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Abstract

The development of a full simulation capability covering target design, atomic
physics, materials considerations and environmental impact of Inertial Fusion has been
the main aim of DENIM. The main goal in target design is the development of a fully
ifltegrated two-dimensional (2D) simulation system, which includes mulfgroup
radiation transport with angular dependence, fusion reactions and neutron and charged
particles transport. Different approaches have been developed such as SARA and
ARWEN codes. SARA has two versions (1 and 2D) and includes implicit multigroup
radiation transport with angular dependence via So coupled to hydrodynamic using
Eulerian or Arbritarily Lagrangian-Eulerian mesh in cartesian or cylindrical geometry,
electron heat conduction and laser or ion beam deposition. Different experiments have
been simulated using SARA such as X-ray conversion conversion, indirect-direct drive
scheme, and shock wave propagation in planar foils. ARWEN code is a 2D code for
calculations of problems with fluids under high pressures and with unstable flows,
including interaction with laser and ions, and energy transmission due to electrons and
radiation. The code uses adaptive mesh with continuous refinement, and solves the
problem of Riemann locally for two temperature, with radiation conduction in
muWgroups. Both SARA and ARWEN will be improved to consider fusion and neutron
and a particles trasnpoirt The atomic data needed by the codes will be produced with
the set of simulation codes generated at DENIM, which include LTE model (J1MENA
code), non LTE model (CARMEN code) and detailed configuration accounting solving
time dependent kinetics equation equation for a large number of levels (M3R code).
Multifrequency opacities for materials in IFE and mean opacities for a large number of
materials neve been developed, including those for mixtures. The activation code for
inventory calculations ACAB has been improved to consider the pulsed regime, charged
particles and uncertainties of nuclear data and consequences in the final response. It has
been extensively used in the activation analysis of the National Ignition Facility (NIF,
LLNL), and also in the activation analysis of conceptual reactors such as HYLIFE-H
and KOYO. A system of codes for analysis of fundamental principles of damage by
neutron, using Molecular Dynamics and Kinetic MonteCarlo Diffusion of defects have
been developed (in some extension) and implemented for analysis of SiC (as low-
activation candidate) and metals. A preliminary analysis is being developed on
environmental consequences with atmospheric dispersion considerations on the basis of
MACCS2 and COSYMA codes. Finally, analysis of advanced fuel cycles for future
reactors will be presented.
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Theoretical design studies have shown that an x-ray driven implosion of a beryllium

shell containing cryogenic DT fuel shows great promise for obtaining ignition on the

National Ignition Facility laser system. In the present paper, we will describe the full

spectrum of research at Los Alamos aimed at utilizing this target configuration for

achieving ignition early in the next century. The progression of research activities centered

on bringing a beryllium ignition target to fruition is shown below:

theoretical target design and the materials science required for fabrication

• theoretical design and modeling of the x-ray implosion of the Be capsule in a laser-

heated hohlraum

• material science studies of the fabrication of highly precise Be capsules

• development of methods for fabrication and characterization of cryogenic DT layers
inside the Be shell

• laser shock experiments investigating the low temperature properties of Be

production of the implosion conditions necessary for driving this Be target to ignition
conditions

• producing a plan for reduction of laser-plasma instabilities to an absolute minimum

through meso-scale modeling and current experiments

• studies of high x-ray drive symmetry hohlraums utilizing tetrahedra! illumination

• studies of hydrodynamic instabilities that may limit performance of the Be capsule
design

Beryllium capsules have the advantages of relative insensitivity to some types of

instability growth, low opacity, high tensile strength, and high thermal conductivity. One

striking aspect of Be designs are their reduced sensitivity to perturbations in the cryogenic

DT in the inner wall of the capsule. The specific impact of these properties on ignition

designs will be described.



Although Be has a number of very desirable properties such as high strength, it also
presents some challenges such as typically large grain size and difficulty in machining and
forming. Los Alamos has a major materials science program for investigating new methods
for fabricating the precise, high quality Be shells that will be required to produce
hydrodynamically stable, high convergence implosions. In addition to a description of Be
materials properties, a summary of the results of recent Los Alamos work on the complete
fabrication of Be spherical shells (at ignition scale) will be given. Once a high quality Be
shell has been produced, a smooth uniform cryogenic fuel layer must be formed on the
inner wall of the shell. Although our theoretical studies have indicated a greater tolerance
for Be shells on the uniformity of this layer, it still must be of very high quality. In addition,
since Be shells are optically opaque, the characterization of the cryo layer presents a new
challenge. We will describe a significant effort in characterizing the uniformity of this layer
utilizing 2 innovative methods: i) resonant ultrasound spectroscopy and ii) convergent
beam interferometry.1 Experiments with beryllium capsules show that sub-micron amplitude
interior surface perturbations are readily observable, and that fill density can be determined
to within 0.5%.

In the early stages of the implosion of Be capsules (for ignition) the shell will go
through a phase where the Be material properties may be important. In addition the Be
grain structure may be important in determining the uniformity of shock propagation — a
key element in ignition-level performance. To investigate these and other materials
properties we have recently pursued Be material properties studies2 utilizing laser-generated
shock waves. Results demonstrating time resolved phase changes and other properties will
be presented and the path for completely characterizing the Be properties relevant for
ignition performance will be described.

Next in the progression of requirements for ignition is the production of a very
uniform x-ray radiation environment for the ablation and implosion of the capsule. The
laser interaction with the walls (and plasma fill) of the laser-heated hohlraum used to
produce the x-ray field presents some potential difficulties. Laser plasma instabilities can
produce high energy radiation (and suprathermal electrons) that can cause pre-heat and can
reduce the overall energetic efficiency of the implosion. In addition, pushing to as a high a
hohlraum temperature as possible will provide for a safety factor in the achievement of
ignition. The ultimate limitation on hohlraum temperature will likely be these laser-plasma
instabilities. There are 4 principal components of Laser-plasma instability (LPI) work at
Los Alamos: i) development of meso-scale modeling methods, ii) detailed study of the
onset and saturation behavior of SRS and SBS in large ignition scale plasmas, iii) imaging
of the sources of SBS and SRS in ignition scale plasmas, iv) detailed study of the
interaction of SRS, SBS and self-focusing in a single laser hot spot. Recent results from
both modeling and experiment will be presented and the impact on the Be capsule ignition
design described.

Be Ignition target designs and very detailed experiments have shown that there are
stringent requirements on the symmetry of the hohlraum x-ray field driving the capsule. We
have recently completed a series of experiments utilizing a new hohlraum configuration
with tetrahedral illumination of spherical hohlraums. Through a variety of symmetry
diagnostic measurements (including implosion imaging), we have shown that this geometry

has considerable promise for producing better symmetry than cylindrical designs that have
been used up to this point.

The final limitation on the performance of an ignition target is the hydrodynamic
instability generated in the high convergence implosion process. Raleigh-Taylor instability
is produced in 2 principal regions - i) when the hot gas in the x-ray ablation region pushes
against the dense target and, ii) when the back pressure of the imploded gas causes
stagnation of the imploding shell. We have recently used a novel configuration — cylindrical
geometry to investigate these instability properties. Results from our recent experiments at
the Omega laser system (at the Univ. of Rochester) showing very graphic evidence of
instability growth will be given. A description of experiments in cylindrical geometry
utilizing Be shells, perhaps even including cryogenic layers, will be given.

In summary, our comprehensive studies — both theoretical and experimental of Be
capsule ignition indicate that there is consider able promise for the achievement of ignition
early in the next century.
Work performed by Los Alamos National Laboratory - Managed by the University of California for the US
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