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LASER DRIVEN ISOTHERMAL IMPLOSIONS* 

Gten Dahlbacka 
John Nuckolls 

Laser initiated, inertially confined, thermonuclear burn has been 
1 2 described in the literature ' for lasers that produce on the order of 

10 kilojoules in an optimally programmed temperal pulse. The essential 
characteristics of this process are compression of the thermonuclear fuel 
to densities on the order of 1000 g/cc, shock heating of the ions at the 
center of convergence to temperatures of 10 keV and thermonuclear boot
strapping of the fuel by redeposition of the burn produced alpha particles 
to propagate the reaction from the center of convergence. The principle 
difficulties that are anticipated in acheiving these conditions are due 
to plasma instabilities that may tend to preheat the pellet and make the 
DT more difficult to compress; and due to hydrodynamic instabilities such 
as the Rayleigh Taylor instability that tend to destroy the symmetry of the 
implosion. 

Compressions to on the order of 1-10 g/cc and to thermonuclear temp
eratures can be acheived in systems that are essentially RayTeigh Taylor 
stable with present day laser systems. In these systems an optimally chosen, 

-2 low density DT fuel (̂  10 g/cc) is confined by a spherical shell of a low 
Z material that is at a considerably higher density than the fuel. This 

* This paper was written under the auspices of the United States Atomic Energy 
Commission. v 
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configuration is illustrated in Fig. 1. The primary purpose of the 
shell is to do hydrodynamic work on the ions of the fuel and simul
taneously compress and heat them. 

There are several loss mechanisms operating in the fuel that 
tend to cool the ions. In order to overcome these mechanisms and 
heat the ions to thermonuclear temperatures, a certain minimum implo
sion velocity must be acheived. These mechanisms are illustrated in 
Fig. 2. 

The minimum implosion velocity implies two things. First, the 
velocity sets the time scale for the implosion and thus the time scale 
for the laser pulse (x h £ v / r , where r is the initial radius of the 
system). Secondly, the velocity implies a minimum energy that must be 
supplied to the target since the velocity achieved in roughly propor
tional to the square root of the temperature of the pusher. Figure 2A 
is a plot of the specific nuetron yield as a function of the specific 
energy of the target as computed by LASNEX . The curve rises rapidly 
at the low specific energy end since the fusion temperature (T^) is 
increasing, thereby increasing the neutron yield roughly as T^ power, 
(which is the rate of increase of the Maxwell averaged thermonuclear 
cross section CovJ in the region of 1 keV). At the high end the specific 
yield drops off since o7 is less steep and since conduction and 
hydrodynamic dissassembly decrease the efficiency. A good rule of thumb 
is that one needs on half of a joule for each nanogram of target in order 
to drive it efficiently. For example, the target shown it; Fig. 1 has a 
mass on the order of 100 ng, so 50 joules of absorbed energy should drive 
it efficiently. 
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If the above conditions are met, then the problem of Raylelgh-
Taylor hydrodynamic Instability are alleviated. The thermal electron 
conductor wave penetrates the shell supersonlcally thereby causing the 
pusher to everywhere become less dense and the situation where a low 
density hot plasma Is accelerating a dense shell for a substantial por
tion of the laser pulse never occurs. The electron mean free path at 

T 2 

the critical density for silicon Is on the order of 2 v and \ -v - V . 
p* 

If the temperature in the region of the critical density gets as high 
as 10 keV then the electron mean free paths become comparable to the 
scale of the system. Hence, symmetry can be achieved using one laser 
through electron conduction.In fact, under these conditions, the electron 
temperature can become essentially Isothermal throughout the target. 
Intensities on the order of 10 w/cm* are necessary to achieve this. 
Low "density, low Z materials such as plastic can be added to the outside 
of the pusher to substantially Increase the mean free paths (50 fold) 
between the region of the critical density and the pusher and smooth 
spatial variations in the laser source. I have a movie here that was 
made 1n 1970 when John Nuckolls conceived of the possibility of this kind 
of Implosion. A four hundred joule, 10 ps laser Impinges on the target 
from the left. side. One electron temperature approximations are used 
(show movie). 

Present laser systems are not sufficiently powerful to achieve true 
Isothermal performance. Figure 3 shows the electron and Ion temperatures 
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as a function of radius at three different tines during an laploslon of 
« target Hke that In Fig. 1. The source was a 100 ps FWHN Gaussian 
pulse of 50 joules. At i • 140 ps 10 joules of the energy has been 
absorbed and the electron temperature around the critical density at 80 » 
Is approaching 2 keV. In the low density exterior the Ions are decoupled, 
and as one gets Into the high density area of the pusher (p -v 1.1 g/cc) 
the electrons and Ions are coupled together. In the fuel, a shock Is 
heating the Ions ahead of the pusher. Since the DT 1s at a low density 
the Ions are decoupled from the electrons. 

At 180 ps. the laser Intensity is a maximum and the pusher has moved 
Into 15 it and has a density of .9 g/cc. The Initial shock has arrived at 
the center and set a temperature of 2 keV throughout most of the fuel. 
The rar**n1ng motion of the pusher will compress this gas so at 210 ps the 
Ions ire heated to * 7 keV and the pusher has imploded to 5 u and 1.3 g/cc 
which represents a compression ratio of 500. Only at the end of the implo
sion does the electron temperature become nearly isothenMl. 

Several options are available for the illumination of the target in 
Fig. 1. In Figs. 4-9 (which are frames from a movie) a spherically symmetric 
target is illuminated by a confocal ellipse system with f/1 optics. Geo
metrical optical calculations with nonul incidence show that the intensity 
rises from a relative value of .25 on the pole to a maximum of .28 around 
40°. The profile then rolls off to .14 at 54° and to zero at 67°. The 
entire target can be illuminated by moving the focal point over 25 u or so 
from the center. The top of the target i$ then Illuminated with non normal 
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Incident rays. The effect of the non normal Incidence can be inves-
3 tigated using the ray optics package now available In Lasnex . The 

Figs. 4-9 show a fair lag 1n the top of the pusher near the end of 
the Implosion. The final state achieved has a ion temperature of 5 keV 
and a density of .6. This is a three fold reduction 1n the compression 
from that achieved In one dimensional calculations. If one uses faster 
lenses the intensity distribution becomes more peaked at higher angles 
and tht implosion becomes more symmetric. Unfortunately implosions of 
this kind do not achieve breakeven until the laser energies are In the 
megajoule range. This Is essentially due to the fact that the compres
sion does not follow the Fermi Degenerate adlabat. 

This does not make these experiments uninteresting, however, since 
they demonstrate the essential features of laser Induced compression to 

13 
thermonuclear temperatures (hr - 10 ) and serve as a valuable check on 
the computer codes that are being used to Investigate laser fusion. 



Figure 10 Illustrates a geometrical arrangement of the target 
that Is suitable for Illumination using six separate laser beams. 
Calculations Indicate that substantial symmetry can be achieved 
using this arrangement. 



In Figure 11 the targe* 1s Irradiated using axicon symmetry with 
lasers also Illuminating the end of the target. Since LASNEX calculations 
are two-dimensional, this 1s the arrangement that was used to approximate 
the six-sided Illumination in Figure 10. Substantial compression can be 
achieved using only the axicon portion of the laser. In this case, the 
implosion becomes cylindrical in character and one loses a factor of r 
in the convergence ratios. Figure 11a shows a step in the manufacture 
of the target shown in Figures 10 and 11. The mixture of plastic and 
gas-filled microballoons 1s extruded through a hypodermic needle. Then 
the encapsulated target 1s cut out. 
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