirped pulse amplification (OPCPA) in the few-picosecond regime the key technology in these
systems. To guarantee high fidelity output, however, OPCPA requires excellent synchronization between pump and
signal pulses. Here, we propose a new highly versatile architecture for the generation of optically synchronized
pump-signal pairs based on the Kerr shutter effect. We obtained >550 mu J pump pulses of 12 ps duration at 532 nm
optically synchronized with a typical ultrashort CPA source at 800 nm. As a proof-of-principle demonstration, our



system was also used for amplification of similar to 20 mu J ultra-broadband pulses based on an OPCPA setup. (C)
2021 Optical Society of America
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Abstract: In this paper, we presented a model, describing transition scattering of ultrashort laser pulses (USLPs) in
Maxwellian plasmas in terms of the full spectral-angular probability during the entire time of pulse action. We
demonstrated that in the case of the USLP, probability dependence on pulse duration (t-dependence) generally is a
non-monotonic function. The main trends of the t-dependence were defined. For quasi-elastic transition scattering,
we derived analytical formulas of the full spectral-angular probability that describes non-monotonic areas of the
t-dependence with high accuracy. In the framework of the analytical approach, we established conditions, at which
non-monotonic trends are realized, and assessed dynamics of local extremes at the variation of problem parameters.
We compared t-dependence, angular dependence of transition, and Thomson scattering probability and assessed
limits of analytical approximations. The crucial similarities and differences of these two types of scattering were
described. Published under an exclusive license by AIP Publishing

Accession Number: WOS:000721697300004

Record 5 of 50

By: Astapenko, VA (Astapenko, V. A.); Rosmej, FB (Rosmej, F. B.); Khramov, ES (Khramov, E. S.)

Title: Scattering of ultrashort laser pulses on plasmons in a Maxwellian plasma

Source: MATTER AND RADIATION AT EXTREMES

Volume: 6

Issue: 5

Article Number: 054404

DOI: 10.1063/5.0065835

Document Type: Article

Published: SEP 1 2021



Abstract: On the basis of equations obtained in the framework of second-order quantum-mechanical perturbation
theory, the standard approach to the calculation of scattering radiation probability is extended to the case of ultrashort
laser pulses. We investigate the mechanism of the appearance of plasmon peaks in the spectrum of the plasma form
factor for different parameters of the problem. For the case in which scattering on plasmons dominates over
scattering on electron density fluctuations caused by chaotic thermal motion, we derive analytical expressions
describing the scattering probability of ultrashort laser pulses on plasmons. Together with this, we obtain a simple
expression connecting the frequency of scattered radiation and the energy transmitted from the incident pulse to
plasmon, and vice versa. In considering the scattering probability, our emphasis is on the dependence on the pulse
duration. We assess in detail the trends of this dependence for various relations between pulse carrier frequency and
plasmon energy. (c) 2021 Author(s). All article content, except where otherwise noted, is licensed under a Creative
Commons Attribution (CC BY) license (http:// creativecommons.org/licenses/by/4.0/). https://doi-org.inp.bib.cnrs.fr
/10.1063/5.0065835
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Abstract: The dynamics of time evolution of quantum oscillator excitation by electromagnetic pulses is investigated
theoretically for an arbitrary field amplitude in a pulse. We consider a harmonic oscillator without damping and
excitation between stationary states. The general formula for the excitation of quantum states as a function of time is
derived in terms of instantaneous energy of an associated classical oscillator in the field of an electromagnetic pulse.
The derived expression is used in detailed analysis of the time dependence of the quantum oscillator excitation
probability beyond the range of perturbation theory for various pulse parameters including total excitation from the
ground state, excitation from excited states, and excitation spectra.
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Abstract: Images of the Spring-8 Angstrom Compact free electron LAser (SACLA) 10 keV pulsed (10 fs) beam
were recorded in a lithium fluoride (LiF) crystal by exploiting visible photoluminescence of radiation-induced color
centers (CCs). Photoluminescent beam images stored in LiF, irradiated at several energies from 0.04 to 0.8 J, were
acquired by a fluorescence optical microscope and processed with an algorithm developed in Matlab, allowing to
reconstruct the transversal beam fluence distribution.

Accession Number: WOS:000728566200041



Record 8 of 50

By: Bonvalet, J (Bonvalet, J.); Loiseau, P (Loiseau, P.); Marques, JR (Marques, J-R); Atukpor, E (Atukpor, E.);
D'Humieres, E (D'Humieres, E.); Domange, J (Domange, J.); Forestier-Colleoni, P (Forestier-Colleoni, P.);
Hannachi, F (Hannachi, F.); Lancia, L (Lancia, L.); Raffestin, D (Raffestin, D.); Tarisien, M (Tarisien, M.);
Tikhonchuk, V (Tikhonchuk, V); Nicolai, P (Nicolai, Ph)

Title: Laser-driven collisionless shock acceleration of protons from gas jets tailored by one or two nanosecond
beams

