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ABSTRACT 
Host detailed fusion target design is done by numerical simulation 

using large computers. Although numerical simulation is briefly 
discussed, this lecture deals primarily with the way in which basic 
physical arguments, driver technology considerations and economical power 
production requirements are used to guide and augment the simulations. 
Physics topics discussed include target energetics, preheat, stability 
and symmetry. 

A specific design example is discussed in Appendix A. 
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I. Introduction 
University participation in target design has been quite limited. 

This situation results largely from the classification of some aspects of 
target design. Nevertheless, it is important that university people be 
as fully informed about target design as possible. This is particularly 
true since target design is closely coupled to a number of areas that are 
appropriate to university research. Some of these are: 

1. Systems studies 
2. Target fabrication 
3. Driver design, including both lasers and accelerators 
4. Combustion chamber design 
5. Beam-target interaction physics 
6. Beam transport studies 
7. Diagnostics 
The way in which these areas couple to target design depends on the 

reason for designing targets. There are at least three reasons for 
designing targets: 

1. Power production 
2. Physics experiments 
3. Military applications 
Economical power production poses the most difficult challenge, and 

it is in this application that target design is most closely coupled to 
many of the areas appropriate to university research. Only power 
production will be discussed in this lecture. 
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II. Numerical Simulation of Targets 
Target design fundamentals have been discussed by Or. Ray Kidder in 

previous lectures. The purpose of this lecture is to explain how these 
fundamentals are applied to real target design problems. 

Nearly all target design is done using numerical simulation codes. 
The most complex codes in general use are the two-dimensional large 
hydrodynamic codes such as LASNEX. 1' 2 With these codes one attempts to 
simulate all of the relevant physics from the absorbtion of the driver 
energy, through implosion and burn to final disassembly. 

LASNEX is a Lagrangian code and is two-dimensional in the sense that 
it can only simulate target designs having an axis of rotational 
symmetry. The relevant physics is shown in Fig. 1. Electrons and 
photons are normally transported using flux-limited diffusion and are not 
required to have thermal distributions. For more details refer to 
references 1 and 2. 

LASNEX has shown reasonable agreement with experiments as is shown 
in Figure 2, where the measured and calculated neutron yields are shown 
for a rather large number of target designs. In the case where two 
calculated yields are shown, the lower yield represents a calculation 
including the effects of magnetic fields. In addition to neutron yield, 
LASNEX also correctly predicts other measurable quantities such as 
implosion velocity and fuel temperature. 
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Some LASNEX simulations use nearly all of the memory available on 
the CDC 7600's at Livermore and require many hours of computing time. 
For these reasons, three-dimensional simulations are currently beyond our 
capability. 

In addition to the rather complete target design codes such as 
LASNEX, there are also many special purpose codes available. There are 
several fluid instability codes. Some of these are independent Eulerian 
codes, while some use one-dimensional output from LASNEX to calculate 
instability growth rates. 

There are also codes to calculate preheat and to process LASNEX 
output to predict the response of some specific experimental diagnostic 
tool such as an x-ray detector. 

III. Target Design 
The fundamental difficulty in target design is coping with the very 

large dimensionality of the parameter space available to the designer. 
The first variable in this space is the type of target. There are many 
different classes of targets. Some of these are shown in Fig. 3. These 
classes are shown in their simplest form. For example, the multiple 
shell targets may have several shells, with each shell a composite of 
multiple layers. 

As a specific example, consider a double shell target with two 
materials in each shell as shown in Fig. 4. Fig. 4 represents a slice 
out of a spherical target. The region between 0 and r, ] S fined 
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with fuel and the region between r 3 a n d r 4 is filled with some very 
low density material such as a plastic foam or additional fuel. 

We note immediately that this target must be specified by six radii 
and six materials. For some of these materials the density is fixed; 
however, if the fuel happens to be deuterium-tritium gas, the density is 
also a variable. 

In addition to the parameters describing the target itself, there 
are also parameters to describe the input. Consider a typical input 
power pulse such as that shown in Figure 5. This pulse can be crudely 
characterized by six or seven parameters -- three times t^s tg and 
*3, and three power levels P^, P 2 and P3 and perhaps an 
additional parameter describing the shape of the pulse between t, a n (| 
t 2. 

