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1.  Introduction

There has recently been a great deal of progress in the physics and technology of Z-pinch generated
x-rays.  These x-rays can be used to study the basic properties of matter under high pressures and at
high temperatures.  In addition, the x-rays can be used to drive fusion targets to ignition and beyond,
thus opening up the possibility of thermonuclear reactors in the not so distant future. As the energy
released increases from kJ’s to MJ’s to 100’s of MJ’s, a serious concern surrounds the viability of the
chamber that is needed to contain the microexplosion.

The Fusion Technology Institute (FTI) at the University of Wisconsin-Madison was asked to address
the general issues surrounding the chamber needed to contain large energy releases in the Z, ZX, and
eventually X-1 devices.  There is a wide range of topics that could be considered and the FTI has
chosen a small subset for initial examination.  This report summarizes the work performed in CY
1999 on those subjects.

It is important to recognize that there is an important feedback between the engineering issues and the
fundamental design of the targets, experiments, and Z-pinch related hardware.  Therefore, we have
deliberately spent some of our effort in modeling the target performance, target output, and
interaction of the target debris with the chamber walls (Sections 3 and 5).  The transport of the
radiation from the target to the solid members inside the chamber is also an important input to our
work and that is described in Section 3.

The target chamber of ZX or X-1 must allow the injection of tens of MA’s.  One option is the use of a
vacuum insulator stack, which also serves as a vacuum boundary.  These insulator rings will not only
be required to hold off a voltage of 10 MV, but will also have to withstand external static loads on an
evacuated chamber in addition to the pulsed internal loads from the energy released by the target.  We
have considered some possible solutions to this problem in Section 6.

The release of neutrons and the activation that they cause in the chamber is also an important area of
investigation. Section 7 scopes out the problem of the loss of neutrons from the backlighter of the Z
device.  Some of the fundamental experiments using a Z pinch facility include equation of state
(EOS) studies of actinides.  These materials must be contained during and after the shots. Section 8
outlines the level of release that may be acceptable from a regulatory standpoint although a “zero
release” policy should be vigorously pursued. Section 9 addresses the movement and potential release
of activated “dust” from ports in a containment chamber.  Experiments and simulations from the
University of Wisconsin Shock Tube facility give us an idea of the timescales and particle size
dependence of the phenomena.

Sections 10 and 11 discuss some possible experiments that could be performed on the existing Z
facility.  The aim of these proposed experiments is to measure the EOS of certain inert gases, as well
as to quantitatively measure the degree of fragmentation of targets and internal components.

Mechanical analysis of Z, ZX, and X-1 began with some preliminary work to identify accelerometer
locations for proposed vibration experiments to be conducted on Z.  The purpose of the experiments
is to identify the source of the severe shock observed during the firing of Z.  It is hoped that by
identifying the source, steps can be taken to suppress its effects in Z and especially in new machines
that are more powerful.

On the structural analysis side, hardware was purchased and software was leased to couple detailed
CAD models of Z, ZX, and X-1 with structural dynamic analyses and state of the art animation
programs. Three students are currently working on the project to couple the three-dimensional
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structural model from Pro Engineer™ with both ANSYS™ transient finite element simulations of Z
chambers and the animation program, MAYA™.  The preliminary results with Z have shown that the
SGI computer platform, model 320, has more than enough speed and memory to allow rapid
manipulation, in Pro Engineer™, of complex shapes, such as MITL, post-hole convolutes, etc.
Procedures for the implementation of full transient finite element analyses have been developed, and
several reduced analysis methods are under consideration.  Preparations are now being made to apply
this technology to the analysis of Z and the eventual design of ZX and X-1.
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2.   Mechanical Analysis of Experiments for Z, ZX and X-1 – Z Vibration Experiment
Design

