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A b s t r a c t 

In an inertial fusion laboratory high gain 
facility, experiments will be carried out with up to 
1000 MJ of thermonuclear yield. The experiment 
area of such a facility will include many systems 
and structure that will have to operate 
successfully in the difficult environment created by 
the sudden large energy release. This paper 
estimates many of the nuclear effects that will 
occur, discusses the implied design issues and 
suggests possible solutions so that a useful 
experimental facility can be buitt. 

I n t r o d u c t i o n 

The evidence is now good that if an 1CF driver 
capable of delivering 10 MJ of energy, in suitable 
form, is built, fusion energy gains of up to about 
100 can be obtained, resulting in yields of up to 
1000 MJ (about 500 pounds high explosive 
equivalent). Studies have shown that such gains 
and yields are desirable for both military and 
civilian applications. Thus, structures in the 
experimental area of the next ICF research facility 
will have to be designed to carry out their tasks in 
the difficult environment created by this 
thermonuclear yield. 

Slruciures in the experiment area can be 
divided into four groups. Target support structures 
will have to be in contact with or very near to the 
target itself. They must create the proper 
environment for the sometimes cryogenic target, 
provide for target positioning and alignment, and 
verify thai the taigei is in the proper configuration 
before an experiment. Diagnostic systems must 
measure target performance during four phases of 
operation: a) deposition of driver energy, 
b) transfer of energy from the deposition surface to 
the capsule ablation surface, c) implosion of the fuel 
capsule, and d) burn of the thermonuclear fuel. 
Some of the measurement techniques will require a 
hard vacuum (10* Torn between the target and 
the sensor anc often some part of the diagnostic 
system will ha x to be located relatively close to 
the target. Other pans of the diagnostics systems 
will have tc be protected from the post burn lime 
effects in order to do their functions properly. 

*Work performed under the auspices of the U.S. DOE 
by the Lawrence Livermore National Laboratory 
under Contract No. W 7405ENG-48. 

Some of the systems necessary to do the preburn 
measurements may not survive ihe post burn 
environment long enough to do their job properly. 
In this case these measurements will have to be 
done in dudded fuel experiments and (he systems 
removed for burn experiments. The third major set 
of systems includes those designed to protect 
people, equipment structures, or data from ihe 
effects of the thermonuclear burn. Finally, the 
beam handling systems must provide transport and 
accurate pointing and focusing for the driver beams 
and establish the environment necessary to gel the 
beams to the target l e g . less than 10' 1 Torr for 
laser beams near the target). These last two sets ol 
systems can be al whatever distance is most cost 
effective. AH these systems will have to function in 
such a way as to allow high yield experiments 
about once 3 week with many low or no yield 
experiments in between. 

The prompt effects of the target explosion 
include X-ray ablation, neutron and gamma ray 
doses, electromagnetic pulses, shrapnel, shocks, 
spall, pressure pulses and thermal stresses. The 
delayed effects include those produced by induced 
radioactivity, unburned tritium, hot vapors, liquid 
metals, toxic materials corrosion, and condensation. 
The systems listed above will have to be carefully 
designed in order io perform their function while 
these effects are occurring. The systems and many 
effects arc inleractive so that the designer will have 
to avoid making one effect worse while attempting 
to mitigate »!ie effect of another. 

Containing the thermonuclear yield 

When a 1000 MJ thermonuclear capsule 
explodes, about two third:- of the energy is emitted 
in the form of high energy neutrons. Most of the 
rest is emitted as varying fractions of X-ray and 
debris energy. The neutrons have a long range but 
the X ray and debris ranges are very short and. 
combined with the short duration of ihe pulse, this 
results in very large specific energies in materials. 
The solid curve in Figure 1 shows the specific 
energy as a function of depih >n aluminum for the X 
rays from a 1000 MJ target ai a distance of 10 m. 
Also shown as horizontal dashed lines are the 
cohesive energy, E t , (the energy it takes to raise 
aluminum to its boiling point plus (he heat of lusiun 
and the heal of vaporization) and the boiling point 
energy, E[>. This deposition profile is eslablishcd so 
quickly that heat transport within the aluminum 
does not play a significant role. It is dear thai all 



Depth (microns) 
Fig. 1 dE/tlm in Al at 10 m from a 1000 NtJ target 

the material above the cohesive energy will be 
vaporized mid will have a temperature significantly 
above me boiling point li is also clear that some of 
the material between F ( and Et> will vaporize. As 
can be seen, between 0.5 and 2.0 microns of Al will 
be vapoiucd. As the aluminum is moved closer to 
the target these amounts rise. At 1 m from the 
target, a few millimeters of most materials are 
vaporized, while al 10 cm a few centimeiers of 
material will be vaporized 