Specification of the source also requires several variables. There 
is the source type (laser, electron beam, ion beam). There are also the 
number and location of the beams. For each beam there is a focal spot 
size or more precisely the spatial distribution of energy. In the case 
of a laser the polarization and wavelength must be specified, and in the 
case of a charged particle beam one must specify the charge, mass and 
energy spectrum of the beam. 

A simple one-dimensional LASNEX simulation on our hypothetical 
target in Fig. 4 can use up to about one-half hour of 7600 time, so that 
it is clearly impractical to optimize a target by blindly varying all 
possible parameters. However, there are many constraints on, and 
relations among, 
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the parameters, so that the number of truly independent parameters can be 
quite small. Therefore, before beginning numerical simulations one 
normally resorts to rules-of-thumb and "back-of-the-envelope" 
calculations to get into a reasonable place in parameter space. In 
performing these preliminary calculations one relies on Kidder's "inside 
story" and "outside story." One can also define "stories of the third 
kind" (or "far-out stories"). By this we mean that things well outside 
of the target such as driver technology, target fabrication, and systems 
studies all help to define the region of parameter space in which it is 
reasonable to design targets. 

Stability and Symmetry 
One of the most important considerations is the problem of fluid 

instabilities. Shells having large values of radius/thickness (r/6r) are 
more subject to destruction by fluid instabilities and require more 
symmetric irradiation than those having low values of (r/6r).3 We will 
discuss this more fully later. On the other hand, large r/6r allows a 
reduction in peak driving power. For gas filled targets r/6r is 
sometimes also limited by the strength of the shell required to hold a 
desired pressure. Balancing the above conflicting requirements usually 
provides strong constraints on r/<5r. 
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Energy, Power and Yield 
Referring to Kidder's lectures one finds that input energy and power 

are related to target gain. Since 1 mg of DT fuel can yield a maximum of 
about 340 MJ the fuel mass is also constrained. 

Implosion Velocity 
Kidder's result on the energy required for compression and ignition 

can be used to derive a very important rule-of-thumb. Using Kidder's 
notation we write W c % goo a eV/electron ^ 1200 eV/electron. Since 
Ws ^ w c about 2400 eV/electron or 960 eV/nucleon is required to 
compress and ignite DT. This corresponds to an implosion velocity of 4 x 
10? cm/sec. However this is clearly mass dependent since the spark 
ignition energy w"s can be a smaller fraction of the total for larger 
fuel masses. Also if the fuel is tamped with a surrounding shell the 
velocity can be less. 

All things considered an implosion velocity > 2 x 10 7 cm/sec is 
required for most target designs. This is a very valuable rule-of-thumb 
and can be used as a starting point for other calculations. 

Implosion Efficiency 
A simple rocket model can be used to provide an estimate of 

implosion efficiency. If mQ is tf.e initial mass of the rocket, m is 
the mass at some later time and v e i S the exhaust speed, one can easily 
show that the speed of the rocket is given by 
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v = v g I n (m0/nO 

or letting x = m/m Q £ 1 
v = -v I nx. 

It can also be easily shown that the efficiency of the rocket, 
n = 1/2 mv2/{total energy delivered to rocket), is given by 

_ x ln 2x 

This assumes that the exhaust has no energy other than kinetic. In a 
fusion target it is also necessary to heat the exhaust. For simplicity 
we assume that the ablation is similar to a one-dimensional isothermal 
blowoff. In this case the kinetic energy of the ablated material is 2/3 
of the thermal energy. If we apply this factor in the derivation of n 
we obtain 

This function is plotted in Fig. 6. 
The expression for n agrees reasonably well with some LASNEX 
calculations, but it must be emphasized that in an actual case the 
efficiency depends on such things as ablation rates compared to sound 
speeds, the time history of the input pulse, and radiative losses. 
Nevertheless, it is clear that there is some truth in this simple model. 
The efficiency goes to zero for zero ablator (x = 1) or zero 
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payload (x = 0). Moreover, it is reasonable to expect that maximum 
efficiency will occur when the payload speed is such that the exhaust is 
at rest in the laboratory frame. For maximum n the payload velocity is 
1-59 v g so that some of the exhaust is moving forward in the laboratory 
frame and some is moving backward. 