Eleven different locations have been identified at which it would be desirable to have measurements
in various directions.  Figure 2.1 illustrates the locations numbered 1 through 11.  The selected
locations, for the most part, run radially from the central part of Z out to the north wall.  Having most
of the accelerometers along a radial line such as this might allow the study of wave travel times in the
structure and help detect the source of the shock.  Basically, locations on all of the major Z structural
components were selected.  Table 2.1 gives a detailed listing of the locations and the desired
measurement directions.  The location number roughly corresponds to the importance of the location
(1 being the most important) in the event that there is a need to limit the number of accelerometers.
Currently, this candidate set contains 26 accelerometers.  Locations 8 and 9 were added to the set at
90° with respect to the radially oriented locations to check the symmetry of the shock.  Locations 10
and 11 were added to study the response of the wall and the crane.

X

Y

North Wall

1z,2z

3xyz

4xyz

5xyz

6xyz

8xyz9xyz

10y

11xz

Crane

Water Tank

7xyz

Proposed Accelerometer Locations
for Z Shock Response Measurement
Experiments

Figure 2.1.  Proposed accelerometer locations for Z vibration experiments.
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Table 2.1.  Proposed accelerometer locations for Z vibration experiments.

Location
Number

Directions Description

1 z Top MITL, make sure accelerometer axis is mounted parallel to the
vertical axis.

2 z Bottom MITL.
3 xyz Bottom of circular beam at base of vacuum chamber.
4 xyz Inside wall of vacuum chamber below water line.
5 xyz Bottom of water tank, can be on underside.
6 xyz Housing surrounding water switch
7 xyz Outer wall of water tank.
8 xyz Bottom of water tank, can be on underside.
9 xyz Housing surrounding water switch.
10 y North wall by crane track.
11 Xz Face of crane

2.1 Solid Model Manipulation and Animation

Considerable progress has been made toward coupling the finite element models in Pro Engineer™
version 20 with detailed structural dynamic analyses of Z carried out with ANSYS™ 5.5.  In addition,
the output from the Pro Engineer™ code is being integrated with the MAYA™ animation code.  The
objective of this work is to eventually develop a complete package that will be applied toward the
structural design of the ZX and X-1 target chambers as well as producing high-end visualization
videos of the design options.

Figure 2.2.  Pro EngineerTM model of the Z convolute assembly.
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Two students have been involved in the solid model manipulation and animation aspects of the
project, and an SGI model 320 computer platform has been purchased to perform the necessary work.
License agreements for Pro Engineer™ and MAYA™ have been put in place.   The students have
been using a series of SNL generated, Pro EngineerTM files of Z component assemblies to demonstrate
the ability to rapidly manipulate complex shapes.  The Z convolute assembly, shown in Figure 2.2,
has been used as a test case for model manipulation.  In addition, various local experimental fusion
facilities have been modeled from 2D drawings in preparation for the more complex job of modeling
of conceptual ZX components.  These models are now being integrated into the MAYA™ program to
demonstrate the final link in the integration.

2.2 Structural Dynamic Analysis

The goal of the structural dynamic analysis thrust of this task is to perform transient finite element
analyses of the Z, ZX, or X-1 chambers using meshes generated directly from Pro EngineerTM models.
To this point, work on the structural dynamic analysis has been focused on the refinement of
ANSYSTM modeling and transient analysis techniques.  A basic finite element model of the lower
spool of the Z Vacuum Stack Assembly, part no. R47901-000, has been created in ANSYSTM.  This
component, highlighted in Figure 2.3, was selected because it provided a simple structure and finite
element mesh that could be used to evaluate the transient analysis capabilities of ANSYSTM and to
practice the application of theses techniques to a structure.

