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Beitrag ID: 0 Typ: Talk

Meson-catalyzed fusion in ultradense plasmas

Mittwoch, 29. Januar 2020 09:50 (25 Minuten)

Negative muons in the MeV energy range are shown fully stopped in WDM and FIS/ICF plasmas
on a psec time scale by including slowing down on partially degenerate electrons as well as

on classical hydrogen isotope ions.

Atomic and molecular recombination on exotic and lowest available bound states are demon-
strated.

The very existence of in situ exoatoms can then be probed through X-ray line Stark broadening.
The negligibility of meson sticking on alpha particules resulting from the DT-reaction

is quantitatively asserted.

Meson catalysis of the fusion reactions is thus seen possible in short-lived plasma targets

with rates orders of magnitude above usual cold deuterium ones.

The dipole exoatom orientation clearly favors the WDM option.

Autor: Prof. DEUTSCH, claude (LPGP U-Paris-Saclay)
Co-Autor: Prof. DIDELEZ, jean-pierre (IPN U-Paris-Saclay)
Vortragende(r): Prof. DEUTSCH, claude (LPGP U-Paris-Saclay)
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Density jump as a function of magnetic field for
collisionless shocks in pair plasmas: The
perpendicular case

Dienstag, 28. Januar 2020 18:15 (25 Minuten)

We extend the analysis presented last year to the perpendicular case.

Autor: Dr. BRET, Antoine (Universidad Castilla La Mancha)
Vortragende(r): Dr. BRET, Antoine (Universidad Castilla La Mancha)
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Stability boundaries for the Rayliegh-Taylor
instability in elastic-plastic solid slabs

Dienstag, 28. Januar 2020 17:25 (25 Minuten)

The linear theory of the incompressible Rayleigh-Taylor instability in elastic-plastic solid slabs is
developed on the basis of the simplest constitutive model consisting in a linear elastic (Hookean)
initial stage followed by a rigid-plastic phase. The slab is under the action of a constant acceleration
and it overlays a very thick ideal fluid. The boundaries of stability and plastic flow are obtained by
assuming that the instability is dominated by the average growth of the perturbation amplitude
and neglecting the effects of the higher oscillation frequencies during the stable elastic phase. The
theory yields complete analytical expressions for such boundaries for arbitrary Atwood numbers
and thickness of the solid slabs.

Autor: Prof. PIRIZ, Antonio Roberto (University of Castilla-La Mancha)

Co-Autoren: Dr. TAHIR, Nacem Ahmad (GSIL, Darmstadt); Frau PIRIZ, Sofia Ayelen (Universidad
de Castilla-La Mancha)

Vortragende(r): Prof. PIRIZ, Antonio Roberto (University of Castilla-La Mancha)
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Increased R&D preparing for first magnetized
targets on NIF in 2020

Mittwoch, 29. Januar 2020 09:25 (25 Minuten)

A large design and development project has begun at the Lawrence Livermore National Labora-
tory with 30 scientists and engineers, towards a goal to field magnetically-assisted ignition targets
on the National Ignition Facility using applied B fields up to 30 T for indirectly-driven cryogenic-
layered DT capsules soon after 2020. First experiments will be conducted with warm gas-filled
capsules planned for fall 2020, to be followed by cryo-DT ice layered capsules when ready after
2020. The 2020 experiments may also include a few polar directly-driven warm gas capsule im-
plosions magnetized with the same NIF pulsed power system. Applied B-field diffusion through a
high Z metal hohlraum requires a higher resistance material than gold, and we are investigating
promising Au-Ta alloys.

Autor: Dr. LOGAN, B. Grant (Consultant to LLNL-NIF)
Co-Autor: Dr. MOODY, John (LLNL-NIF)
Vortragende(r): Dr. LOGAN, B. Grant (Consultant to LLNL-NIF)
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Geometrical effects on hydrodynamic instabilities in
high energy density matters