Source: PHYSICS OF PLASMAS

Volume: 28

Issue: 11

Article Number: 113102

DOI: 10.1063/5.0062503

Document Type: Article

Published: NOV 2021

Abstract: It was proposed recently that laser-ion acceleration in gas jets may be significantly improved if each side
of a gas jet target is tailored by an auxiliary nanosecond laser pulse [Marques et al., Phys. Plasmas 28, 023103
(2021)]. In the present study, the proton acceleration by electrostatic shock in these one- or two-side tailored plasmas
is investigated using particle-in-cell simulations. It is demonstrated that the formation of a thin plasma layer with a
steep density profile and a maximum density of the order of the critical density strongly improves the proton
acceleration in the forward direction with a maximum ion energy of tens of MeV with mildly relativistic laser pulses.
Proton acceleration up to tens of MeV is predicted using realistic plasma density profiles obtained from tailored gas
jet targets compared to a few MeV reported in other publications.</p>
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Abstract: We report a laser-plasma experiment that was carried out at the LMJ-PETAL facility and realized the first
magnetized, turbulent, supersonic (Maturb 2.5) plasma with a large magnetic Reynolds number (Rm 45) in the
laboratory. Initial seed magnetic fields were amplified, but only moderately so, and did not become dynamically
significant. A notable absence of magnetic energy at scales smaller than the outer scale of the turbulent cascade was
also observed. Our results support the notion that moderately supersonic, low-magnetic-Prandtl-number plasma
turbulence is inefficient at amplifying magnetic fields compared to its subsonic, incompressible counterpart.
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Abstract: We present the results of the first commissioning phase of the short-focal-length area of the Apollon laser
facility (located in Saclay, France), which was performed with the first available laser beam (F2), scaled to a nominal
power of 1 PW. Under the conditions that were tested, this beam delivered on-target pulses of 10 J average energy
and 24 fs duration. Several diagnostics were fielded to assess the performance of the facility. The on-target focal spot
and its spatial stability, the temporal intensity profile prior to the main pulse, and the resulting density gradient
formed at the irradiated side of solid targets have been thoroughly characterized, with the goal of helping users
design future experiments. Emissions of energetic electrons, ions, and electromagnetic radiation were recorded,
showing good laser-to-target coupling efficiency and an overall performance comparable to that of similar
international facilities. This will be followed in 2022 by a further commissioning stage at the multi-petawatt
level.</p>
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Abstract: Aims. EXor-type objects are protostars that display powerful UV-optical outbursts caused by intermittent
and powerful events of magnetospheric accretion. These objects are not yet well investigated and are quite difficult to
characterize. Several parameters, such as plasma stream velocities, characteristic densities, and temperatures, can be
retrieved from present observations. As of yet, however, there is no information about the magnetic field values and
the exact underlying accretion scenario is also under discussion.Methods. We use laboratory plasmas, created by a
high power laser impacting a solid target or by a plasma gun injector, and make these plasmas propagate
perpendicularly to a strong external magnetic field. The propagating plasmas are found to be well scaled to the
presently inferred parameters of EXor-type accretion event, thus allowing us to study the behaviour of such episodic
accretion processes in scaled conditions.Results. We propose a scenario of additional matter accretion in the