As the vaporized material expands, il will 
impart momentum to the unvaporized material 
behind il and may also create a shock. If the 
material tn the first wall is crushable, [he shock will 
die out. but the momentum imparted is conserved. 
Figure 2 show; the momentum imparted per unit 
area as a function of the X-ray fiue^e on the 
object, far four metals. For 3fX) MJ of X rays, the 
horizontal stale covers the range of distances from 
10 cm to 10 m. Notice that the momentum 
imparted covers four orders of magnitude. A 
simple one dimensional approximation was used in 
calculating these curves so they really represent 
upper limits and should not be applied to small 
objects Nevertheless, some observations can be 
made Fach curve is "S" shaped. This is so because 
the output spectra from the targets all have a hard 
X-ray "bump" and as each type of material is 
moved closer to the target it eventually reaches the 
joint thai even deposition by the very haid X rays 
cause1- ablation. The inflection point is different for 
'•jch material. This implies that as an object is 
moved closer to the target, it is better to use lower 
/ materials in its construction. (If the object is 
completely vaporized, M doesn't matter, of course.) 
Ihe impact of imparting loo much momentum to an 
unvapon/ed object i\ that shrapnel will be created. 
For example, an unvapomed, I cm thick piece of Al 
at a distance of 10 cm could be given a velocity of 
U km/s a liypervelociiy bullet! On the other 

hand, that same I cm piece of Al at 1 m from the 
urgei would achieve a velocity of only 55 m/s. In 

X-ray fluenc* (MJ/m2) 

Fig. i Momentum imparted to unvaporized material 
by the ablation of the surface. 

general, the curves show that at 10 cm it dcesn't 
matter what material is used. Between 30 cm and 
I meter. Be is the best choice. Beyond X meter Al is 
good and beyond 3 meters even iron is satisfactory 
(at least from the standpoint of shrapnel 
production). 

Objects that must be close to the target (such 
as components of the target support or diagnostics 
systems) usually take up only a small portion of (he 
solid angle. Most of the solid angle is taken up by 
what is usually called the "first wall". 1( has often 
been suggested that the first wall be moved far 
enough away that it suffers no ablation, or that it 
be protected by putting gas in the chamber. Figure 
3 shows the minimum radius we calculate for no 
vaporization of the first wall for a variety of wall 
materials and chamber gases. 

Two factors will determine the vacuum 
required. The maximum pressure that will still 
allow the laser beams to propaga": to the target 
will be in the range of 0.01 to 0.1 Torr. depending 
on the gas used. Some of the diagnostics. 
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Fig. 3 Minimum wall radius to prevent ablation 



{particularly those measuring the soft X-ray 
spectra), will need vacuums of 10"4 to 10" ̂  Torr to 
perform their task.and will be very sensitive to the 
Z. of the gas in the chamber. Vacuum chambers 
larger than 10 m in radius arc very expensive. For 
lhc.se reasons, it appears that avoiding first wall 
ablation altogether is impractical. 

The above (actors lead to a desire for a first 
wall made of an credible, crushable, easily replaced 
material. Once first wall erosion is accepted, the 
first wall should be placed as ctose to ihc target as 
possible. We are examining a carbon/carbon fiber 
material that may be able to operate at ] to 2 
meters from (he target. If it is used, about 1 kg of 
carbon vaporizes during each high yield 
experiment. The major issue in this case is where 
the vaporized material will recondensc. A very 
porous, granular material would encourage 
condensation back onto the first wall itself. 

The issue of dealing with the high energy 
neutrons emitted by the target js covered in det-til 
by other papers at this conference. From those 
studies it can be seen that it is important to 
moderate the neutrons before they impact strength 
hearing structures made of materials like 
aluminum. This is because the dose rate from 
aluminum in the time scales of interest fa few 
hours after the experiment) are governed by 
threshold reactions that can be eliminated by 
moderating the neutrons. Also, because the cosl of 
the neutron shield decreases as the radius shrinks 
and the cost of the pressure vessel is independent 
of radius until the internal shield displaces a 
significant fraction of the volume, these structures 
should be moved as close to the target as possible. 

