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PELLET DESIGN FOR A LASER FUSION REACTOR* 
A. R. Thiessen and John Nuckolls 

University of California Lawrence Livermore Laboratory 
Livermore, California 94550 

A pellet design for a Laser Fusion Reactor must satisfy 
a number of requirements in addition to low fabrication cost. Of 
critical importance to achieving sufficiently high gain are the 
effects of plasma instabilities, fluid instabilities, and the 
symmetry of the implosion. Computer calculations are presented of 
a capsule consisting of a spherical solid drop of DT surrounded by 
a concentric shell of DT. Gains greater than 40 fold are achieved 
with laser energies of <*» 0.5 Mo, and peak powers of about 10 W. 

The first slide shows the proposed target configuration 
and corresponding laser pulse shapes. A thin shell of material at 
approximately twice the pellet radius is exploded with a low energy 
laser prepulse forming an atmosphere around the pellet. An example 
of this will be shown later. After the atmosphere has been formed 
it is preheated with another prepulse which heats the electrons to 
several hundred electron volts, thus ensuring supersonic electron 
transport through the atmospherj and enhancing the implosion symmetry. 
Laser pulses of different wavelengths are used to implode the target. 
The longest wavelength is used first because of symmetry requirements. 

*Work performed under the auspices of the U. S. Atomic Energy 
Commission. 
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As the increasing intensity of the laser pulse approaches the 
thresholds of the parametric decay instabilities the frequency is 

2 doubled. This minimizes the effects of electron decoupling and 
3 preheat, and of anomalous electron conduction. A detailed example 

of a target and pulse shape will also be given in a later slide. 

The next slide shows the main effects we are considering. 
Plasma effects include electron preheat and decoupling arising 
from the non-Maxwellian electron distribution generated by resonance 
absorption and by plasma instabilities. Electron conduction can be 
inhibited by plasma instabilities whenever the ratio of electron to 

4 ion temperature, Te/Ti, exceeds a few fold. This can limit the 
velocity of the thermal electrons returning to the absorption region 

5 to roughly the ion acoustic velocity. The Brillouin instability 
can lead to large back-scatter of the incident laser light unless a 

2 L relationship of the form n (v~) £ 5 i s satisfied where, 
o 

_ energy density of laser light 
energy density of thermal electrons, 
(evaluated at critical radius) 

plasma scale height 

2 = 
E c 

M = 
4 ™c k T ec 

L = 
nec L = 
KJ 

A = vacuum wavelength of laser light 
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. The Rayleigh-Taylor f l u i d ins tab i l i t y and implosion symmetry 

likewise play fundamental roles in the choice of target design para

meters. A very br ief summary of target design considerations is 

given in the next s l ide. Hollow targets have the important advantage 

of operating with lower laser power. This leads to the possib i l i ty 

of absorbing the laser l igh t by col l is ional processes—without exciting 

plasma ins tab i l i t ies while satisfying the Br i l lou in backscatter 

c r i t e r i on . The v i ab i l i t y of hollow targets w i l l be discussed by a 

number of my colleagues later in the session, in part icular, addressing 

the Rayleigh-Taylor problem and i t ' s implications. The sol id targets 

have the advantage of cheaper fabrication and minimum growth of f l u i d 

ins tab i l i t i es . Solid targets are calculated to survive the Rayleigh-
o 

Taylor instability for surface perturbation amplitudes of >v 100A. 
This relaxes the surface finish requirements for the target fabrication. 
Solid targets have the disadvantage of requiring shorter wavelength 
laser light and higher peak power with the accompanying possibility 
of reflection of the laser light due to Brillouin instability. 

The initial phase of a laser driven implosion is the formation 
of an atmosphere surrounding the target. A possible method of doing 
this is shown in the next slide. A hollow DT target of ^ 300 ug is 
surrounded by a thin shell of ̂  40 pg. Two 20 joule laser pulses are 
used to gently explode the outer shell so that the perturbation of the 
DT surface is small. By "- 37 ns the density gradient in the atmosphere 
is directed radially outward. At this time a 10 Kbar signal has 
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propagated only 5 urn into the DT shell. This weak signal is over
taken by the much stronger signal generated by the laser prepulse 
occuring at 87 ns. It should be emphasized that much work remains 
to be done and this calculation represents only a preliminary 
attempt to form an atmosphere by this method. 