equatorial plane, which claims to explain the increased accretion rates of the EXor objects, supported by the
experimental demonstration of effective plasma propagation across the magnetic field. In particular, our laboratory
investigation allows us to determine that the field strength in the accretion stream of EXor objects, in a position
intermediate between the truncation radius and the stellar surface, should be of the order of 100 G. This, in turn,
suggests a field strength of a few kilogausses on the stellar surface, which is similar to values inferred from
observations of classical T Tauri stars.
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Abstract: Tiled-aperture Coherent Beam Combination architecture opens the way to digital laser operating in high
peak and average power regimes.
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Abstract: An ultrafast x-ray powder diffraction setup for laser-driven dynamic compression has been developed at
the LULI2000 laser facility. X-ray diffraction is performed in reflection geometry from a quasi-monochromatic laser-
generated plasma x-ray source. In comparison to a transmission geometry setup, this configuration allows us to probe
only a small portion of the compressed sample, as well as to shield the detectors against the x-rays generated by the
laser-plasma interaction on the front side of the target. Thus, this new platform facilitates probing of spatially and
temporarily uniform thermodynamic conditions and enables us to study samples of a large range of atomic numbers,
thicknesses, and compression dynamics. As a proof-of-concept, we report direct structural measurements of the bcc-
hcp transition both in shock and ramp-compressed polycrystalline iron with diffraction signals recorded between 2
theta similar to 30 degrees and similar to 150 degrees. In parallel, the pressure and temperature history of probed
samples is measured by rear-side visible diagnostics (velocimetry and pyrometry).
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Abstract: We analyze, using experiments and 3D MHD numerical simulations, the dynamic and radiative properties
of a plasma ablated by a laser (1 ns, 1012-1013 W/cm2) from a solid target as it expands into a homogeneous, strong
magnetic field (up to 30 T) that is transverse to its main expansion axis. We find that as early as 2 ns after the start of
the expansion, the plasma becomes constrained by the magnetic field. As the magnetic field strength is increased,
more plasma is confined close to the target and is heated by magnetic compression. We also observe that after similar
to 8 ns, the plasma is being overall shaped in a slab, with the plasma being compressed perpendicularly to the
magnetic field, and being extended along the magnetic field direction. This dense slab rapidly expands into vacuum;
however, it contains only similar to 2% of the total plasma. As a result of the higher density and increased heating of
the plasma confined against the laser-irradiated solid target, there is a net enhancement of the total X-ray emissivity
induced by the magnetization.
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Abstract: Understanding materials behaviour under extreme thermodynamic conditions is fundamental in many
branches of science, including High-Energy-Density physics, fusion research, material and planetary science. Silica
(SiO2) is of primary importance as a key component of rocky planets' mantles. Dynamic compression is the most
promising approach to explore molten silicates under extreme conditions. Although most experimental studies are
restricted to the Hugoniot curve, a wider range of conditions must be reached to distill temperature and pressure
effects. Here we present direct measurements of equation of state and two-colour reflectivity of double-shocked
alpha -quartz on a large ensemble of thermodynamic conditions, which were until now unexplored. Combining
experimental reflectivity data with numerical simulations we determine the electrical conductivity. The latter is
almost constant with pressure while highly dependent on temperature, which is consistent with simulations results.
Based on our findings, we conclude that dynamo processes are likely in Super-Earths' mantles. Warm dense silica is a
key component in rocky planets' mantles, but reproducing the relevant conditions in experiments is challenging. Here
the authors use a double-shock technique to achieve such conditions and measure the reflectivity in situ, providing
insight into the conductivity and its possible impact on dynamo processes in super-Earths' mantles.
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Abstract: Ultrahigh-intensity laser-plasma physics provides unique light and particle beams as well as novel
physical phenomena. A recently available regime is based on the interaction between a relativistic intensity few-
cycle laser pulse and a sub-wavelength-sized mass-limited plasma target. Here, we investigate the generation of
electron bunches under these extreme conditions by means of particle-in-cell simulations. In a first step, up to all
electrons are expelled from the nanodroplet and gain relativistic energy from time-dependent local field enhancement
at the surface. After this ejection, the electrons are further accelerated as they copropagate with the laser pulse. As a
result, a few, or under specific conditions isolated, pC-class relativistic attosecond electron bunches are generated
with laser pulse parameters feasible at state-of-the-art laser facilities. This is particularly interesting for some
applications, such as generation of attosecond x-ray pulses via Thomson backscattering.
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Abstract: In situ femtosecond x-ray diffraction measurements and ab initio molecular dynamics simulations were
performed to study the liquid structure of tantalum shock released from several hundred gigapascals (GPa) on the
nanosecond timescale. The results show that the internal negative pressure applied to the liquid tantalum reached -5.6
(0.8) GPa, suggesting the existence of a liquid-gas mixing state due to cavitation. This is the first direct evidence to
prove the classical nucleation theory which predicts that liquids with high surface tension can support GPa regime
tensile stress.
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Abstract: We report on the optimization of a BremsStrahlung Cannon (BSC) design for the investigation of laser-
driven fast electron populations in a shock ignition relevant experimental campaign at the Laser Megajoule-PETawatt
Aquitaine Laser facility. In this regime with laser intensities of 10(15) W/cm(2)-10(16) W/cm(2), fast electrons with
energies <= 100 keV are expected to be generated through Stimulated Raman Scattering (SRS) and Two Plasmon
Decay (TPD) instabilities. The main purpose of the BSC in our experiment is to identify the contribution to x-ray
emission from bremsstrahlung of fast electrons originating from SRS and TPD, with expected temperatures of 40
keV and 95 keV, respectively. Data analysis and reconstruction of the distributions of x-ray photons incident on the
BSC are described.
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Abstract: HYBRID-E is an inertial confinement fusion implosion design that increases energy coupled to the hot
spot by increasing the capsule scale in cylindrical hohlraums while operating within the current experimental limits
of the National Ignition Facility. HYBRID-E reduces the hohlraum scale at a fixed capsule size compared to previous
HYBRID designs, thereby increasing the hohlraum efficiency and energy coupled to the capsule, and uses the cross-
beam energy transfer (CBET) to control the implosion symmetry by operating the inner (23 degrees and 30 degrees)
and outer (44 degrees and 50 degrees) laser beams at different wavelengths (Delta lambda > 0). Small case to capsule
ratio designs can suffer from insufficient drive at the waist of the hohlraum. We show that only a small amount of
wavelength separation between the inner and outer beams (Delta lambda 1-2 angstrom) is required to control the
symmetry in low-gas-filled hohlraums (0.3mg/cm(3) He) with enough drive at the waist of the hohlraum to
symmetrically drive capsules 1180 mu m in outer radius. This campaign is the first to use the CBET to control the
symmetry in 0.3mg/cm(3) He-filled hohlraums, the lowest gas fill density yet fielded with Delta lambda > 0. We find
a stronger sensitivity of hot spot P2 in mu m per Angstrom (40-50 mu m/angstrom wavelength separation) than
observed in high-gas-filled hohlraums and previous longer pulse designs that used a hohlraum gas fill density of
0.6mg/cm(3). There is currently no indication of transfer roll-off with increasing Delta lambda, indicating that even
longer pulses or larger capsules could be driven using the CBET in cylindrical hohlraums. We show that the radiation