Figure 2.3.  Existing Z Vacuum Stack Assembly with the lower spool highlighted.
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Since the Pro EngineerTM work was in its early stages at the time of the initiation of the structural
dynamic analysis, this finite element model was generated manually within the ANSYSTM

preprocessing environment.  Dimensions of the spool were estimated from component drawings
provided by SNL, and the structure was assumed to be constructed from 304 stainless steel.  The
walls of the spool were modeled using elastic shell elements, 3-D structural solid elements were used
to represent the upper and lower flanges of the spool, and 3-D tapered unsymmetrical beam elements
were included to model the wall reinforcement rings.  The shell elements were meshed using
automated routines, but the solid elements in the flanges and the beam elements had to be meshed
node-by-node to ensure correct connectivity and element orientation.  In addition, special care had to
be taken to ensure that the automatic meshing routine created an array of shell elements with all
element normal vectors directed radially outward from the cylinder’s axis of symmetry.  The final
model consisted of 1382 elements and 7344 degrees of freedom.

Modal analyses were conducted in ANSYSTM to validate the finite element model of the lower spool.
First, the free-free mode shapes were investigated and ANSYSTM was forced to compute all of the
rigid body modes.  Next, the upper and lower flanges were constrained and the mode shapes
corresponding to the first 30 natural frequencies were extracted.

Figure 2.4 displays the mode shapes corresponding to the first and the 30th natural frequencies of the
structure.  These computed mode shapes and frequencies were then compared to analytical results
derived from the expressions presented in Formulas for Natural Frequency and Mode Shape, by
Robert Blevins.  Since the computed mode shapes and frequencies showed good agreement with the
analytical predictions and no mechanisms were revealed, the finite element model was deemed
acceptable for use in more complex analyses.

Using the lower spool model, a full transient structural analysis was then performed.  In the full
transient analysis, the lower spool model was subjected to a pressure load profile taken from
predicted target explosion effects on the X-1 target chamber.  Initially, the extremely small time steps,
approximately 1x10-10 seconds, caused some difficulty with the Newton-Raphson integration
algorithm used by ANSYSTM.  Modification of one integration parameter proved successful in
alleviating this difficulty.  Standard ANSYSTM post-processing functions were used to examine the
deformed shape and corresponding stress distributions produced by the applied pressure load profile.

Figure 2.4.  First, at right, and 30th mode shapes, for constrained lower spool, with frequencies
corresponding to 53 Hz and 112 Hz, respectively.
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The peak-deformed shape can be found in Figure 2.5 and the contours of Von Mises stresses
corresponding to the peak displacement are shown in Figure 2.6.

Current work involves the implementation of several reduced transient analysis methodologies.  Since
the full transient analysis in ANSYSTM predicts the behavior of a structure by sequentially solving the
full set of structural equations at each time step, this approach is costly in terms of memory and
computation time.  To reduce the costs of transient structural analysis, alternate techniques that solve
smaller equation sets are often utilized.  ANSYST M mode superposition analyses are being
implemented as a first step toward the application of reduced analysis techniques.  In the near term,
the structural dynamics work will be focused upon a comparison of the accuracy of the results
produced by mode superposition, designation of master degrees of freedom, and mode acceleration
with the results from the full transient analysis.  Work will also begin on the importation of complete
finite element models into ANSYSTM directly from Pro EngineerTM.

In addition, consideration has been given to the incorporation of nonlinear material behavior in the
finite element analyses, in an effort to simulate strain-rate effects in the structure.  ANSYSTM does
have the ability to simulate strain-hardening behavior in full transient analyses, but this feature can
only be applied to 3-D solid elements.  Since the eventual finite element models of Z, ZX, and X-1
will be modeling such large and complex structures, it is unlikely that these models will be formed
using solid structural elements. It is believed that the exclusion of strain hardening from the material
constitutive model is conservative from a structural failure standpoint.  It also seems to be common
practice in containment vessel design and analysis.  Thus, no further efforts will be undertaken to
incorporate strain rate effects directly in the finite element solutions.

Figure 2.5.  Peak deformed shape of the Z lower spool model subjected to a blast load.

