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ABSTRACT 

Experiments with the Shiva Nova laser facility which produce yield levels 
of scientific breakeven and above will result in neutron, x-ray and particle 
fluxes which will require specific attention to the survivability of diagnostic 
instrumentation. These yield levels will also allow the utilization of new 
diagnostics techniques which can provide detailed information on the state of 
the imploded fuel and pusher shells. 
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Laser Fusion experiments from the inception of the program until early in 
1976 were characterized by laser powers of less than 1 terawatt and energies 
lass than several hundred joules. The pulse lengths for experiments during 
this period ranged between 30 ps to several nanoseconds. Because of the low 
power and energy relative to that required for scientific breakeven or high 
gain implosions many of the diagnostic instruments had to be located as close 
as possible to the fusion target or plasma interaction target. The fluxes of 
the x-ray and particle emissions were quite low and therefore required close 
proximity to the target for detection. 

In 1976 the first laser capable of producing more than 1 terawatt in a 
short pulse and several kilojoules in long pulse, of the order of a 
nanosecond, became available for experiments with laser fusion targets. 
This facility is the Argus two beam laser system, a neodymium glass laser 
which begins with rod amplifiers up to 4 cm diameter and then progresses from 
8.5 cm disk amplifers to 20 cm disk amplifiers in two beams. It has produced 
5 terawatts in 100 ps pulses and over 2 kilojoules in nanosecond pulses for 
target irradiation. With this system record breaking thermonuclear 
conditions have been produced in the Laboratory using targets which operate in 
the exploding pusher mode^. 

Experiments in 1977 and 1978 have been concentrating on the goal of 
producing measurable thermonuclear yield while also increasing the fuel 
density to as much as 100 times that of frozen deuterium tritium4. In these 
experiments, where as much as two kilojoules of laser energy are used to 
irradiate a laser fusion target, we have begun to appreciate the requirements 
of protecting diagnostic instrumentation from the hostile environment which 
will be produced by high yield thermonuclear reactions and also the diagnostic 
advantages which accrue from high yield thermonuclear events. In 1978 two 
even more powerful and energetic facilities will become operational for laser 
fusion experiments. The Shiva facility at the Lawrence Livermore Laboratory 
will have a capability of over 30 terawatts in sub nanosecond pulses and 
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17 terawatts for 1 nanosecond pulses. 5 Shiva is also based on the rod and 
disk neodymium glass laser concept utilized in the Argus laser system. At Los 
Alamos an eight beam CO2 laser system which is expected to have a energy 
capability of more than 10 kilojoules in a nanosecond pulse 6 will become 
available for target experiments. Simple arithmetic quickly convinces the 
diagnostic physicist that there will be a significant flux of x-rays or 
particles into his diagnostic instrument and that these fluxes may very well 
damage instrumentation if placed too close to the targei.. However, we are not 
here to expound on the possible problems of the Shiva or the eight beam system 
but rather to look further ahead into the 1983 and 1984 time frame where we 
will have facilities such as the Shiva Nova neodymium glass laser^ and the 
Antares COj gas laser facility at Los Alamos.8 Shiva Nova, shown in 
Figure 1, is projected to produce 30 kJ (100 ps) to 300 kJ (3 ns). Exploding 
pusher (low fuel density) targets utilize short pulses ~ 100 ps and ablative 
pushers (high fuel density and gain) in general require longer tailored pulse 
shapes. Therefore the deliverable energy depends on the specific target 
design. In Fy 78 we are completing design studies for the Shiva Nova laser : 

fusion facility and we must begin to address the issues of target diagnostic-
instrumentation in a facility where the expected thermonuclear yield may be as 
high as 25 megajoules or 1 0 ^ DT reactions. 25 megajoules is a yield ratio 
of 100 for a laser energy on target of 250 kilojoules. To put this number in 
more common prospective 25 megajoules is equivalent to the release of 
approximately six kilograms of TNT inside the target chambe-. 