Specific Energy Requirement 
As an application of efficiency considerations, we can derive a 

limit on the specific energy that must be deposited in the ablator. For 
high efficiency, x cannot be less than about 0.1 corresponding to 
v ~ 2 v

e. Taking a reasonable implosion velocity v = 3 x 10 7 cm/s, 
we have v = 1.5 x 10 7 cm/s. The kinetic energy alone corresponding 
to 1.5 x 10 7 cm/sec represents a specific energy of ^ 107 J/g but 
the ablator must also be heated. Again applying a factor of 2.5 we 
obtain a minimum specific energy that must be applied to the ablator of 
2.5 x 10 7 J/g. Any additional losses such as radiation will increase 
this value. 

If one is designing a target for charged particles, one can use this 
result to relate input energy, target size and particle range. The mass 
heated is given by m = 4Trr2R where r is the radius of the target and R 
is the range in g/cm2. Thus we must satisfy 

— K - ~ 2.5 x 1 0 7 J/g 
Airr̂ R 
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More detailed considerations give an expression that differs from this by 
about a factor of two.4 For a given input energy and target radius 
this expression places an upper limit on particle range. This can be 
converted to an upper limit on ion kinetic energy using the range-energy 
curves in Fig. 7. These ranges are calculated for lead at a temperature 
of 200 eV and a density of 2g/cm3. These conditions are typical of 
fusion targets, however the curves differ only slightly from 
standard-density, room-temperature values. 

Some of the arguments for heavy ion fusion are also given in 
Fig. 7. These arguments are associated with the production of high power 
beams. From a target design standpoint heavy ions appear to have no 
advantage over light ions. 

Velocity Multiplication 
For multi-shell targets one might attempt to lower the specific 

energy requirement by appealing to the velocity multiplication that 
occurs when a heavy outer shell strikes a light inner shell. One can 
easily estimate the velocity multiplication and the efficiency of the 
process assuming an elastic collision. Let a shell having mass y and a 
velocity of unity collide with an inner shell having mass .1. Conserving 
momentum and energy one obtains 

v 1 + u 
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for the velocity of the inner shell. The efficiency of energy transfer 
is given by 

eff = 4y 
(1 + vf 

In practice one does not do as well as these equations might indicate, 
but they are useful to provide some guidance. Note that v + 2 as p + B , 
so that the maximum velocity multiplication one could hope to achieve is 
2. Furthermore, as u •*• <=°, eff -*0 so as in the case of single shell 
targets, it is necessary to take a loss in efficiency if one wants the 
implosion velocity to be significantly higher than the ablation velocity. 

Preheat 
The pressure of a degenerate Fermi gas is given by 

P = 5 
2 e F 1 + 5TT / k T \ 

12 U F j 

where £p j S the Fermi energy, v is the volume per electron and kT is 
the temperature. 

For DT fuel the Fermi energy is given by 

e F = 14p 2 / 3eV 
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For solid DT, p = 0.21 so e p = 5 eV. At fuel temperatures greater 
than about 1 eV the fuel pressure begins to depart significantly from the 
degenerate pressure and the energy required to compress it increases. 
Thus, in a high gain target design the fuel must be adequately insulated 
from the hot ablator. Furthermore, since a strong shock wave propagating 
into the fuel could also produce excessive preheat, the Fermi degenerate 
condition provides a strong constraint on the pulse shape. 

IV. More about Stability and Symmetry 

Stability 
The familiar phenomenon of Rayleigh-Taylor instability occurs when 

two fluids of density Pj a n d P 2 jtP 2) are placed in 
contact and accelerated in a direi t" >irmal to the interface and 
directed toward the denser fluid. Specifically, let us assume an 
acceleration a along the z-axis. If a perturbation of the form 
n 0 sin kx is applied to an interface at 2 = zQ the amplitude n at 
time t is given by 

Yt (1) 
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where Y = V a k a (2) 

is the Atwood number. In this case we assume that the fluid of density 
P 2 occupies the region z > z 0 so that exponential growth occurs 
when P 2 > Pj a n d a > o . 