Dienstag, 28. Januar 2020 17:00 (25 Minuten)

we derived the dispersion relation for the RTI problem at cylindrical fluid/fluid, solid/solid and
fluid/solid interfaces by the decomposition method and also its planar counterpart, which is still
easily expanded to study the behaviors of the interfaces by the impulsively accelerated model.
Searching for the mathematical details of the dispersion relation, we developed a methodology to
study the evolution of the growth rates in terms of the Atwood number (At), the viscosity ratio(m),
the elastic ratio (T) and the elastic/viscous ratio (S), and the controlling parameter Br and deduced
a mathematical representation to understand the behaviors of the growth rates . Our approaches
yield the same growth rates of RTI at cylindrical interfaces for fluid/

fluid interface in comparison with the numerical simulation results. In the solid case, this method
produces reasonable explanations for the cutoff azimuthal mode number in

agreement with the experimental observations. Last, we expanded this theory to study

the evolutions of the linear growth rate at solid/fluid interface. This theory is expected to provide
an instructive way to investigate the intrinsic properties of the behaviors of the solid target and its
transitions into more complicated plasma states on Z-pinch and the future experiments LAPLAS
at GSI. Finally, by using the impulsively accelerated mode, the RMI at different cases of interfaces
are discussed, in particular for the low mode perturbations, which behaves totally different than
that in the planar geometry. Also this method may prove to be helpful to study the Bell-Plesset
effect and the transition from elasticity to plasticity in cylindrical geometry.

Autor: Herr SUN, Yuanbo (Beijing institute of Technology)
Co-Autor: Prof. WANG, Cheng (Beijing Institute of Technology)
Vortragende(r): Herr SUN, Yuanbo (Beijing institute of Technology)
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Towards Laser Acceleration of Spin-Polarized
Helium-3 lons

Dienstag, 28. Januar 2020 09:00 (25 Minuten)

A well known means of increasing the cross section of fusion reactions and potential output energy
gain is to use polarized particles [1]. For polarized fusion to occur, polarized and accelerated fuel is
required. We have studied experimentally and theoretically the feasibility of laser-driven polarized
ion acceleration using the PHELIX facility at GSI Darmstadt [2]. In our preparatory studies we used
unpolarized 3 He and * He gas-jet targets with densities of 101%¢m =3 irradiated by high-intensity
laser pulses with, I, up to 1019Wem ™2, These experiments showed that acceleration of He?t and
Hel™ ions is possible with high-energy cut-offs of 4.65 MeV and 3.27 MeV, respectively, but with
strong dependence on the target density, laser pulse duration and laser energy. The accelerated
ions were observed mainly at 90 degrees with respect to the propagation direction of the laser
pulse. These results were analyzed with the help of 2D PIC simulations [2], which also indicated
that forward, TNSA-like ion acceleration from the trailing edge of the gas jet is to be expected as
well as the Coulomb-explosion driven 90-deg acceleration from the channel walls, consistent with
previous works [3].

A second experimental run with a polarized target is scheduled at PHELIX for November 2020. For
the preparation of a pre-polarized

3 He target, an external homogeneous magnetic holding field has been designed, optimized, and
constructed to hold the gas target for a sufficiently long time inside the PHELIX target chamber.
For the measurement of the 3 He?t ion polarization, a polarimeter based on the D(*He,p)*He
fusion reaction has been built within the HGF/ATHENA project. It will be commissioned during
a COSY test beam time in February 2020. Based on our previous ion acceleration measurements
and simulations we will discuss how to optimize conditions for the upcoming spin-polarization
measurements with multi-MeV 3 He ions.

References

[1] Engels R W, et al 2016 Springer Proceedings in Physics (Cham: Springer International Publish-
ing). [2] Engin, Ilhan, et al. 2019 Plasma Physics and Controlled Fusion 61 115012. [3] Wei M S et
al 2004 Phys. Rev. Lett. 93 155003,Willingale L et al 2006 Phys. Rev. Lett. 96 245002, Lifschitz A,
et al 2014 New J. Phys. 16 033031.

Autor: CHITGAR, Zahra (Jiilich Supercomputing Centre, Forschungszentrum Jiilich)

Co-Autoren: Prof. LEHRACH, Andreas (FZ Jillich and RWTH Aachen); ZHENG, Chuan (Peter
Grinberg Institut, Forschungszentrum Jilich); Prof. SCHNEIDER, Claus Michael (Peter Griinberg
Institute, Forschungszentrum Jilich); Herr PRASUHN, Dieter (FZ Julich); Dr. ENGIN, Ilhan (Insti-
tut fiir Kernphysik (IKP), Forschungszentrum Jiilich GmbH); BUSCHER, Markus (Forschungszentrum
Julich(FZ]J)); Prof. GIBBON, Paul (Jiilich Supercomputing Centre, Forschungszentrum Jilich); Dr. FE-
DORETS, Pavel (Institute for Theoretical and Experimental Physics(ITEP)); Dr. ENGELS, Ralf (Institut
fir Kernphysik, Forschungszentrum Jiilich); Herr MAIER, Rudolf (Forschungszentrum Jiilich)

Vortragende(r): CHITGAR, Zahra (Jiilich Supercomputing Centre, Forschungszentrum Jiilich)
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Generation of relativistic electronsand gammas in
interaction of relativistic laser pulses with plasma of
near critical density.