A point source of 1 0 ^ neutrons in the center of the target chamber 
can be expected to cause significant activation of material in the target 
chamber walls, the supporting structure outside the target chamber and the 
walls of the target room.9 In fact if sufficient attention is not paid to 
the proper shielding of the environment there may be radiological hazards to 
personnel or animal life outside the target room of this facility. Figure 2 
shows the neutron flux in neutrons per square centimeter and the x-ray flux in 
calories per square centimeter expected inside the Shiva Nova target chamber 
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for a 25 megajoule yield. The LASNEX two dimensional hydrodynamic computer 
code has been used to project these yield levels. The x-ray flux expected at 
the wall of the target chamber is three calories per square centimeter and the 
neutron flux will be 2 x 10^/cm^. Clearly we must begin to seriously 
consider the survivability of detectors placed inside this environment and we 
must also be seriously concerned with the operability of electronics near the 
target chamber under these conditions. 

The Lawrence Livermore Laboratory is quite familiar with the problems of 
dealing with radiological hazards. We have a hazards control group which has 
the capability of calculating the radiological hazards from such experiments. 
We have asked them to examine the problems^ associated with operating with 
various target chamber and room configurations and also to evaluate various 
room wall materials to provide satisfactory operating conditions in the 
environment of Shiva Nova targets which could produce gain 100. Figure 3 
shows the assumed distribution of the material in the Shiva Nova target room 
for the evaluation of the radiological hazards.^ The first consideration 
is the material for the target chamber vessel. In Figure 4 we show a number 
of curves for the ganma decay rate and the dose decay rate in millirems per 
hour of radiological emission from a target chamber for a single pulse yield 
of 1 0 1 9 neutrons, for a 60 day run at twice that yield, and for a full year 
run of twice that yield, per day. The materials shown are iron, aluminum, 
silicon dioxide and a proprietary material which is known as Kevlar/epoxy. It 
is clear from a radiological hazard point of view that a silicon dioxide 
target chamber is the most acceptable however there are obvious problems in 
fabricating a large vessel 4 meters in diameter out of class. The next most 
acceptable material would be Kevlar/epoxy which also shows a decay in one day 
to totally acceptable levels after a single gain 100, 25 megajoule yield 
pulse. However, there are significant problems in dealing with Kevlar/epoxy 
in a complex structure such as a target chamber which has many perforations 
for the irradiation ports as well as the diagnostic ports. 
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A steel target chamber is quite attractive with respect to the short lived 
radiological hazards; however there are manganese isotopes that would be 
activitated that have very long half life lives so that for several 
irradiations at the 10 1 9 neutron level, the chamber becomes difficult to 
deal with. An aluminum chamber produces ^ N a with a 15.3 hour half life 
which for a 10* 9 neutron yield shot (gain 100 experiment) at 250 kilojoules 
input energy does not reach the continuous safe level for nine days. 
Nevertheless Al is actually preferable to a steel chamber because the sodium 
continues its rapid decay and presents no long term radiological hazard, 
therefore our present preference would be to utilize aluminium as the primary 
structural containment for a Shiva Nova target chamber. 

External to the target chamber we have examined the question of activation 
of the supporting structure around the chamber which we would prefer to make 
from steel. In Figure 5 we show the ganma decay rate and the dose rate in 
millirems per hour for a single pulse of 10* 9 neutrons and a 365 day run of 
2 x 10* 9 neutrons per day for our expected concentration for a steel space 
frame to support the Shiva Nova target chamber, turning mirrors and incident 
and reflected beam diagnostic packages. It is clear from this figure that for 
a single shot where the target chamber neutron fluence is moderated by 61 
centimeters of water adjacent to the target chamber that there is no problem 
for a single pulse yield of 10* 9 neutrons, however there say be a exposure 
rate problem if we were to produce over 700 such pulses in a single year. As 
a result of the radiological studies we now project a target chamber room 
which is 100 ft across and concrete walls over 6 ft thick which will provide 
completely adequate protection against the radiological hazards or the outside 
env i ronment. 