It should not be as difficult as it may seem at 
first glance to contain the pressure generated in 
e.ich experiment. One thousand megajoules of 
energy is the same as is combined in 1/4 ton of 
high explosive, but, of course, it comes out in a very 
different form and time scale. The neutrons, 
gammas, and hard X rays will not contribute to the 
pressure for walls further than I m from the target. 
Ihus. only about 1/? of ihe total yield contributes 

{about 50 kg HE equivalent). Furthermore, this 
energy is associated with low mass, high 
temperature, and very short time scales. This 
would impl> that a structure far smaller than that 
required to contain 50 kg of HE would suffice. A 
structure is being built on site at the Lawrence 
Livermore National Laboratory right now that is 
designed to contain up to 10 kg of high explosive. 
The pressure vessel needed for the 1CF experiments 
would be only a few times more massive. 

The above analysis allows us to identify the 
elements of a self consistent experiment chamber. 
Figure 4 shows the major elements of this 3 to 5 
meter radius structure. 

Tftf .laSsT/tare?* c-namfrer. inferfiKe, 

To get (he laser beams ro the target, there 
must, of course, be windows. These windows will 
be directly exposed to the output of the target The 
solid angle subtended by the beam lines at the 
target will depend on the area of glass needed to 
allow the laser beams to pass witbou) damaging 
them, and the distance they must be from Ihe 
target to avoid damage from the target cnussmnv 
The final transport geometry required also depends 
on ihe maximum beam intensity allowed at the 
target. 

Sol-gel AR coatings were invented to increase 
the damage threshold of transmitting optical 
elements on Nova. Wc have expanded our work on 
high damage threshold coatings and now have 
made HR coalings for mirrors with damage 
thresholds of more than 20 J/tm- at the pulse 
lengths of interest. Thus, for a 10 MI laser, 51) m-
of glass will be needed. 

Tests we have done at the RT.NS facility at 
LLNL have measured the damage threshold of 
various optical materials from neutron exposures. 
It was found that while the damage threshold for 
most glasses is about 5 \ IOi-n/cm~. the threshold* 
for fused silica and KDP are above 1.7.i!0'-s n/cm~. 
This would imply thai a lens at 10 m would 
survive more that 60 high yield experiments. Ii 
was also found that the neutron effects will annea! 
at 400° C and the lens can be reused. 

The optical surface will not survive 
unimpeded X rays and debris at JO m (recall thjt » 
few microns of material vaporizes at this distance). 
However, 50 m 2 of glass at 10 m subtends only 
about 4% of the solid angle. This small area could 
be protected by gas. The gas would have ro be 
injected near the lens just before tho experiment 
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and the laser beams sent to the target before the 
gas traveled so clo.se to the target that the intense 
laser beam would cause breakdown However, our 
calculations indicate that only a few Ton-mete r s of 
ga^ arc needed Since the pressure vessel wall is at 
3 ui 5 m and the lens <or mirror) is at 10 m the 
beam pipes will stick out from the surface like 
porcupine quills and there is more than enough 
d i s u m c for a gas pufl protection system. 

F i n a l h . I want to consider the implications of 
the light intensity desired at the target. Data 
collected this past year indicates thai satisfactory 
conversion efficiency into X rays will be obtained if 
the incident liphi intensity is less than about 
2 x 1 0 ' * W / c m - , but that the conversion efficiency 
drops off quickly above that value (although we are 
exploring ways to raise it). If the final lens is a 
1 m? aperture, and all the light is focussed on the 
target, intensities oi about 2 x l 0 1 5 W / c m 2 result, 
far too high Thus we want to focus only about 
0. J m - and a l io* little overlap of :he bcamlets. 
This implies a final fi>cussin£ element similar to a 
bee's eye cluster Because of the space needed 
between e lements , the total solid angle subtended 
by the beam lines may i n c i s e to about 129c. 

C o n c l u s i o n s 

From these general considerations, we can see 
that designing an experiment area to handle up lo 
1000 W of yield will be challenging, but no show 
stoppers have been found and several alternative 
approaches to each issue have been identified. In 
several cases, it is clear that further data are 
needed to close-in on the best design. For example, 
the vaporizat ion/condensat ion mode) needs to be 
thoroughly ( t i l ed , w t need to examine the 
performance of alternative fust wall materials , any 
beam qual i ty degradat ion upon propagat ing 
through turbulent gases needs to be measured, and 
the threshold for damage of fused silica by X ray 
needs to be measured These developments should 
allow the de&igft of a successful experiment area. 
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