Dienstag, 28. Januar 2020 09:25 (25 Minuten)

Experiments on the direct laser acceleration of electrons in long scale plasma of near critical density
were carried out at the PHELIX laser facility at GSI, Darmstadt. Low density polymer foam layers
of 300-450 um thickness and combination of foams with um up to mm-thin plane metallic foils
were used as targets. Analysis of the electron energy distribution by application of the foam layers
showed a 10-fold increase of the electron “temperature”from Thot =1-1.5 MeV, measured for the
case of the interaction of 1019 W/cm2 laser pulse with a planar foil, up to 12 MeV for the case when
the relativistic laser pulsed propagated through pre-ionized by a ns-pulse foam layer. Increase of
the electron “temperature”was accompanied by a strong increase of the amount of relativistic
electrons and well defined directionality of the electron beam. Using a combination of the foam
layers with high Z convertors at the 1019 W/cm2 laser intensity, we measured up to 100-fold
increase of the yield of the gamma-driven nuclear reactions Au (gamma, 3n) Au with a x-ray energy
threshold beyond 23 MeV compared to the laser shots directly on to convertor foil at 1021 W/cm2
intensity.

Autor: ROSME], Olga (GSI, Darmstadt)
Vortragende(r): ROSME], Olga (GSI, Darmstadt)
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About thermal and non-thermal ignition of nuclear
fusion reactions

Mittwoch, 29. Januar 2020 10:40 (25 Minuten)

The fact that nuclear reactions are about ten million times more energetic than chemical reac-
tions as e.g. the burning of carbon, requires the same difference of thermal equilibrium pressures
with similar elevated fusion temperatures: not hundred oC but hundred million degrees. This was
changed by the advent of the laser offering the addition of a non-thermal pressure as a nonlinear
phenomenon, initially discovered by Thomson-Kelvin as ponderomotion in electrostatics and gen-
eralized by Maxwell’s stress tensor for plasmas. This was visible from measurements after 1963
at sufficiently high laser intensities, theoretically predicted and experimentally confirmed as ultra-
high plasma acceleration by Sauebrey using CPA picosecond laser pulses of extremely high power.
The measurements reached now parameters for non-thermal conditions of nuclear fusion even for
the environmentally clean, but in contrast to thermal-classically very low energy-gain reaction
of hydrogen and the boron-11 isotope. The increase was measured [1] showing many orders of
magnitudes higher energy gains with CPA pulses for a radically new design of generators (Fig. 16
of [1], and [2][3]) for electricity.

[1] H. Hora, G. Korn, L. Giuffrida, D. Margarone, A. Picciotto, ] Krasa, K. Jungwirth, J. Ullschmied,
P. Lalousis, S. Eliezer, G.H. Miley, S. Moustaizis and G. Mourou, Fusion energy using avalanche
increased boron reactions for block ignition by ultrahigh power picosecond laser pulses. Laser and
Particle Beams. 33, No. 4 (2015) 607

[2] Hora, H., Eliezer, S. Kirchhoff GJ., Nissim, N, Wang, J.X., Lalousis, P., Xu, Y.X., Miley, G.H,,
Martinez-Val, J..M, McKenzie, W., Kirchhoff, J., Road Map to clean energy using laser beam igni-
tion of boron-fusion. Laser and Part. Beams, 35 (2017) 730-740

[3] US-Patent 10,410,752

Autor: Prof. HORA, Heinrich (University of New South Wales Sydney/Australia)
Vortragende(r): Prof. HORA, Heinrich (University of New South Wales Sydney/Australia)
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Laser Inverse Compton Scattering on Relativistic
Electrons in a Tokamak”™

Mittwoch, 29. Januar 2020 09:00 (25 Minuten)