Figure 6 shows a conceptual diagram of the projected Shiva Nova target 
chamber. 24 laser beams are clustered on either side of the target chamber7 

and focused onto the target with eithar 45 cm f/11 or 55 cm f/9 lenses. The 
target chamber wall material will most likely be aluminium . A first wall of 
carbon may be used to absorb low energy x-rays and plasma debris produced by 
the target pellet. Water shielding will be utilized outside the aluminium 
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vessel with a thickness of approximately 61 cm. The outside material of the 
water vessel will be either epoxy composite or aluminium depending on the 
final evaluation of the radiological hazard. 

The neutrons from this type of experiment will cause significant 
disruption of unshielded electronics inside the Shiva Nova target room, 
thus we presently envision most of the electronic diagnostic acquisition units 
as being stationed external to the Shiva Nova target room. This configuration 
is shown in Figure 7 where we see detectors and front end 
processor/controllers located outside the target room at the end of 
line-of-sight tubes from the target chamber. For both the Argus and Shiva 
target diagnostic systems^ we have utilized the serial highway approach to 
connect various front end Camac systems. With the expected extensive 
utilization of fast transient digitizers^, linear diode arrays-l3>14 a n d 

CCO's"'^ for digital data acquisition for the Shiva Nova laser facility, 
it is probable that we will go to the star configuration for the acquisition 
of our data. The difference is that now parallel fiber optic links will be 
coupled to the data concentrator computer rather than transmitting the data in 
a serial highway configuration. In Figure 8 we show an example of several 
detectors, one a neutron fl'jence detector and the other an x-ray streak camera 
operating in the spectral, temporal resolution mode. These units are 
connected to the front end processor/controller which would be located outside 
the Shiva Nova target chamber wall and in turn they are coupled to the 
computer concentrator by a duplex digital fiber optic link. We have utilized 
the LSI 11 microprocessor as the front end unit in the Shiva laser system and 
we would expect to continue to operate in this mode for the Shiva Nova system, 
however, now these processers will, in general, be located outside the Shiva 
Nova target room wall to provide adequate protection of the electronics from 
the neutron fluence during high yield experiments. 

These projected yields are not only a problem for the electronics but 
obviously the x-ray fluence will produce unwanted structural effects in 
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materials placed too close to the reaction. In Figure 9 we show a diagram for 
the e/oected effects on filter foils placed in front of diagnostic 
instrumentation for various distances. Two materials considered for this 

o 

example were 25 |um of aluminum and 1000 A of parylene which are typical filter 
or debris shield materials for x-ray detectors. As is shown in the diagram 
the aluminum and parylene are completely vaporized at distances of 20 and 50 cm 
respectively. As far out as 1.5 meters thin filters or shield materials would 
be completely shattered. We must remove those materials to distances of 
approximately three meters in order to have these materials remain 
structurally sound. The neutrons, of course, are not a significant 
consideration with respect to structural damage for these levels, however it 
is clear we must now pay considerable attention to the position of various 
diagnostic instruments and the shields or colliminators which may be utilized 
in conjunction with these instruments. 

We will now go on to consider the implementation of x-ray diagnostic 
instrumentation for these yield level experiments. We will consider spectral, 
temporal and spatial resolution instruments. We will also examine the 
possibility of utilizing the high yield from these types of experiments to 
produce spatial resolution of the thermonuclear yield distribution at the 
burning core of the pellet. Finally, we will discuss the utilization of 
neutron activation of trace elements in the various shell materials of these 
multishell high yield targets for Shiva Nova. The activation of the trace 
elements occurs only at the time of peak compression and peak burn of the fuel 
due to the release of the 14 MeV neutrons from the DT reaction. Therefore, 
from this type of diagnostic measurement we will obtain information on the 
radius density product,pr, of the various layers of the imploded target 
material. 