flux symmetry is well controlled during the foot of the pulse, and that the entire implosion can be tuned
symmetrically in the presence of the CBET in this system, with low levels of laser backscatter out of the hohlraum
and low levels of hot electron production from intense laser-plasma interactions. Radiation hydrodynamic
simulations can accurately represent the early shock symmetry and be used as a design tool, but cannot predict the
late-time radiation flux symmetry during the peak of the pulse, and semi-empirical models are used to design the
experiments. Deuterium-tritium (DT)-layered tests of 1100 mu m inner radius implosions showed performance close
to expectations from simulations at velocities up to similar to 360km/s, and record yields at this velocity, when
increasing the DT fuel layer thickness to mitigate hydrodynamic mixing of the ablator into the hot spot as a result of
defects in the ablator. However, when the implosion velocity was increased, mixing due to these defects impacted
performance. The ratio of measured to simulated yield for these experiments was directly correlated with the level of
observed mixing. These simulations suggest that reducing the mixing, e.g., by improving the capsule defects, could
result in higher performance. In addition, future experiments are planned to reduce the coast time at this scale, delay
between the peak compression and the end of the laser, to increase the hot spot Published under an exclusive license
by AIP Publishing.convergence and pressure. To reduce the coast time by several hundred ps compared to the 1100
mu m inner radius implosions, HYBRID-E has also fielded 1050 mu m inner radius capsules, which resulted in
higher hot spot pressure and a fusion energy yield of similar to 170 kJ.
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Abstract: A telescopic zoom system made of three spherical mirrors has been designed for the purpose of electron
acceleration with lasers at LULI's Apollon facility. This system is based on a telescope with 3 or 4 mirrors, the
distances of which can be varied continuously. We are constrained by laser damage considerations which prevents us
from reducing the dimension of the incident laser beam and we will show that the 3-mirror solution can be made of a
first convex mirror, a second concave mirror and a third convex mirror. It is possible to get a continuous range of
focal lengths when translating the second mirror such that the final focal length will vary from 1 to 4 (zoom ratio 4x)
and that the final focal spot will not move. When dealing with on-axis mirrors, we will get a central obscuration and
the next step will be to go off-axis such that no obscuration will occult the beam propagation. Moreover our laser
beams are fairly well collimated with a residual divergence much less than 100 mu rad which means that we are not
considering any field of view like it is for astronomical systems. The purpose of this paper is to describe the step-by-
step method leading to the final compact zoom system that allows the focal length to be varied continuously. A
mock-up of the system at a reduced scale is being built, first as a proof-of-principle and second to work on the
alignment of the 3-mirror zoom.
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Abstract: High intensity lasers in the 10-PW range require large optics (up to 600 mm diameter) with very high
surface quality. In our case we have been facing troubles coming from very small wavefront defects at high spatial
frequencies; defects that were not visible when checking with a Fizeau-type interferometer that was providing a PSD
record. These very small defects were creating high-contrast Talbot fringes when propagating our laser beam. We
decided to check carefully how the focal spot of our laser beam was affected and this was the reason why we decided
to build collimators. Our collimator is a classical Newton-type telescope that can be used either off-axis or on- axis
with a low central occultation (< 12%). The beam comes from a collimated laser source that is focused through a 30-
mu m pinhole by a microscope objective (x 20) in order to obtain a "clean" spatial distribution. In the collimated part,
optical densities calibrated at the operating wavelength(s) are inserted in order to control the intensity in the focal
spot. An operating range of 10 orders of magnitude is obtained with a source emitting 5 mW. The measurement is
made in the focal plane of the component to be tested with a CCD camera. In cooperation with Aperture Optical
Sciences Inc., the collimator was tested with known components and results compared with other available systems.
Finally, we are able to identify and to measure periodic defects as low as lambda/2500 and to connect them with their
PSD value.
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Abstract: The advent of multi-PW laser facilities world-wide opens new opportunities for nuclear physics. With this
perspective, we developed a neutron counter taking into account the specifics of a high-intensity laser environment.
Using GEANT4 simulations and prototype testings, we report on the design of a modular neutron counter based on
boron-10 enriched scintillators and a high-density polyethylene moderator. This detector has been calibrated using a
plutonium-beryllium neutron source and commissioned during an actual neutron-producing laser experiment at the
LULI2000 facility (France). An overall efficiency of 4.37(59)% has been demonstrated during calibration with a
recovery time of a few hundred microseconds after laser-plasma interaction.
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Abstract: Advances in fluorescence imaging coupled with the generation of near infrared probes have significantly
improved the capabilities of non-invasive, real-time imaging in whole animals. In this study we were able to
overcome a limitation of in vivo fluorescence imaging and have established a dual cell tracking method where two
different cell types can be monitored according to the spectral signature of the cell labelling fluorophore. Using a
mouse model of acute liver injury, we have characterised the in vivo migration patterns of wild type and transgenic
neutrophils with impaired chemotaxis. Here, we were able to demonstrate that IVIS provides a sensitive multiplexing
technology to differentiate two different cell populations based on the spectral signature of the cell labelling
fluorophores. This spectral unmixing methodology has the potential to uncover multidimensional cellular interactions
involved in many diseases such as fibrosis and cancer. In vivo spectral un-mixing provides a useful tool for
monitoring multiple biological process in real-time in the same animal.
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Abstract: We present structure and equation of state (EOS) measurements of biaxially orientated polyethylene
terephthalate (PET, (C10H8O4)n, also called mylar) shock-compressed to (155 +/- 20) GPa and (6000 +/- 1000) K
using in situ X-ray diffraction, Doppler velocimetry, and optical pyrometry. Comparing to density functional theory
molecular dynamics (DFT-MD) simulations, we find a highly correlated liquid at conditions differing from
predictions by some equations of state tables, which underlines the influence of complex chemical interactions in this
regime. EOS calculations from ab initio DFT-MD simulations and shock Hugoniot measurements of density, pressure
and temperature confirm the discrepancy to these tables and present an experimentally benchmarked correction to the
description of PET as an exemplary material to represent the mixture of light elements at planetary interior
conditions.
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Abstract: Blast-wave-driven hydrodynamic instabilities are studied in the presence of a background B-field through
experiments and simulations in the high-energy-density (HED) physics regime. In experiments conducted at the
Laboratoire pour l'utilisation des lasers intenses (LULI), a laser-driven shock-tube platform was used to generate a
hydrodynamically unstable interface with a prescribed sinusoidal surface perturbation, and short-pulse x-ray
radiography was used to characterize the instability growth with and without a 10-T B-field. The LULI experiments
were modeled in FLASH using resistive and ideal magnetohydrodynamics (MHD), and comparing the experiments
and simulations suggests that the Spitzer model implemented in FLASH is necessary and sufficient for modeling
these planar systems. These results suggest insufficient amplification of the seed B-field, due to resistive diffusion, to
alter the hydrodynamic behavior. Although the ideal-MHD simulations did not represent the experiments accurately,
they suggest that similar HED systems with dynamic plasma-beta (=2 mu(0)rho v(2)/B-2) values of less than similar