During a disruption in a tokamak plasma, current carrying electrons can be accelerated to multi-
MeV energies, which can cause severe damage to wall components. Conventional ways to study
these relativistic electrons include observation of synchrotron and bremsstrahlung radiation. But
these measurements are line integrated, and it is difficult to unfold the original runaway electron
source distribution. However, just as Thomson scattering is used to measure the thermal electron
distribution properties, one can use Inverse Compton Scattering (1) to measure the relativistic
electron distribution properties, pointwise in space, and with excellent time resolution. Progress
in the design and component testing this new (never before attempted on a fusion experiment)
diagnostic using Laser Inverse Compton Scattering to measure runaway electrons in the range of
3-30 MeV in the DIII-D tokamak during triggered disruptions is reported (2). An 80 picosecond,
2-5 Joule, rep-rated (100 Hz) Nd:Yag laser is being developed at Voss Scientific. A LANL gated soft
x-ray imager (developed for NIF) has been tested on the synchrotron Advanced Photon Source at
Argonne. A synthetic diagnostic model has been developed in Matlab. Finally, a suitable tangential
port has been identified on the DIII-D tokamak, and a diagnostic design package is being prepared.

*Supported by the US DOE Fusion Energy Sciences Advanced Diagnostic Program.
(1) G. A. Wurden, J. A. Oertel, T. E. Evans, Rev Sci. Instr. 85(11), 11E111, (2014)

(2) G. Wurden, T. Archuleta, J. Coleman, J. Oertel, Z. Wang, T. Weber, T. Evans, S. Woodruff, P.
Sieck, E. Hollmann, D. Offermann, APS-DPP 2019, poster, Ft. Lauderdale, Florida.

Autor: WURDEN, Glen Anthony (Los Alamos National Labs(LANL-PP))
Vortragende(r): WURDEN, Glen Anthony (Los Alamos National Labs(LANL-PP))
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Effects of non-paraxial off-axis focussing in
high-energy laser systems on the reliability of phase
retrieval algorithms

Mittwoch, 29. Januar 2020 17:05 (5 Minuten)

Modern high-intensity laser systems use off-axis-parabolic mirrors with short focal lengths to
achieve highest on-target intensities. These mirrors offer the advantage of achromatic focusing
while achieving small focal spots due to very small f-numbers. Adaptive optics (AO) is also com-
monly used to mitigate wavefront aberrations and therefore reduce deformations of the focal spot.
A typical AO setup is built from a deformable mirror and a successive wavefront sensor to run in
a closed loop. When used right before the final focusing optic, leakage light from a turning mirror
is transported through an imaging system that both images the surface of the deformable mirror
onto the wavefront sensor and reduces the beam diameter to a suitable size. This imaging-system,
however, itself introduces aberrations to the beam, which therefore influence the quality of the
achieved focal spot.

A widely used approach to compensate for this effect is to measure the intensity distribution in sev-
eral planes of the focal region and run a phase retrieval (PR) algorithm to estimate the wavefront
accountable for the deformations present in the focal spot. The commonly used algorithm for this
application is the Gerchberg-Saxton algorithm which is most often implemented using complex
Fourier transformations to switch between near and far field. However, this invokes that paraxial
assumptions can be made, which is not the case for focusing with a high numerical aperture (NA).
In this talk, we present a numeric study of the effects of non-paraxial focusing on the intensity
distribution of the focal spot compared with regular paraxial focusing. Also, the effect of off-
axis focusing is discussed. The results are used to re-consider the reliability of PR results of the
Gerchberg-Saxton algorithm when working with high-NA systems. A NA threshold where the reg-
ular algorithms still can be used is determined and a modification of the PR algorithm for higher

NA is proposed.

Autor: OHLAND, Jonas Benjamin (GSI, Darmstadt)
Vortragende(r): OHLAND, Jonas Benjamin (GSI, Darmstadt)
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Non-equilibrium effects on the yield of D3He and DT
reaction

Mittwoch, 29. Januar 2020 17:00 (5 Minuten)

We present an investigation of non-equilibrium effects on the reaction histories of D3He and DT
near the shock front using Monte Carlo simulations. Distributions of temperature and density
near the shock front are fitted based on our previous work (Front.Phys.11(6).115206), with the
parameters given in the recent paper (PhysRevLett.122.035001). Considering the thermal non-
equilibrium properties across the shock front, the averaged reactivities are calculated using the
bimodal distribution rather than the Maxwell one under thermal equilibrium condition. The results
show that the increase of the yields mainly comes from the enhanced ion temperatures, while both
the decrease of temperatures and the consumptions of fuels could cause the drop of the yields.