These targets will be irradiated with laser pulses ranging in 
intensities on the order of 1 0 1 2 W/cm2 up to 1 0 1 5 W/cm 2. As a result 
we must expect the photon emission from the targets to vary between 
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temperatures of the order of 100 eV to temperatures of tens of keV. 
Therefore, we must expect that we will be required to make broadband spectral 
measurements of the x-rays over a range from 100 eV up to several hundred 
kilovolts. For experiments at less than 1 terawatt we were able to place 
these detectors quite close to the experiment, on the order of 50 cm. For 
Shiva Nova the fluxes will be so large that we must place the detectors at a 
significant distance from the target chamber and provide significant 
collimation and shielding for the detectors to allow the acquisition of clean 
signals. Basically two approaches will be utilized to make clean spectral 
cuts of the x-ray spectrum from the region of 100 eV up to several hundred 
kilovolts. Figure 10 illustrates what we call our Dante type experiment which 
is useful primarily in the spectral regime from 100 eV to several 
kilovolts. ' One uses an L-edge filter in conjunction with critical angle 
reflection from a low Z mirror onto a windowless x-ray diode with the signal 
being recorded by a fast oscilloscope which has a frequency response greater 
than 1 gigahertz. The combined spectral response of the filter mirror and 
detector produces a narrow spectral channel with a clean high energy cut off. 
For higher energy x-rays where we are not able to use the high energy cut off 
phenomena of critical angle reflection from a grazing incidence mirror we now 

ID 
utilize the concept of the filter/fluorescer10 to produce clean, well 
defined energy spectral cuts. We utilize the transmission of a K-edge filter 
but recognizing that the rising transmission after the K-edge can produce only 
a poorly defined spectral transmission for a particular channel we combine 
this with a fluorescing foil K-edge which now produces a relatively narrow and 
well defined spectral portion of the x-rays. This concept is illustrated in 
Figure 11 and because of the very high fluences expected with the Shiva Nova 
system we will be able to utilize fast photo diodes in place of 
photomultipliers which are utilized on Shiva. These two types of 
measurements, that is the Dante and the filter fluorescer experiment will make 
it possible for us to obtain a temporal resolution of approximately 100 ps for 
the x-rays. Figure 12 shows how these detectors might be installed in the 
Shiva Nova facility to produce a diagnostic package which would provide the 
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temporal behavior of the broadband x-ray spectrum from 100 eV up to 100 keV. 
Another parameter of interest with respect to the broadband x-ray spectral 
emission is the fraction of the incident laser energy which is emitted as 
x-rays from the target. Typically for the intensities incident on our laser 
implosion targets we expect the majority of the emitted x-ray energy to lie in 
the spectral regime between 100 eV and 1.5 keV during the time of the laser 
plasma interaction. As a result'we have developed a photocathode and filter 
combination which provides very flat response in this spectral regime^ and 
in combination with a Be reflector can be used as a fast x-ray calorimeter. 
The response after the implosion of course shifts to the region above 1 keV 
and possibly even above 10 keV. This kind of detector is then used as an 
x-ray calorimeter which discriminates against late time emission due to the 
yield and can be used to examine the uniformity of the heating of the laser 
fusion target. This type of detector is illustrated in Figure 13. 