Figure 2.6. Von Mises stress distribution corresponding to the peak displacement.
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3.   Target Capsule Implosion Calculations

One of the critical inputs into the design and analysis of an experimental chamber for ZX and/or X-1
is the energy output from ignited and burning targets.  To obtain target output spectra and powers, we
have decided to use the BUCKY computer code.  The first step in calculating target output is
obtaining the conditions at the time of ignition and burn in the capsule.  We are also using BUCKY
for these calculations.  First, we performed simulations of implosion on burn near to published
capsule designs [1] to show that BUCKY is a credible code.  Then we turned our attention to the X-1
capsule and show preliminary results giving 160 MJ of yield.  This target is based on the z-pinch
driven static-wall hohlraum target concept [2,3].  In the future, we will show results for ZX targets
and do target output calculations for specific ZX target designs.

Our first task is to show that BUCKY does a credible job of capsule implosion and burn.  There are
published implosion and burn calculations done for NIF capsules with reduced drive conditions [1].
The reduced NIF conditions imply 900 kJ absorbed in the hohlraum.  In these calculations, only the
capsule is modeled and it is performed in 1-D spherical geometry.  The implosions are driven by an
applied radiation temperature history at the outside of the capsule.  Shocks are launched through the
capsule, which must approximately coalesce at the inside edge of the frozen fuel for a minimum
entropy implosion.  The published and the BUCKY calculations are all performed on slightly
different capsules with slightly different drive histories.  In the case of BUCKY calculations, many
small adjustments to the radiation drive history and target geometry were made to achieve the proper
shock timing to get ignition.  The LLNL capsule used a graded Cu dopant in a Be ablator [1].  SNL
[2,3] and UW capsule designs use a 2% O dopant in a Be ablator.  The implosions stagnate in high
ρR assemblies with hot inner spark plugs.  The fuel burns, producing a thermonuclear yield.

In Table 3.1, BUCKY calculations are compared with the published results based on energy coupled
into the ablator, ρR, and yield.  The BUCKY target design optimization led both designs to higher
peak drive radiation temperatures, had more energy absorbed in their ablators and gave higher yields.
In Figure 3.1, the two UW NIF capsule designs are shown.  The two capsules are very similar, with
the 270 eV target having a larger outer radius and ablator thickness by 5 µm.  The capsules are driven
by the radiation temperature histories shown in Figure 3.2.  The pulse shapes are carefully adjusted to
launch four shocks that sequentially exit the DT vapor/DT ice interface in rapid succession.

In the 260 eV design, approximately 70 BUCKY calculations were performed to optimize the shock
timing, where very small changes in the drive history lead to large changes in the target yield.  The
implosion hydrodynamics for the 260 eV design are shown in Figure 3.3.  Three shocks break
through the interface between 13 and 14 ns.  Bang time is seen to be about 17.3 ns.  The peak ρR of

Table 3.1.  Summary of NIF Reduced Drive Capsule Implosion Calculations

LLNL Graded
Cu

SNL Be 2% O BUCKY Be 2%
O

BUCKY Be
2% O

Peak Drive Temperature (eV) 250 250 260 270
Outer Radius (mm) 1.088 1.100 1.080 1.085
Albator Thickness (mm) 0.122 0.140 0.110 0.115
Fuel Ice Thickness (mm) 0.055 0.080 0.070 0.070
Energy to Capsule (kJ) 114 125 131 135
Peak Fuel ρR (g/cm2) 1.28 1.5 1.42 1.53
Fusion Yield (MJ) 6.8 12 19.6 19.6
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260 eV Capsule

1.08 mm
.97 mm
.90 mm

Be +2% O
DT ice

DT vapor
.3 mg/cc

1.085 mm
.97 mm
.90 mm

Be +2% O
DT ice

DT vapor
.3 mg/cc

270 eV Capsule

Figure 3.1.  UW reduced drive NIF capsule designs.