Autor: Herr YAN, Zixiang (Peking University)
Co-Autor: Prof. KANG, Wei (Peking University)
Vortragende(r): Herr YAN, Zixiang (Peking University)
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Recent advances in research of underwater electrical
explosion of wires and shock waves generation

Dienstag, 28. Januar 2020 17:50 (25 Minuten)

Experimental and numerical data regarding recent results on underwater electrical explosion of
wires and shock waves generation will be presented which include ultra-fast Al wire combustion,
development of thermal instabilities during wire explosion and symmetry of converging shock
waves.

Autor: Prof. KRASIK, Yakov (Physics Department, Technion)

Co-Autoren: Herr ROSOSHEK, Alexander (Technion); Herr MALER, Daniel (Technion); Dr. YANUKA,
David (Imperial colege); Dr. EFIMOV, Sergey (Technion); Dr. BLAND, Simon (Imperial Colege)

Vortragende(r): Prof. KRASIK, Yakov (Physics Department, Technion)
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Wake-field formation by high power microwave
interaction with plasma

Mittwoch, 29. Januar 2020 17:10 (5 Minuten)

Experimental and modeling results regarding formation of wake-field and frequency shift during

propagation of 0.6 ns duration, 500 MW power, 9.6 GHz microwave pulse in preliminary formed
plasma will be reported

Autor: Prof. KRASIK, Yakov (Physics Department, Technion)

Co-Autoren: Herr YANG, Cao (Technion); Dr. LEOPOLD, John (Technion); Dr. BIOKH, Yuri
(technion)

Vortragende(r): Prof. KRASIK, Yakov (Physics Department, Technion)
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PIC Simulation of laser irradiated Micro-Plasma with
varying density

Freitag, 31. Januar 2020 11:25 (25 Minuten)

We report on a 3D simiulation study of relativistic short laser pulses (10< a0 <120, 20-150 fs FWHM)
interacting with isolated targets of micrometer size.

Topic of the study is the emission of fast protons from targets representing hydrogen gas clusters
or plastic spheres. Different densities from undercritical so solid conditions, show distinct accel-
eration mechanisms. We consider the difference between mono-species and two-species plasmas
as well as linear and circular polarisation.

Autor: Frau PAUW, Viktoria (LMU)
Vortragende(r): Frau PAUW, Viktoria (LMU)
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Picosecond-contrast degradation in CPA laser
systems

Dienstag, 28. Januar 2020 09:50 (25 Minuten)

The importance of a high laser contrast in laser-plasma experiments is widely known. While the
temporal contrast in the nanosecond time scale is well understood and optimized, short pulse laser
systems around the world still suffer from a slow rising slope of the peak and hence a worse con-
trast in the regime of picoseconds prior the peak intensity.

We identified noise in a CPA stretcher to be the origin of this short timescale contrast degradation.
We present simulations on the influence of different kinds of noise —e.g. dust or surface deforma-
tion —onto the spectral phase and therefore the temporal pulse shape.

The simulation results are compared to measured pulse profile and recommendations for future
stretcher designs are concluded.

Autor: Herr SCHANZ, Victor (GSI, Darmstadt)

Co-Autoren: Prof. ROTH, Markus (TU Darmstadt); Dr. BAGNOUD, Vincent (GSI, Darmstadt)

Vortragende(r): Herr SCHANZ, Victor (GSI, Darmstadt)
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Experimental facilities for High-Energy Density and
Warm Dense Matter Experiments at FAIR

Montag, 27. Januar 2020 11:50 (30 Minuten)

At the site of the Gesellschaft fuer Schwerionenforschung (GSI) in Darmstadt, the Facility for
Antiproton and Ion Research (FAIR) is currently under construction. FAIR will offer unique high-
intensity heavy ion beams and high-intensity proton beams for experiments covering many fields
of research, including the study of high-energy density samples and the study of warm dense
matter.

The research in this field is coordinated by the High Energy Density Science at FAIR (HED@FAIR)
collaboration, which will focus on four main fields of study:

1) The study of the properties of materials driven to extreme conditions of pressure and tempera-
ture;

2) The study of shocked matter and of equations-of-state;

3)The study of basic properties of strongly-coupled plasma and warm dense matter; and
4)Nuclear photonics, including the excitation of nuclear processes in plasmas and laser-driven par-
ticle acceleration and neutron production.