Because materials of various atomic numbers are used in the various shells 
of high density and high yield implosion targets we can expect to see fine 
spectral details at various times and positions in these targets. In Figure 
14 we list the issues associated with shielding the very high background 
x-rays which will be encountered in measuring fine spectral details in these 
high yield experiments. The spectral response which can be achieved with 
crystal spectrometer;; is of significant additional interest because it can 
provide information on the detailed tempertu-e and density distributions2^ 
produced in these laser imploded high density, high yield targets. In Figure 
15 we show a conceptual layout of a number of crystal spectrometer detector 
combinations which would be useful in obtaining information on the density and 
temperature distribution of the multilayered pellet during its implosion and 
burn history. The first instrument is the combination of an x-ray crystal and 
streak camera which will be able to temporally resolve lines from the pellet 
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implosion in the spectral regime from 2 - 1 0 keV. For this system we utilize 
a low pass x-ray filtering system which is generated by a microchannel plate 
at grazing incidence reflection to produce the low pass filtering. The double 
crystal monochrometer is operated in the curved Bonse-Hart configuration which 
makes it possible to vary the spectral response onto the slit of the x-ray 
streak camera without requiring large lateral displacement of either the x-ray 
streak camera or of the double crystal monochrometer. The second and third 
instruments shown in Figure 15 are active readout crystal spectrometers. The 
first spectrometer covers the spectral range from 500 eV to 3 keV which also 
incorporates the microchannel plate low pass grazing incidence x-ray filtering 
which was described for the previous instrument. We utilize a concave KAP 
crystal to produce the spectral dispersion and also to produce a focusing of 
the x-rays to allow us to use a focal plane collimator. In this system as 
well as the next we use a slit to provide spatial resolution in one direction 
and we utilize a thinned back illuminated CCD array detector to provide an 
optimum coupling of these x-rays and the two dimensional spatial resolution in 
the detector plane. The third detector is an active 2 - 1 6 keV crystal 
spectrometer. Again we utilize the lowpass option of the microchannel plate 
array to provide collimination and isolation from the higher energy x-rays. 
The concave PET and LiF crystals are used with focal plane collimination as 
well as a slit to provide the spatial resolution in one direction. In this 
case the detector plane utilizes a thick back illuminated CCD array. The CCD 
array is optimized for the absorption of x-rays in this spectral regime. For 
the higher energy x-rays, i.e., from 12 - 30 kilovolts we utilize a broadband 
and a high resolution approach to measuring these x-rays. The broadband 
instrument is appropriate for measuring the suprathermal x-rays generated 
during the laser plasma interaction. The high resolution instrument is 
appropriate to the possibility of measuring l^ne emission from a trace element 
in the fuel during a high gain burn at 10 - 20 kilovolt ion temperature in the 
DT fuel. For the broadband measurement we would utilize faceted LiF crystals 
coupled to silicon PIN detectors. For the high resolution measurement we 
would utilize a transmission spectrograph consisting of a concave LiF crystal 
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and xerographic film as the recording medium. The advantage of thp Kodak 
xerographic film as a detector plane is that it may be possible to sensitize 
the film and process it in situ in the detector film cassette thus eliminating 
the wet chemistry associated with standard x-ray film processing. 

As we have found in the past measurements which provide the spatial 
distribution of the x-rays emitted by the target provide significant 
information on the uniformity of the heating of the laser fusion target as 
well as the symmetry of the compressed fuel and pusher. We have utilized both 
pin hole cameras and microscopes for this imaging capability. To achieve high 
resolution with pinholes they must be placed very close to the fusion target. 
Microscopes possess the advantage that they can be located at relatively large 
distances from the object of interest. However, we must now recognize that 
the distances required for protection of the imaging element are of the order 
of several meters. As has been shown in studies on the resolution capability 
of grazing incidence focusing x-ray optics," the object distance is 
directly proportional to the surface figure accuracy required for the x-ny 
optics for a given resolution. In Figure 16 we discuss the issues appropriate 
to the implementation of grazing incidence x-ray optics for Shiva Nova. The 
conclusions from this study are that the first element in the optical chain 
must be sacrificial. Therefore we have chosen to make this first element a 
plane reflecting mirror operating in the grazing incidence reflection mode. 
We are therefore able to operate the high cost, high resolution focusing 
optics out of the line of sight of the debris and damaging x-ray flux from f'e 
implosion. This makes it possible to provide shielding and protection for 
these high resolution and high cost elements. In Figure 17 we show the 
conceptual layout of the x-ray imaging system which may be used for the Shiva 
Nova target chamber. A disposable plane reflecting mirror is placed at a 
radius of 0.5 meters from the target. For a grazing incidence angle of 1° we 
are then able to provide adequate, direct shine shielding from the target for 
a four channel series Kirkpatrick-Baez microscope system." The twice 
reflected beams are then transmitted through an aperture in the target 
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chamber wall to a detector station which is now wtll shielded from direct 
shine from the target. The recording system for such an x-ray imaging 
instrument may be film, a CCD camera, an x-ray streak camera or an x-ray 
framing camera. 