1.42 g/cm2 is reached at this time.  Over less than 30 ps, 19.6 MJ of thermonuclear fusion occur,
which rapidly drives the capsule outward after bang time.  In Figure 3.4, the mass density profiles
during the implosion are seen.  The imploding shell gets very thin shortly after the shock breakout of
the ice/vapor interface, which leads to a high in-flight aspect ratio (IFAR), shown as a function of
time in Figure 3.5.  The peak mass density increases during the implosion, reaching a peak of about
2000 g/cm3.  The peak IFAR is about 35 at 14 ns.  This may or may not be low enough to avoid
damaging fluid instabilities.  These calculations show that BUCKY allows the design of a capsule
close to the LLNL and SNL designs and that the BUCKY predicted behavior of the capsules is not
dissimilar for what LLNL and SNL might predict.

The X-1 capsule and drive history obtained from Rick Olson of SNL is shown in Figure 3.6.  The
capsule is twice as wide as the NIF capsules.  The ablator has a layer of BeO outside a layer of
Be98O2.  This structure is designed to be a pulse-shaping layer.  The drive history in X-1 cannot have
the fine details of a NIF history because X-1 uses z-pinch x-rays.  Therefore, internal pulse shaping is
needed.  The pulse shaping relies on the time it takes for the radiation to burn through the O dopants
in the ablator.  For BUCKY to predict reasonable capsule behavior, it must get the atomic physics of
burnthrough right.  This is done within opacity tables created by EOSOPA for BUCKY.  SNL
predicted that this capsule would ignite for this drive history and give about 200 MJ of yield.  The
results of the BUCKY simulation are shown in Figure 3.7, where the implosion hydro is shown.  The
shock timing predicted by BUCKY is less than perfect, but it still predicts 160 MJ of yield, which is
reasonable.  Different equations of state are used by BUCKY than at SNL, so differences in shock
timing are not unexpected.

The NIF and X-1 results show that BUCKY is ready to design a capsule for ZX, which is the next
step.

References for Section 3

[1]  T.R. Dittrich, S.W. Haan, M.M. Marinak, S.M. Pollaine, and R. McEachern, “Reduced Scale
National Ignition Facility Capsule Design,” Phys. Plasmas, 5, 2708 (1998).

[2]  R.J. Leeper, et al., “Z-pinch Driven Inertial Confinement Fusion Target Physics Research at
Sandia National Laboratories,” 17th IAEA Fusion Energy Conf. (Yokohama, Japan, 19-24
October 1998).

[3]  R.E. Olson, et al., “Evaluation of a Z-pinch Driven ICF Concept,” 40th Ann. Meeting APS Div.
Plas. Phys. (New Orleans, LA, November 16-20, 1998).
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4.  Integral Transport Theory

From the initial illumination of the target capsule to its subsequent burn and disassembly, radiation
transport plays an important role throughout the compression, ignition and burn phases of inertial
fusion energy (IFE) capsules [1].  Time-dependent diffusion based methods have frequently been
used to simulate radiation transport within these target capsules [2,3,4].  It is well known that these
methods have difficulty describing the radiation field in optically thin media because of the infinite
propagation speed of the radiation in the diffusion approximation [1].  Various methods have been
devised to remedy these problems; foremost, flux-limited diffusion methods that seek to limit the
propagation speed of the radiation [5,6].  Though improvements have been made, the optically thin
regime still poses some problems for diffusion-based methods.

The time-dependent Angle Integrated Integral Transport (AIIT) method has been shown to achieve
highly accurate results for neutral particle transport in optically thick and thin regions with finite
propagation speeds [7,8,9,10].  Central to the AIIT method are the time-dependent single-collision
kernels.  These kernels contain Heaviside or delta functions that provide causality information for the
neutral particle’s transport [7].  A neutral particle at a position r' at a time t' traveling with a speed v
cannot affect the intensity at a position r at a time t until enough time has passed for its translation.
This is expressed by the condition (t - t') = |r - r'| / v, the argument of the Heaviside function.  This
method has been adapted to radiation transport and has been used to examine the uniformity of x-ray
radiation illumination on a DT capsule as the radiation enters through the ends caps and is re-emitted
for the walls of a NOVA hohlraum [11,12].  Although the AIIT method produced accurate results, the
drawbacks of the method are the potential CPU and storage requirements.  To increment in time, one
must integrate back from time zero to the current time of interest.  This can be quite CPU and storage
intensive depending on the length of the simulation and size of the program.  A time-dependent angle
dependent Integral Transport time-step method was developed to circumvent this problem.