to 100 can reduce the growth of blast-wave-driven Rayleigh-Taylor instabilities. These findings validate the resistive-
MHD FLASH modeling that is being used to design future experiments for studying B-field effects in HED plasmas.
(C) 2021 Author(s).
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Abstract: Ultra-short high-power lasers can deliver extreme light intensities (>= 10(20)W/cm(2) and <= 30 fs) and
drive large amplitude Surface Plasma Wave (SPW) at over-dense plasma surface. The resulting current of energetic
electron has great interest for applications, potentially scaling with the laser amplitude, provided that the laser-plasma
transfer to the accelerated particles mediated by SPW is still efficient at ultra-high intensity. By means of particle-in-
cell simulations, we identify the best condition for SPW excitation and show a strong correlation between the
optimum surface plasma wave excitation angle and the laser's angle of incidence that optimize the electron
acceleration along the plasma surface. We also discuss how plasma density and plasma surface shape can be adjusted
in order to push to higher laser intensity the limit of surface plasma wave excitation. Our results open the way to new
experiments on forthcoming multi-petawatt laser systems. Published under an exclusive license by AIP Publishing.
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Abstract: We propose to use ultrahigh intensity laser pulses with wave-front rotation (WFR) to produce short,
ultraintense surface plasma waves (SPW) on grating targets for electron acceleration. Combining a smart grating
design with optimal WFR conditions identified through simple analytical modeling and particle-in-cell simulation
allows us to decrease the SPW duration (down to a few optical cycles) and increase its peak amplitude. In the
relativistic regime, for I lambda(2)(0) = 3.4 x 10(19) W/cm(2) mu m(2), such SPW are found to accelerate high
charge (few 10 s of pC), high energy (up to 70 MeV), and ultrashort (few fs) electron bunches.
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Abstract: Generating thin and high density plasma slabs at a high repetition rate is a key issue for ultra-high
intensity laser applications, such as plasma photonics, electron acceleration by few laser-cycle pulses, or collisionless
shock acceleration of protons to high energies. In this paper, we present a scheme to generate such plasma slabs. It is
based on the propagation and collision in a gas jet of two counter-propagating blast waves (BWs). Each BW is
launched by a sudden and local heating induced by a nanosecond laser beam that propagates along the side of the jet.
The resulting cylindrical BW expands perpendicular to the beam. The shock front, which is bent by the gas jet
density gradient, pushes and compresses the plasma toward the jet center. By using two parallel ns laser beams, one
on each side of the gas jet, this scheme enables us to tailor independently two opposite sides of the jet, while
avoiding the damage risks associated with counterpropagating laser beams. A parametric study is performed using
two and three dimensional hydrodynamic (single fluid), as well as kinetic (Fokker-Planck), simulations. This study
shows that the BW bending combined with the collision in a stagnation regime increases the density by more than ten
times and generates a very thin (down to few micrometers), near to over-critical plasma slab with a high density
contrast (>100) and a lifetime of a few hundred picoseconds. Two dimensional particle-in-cell simulations are, then,
used to study the influence of the plasma tailoring on proton acceleration by a high-intensity sub-picosecond laser
pulse. It is shown that tailoring the plasma, not only at the entrance but also at the exit side of the picosecond-pulse,
enhances the proton beam collimation and increases significantly the number of high energy protons, and their
maximum energy.
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Abstract: The cosmic rays non-resonant streaming instability is believed to be the source of substantial magnetic
field amplification. In this work, we investigate the effects of the ambient plasma temperature on the instability and
derive analytical expressions of its growth rate in the hot, demagnetized regime of interaction. To study its non-linear
evolution, we perform hybrid-PIC simulations for a wide range of temperatures. We find that in the cold limit, about
two-thirds of the cosmic rays drift kinetic energy is converted into magnetic energy. Increasing the temperature of the
ambient plasma can substantially reduce the growth rate and the magnitude of the saturated magnetic field.
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Abstract: We report on the selective acceleration of carbon ions during the interaction of ultrashort, circularly
polarized and contrast-enhanced laser pulses, at a peak intensity of 5.5 x 10(20) W/cm(2), with ultrathin carbon foils.
Under optimized conditions, energies per nucleon of the bulk carbon ions reached significantly higher values than the
energies of contaminant protons (33 MeV/nucleon vs 18 MeV), unlike what is typically observed in laser-foil
acceleration experiments. Experimental data, and supporting simulations, emphasize different dominant acceleration
mechanisms for the two ion species and highlight an (intensity dependent) optimum thickness for radiation pressure
acceleration; it is suggested that the preceding laser energy reaching the target before the main pulse arrives plays a
key role in a preferential acceleration of the heavier ion species.
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Abstract: The forthcoming generation of multi-petawatt lasers opens the way to abundant pair production by the
nonlinear Breit-Wheeler process, i.e. the decay of a photon into an electron-positron pair inside an intense laser field.
In this paper we explore the optimal conditions for Breit-Wheeler pair production in the head-on collision of a laser
pulse with gamma photons. The role of the laser peak intensity versus the focal spot size and shape is examined
keeping a constant laser energy to match experimental constraints. A simple model for the soft-shower case, where
most pairs originate from the decay of the initial gamma photons, is derived. This approach provides us with a semi-
analytical model for more complex situations involving either Gaussian or Laguerre-Gauss (LG) laser beams. We
then explore the influence of the order of the LG beams on pair creation. Finally we obtain the result that, above a
given threshold, a larger spot size (or a higher order in the case of LG laser beams) is more favorable than a higher
peak intensity. Our results match very well with three-dimensional particle-in-cell simulations and can be used to
guide upcoming experimental campaigns.
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Abstract: Here, we report that efficient photocatalytic ammonia synthesis was realized across the entire solar
spectrum by using Ru modified anatase/TiO2(B) heterostructured nanosheet arrays. The superior NH3 production
rates of 2004 mu g h(-1) g(-1) and 521 mu g h(-1) g(-1) were achieved under visible light (400 nm) and near-
infrared-light (1550 nm) irradiation, respectively.
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Abstract: Sodium-metal batteries have strong potential to be utilized as stationary high energy density storage
devices. Owing to its high ionic conductivity, low electronic conductivity and relatively easy fabrication, NASICON-
structure electrolyte (Na3Zr2Si2PO12) is one of the potential candidates to be considered in the solid-state sodium-
metal batteries at room temperature. However, the large interfacial resistance between the solid-state electrolyte and