Equation (1) is valid for n 5 A = 2ir/k. For r\ > X the growth 
rate is no longer exponential but much slower.5 

In the case of spherical fusion targets, we expand the perturbation 
in spherical harmonics6 of order I and replace k in Equation (2) by 
k = l/r where r is the radius of the interface. 

There are at least three cases in typical single shell fusion 
targets where Rayleigh-Taylor instability is likely to play an important 
role. These are shown in Fig. 8. 

Case I occurs when an initially uniform spherical shell is heated on 
the outside by the laser or particle beam. The region in which the beam 
is deposited expands, producing a low density medium which accelerates 
the denser material lying inside of the beam deposition region. It might 
be expected that Equation (2) would not be valid in this case, since one 
does not expect a density discontinuity but a more gradual density 
transition. If the density transition between Pj and p

2 is 
exponential, such that 
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2± zo 
P = <, p.e 6( z" zo> 

1 zo < z < z1 
Z| < Z 

where z^ ^s c n o S e n to insure the continuity of P , it can be shown' 
that one must make the replacement 

M _ (3) 
k+6 

in equation (2). 
Case II can occur in target designs having an initial density 

discontinuity. 
Case III occurs near the end of an implosion when the pressure in a 

relatively light fuel region becomes sufficiently great to decelerate the 
dense pusher surrounding the fuel. 

In Cases I and II the effect of the instability depends on the 
wavelength. If the wavelength is sufficiently large the growth rate will 
be too small to be of any consequence. If the wavelength is comparable 
to the shell diameter the results will be gross shell distortion, and are 
coupled to the symmetry requirements of the incoming beam. If the 
wavelength is much shorter than the shell thickness, saturation of 
exponential growth will occur before the amplitude becomes of sufficient 
size to destroy the shell. 
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Perturbations havjng wavelengths comparable to the shell thickness 
are expected to be most destructive, since they can grow exponentially to 
amplitudes of the order of the shell thickness and cause shell break-up. 

One can use LASNEX to investigate these effects using zoning similar 
to that shown in Fig. 9. The initial amplitude must be sufficiently 
large to dominate over numerical noise and sufficiently small to allow 
large growth factors satisfying the conditions n < X . 

Test cases indicate that using only 4 angular zones per wavelength 
reduces the growth rate to about 0.8 times its aralytic valued Using 
only 4 zones per wavelength effectively suppresses the growth of modes of 
higher order than the one under study. For this reason, and for computer 
economy, many of our problems at Livermore are run with only 4 zones per 
wavelength. The thickness 6 r of the radial zones must be chosen to 
satisfy the condition k 6 r < 1. This results from the fact that the 
fluid flow extends a distance ^ 1/k beyond the unstable interface. 

Figures 10 to 13 are frames from a movie showing the unsuccessful 
implosion of a shell driven by 5 MeV alpha particles. In this case 
I = 200. 

Symmetry 
As mentioned above, the concepts of stability and symmetry are 

closely related. Shell thickness perturbations of I ^ 100 quite clearly 
belong in the realm of stability problems, while shell thickness 
perturbations having I •>< 2 are normally considered to be symmetry 
problems. 
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Low order symmetry perturbations can be produced by variations in 
radius, thickness, density, beam power, or time jitter in multiple 
beams. For example, one expects a two beam target irradiation scheme to 
have I = 1 jitter asymmetry, as well as I = 1 and £ = 2 beam power 
asymmetry. 

We define convergence ratio as r i / r f t w h e r e n is the initial 
radius of the outermost pusher, and r f i S the final compressed radius 
of the fuel. Assume a small angle dependent variation <S E in the energy 
E deposited in some region of target. From a variety of simple models 
one expects that the variation 6V in pusher velocity V to be given by 
6V/V = c 6E/E where c is of order unity. 