4.1.1  Derivation of Calculational Method

The Time-Dependent Bubble Integral Transport (TBIT) is a time-step method based on the angular
radiation intensity integral equation.  It only requires information from the previous time step
improving the simulation time and reducing the storage requirements over that of the AIIT method.
The transport equation for x-rays in a given frequency group in a heterogeneous medium with an
arbitrary isotropic source is:

1
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Applying the method of characteristics to Equation 4.1, one obtains a first order differential equation
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One now integrates back one spatial mesh where the time-step is defined as ∆x = vg/∆t and c is the
speed of light, arriving at
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The assumption is now made that all the scattering in the system is isotropic in the center of mass
coordinate system (i.e., no scattering angles are preferred); then expanding the source term into its
constituent components of its collided and uncollided sources, the following is arrived at:
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(Eq. 4.4)

Figure 4.1 shows Equation 4.4 from a visual standpoint.  The TBIT method calculates the time-
dependent scalar flux at a particular point by drawing a sphere of radius one ∆r around the
calculational point.  Thus, only particles that scatter during the current time-step into the calculational
angle, or particles that are on the boundary of the sphere during the previous time-step will influence
the angular flux at the current time-step.  The scattered component is calculated by integrating along
the line of sight until the boundary of the “sphere” or material/vacuum boundary is met.  The
boundary component is calculated through simple exponential attenuation along the line of sight
(Figure 4.1).

In a simplistic manner, the scalar flux could be calculated by solving Equation 4.4 along specific
angular directions and then integrating these directions in order to solve for the scalar flux.  After
each time-step, the boundary source term is updated and the calculation can proceed with only the
information from the previous time-step needed.  Details of the numerical implementation of the
TBIT method can be found in Reference 12.

4.2  TBIT Applications to ICF Problems

The TBIT method will be used to simulate two problems pertaining to radiative transport in ICF
targets.  The first application will calculate 3D radiative transport in a spherical hohlraum.  This is
done to investigate the effect that the placement and size of the laser entrance holes have on the non-
uniformity of the illumination on the capsule.  The second application will be that of neutron transport
down a diagnostic beam tube that measures the energy spectrum based on the time of flight from the
fusion event to the detector.  This will show how scattering events in the tube affect the perceived
energy spectrum by scattering into lower energy groups and increasing the distance over which
neutrons must travel.

4.2.1  Three-D Radiation Transport On Spherical Hohlraums

One of the routes to high gain targets and ignition is through the use of thin wall cylindrical
hohlraums composed of a high Z material, usually gold, that surrounds a DT target suspended in the
center.  Laser energy enters through two laser entrance holes (LEH) on either side of the cylinder and
proceeds to heat up the high Z material of the hohlraum resulting in the production of x-rays.  The x-
rays then irradiate the capsule as well as other portions of the hohlraum not directly heated by the
laser energy.  These “secondary” zones then proceed to emit x-rays of their own.  Under ideal
circumstances, the capsule is illuminated as uniformly as possible.  For a capsule to properly
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Figure 4.1.  Graphical representation of TBIT method.

compress and initiate fusion, the non-uniformity of the x-ray illumination must be on the order of 1%
[13].

In general, a cylindrical hohlraum has a length that is greater than its diameter.  This type of geometry
is needed to balance the lack of an x-ray source at the LEH with the large source caused by the lasers
striking the hohlraum and the resultant x-ray emission.