the metallic sodium is known to limit the critical current density (CCD) of the cell. In this study, a simple and cost-
effective annealing process is introduced to the electrolyte preparation to improves its interface with metallic sodium.
X-ray photoelectron spectroscopy and scanning probe microscopy show that Si forms bonds with the surface
functional groups when exposed to the ambient condition. With the removal of surface contamination as well as a
partially reduced electrolyte surface, the annealed electrolyte shows an extremely small interfacial resistance of 11
Omega cm(2) and a high CCD of 0.9 mA cm(-2). This study provides an insight on the electrolyte surface
preparation and its significant in a sodium-metal solid-state battery. (C) 2021 Elsevier Inc. All rights reserved.
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Abstract: Meteorites from interplanetary space often include high-pressure polymorphs of their constituent minerals,
which provide records of past hypervelocity collisions. These collisions were expected to occur between kilometre-
sized asteroids, generating transient high-pressure states lasting for several seconds to facilitate mineral
transformations across the relevant phase boundaries. However, their mechanisms in such a short timescale were
never experimentally evaluated and remained speculative. Here, we show a nanosecond transformation mechanism
yielding ringwoodite, which is the most typical high-pressure mineral in meteorites. An olivine crystal was shock-
compressed by a focused high-power laser pulse, and the transformation was time-resolved by femtosecond
diffractometry using an X-ray free electron laser. Our results show the formation of ringwoodite through a faster,
diffusionless process, suggesting that ringwoodite can form from collisions between much smaller bodies, such as
metre to submetre-sized asteroids, at common relative velocities. Even nominally unshocked meteorites could
therefore contain signatures of high-pressure states from past collisions. Meteorites from space often include denser
polymorphs of their minerals, providing records of past hypervelocity collisions. An olivine mineral crystal was
shock-compressed by a high-power laser, and its transformation into denser ringwoodite was time-resolved using an
X-ray free electron laser.
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Abstract: When a dynamic medium in which the laser propagates changes its refractive index in time, the laser
changes its frequency while keeping its wavevector unchanged to fullfil the dispersion relation. This is usually
applied to upshift the laser frequency with ionizing plasma. We propose an alternative technique to modify light
frequency. A transient plasma grating can be generated by two identical counterpropagating laser pulses via strongly
coupled stimulated Brillouin scattering (SC SBS). The rapid evolution of the plasma grating affects the wave-
dispersion relation and a band gap develops around the laser frequency, dependent on the grating amplitude. As a
result, the lasers convert their frequency downward to the low edge of the band gap, while a free-traveling laser
converts its frequency to both the upper and lower edge of the band gap. Depending on the considered setup,
practical applications of this technique include either laser-frequency downshift or spectral splitting can be exploited.
The former can be used for Raman amplification in plasma and the latter for dual-color x-ray generation by Thomson
and/or Compton scattering.
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Abstract: Type-III-burst radio signals can be mimicked in the laboratory via laser-plasma interaction. Instead of an
electron beam generating Langmuir waves (LWs) in the interplanetary medium, the LWs are created by a laser
interacting with a millimeter-sized plasma through the stimulated Raman instability. In both cases, the LWs feed the
Langmuir decay instability which scatters them in several directions. The resulting LWs may couple to form
electromagnetic emission at twice the plasma frequency, which has been detected in the interplanetary medium, and
recently in a laboratory laser experiment [Marques et al., Phys. Rev. Lett. 124, 135001 (2020)]. This article presents
the first numerical analysis of this laser configuration using particle-in-cell simulations, providing details on the
wave spectra that are too difficult to measure in experiments. The role of some parameters is addressed, with a focus
on laser intensity, in order to illustrate the behavior of the electromagnetic emission's angular distribution and
polarization.
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Abstract: The "microdot spectroscopy" experiment [Barrios et al., "Electron temperature measurements inside the
ablating plasma of gas-filled Hohlraums at the National Ignition Facility," Phys. Plasmas 23, 056307 (2016); Barrios
et al., "Developing an experimental basis for understanding transport in NIF Hohlraum plasmas," Phys. Rev. Lett.
121, 095002 (2018).] allows for a simultaneous measurement of the electron temperature (T-e) and position of a
patch of Mn and Co inside a Hohlraum, as described by Barrios et al. ["Electron temperature measurements inside
the ablating plasma of gas-filled Hohlraums at the National Ignition Facility," Phys. Plasmas 23, 056307 (2016).]
HYDRA simulations systematically predicted a dot location further away from its starting location than observed in
the experiment. In the article, integrated radiation hydrodynamics simulations with TROLL have led to the same
trend as HYDRA. A new ad hoc treatment of laser absorption, through what we have called absorption multipliers,
has been implemented in TROLL in order to mimic the effect of absorption mechanisms other than inverse-
bremsstrahlung. It led to the instrumental conclusion that whatever physical phenomenon was responsible for the
position anomaly must have occurred in the early stage. More precise simulations of the dot region, from early to late
time, show that the position discrepancy can be explained by a Rayleigh-Taylor mixing of the dot into the ablator as
it expands in the Hohlraum. This mixing tends to shift the simulated dot closer to the location measured in the
experiment. However, the mixing also changes the interpretation of the electron temperature from the spectral line
ratios.
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Abstract: Ammonia is predicted to be one of the major components in the depths of the ice giant planets Uranus and
Neptune. Their dynamics, evolution, and interior structure are insufficiently understood and models rely imperatively
on data for equation of state and transport properties. Despite its great significance, the experimentally accessed
region of the ammonia phase diagram today is still very limited in pressure and temperature. Here we push the
probed regime to unprecedented conditions, up to similar to 350 GPa and similar to 40 000 K. Along the Hugoniot,
the temperature measured as a function of pressure shows a subtle change in slope at similar to 7000 K and similar to
90 GPa, in agreement with ab initio simulations we have performed. This feature coincides with the gradual
transition from a molecular liquid to a plasma state. Additionally, we performed reflectivity measurements, providing
the first experimental evidence of electronic conduction in high-pressure ammonia. Shock reflectance continuously
rises with pressure above 50 GPa and reaches saturation values above 120 GPa. Corresponding electrical
conductivity values are up to 1 order of magnitude higher than in water in the 100 GPa regime, with possible
significant contributions of the predicted ammonia-rich layers to the generation of magnetic dynamos in ice giant
interiors.