In order to achieve a large convergence ratio the pusher must move a 
distance ̂  r ^ 7 n u S j a perturbation in velocity will result in a 
radial perturbation <5 r = r i 8 v/V = c ^ 6 E/E. We expect degradation 
of the implosion when 6r ^ r f o r r f/ r i -\. C S E / E . We thus obtain 
the rule that the required energy symmetry is proportional to, and 
roughly equals the reciprocal of the convergence ratio. Similar 
arguments can be made for other types of asymmetries. An £ = 2 
perturbation can be crudely simulated by running two 1-D LASNEX 
calculations representing slightly different input powers at the pole and 
equator of the target. By this method we obtain 6 r/rf z o.5 for a 5% 
power difference on a simple target. This is shown in Fig. 14. The 
convergence ratio of this target is about 20, so that the LASNEX results 
are in agreement with our simple calculations for c = 1/2. 
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IV. Stories of the Third Kind 
We now turn to the constraints imposed on targets by the 

requirements of commercial power production. Power plants produce 
electricity for a few ~a-: per kwh. In order to do this they are large, 
durable and reliable , ! ,ost about $l/w. Much of an inertial 
confinement plant is expected to consist of standard components such as 
turbines, generators, etc. Therefore, to be competitive inertial 
confinement plants will also have to produce electricity for a few cents 
per kwh and be large, duraole and reliable. In this context large means 

>. 10 9w. We will assume a 10^w plant in the following discussion. 
There is a requirement on the produce of driver efficiency and 

pellet gain as illustrated in Fig. 15. The driver efficiency, pellet 
gain and reactor-turbine efficiency are given by n » G and E 
respectively. In this figure we assume that the recirculated power FP 
must be less than about 1/3 the output power so that the capital costs 
associated with the generating capacity to drive the driver remain 
reasonable. The efficiency of the reactor and turbines is 0.4 so that P 
represents 0.3 times the energy produced by the pellets. There will also 
be other demands on P to run essential operations in the plant so that it 
is reasonable to assume about 0.25 times the energy produced by the 
pellets is actually for sale. 

At Livermore we have designed targets having G ^ 10 at 0.1 MJ input 
energy and G ^ 1000 with somewhat less than 10 MJ input energy. The 
curves in Kidder's lectures show G ^ El/2. For simplicity we will 
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assume that the gain of the target varies linearly from 10 to 1000 as the 
input energy is increased from 0.1 to 10 MJ. In fact the gain as a 
function of energy is a function of target type and such things as laser 
wavelength (or ion kinetic energy). In any case for a given driver there 
is some function that gives the maximum gain as an increasing function of 
input energy. 

If we allow 0.25tf/kwh for target fabrication we can plot gain, 
shots/sec, driver efficiency, target cost and target yield as a function 
of beam energy. This is done in Fig. 16. It seems likely that the total 
yield per shot will be limited by combustion chamber limitations (or 
politics). If this limit is 4000 MJ ( ^ 1 ton TNT), the maximum input we 
should consider is about 6.3 MJ. If target costs cannot be less that 10# 
we shouldn't consider input energies less than 2 MJ. Other constraints 
may be imposed by the repetition rate and efficiency of the driver. It 
is thus evident that power production considerations impose v^ry strong 
requirements on target design. 

A specific example of an ion beam target designed to meet some of 
the criteria for power production is given in Appendix A. For more 
details on this target see Reference 9. 
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Conclusions 
In this lecture we have discussed some of the tools and 

considerations used by target designers. This discussion is not, and 
cannot be, complete. Target design is a rapidly evolving field. New 
concepts are developing rapidly and meaningful experiments are beginning 
to be done. It is hoped that these lectures will provide sufficient 
background to appreciate the exciting progress in this field. 
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Appendix A 
Design of an Ion Beam Fusion Target 

In designing ion beam fusion targets suitable for commercial power 
production, we expect the following criteria to be of importance: 

1. The target should be made of inexpensive materials. 
2. The target should be simple to fabricate. Targets employing 

multiple levitated concentric shells are likely to be expensive 
to fabricate. 

3. The target should be relatively insensitive to fluid 
instabilities in order to mininize the precision required in its 
construction. 

4. The target should produce minimum residual radioactivity. 
5. The target should have a high gain (energy yield/beam energy 

deposited) in order to minimize recirculating power costs in the 
power plant. 