The SIS-100 heavy ion synchrotron at FAIR will provide heavy ion beams with up to 5 - 101! U3+
ions with 2 AGeV in a 50 ns bunch for plasma physics experiments where they will be used either
to isochorically heat macroscopic samples to eV temperatures or to indirectly compress them to
megabar pressures. In addition, SIS-100 will also high-energy protons (up to 10 GeV with up to
2.5 - 1013 protons per bunch) which will be used for a proton microscope.

Before the start of FAIR, experiments will use the upgraded UNILAC and SIS-18 accelerators at
GSI (“Phase 0”). In my presentation I will give an overview of the experimental facilities that will
be available for HED experiments at FAIR as well as at GSI in Phase 0, the current status and the

timeline for the construction and commissioning of the experimental setup.

Autor: NEFF, Stephan (FAIR, Darmstadt)
Vortragende(r): NEFF, Stephan (FAIR, Darmstadt)
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Parametric instabilities, electron injection and

acceleration from relativistic laser interaction with
solid targets

Donnerstag, 30. Januar 2020 10:30 (25 Minuten)

Efficient direct electron acceleration in the plasma channel with injection through the breaking of
plasma waves generated by parametric instabilities was demonstrated experimentally and repro-
duced in the 2D3V PIC simulations. The electron bunch was produced using the specific plasma
profile containing arbitrary sharp, ~0.5A, gradient at the vicinity of 0.1-0.5 critical density and a
long tail of a tenuous preplasma. Such a preplasma profile was formed by an additional nanosec-
ond laser pulse with intensity of 5x10"12 W cm-2. In the case of optimal preplasma parameters
femtosecond laser pulse with an intensity of 5x10"18 W cm-2 and an energy of 50 mJ generates a
collimated electron bunch having divergence of 50 mrad, exponential spectrum with the slope of
~2 MeV and charge of tens of pC. The charge was confirmed measuring neutron yield from Be(g,
n) photonuclear reaction with threshold of 1.7 MeV. By the contrast, a ring-like electron beam
with divergency of 300 mrad and significantly lower charge is generated if the prepulse intensity
drops to 5x1011 W cm~-2. The 2D PIC simulations confirmed beamed electron’s acceleration in the
plasma channel (so-called direct laser acceleration). This channel is formed in a long tail of teneous
preplasma by the laser pulse specularly reflected from the arbitrary sharp gradient. The ring-like
electron beam was attributed to the longer gradient case enlarging divergence of the reflected laser
beam, preventing channel’s formation and electron acceleration by the so-called vacuum laser ac-
celeration, or VLA. We also showed that injected electrons appeared from the wave breaking of
plasma waves of hybrid SRS-TPD instability for the both gradients. Electrons received an initial
momentum from this breaking to be effectively injected into the plasma channel.

Autor: Prof. SAVEL’EV, Andrei (Lomonosov Moscow State University)

Co-Autoren: Herr ZAVOROTNY, Akim (Lomonosoc Moscow State University); Frau GORLOVA,
Diana (Lomonosov Moscow State University); Dr. TSYMBALOYV, Ivan (Lomonosov Moscow State Uni-
versity); Dr. IVANOV, Konstantin (Lomonosov Moscow State University); Herr SHYLUAPOV, Sergei
(Lomonosov Moscow State University)

Vortragende(r): Prof. SAVEL’EV, Andrei (Lomonosov Moscow State University)
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Exascaling strategies for the EPOCH Community PIC
Code

Freitag, 31. Januar 2020 08:30 (30 Minuten)

Since its public release in 2015, the EPOCH particle-in-cell community code has accumulated a
large base of over 1100 registered users, becoming an indispensable workhorse tool for many
groups worldwide whose research specialisation ranges from high-power laser-plasma interac-
tions and QED-plasmas, to kinetic instabilities in tokamaks, space physics and particle accelerator
design. EPOCH solves the Maxwell equations for the electromagnetic field with fully relativis-
tic charge dynamics, providing a choice of several numerical implementations of the field solver
and particle integration schemes respectively. EPOCH runs on computers ranging from standard
laptops for one- and two-dimensional simulations, to national Tier-1 supercomputers with up to
10,000’s of cores for more substantial three-dimensional problems.

Despite its wide acceptance and usability, the code still exhibits performance deficits in the parallel
implementation of its communication scheme, including load balancing and data I/O. The PICeX
project in the framework of the PRACE 6IP plans to carry out optimisation refactoring of EPOCH’
s core algorithmic kernels, considering parallelism, vectorization, and I/O libraries while maintain-
ing the integrity of code’s physics packages. One priority is to enable the code for contemporary
Tier-0 PRACE supercomputers as well as to explore more innovative schemes for future Exascale
machine architectures. In this talk we will outline these strategies in the light of recent hardware
developments at the Juelich Supercomputer Centre and within EuroHPC.