In late 1976 and early 1977 we showed with exploding pusher targets on 
Argus that it was possible to directly image the emission cf the thermonuclear 
burn using either pin hole cameras 2 2 or coded aperture imaging2^ of the 
alphd particles. With the Shiva laser system and exploding pusher targets we 
expect to demonstrate that this approach can give approximately 1 urn spatial 
resolution2* of the thermonuclear burn. However, it is somewhat 
embarrassing that as we go from our low final fuel density exploding pusher 
targets to higher fuel densities that the alpha particles are either absorbed 
in the fuel or in the necessarily high density pusher. Therefore, we quickly 
lose one of our extremely useful diagnostic techniques for the final shape and 
size of the imploded fuel. Unfortunately, it is not until we achieve yields 
of the order of 10** neutrons per event or above that we are able to utilize 
the imaging of the 14 MeV neutrons to determine the size and shape of the 
reacting compressed fuel region. 2 5 In Figure 18 we show a conceptual 
implementation of neutron pinhole imaging of the reacting region for a Shiva 
Nova experiment. A very small diameter, large aspect ratio pinhole is placed 
inside the target chamber, a flight tube is used to propagate the neutrons 
through the target chamber room out beyond the target room area to a detector 
station located several hundred meters away from a target. Large 
magnification is necessary to relieve the spatial resolution problem for the 
detector system. In Figure 19 we discuss the issues associated with neutron 
pinhole imaging. We first note that the technique has been successfully 
demonstrated at the I awrence Livermore Laboratory with 1 millimeter resolution 
and a source which produced of the order of 10*'?...-14 MeV neutrons per 
event. z^ First of all, we realize that for the Shiva Nova application that 
the expected source size is more of the order of tens of microns.2** Also, 
because of the design of the Nova installation for the expected yields of 
10*7 with Nova phase I and the-design of the Shiva Nova target chamber and 
target room 2 7 we expect an attenuation of the neutron flux outside the 
target room which is 4 x 10" 8. Utilizing the expected design of the Nova 
phase II target chamber and the neutron yield of 10* 9 which may be expected 
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from the Nova Phase II targets we have a neutron shielding attenuation of 
4 x 10-10. Thus design of the target chamber and the target room for both 
Shiva Nova Phase I and Shiva Nova Phase II provide very significant 
collimination and shielding for an imaging system. Additional shielding can 
be incorporated into the design of the line-of-sight and the detector 
station. Another consideration in developing a neutron imaging capability is 
the question of providing large aspect ratio holes in materials 10 cm thick 
with a hole diameter ranging from 1 - 10 urn. We believe that there are 
relatively straight forward techniques for producing such pinholes in copper 
substrate, however, it must now be recognized that the neutron pinhole is not 
a pinhole in the classical sense but that it is more of a large aspect ratio 
colliminator. Therefore, the alignment of such a system will be critical and 
we must examine the use of optical or x-ray sources as a means of aligning the 
pinhole (collimator) to the target. Finally we must address the question of 
the detector station in the image plane. Clearly it is most important to 
provide a large magnification so that detectors may be of reasonable size. 
One approach to providing the detector station would be to utilize a fast 
fluor material coupled to either a gated image intensifier or a discrete 
number of photomultipliers. These systems are particularly useful for 
relatively small numbers of neutrons into each element of the detector. 
However, for very high yields it may be possible to use activation and then 
contact printing onto photographic film as the array detector. In Figure 20 
we show the design limits for a 100 particle per image plane resolution 
element for various object plane resolutions. For example for a target 
neutron yield of 1 0 ^ neutrons from a single event it would be possible to 
obtain less than 3 jjm resolution with an object distance of 150 cm for a 
pinhole which had a depth of 10 cm assuming a final compressed source size of 
40 pm. Thus, it would appear for both phases of Shiva Nova that we should be 
able to obtain spatial resolutions with neutron pinhole imaging which will be 
consistent with not only determining the overall size of the reacting region 
but also the,detailed shape of the reacting region. 
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One of the most difficult diagnostic measurements in laser or inertial 
confinement fusion experiments is to determine the state of the compressed 
fuel and the state of the pusher or other shells at the time of the 
thermonuclear burn or at earlier times. One can conceptually use high energy 
particles or high energy radiation to probe these regions, however, one must 
solve the problem of producing a short, high resolution pulse of these 
particles or radiation as the probe and also produce the measurement 
capability of determining the spatial resolutions of such a probing pulse. To 
the diagnostic physicist it has been obvious from the beginning that the 
fusion reaction itself provides a short duration probing pulse of very high 
energy particles which can provide a signature of the density of the fuel and 
the surrounding shells at the time of the thermonuclear reaction.^ j n 