6. The target should be large to simplify beam focusing. 
7. The target should have a large tolerance to irradiation 

asymmetries. 
8. The target should have low requirements for beam power and 

energy. 
It is well known that many of these requirements impose 

contradictory constraints on target design. For example, power 
requirements can be lowered by using high aspect ratio (radius/shell 
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thickness) shells or multiple shell designs, however, such targets are 
relatively unstable and usually have high irradiation symmetry 
requirements. 

Target Design 
A target that satisfies many of the above requirements is shown in 

Figure Al. The principal feature of this pellet is the low density, low 
Z pusher material between the high Z tamper and the fuel. This target is 
made of inexpensive materials and should be relatively easy to fabricate, 
although the particular plastic material chosen for the pusher may not be 
optimal. The pusher material is primarily CH 2 with some Oxygen and 
Tantalum. The surface finish of this material may not be adequate and 
other plastics or low Z glasses may need to be substituted. 

The high density tamper serves as a confinement shell to increase 
the efficiency of the implosion. It should also be noted that the pusher 
has been seeded with some high Z material. This serves to inhibit energy 
transport into the fuel and thus prevents preheat. The low density, low 
Z pusher enables one to achieve the following conditions: The pusher can 
be relatively thick to decrease the fluid instability problem and yet 
contain relatively little mass. The problem of fluid instabilities 
causing pusher-fuel mixing during the final stages of the implosion is 
minimized by the small density difference between fuel and pusher. 
Calculations give an Atwood number « 1 across the pusher-fuel interface 
during the final stages of the implosion. 
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In our calculations of targets having high Z pushers, the pr of the 
pusher in targets comparable to that shown in Figure Al is of the order 
of 10 gm/cm2 during thermonuclear burn. In this target the bulk of the 
high Z material remains uncompressed at a large radius. The total pr of 
the high Z material in both pusher and tamper is less than 1 gm/crn^. 
Thus this target produces less than 10% as much high Z radioactive debris 
as a target with a high Z pusher. 

Low Z materials are more effective in stopping ions than high Z 
materials. Thus the ion beam energy is preferentially deposited in the 
pusher region where it is effective. This is shown in Figure A2. The 
curve in Figure A2 was calculated for 6.5 MeV protons at temperatures and 
densities occurring 18 nanoseconds into the implosion. Other ions having 
a comparable range would also be suitable. 

In order to achieve high gain, it is necessary to compress the fuel 
efficiently and to ignite only the central portion. The remainder of the 
fuel is ignited by a radially propagating burn. These two conditions are 
achieved using the pulse shape shown in Figure A3. 

Figure A4 is a plot of pressure as a function of density at the 
innermost portion of the fuel and at radial distance containing roughly 
one half of the fuel. The zero temperature Fermi-degenerate pressure is 
shown for comparison. It is evident that most of the fuel has been 
compressed relatively efficiently while the central part of the fuel has 
been placed on a high adiabat and driven to ignition. 
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Plots of radius as a function of time are shown in Figure A5. The 
maximum velocity of the pusher-fuel interface is 33 cm/ psec. 

The overall gain of the target is 88. The energy output is 113 MJ 
and the energy input is 1.28 MJ at a peak power of 2.4 x 10** watts. 
This target has not yet been optimized and substantial improvements seem 
possible. 
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FIGURE CAPTIONS 

Figure 1. LASNEX physics. 

Figure 2. Comparison of experimental and predicted neutron yield for a 
variety of targets. The targets are designated by the symbols along thj 
horizontal axis. 

The dates of the experiments, the lasers on which they were 
performed, and the experiments establishing the thermonuclear origin of 
the neutrons are shown. 

Figure 3. Classes of inertial confinement fusion targets. 

Figure 4. A simple double-shelled target. Specification of this target 
requires 18 parameters. 

Figure 5. Typical pulse shape showing some of the parameters required 
for its specification. 

Figure 6. Rocket efficiency as a function of payload mass divided by 
total initial rocket mass. The upper curve assumes that the exhaust is 
cold. The lower curve includes a correction for heating the exhaust and 
is more realistic. 
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Figure 7. Range as a function of energy for various ions incident on 
lead at a density of 2 g/cm3 and a temperature of 200eV. 