Autor: GIBBON, Paul (Forschungszentrum Juelich GmbH)

Co-Autoren: BROMMEL, Dirk (Forschungszentrum Juelich GmbH); OTTE, Phillip (Forschungszen-
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Towards the QED limits

Freitag, 31. Januar 2020 09:00 (25 Minuten)

we consider a few options to access the ultimate QED limit of matter in the strong electro-magnetic
field, when \xi \alpha”2/3 > 1, where \alpha=1/137 is the fine-structure constant and \xi is the non-
linear quantum parameter.

This regime of fully non-perturbative QED has long been assumed to be not accessible experimen-

tally. Yet, the progress in laser technology and particle accelerators may bring this regime within
experimental reach.
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Reflectivity and spectral shift from plasma mirrors
generated by KrF laser

Donnerstag, 30. Januar 2020 09:20 (25 Minuten)

It was recently shown [ that plasma mirror can be an applicable pulse cleaning method even for
UV lasers, as up to 70~\% efficiency can be obtained for intensities of 10'*~W/cm?. High accelera-
tion of KrF laser produced plasmas was also observed 2. Even recent results show that absorption
and reflection of intense ultrashort laser pulses from laser plasmas depend strongly on the tem-
poral contrast of the laser beam [3]. In our lab a new non-linear Fourier-filter method [4] was
demonstrated for the contrast improvement of short-pulse KrF lasers and this was applied the first
time here for high-intensity laser plasma experiments. It was found that increasing the intensity
of the 248~nm, 600~fs laser pulse from 10'°~W/cm? to 10*®~W/cm? the plasma reflectivity not
only saturates but decreases below 20~\% for different target materials and different polarizations.
The spectral shift of the reflected beam depends strongly on the contrast of the beam. Using the
improved contrast of 5 - 10! with the Fourier filtering spectral blue shift up to 0.6~nm was ob-
served, corresponding to the plasma acceleration of 4 - 10*®~ms~2. This is approximately four
times higher than the previous result 2 and it does not depend strongly on the incoming beam
polarization. Thus the acceleration is probably caused by the ponderomotive force.

\vspace{10mm}
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The GSI and FAIR laser cooling activities

Mittwoch, 29. Januar 2020 17:15 (5 Minuten)

Stored and cooled relativistic heavy-ion beams have a small relative momentum spread (Ap/p)
and a small emittance (¢) and are therefore ideally suited for high-precision experiments, such as
laser and X-ray spectroscopy. At storage rings, cooling is typically achieved by means of electron
and/or stochastic cooling, which yield cooling times of several seconds and Ap/p ~ 1075,

Laser cooling can, however, cool ion beams even faster and reach Ap/p ~ 10~7. Furthermore, laser
cooling becomes more effective at higher energies than electron cooling, and is —unlike stochastic
cooling —not limited to low ion beam intensities. The future Facility for Antiproton and Ion Re-
search (FAIR) will offer heavy-ion beams (as well as antiproton beams) with highest energies and
intensities. The heavy-ion synchrotron SIS100 is (at) the heart of FAIR and stores, accelerates, and
delivers the beams —initially provided by the GSI accelerators —to the FAIR experiments (i.e. the
APPA, CBM, NUSTAR and PANDA collaborations).

At the SIS100, laser cooling of bunched heavy-ion beams is our preferred method and is currently
being prepared for [1,2]. Cooling is achieved by balancing the force from anti-collinear laser light
exerted on the ions by the counter-acting force from the rf-bucket.

Calculations show that laser cooling at the SIS100 can be almost as effective as has been demon-
strated at the ESR [3]. Furthermore, it should assist in making the SIS100 ion bunches —achieved by
means of bunch compression (< 50 ns) —even shorter, thus offering world-wide unique possibilities.
Because of the huge magnetic rigidity (100 Tm) of the SIS100, very large gamma factors (up to 13)
and correspondingly large Doppler-shifts can be achieved, which should enable laser cooling (and
laser spectroscopy) of a broad range of ion species. We will present the general concept of bunched
beam laser cooling and provide an overview of the laser cooling pilot facility at the SIS100.
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