An alternate design would be to make the hohlraum spherical instead of cylindrical and aim the lasers
into the hohlraum such that they illuminate the area beyond the LEH.  In contrast to cylindrical
hohlraums, where beam phasing is needed to ensure a uniform illumination, spherical hohlraums can
use identical temporal beam histories thereby producing more symmetrical capsule illuminations [14].
There are several disadvantages to using spherical hohlraums [14]:

   •Beam placement for spherical hohlraums may be incompatible with cylindrical hohlraum designs.

  •The hydrodynamics and radiative transport is more difficult to model in three-dimensional spherical
coordinates.

  •There may be greater radiative losses because of the added number of LEH.

When designing spherical hohlraums several considerations must be made when determining the area
of the LEH as compared to the total area of the hohlraum.  Ideally, the lasers should convert all of
their energy into x-rays in the interior of the hohlraum.  Obviously, total conversion is impossible;
however, the LEH must be large enough such that the lasers enter the hohlraum unimpeded by the
plasma ablation near the LEH.
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Figure 4.2.  Proposed NIF spherical hohlraum.

On the other hand, an ideal design should also allow all of the x-ray energy to be transported into the
capsule.  This means that the LEH be as small as possible to avoid x-ray losses.  These two design
considerations are in direct conflict with one another.  When balancing these two criteria, the
overriding consideration must be the uniformity of the capsule illumination.

 Provided in Table 4.1 and shown in Figure 4.2 are the proposed dimensions for a spherical hohlraum
on the NIF [13].

Table 4.1.  Proposed spherical hohlraum design for NIF.

Case Radius Rc(mm) 4.55
Hole Radius Rh (mm) 1.14
Capsule Radius Rcap (mm) 1.13
Rcap/Rc 0.25
Case Area Ac(mm2) 243.8
Total Hole Area Ah(mm2) 16.33
Ah/Ac 0.067

The proposed spherical hohlraum for the NIF has four holes placed at the vertices of a tetrahedron, or
known as a tetrahedral hohlraum.  Although there have been different proposed angles for the LEH on
the NIF tetrahedral hohlraum, the calculations will proceed using LEH that are uniformly distributed
over the surface of the hohlraum at 60° angles from each other.

The TBIT method is used to investigate the uniformity of the capsule illumination for three different
spherical hohlraum designs: 1) two LEH holes at either pole on the hohlraum, the NIF tetrahedral
hohlraum, and 2) a six-hole design with two LEHs on either pole and four uniformly distributed
LEHs on the equator.  The total surface area will be the same for all three designs.

The figure of merit when determining the uniformity of the capsule illumination is the area of the
LEH verses the total area of the hohlraum. For each of the three geometry types, three different LEH
surface areas will be run.  The first will have a LEH surface area of 50% that of the NIF design, the
second equal to the NIF design, and the final 200% that of the NIF.  The code will then calculate the
capsule illumination for each of the three geometry types and for each of the three LEH surface areas.
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Several complications arise when using the TBIT method.  First, the LEH, not positioned at either
pole of the spherical hohlraum, cannot be modeled as circular using the currently implemented TBIT
method.  The coordinate system for the code is defined at the center of the capsule and the material
boundaries on the hohlraum can only change at discrete values for the azimuthal and polar angles.  As
a result, the area of these LEH are “arcs” on the hohlraum with areas of ALEH = P2dθdφ.  These LEH
holes have the same area as those at the poles with the only difference coming in the shape of the
hole. The TBIT method was run using the numerical parameters shown in Table 4.2.

Table 4.2.  Numerical parameters for TBIT method.