Figure 8. Three cases in which Rayleigh-Taylor instability can occur in 
a simple fusion target. 

Figure 9. Lagrangian mesh for a typical instability simulation. The 
perturbation is greatly magnified and only a few radial zones are shown. 

Figures 10 - 13. Figures 10 through 13 are frames from a movie showing 
the unsuccessful implosion of an ion beam driver target. In these 
figures the time is given in nanoseconds, ZO and ZMX are the minimum and 
maximum coordinates of the horizontal axis in centimeters and OR/DZ is 
the factor by which the horizontal dimensions have been magnified 
relative to the vertical dimensions. 

Figure 14. Outer radius of fuel as a function of time for power inputs P 
and P+ aP differing by 5*. 

Figure 15. Simplified diagram of power flow in a power plant. The 
quantities n, G and E are the driver efficiency, target gain and 
reactor-turbine efficiency. The output power is P and the power to drive 
the driver is FP. 
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Figure 16. Target yield, target gain, shot repetition rate, minimum 
allowable driver efficiency and maximum allowable target cost as a 
function of beam energy. These curves are for illustrative purposes and 
are very dependent on the assumptions stated in the text. 

Figure Al. Section of spherical ion beam.fusion target. 

Figure A2. Ion beam energy deposition as a function of beam 
penetration. The energy is preferentially deposited in the low Z pusher 
region. 

Figure A3. Pulse shape for the target shown in Figure Al. 

Figure A4. Pressure as a function of density in the fuel showing that 
most of the fuel is compressed at near Fermi-degenerate conditions while 
the inside of the fuel is compressed on a much higher adiabat to achieve 
central ignition. 

Figure A5. Radius as a function of time for pusher-tamper and 
fuel-pusher interfaces. 



LASNEX PHYSICS 
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NEUTRON YIELDS - EXPERIMENTS VS LASNEX 
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CLASSES OF PELLET FUSION TARGETS u 

A. Low z (includes bare drops) 

B. Single high z shell 

C. Single composite shell 

D. Multiple shell (velocity multiplication) 

E. Magnetically insulated targets 
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MOST TARGETS MUST BE DESCRIBED BY MANY PARAMETERS U 

6 materials 

6 densities 
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determined by 
choice of material 
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THERE MAY BE 
SEVERAL PARAMETERS ASSOCIATED WITH PULSE SHAPE U 
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EFFICIENCY AS A FUNCTION OF 
PAYLOAD MASS DIVIDED BY TOTAL ROCKET MASS 
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Heavy ions allow the use of high voltage, low current beams 
• Acceleration can occur in a low charge state 
• Collective effects are minimized 
• Conventional acceleration technology is applicable 
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THREE POSSIBLE CASES OF RAYLEIGH-TAYLOR INSTABILITY IS 
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119 LAGRANGIAN MESH FOR A TYPICAL PROBLEM 

Typically ~100 
radial zones. 
The radial 
zone thickness 
must satisfy 
k5r < 1 at the 
unstable 
interface. 

4 angular zones 
per wavelength 

Perturbation is 
typically ~1 -10 A 
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Fig. 9 
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FUEL RADIUS AS A FUNCTION 
OF TIME FOR TWO DIFFERENT INPUT POWERS IH5 
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THERE IS A REQUIREMENT ON THE PRODUCT OF DRIVER 
EFFICIENCY AND PELLET GAIN .11 
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ECONOMICS AND COMBUSTION CHAMBER LIMITATIONS 
IMPOSE STRONG REQUIREMENTS ON TARGET DESIGN 
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SECTION OF A SPHERICAL 
ION BEAIVI FUSION TARGET. L5 
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PRESSURE AS A FUNCTION OF DENSITY IN FUEL SHOWING THAT THE 
BULK OF THE FUEL IS COMPRESSED AT NEAR FERMI DEGENERATE 
CONDITIONS WHILE THE INSIDE OF THE FUEL IS COMPRESSED ON 
A MUCH HIGHER ADIABAT TO ACHIEVE CENTRAL IGNITION 
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RADIUS AS A FUNCTION OF TIME 
FOR PUSHER-TAMPER AND FUEL-PUSHER INTERFACES m 
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