Figure 21 we show conceptual diagrams of a number of different target 
configurations. In the first target design which has been utilized to 
demonstrate thermonuclear burn, it is possible to utilize the neutrons from 
the OT reaction to examine the density radius product of the silicon pusher at 
the time of the thermonuclear burn. The neutrons from the DT reaction produce 
radioactive 28^i D y r e a cting with the silicon in the pusher, the debris from 
the target is collected and counted in a coincidence counting system which 
determines the number of reactions with the silicon. The measured number of 
reactions is proportional to the density radius product of the pusher at the 
time of burn and the number of thermonuclear reactions inside the glass 
pusher. This diagnostic concept can be expanded to examine more complex 
targets which are shown in this figure. In Figure 22 W3 restate the thesis 
that neutron activation analysis can provide a measurement of the yield of the 
DT neutrons and also the target pr for various shell elements in the imploded 
laser fusion target. In Figure 23 we show how such a diagnostic system might 
be implemented. A portion of the target debris is collected in a cylindrical 
container. Immediately following the shot this collector is isolated from the 
target chamber and rapidly removed from the target room via a pneumatic rabbit 
to a counting station where the radioactive decay is analyzed as a function of 
time. For the simple case of a SiOg pusher operating against pure DT gas 
fuel, we are looking solely for the decay of the 2 8 A 1 . However, Nova 
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targets will be more complex. An example shown in Figure 25 has a Be outer 
ablator, a TaCHO pusher, a plastic foam or gas region, a gold pusher and 
finally a liquid DT fuel. One possibility for determining the density radius 
product of four of these regions is illustrated in Figure 24. We could load a 
trace amount of ^ A r into the DT fuel which would be activated to ^ C l 
with a half life of 1.42 minutes to determine the density radius product of 
the fuel at the burn time. Thepr of the fuel pusher can be determined 
without the addition of a trace element by examining the activation of the 
1 9 7 A u to 1 9 6 A u which has a half life of 9.7 hours. Thepr of the plastic 
foam or gas at the time of the thermonuclear burn is not of significant 
interest, however, the TaCHO pusher is of interest and for the purposes of 

ipl "|Qfl 
this diagnostic we could examine the i 0 i T a activation to Ta with a half 
life of 8.12 hours. Finally, to determine the state of the Be ablator at the 
time of the peak thermonuclear reaction we can utilize a trace amount of 
6^Cu to make a Be-Cu alloy which would produce ^ C u which has a half life 
of 9.78 minutes. Thus for these high yield experiments in Shiva Nova we 
should be able to place trace elements in each one of the shells in the target 
material which will produce distinctive radioactive decay signatures which may 
be individually analyzed through the collection of a portion of the target 
debris. This system can be operated remotely on a time scale which is 
appropriate to the prompt counting of the radioactive decay of the various 
shell tracer debris materials. It is even possible that we may be able to 
load the various shell or fuel materials in a nonisotropic manner such that 
various collectors located at different angular positions will be able to 
determine the spherical uniformity of the compression of the fuel of the 
various shell materials. 

In summary we have attempted to show that with the high yield on the 
order of tens of kilograms equivalent of TNT which may be expected with the 
Shiva Nova laser facility, that significant care must be taken in the 
diagnostic implementation but that also because of the high fluxes we may 
utilize new approaches to the gathering of vital information about the 
performance of laser fusion targets. 
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NEUTRON PINHOLE IMAGING 
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RADIO CHEMISTRY 

Neutron Activation Analysis 
— measurement of radioactive nuclides 

activated by 14.1 MeV D T neutrons 
can provide information on both yield 
and target pR 

20-50-0178-0127 

Figure 22 



NOVA RADIOCHEMISTRY 

Target room wall 
2 m concrete 

Target chamber 
2 m radius -, 

Multi
channel 
analyzer 

GeLi 
crystal 

20-50-0178-0201 

Figure 23 
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