An example of a symmetrically imploded solid target is 
shown in the next slide. A 60 ug solid drop of DT is surrounded by 
an atmosphere weighing -v 4 ug. The intensity of illumination seen 
by the target varies sinusoidally by + 10%. A 100 joule prepulse 
heats the electrons in the atmosphere ensuring supersonic electron 
conduction there. The implosion is started with a 4 um laser pulse. 
This pulse is employed until the pellet surface is at roughly half 
the critical radius for 2 um light (90% of the implosion time). A 
frequency doubled laser pulse is then employed until the pellet radius 
is roughly half the critical radius for 1 um light. This technique 
of frequency doubling the laser light continues until the final pulse 
(80% of energy) employed is 1/2 pm. Absorption of the laser light 
at twice the pellet radius is probably not always necessary. It is 
clear that symmetry requirements are most severe at the beginning of 
the implosion when the electron temperature is low and imprints of 
laser perturbations are first made. 

An example of a calculation of a pellet suitable for a 
reactor is shown in the next slide. A solid DT pellet weighing 
•v 1 mg is imploded with a laser pulse, shaped in frequency and time. 
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nr-The laser power varies in time as f1 - T-J , Equation 1 (in the 
slide). 'The function of the prepulse has been previously described. 
For roughly 90% of the implosion time a 2 ym wavelength is used. 
The light is then frequency doubled at appropriate times to satisfy 
the symmetry requirement previously discussed. The final 80% of 
the laser energy was delivered by 1/4 ym wavelength light. Despite 
this short wavelength the laser light was not absorbed by classical 
processes, energy was absorbed by resonant process, and the final 
laser intensities exceeded the thresholds for the parametric decay 
instabilities, generating superthermal electrons. However at this 
time the pellet had been imploded tc a sufficiently high pr to 
shield the inner fuel from preheat by these hot electrons. As 
suggested by recent plasma instability calculations of resonance 
absorption, the superthermal spectral parameter, a, in expl 
was six in this calculation. The harder a = 12 spectrum could be 
tolerated but required even higher laser powers and produced less 
gain because of decoupling and preheat effects. 

Because of the high power required for solid targets 
Brillouin back-scatter is certainly a concern. In addition the 
ratio of electron to ion temperatures for this calculation is roughly 
20. Anomolous conduction effects could be severe for such a large 
temperature ratio, hence a design study is in progress which uses a 
low Z coated oellet as is seen in the next slide. The ratio of 

>nance 
J V2My£\ 
V a k T / 
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electron to ion temperature is reduced to a value of about 5 in this 
calculation. This is thought to significantly reduce the anomolous 

4 conduction effect. Because of uncertainty in the magnitude of the 
effects discussed, the calculated laser requirements for a reactor 
are not firm at this time. Based on present calculations it appears 
that for solid pellets laser energies in excess of 100 KO and powers 

15 exceeding 10 W will be required in addition to the short wavelength, 
frequency shaping, and frequency modulation capabilities. 
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CLOUD FWATIOH CALCULATION. 

LASER LIGHT 

2705 m 
2700 w 

1858 PM 
1834 w 
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- 1 / 
1 1 / 4 VW 

E j N = 42 KJ 

Y = 2.G r-TJ 

? ( 6 r O « . © -

1.1 X Vp 
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S Y I T C I K I C 2D IMPLOSION CALCULATION 

IN = 

Y - 1.7 MJ 

1404.8 VM 

404.8 m 

1.2 X 1 0 5 

TIME (NS) 
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LASER FUSION REACTOR CALCULATION 

900 KJ 
W MJ 

3716UM 

1070PM 
-T 7 

E(t) t ,m Eq. 1 

1 2 
f(v) -v exp - ( 2 e g ) 

I 1KM J1/2MM ! 

55.56 60.35 51.94 62.15 63.15 
flME (NS) 

FIGURE 6 



COATED PELLET CALCULATION 

1913 UM 

778UM 
768UM 

FIGURE 7 