Accession Number: WOS:000607525700011

PubMed ID: 33512205

Record 42 of 50

By: Revet, G (Revet, G.); Khiar, B (Khiar, B.); Filippov, E (Filippov, E.); Argiroffi, C (Argiroffi, C.); Beard, J
(Beard, J.); Bonito, R (Bonito, R.); Cerchez, M (Cerchez, M.); Chen, SN (Chen, S. N.); Gangolf, T (Gangolf, T.);
Higginson, DP (Higginson, D. P.); Mignone, A (Mignone, A.); Olmi, B (Olmi, B.); Ouill, M (Ouill, M.); Ryazantsev,
SN (Ryazantsev, S. N.); Skobelev, IY (Skobelev, I. Yu); Safronova, MI (Safronova, M., I); Starodubtsev, M
(Starodubtsev, M.); Vinci, T (Vinci, T.); Willi, O (Willi, O.); Pikuz, S (Pikuz, S.); Orlando, S (Orlando, S.); Ciardi, A
(Ciardi, A.); Fuchs, J (Fuchs, J.)

Title: Laboratory disruption of scaled astrophysical outflows by a misaligned magnetic field

Source: NATURE COMMUNICATIONS

Volume: 12

Issue: 1

Article Number: 762

DOI: 10.1038/s41467-021-20917-x

Document Type: Article

Published: FEB 3 2021

Abstract: The shaping of astrophysical outflows into bright, dense, and collimated jets due to magnetic pressure is
here investigated using laboratory experiments. Here we look at the impact on jet collimation of a misalignment
between the outflow, as it stems from the source, and the magnetic field. For small misalignments, a magnetic nozzle
forms and redirects the outflow in a collimated jet. For growing misalignments, this nozzle becomes increasingly
asymmetric, disrupting jet formation. Our results thus suggest outflow/magnetic field misalignment to be a plausible
key process regulating jet collimation in a variety of objects from our Sun's outflows to extragalatic jets.
Furthermore, they provide a possible interpretation for the observed structuring of astrophysical jets. Jet modulation
could be interpreted as the signature of changes over time in the outflow/ambient field angle, and the change in the