Nodes in Radial Direction 20
dr (mm) 0.2275
dt (picosecond) 0.758
Nodes in Polar Direction 40
Nodes in Azimuthal Direction 20

Several simplifying assumptions are made.  First, the capsule is assumed to be completely black.
This means that any incident x-ray flux will be absorbed and not transported through the capsule.
This need not necessarily be the case.  Real opacities could be used for the DT target.  However, as
the TBIT method is not coupled to a hydrodynamics code and the opacities and geometry for the
problem are fixed, radiation would just travel through the capsule and affect the illumination on the
other side.  The present calculations are to determine the capsule illumination as a result of the x-ray
flux incident on the capsule, and any “from the rear” illumination would distort the results.

Second, because the material changes on discrete nodes, the capsule in the simulation is slightly
larger than the NIF target given in Table 4.2.  For this particular problem, there are 20 nodes scattered
uniformly in the interior of the hohlraum, dr=0.2275 mm.  The capsule in the interior is completely
black to all radiation and is composed of the inner five nodes, or 1.14 mm.

Only a signal frequency will be transported for the purpose of this simulation.  This will allow the
determination of the effect that the LEH size and placement has on the uniformity of the capsule
illumination.

A uniform, isotropic, unit source will be distributed over each LEH.  All of the outgoing photons
from the LEH are pointed towards the hohlraum.  Once the photon flux intersects with the hohlraum,
80% of the incoming intensity will be isotropically remitted as x-rays at the next time-step.

4.2.2  Two Laser Entrance Holes

The first simulation is of a spherical hohlraum with identical dimensions to that of the NIF hohlraum
given in Table 4.1 including the total surface area of the LEH.  The simulated two LEH hohlraum is
shown in Figure 4.3.

Figure 4.4 shows the capsule illumination at 27.32 picoseconds.  Figure 4.5 shows the capsule
mapped onto a 2D plane.  At this early time, x-rays have just enough time to travel from the LEH to
the hohlraum and then to the capsule.  The effect of the LEH is noticeable from both pictures as a
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Figure 4.3.  Two laser entrance hole spherical hohlraum.
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Figure 4.4.  Two LEH capsule at 27.32 picoseconds.
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Figure 4.6.  Two LEH capsule at 59.19 picoseconds.
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Figure 4.7.  Two LEH capsule at 59.19 picoseconds.
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large “cool” area located on either pole of the capsule.  The middle of the capsule has the highest
illumination because it is the only area that can be illuminated by both of the LEHs.

Figures 4.6 and 4.7 show the capsule illumination at 59.19 picoseconds.  At this later time, x-rays can
travel approximately twice across the diameter of the hohlraum.  The basic features from the earlier
time are featured in these two later figures.  The LEH holes are the coolest regions of the capsule and
the warmest is along the equator.

Two additional scenarios were run using the same two-holed LEH, with the only difference coming in
the total surface area of the LEH.  The first case was run with half the surface area of the NIF design
and the second was run with twice the surface area.  Table 4.3 compares the percent non-uniformity
for each of the three cases.

Table 4.3.  RMS non-uniformity for two-hole hohlraum.

Total Hole Area (mm2) RMS Non-uniformity (%) Percentage Increase RMS Non-uniformity
8.17 12.04 -
1633 18.80 56.15
32.66 28.35 50.79

As expected, the smaller the LEH, the more uniform the capsule illumination.  The third column of
Table 4.3 shows the percent increase in the rms non-uniformity over the previous surface area
configuration.  The TBIT method predicts that doubling the LEH surface area will approximately
double the capsule non-uniformity.  From the data calculated, the two-LEH design is clearly
unfavorable for successful implosions, as the best capsule illumination is over 10%, well above the
1% needed for successful implosion.

4.2.3  Four LEH “Tetrahedral” Hohlraum

The proposed spherical NIF hohlraum was simulated, Table 4.2 and show previously in Figure 4.2.
Recall that the LEH holes that lay off the poles of the hohlraum are represented as “arc” on the
hohlraum instead of circular holes.

Figures 4.8 and 4.9 show the capsule illumination at 27.32 picoseconds.  At early times, the capsule
illumination is fairly uniform except over the