direction of the jet could be the signature of changes in the direction of the ambient field. Mass outflow is a common
process in astrophysical objects. Here the authors investigate in which conditions an astrophysically-scaled laser-
produced plasma flow can be collimated and evolves in the presence of a misaligned external magnetic field.
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Abstract: We experimentally study the late-time, highly nonlinear regime of the Rayleigh-Taylor instability in a
decelerating phase. A series of laser-driven experiments is performed on the LULI2000 laser, in which the initial
Atwood number is varied by adjusting the decelerating medium density. The high-power laser is used in a direct
drive configuration to put into motion a solid target. Its rear side, which initially possesses a two-dimensional
machined sinusoidal perturbations, expands and decelerates into a foam leading to a Rayleigh-Taylor unstable
situation. The interface position and morphology are measured by time-resolved x-ray radiography. We develop a
simple Atwood-dependent model describing the motion of the decelerating interface, from which its acceleration
history is obtained. The measured amplitude of the instability, or mixing zone width, is then compared with late-time
acceleration-dependent Rayleigh-Taylor instability models. The shortcomings of this classical model, when applied
to high-energy-density conditions, are shown. This calls into question their uses for systems, where a shock wave is
present, such as those found in laboratory astrophysics or in inertial confinement fusion.
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Abstract: Turbulence is ubiquitous in the universe and in fluid dynamics. It influences a wide range of high energy
density systems, from inertial confinement fusion to astrophysical-object evolution. Understanding this phenomenon
is crucial, however, due to limitations in experimental and numerical methods in plasma systems, a complete
description of the turbulent spectrum is still lacking. Here, we present the measurement of a turbulent spectrum down
to micron scale in a laser-plasma experiment. We use an experimental platform, which couples a high power optical



laser, an x-ray free-electron laser and a lithium fluoride crystal, to study the dynamics of a plasma flow with
micrometric resolution (similar to 1 mu m) over a large field of view (>1 mm(2)). After the evolution of a Rayleigh-
Taylor unstable system, we obtain spectra, which are overall consistent with existing turbulent theory, but present
unexpected features. This work paves the way towards a better understanding of numerous systems, as it allows the
direct comparison of experimental results, theory and numerical simulations.
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Abstract: The theory of photoionization describing the interaction of x-ray free-electron laser (XFEL) pulses and
high-harmonic-generated (HHG) radiation is generalized to ultrashort laser pulses, where the concept of the standard
ionization probability per unit time in Fermi's golden rule and in Einstein's theory breaks down. Numerical
calculations carried out in terms of a generalized photoionization probability for the total duration of pulses in the
near-threshold regime demonstrate essentially nonlinear behavior, while absolute values may change by orders of
magnitude for typical XFEL and HHG pulses. XFEL self-amplified spontaneous emission pulses are analyzed to
reveal general features of photoionization for random and regular spikes: the dependences of the nonlinear
photoionization probability on carrier frequency and spike duration are very similar, allowing an analytical
expectation value approach that is valid even when there is only limited knowledge of random and regular
parameters. Numerical simulations carried out for typical parameters demonstrate excellent agreement. (C) 2021
Author(s).
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Abstract: We address the scattering of a high energy laser pulse on a large wavelength acoustic turbulence of
relevance for Laser M'egajoule or National Ignition Facility-class experiments. Both kinetic and hydrodynamic
frameworks are adopted and combined with a linearized description of the laser propagation. The resulting dispersion
relations display important kinetic contributions to the growth of the forward Brillouin instability. Moreover, proof is
made that the spatial incoherence often used in high energy laser facilities is, for cold enough plasmas or in the multi-
ion species case, not enough to reach full control of the laser filamentation. Comparisons with experimental results
and dedicated hydrodynamic simulations confirm our results. The derived dispersion relations present new tools for
assessing the propagation quality and energy deposition region of high energy laser pulses. They also underline the
importance of accounting for kinetic effects, even in the millimeter and nanosecond scale of many inertial
confinement fusion or high-energy-density experiments.
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Abstract: Laser experiments are becoming established as tools for astronomical research that complement
observations and theoretical modeling. Localized strong magnetic fields have been observed at a shock front of
supernova explosions. Experimental confirmation and identification of the physical mechanism for this observation
are of great importance in understanding the evolution of the interstellar medium. However, it has been challenging
to treat the interaction between hydrodynamic instabilities and an ambient magnetic field in the laboratory. Here, we
developed an experimental platform to examine magnetized Richtmyer-Meshkov instability (RMI). The measured
growth velocity was consistent with the linear theory, and the magnetic-field amplification was correlated with RMI
growth. Our experiment validated the turbulent amplification of magnetic fields associated with the shock-induced
interfacial instability in astrophysical conditions. Experimental elucidation of fundamental processes in magnetized
plasmas is generally essential in various situations such as fusion plasmas and planetary sciences.
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Abstract: Relativistic electrons generated by the interaction of petawatt-class short laser pulses with solid targets can
be used to generate bright x-rays via bremsstrahlung. The efficiency of laser energy transfer into these electrons
depends on multiple parameters including the focused intensity and pre-plasma level. This paper reports
experimental results from the interaction of a high intensity petawatt-class glass laser pulses with solid targets at a
maximum intensity of 10(19) W cm(-2). In-situ measurements of specularly reflected light are used to provide an
upper bound of laser absorption and to characterize focused laser intensity, the pre-plasma level and the generation
mechanism of second harmonic light. The measured spectrum of electrons and bremsstrahlung radiation provide
information about the efficiency of laser energy transfer.
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Abstract: We present the results of studying experimentally the expansion of laser plasma in a strong external
magnetic field (with a magnetic flux density of 13.5 T) at various sizes of the region of plasma formation on the
surface of a solid-state target. It is shown that when the size of the plasma formation region is smaller than the
classical plasma braking radius, a nearly identical topology of plasma flows is observed, which is characterized by
the formation of a thin plasma sheet directed along the external magnetic field. If the width of the plasma formation
region is comparable with the classical plasma braking radius, an additional plasma sheet starts to be formed.
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