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STRUCTURED PELLET DESIGN FOR LASER FUSION : A NUMSRICAL DETERMINATION OF THE OPTIMUM MASS RATIO

by

Michael A. Stroscio

ABSTRACT

Structured pellets for laser fusion have been suggested in the
past few years. Herein, numerical simulations are presented which de-
m6fislr’atea departure from purely elastic collisions and illustrate the
significance of temporal shaping of the incident laser energy.

Recently, structured pellet designs for attaim-

ing laser-produced fusion of deuterium and tritium

(DT) have been suggested.
1-4

The basic features

of the design proposed in Ref. 4 are shown in Fig.

1 which depicts a section of a spherical laser fu-

sion pellet. The actual dimensions given in Fig. 1

differ from those given in Ref. 4; however, the

shell structure Is similar - an outer shell of Fe

surrounds a cushion material (CH2) which contains

a shell of Au that encloses the DT mixture (frozen

onto the inner Au surface with a density of 0.21

glcm3).

As indicated in Fig. 1, the laser deposits its

energy in the outer Fe shell which is accelerated

radially inward and collides with the Au shell.

(The low-density CH2, p = 0.005 g/cm3, has low

hydrodynamic impedance and has the additional ad-

vantages of (1) enhancing the elasticity of the

Fe - Au collision and (2) compensating for the lack

of perfect synnnetry in the imploding Fe shell. ) The

attractive features of incorporating the Fe shell

and CH2 cushion in the pellet (rather than directly

depositing the laser energy in the Au shell) have

been addressed in Ref. 4. In that reference, it is

shown, assuming certain efficiencies for energy

transfer and elastic collisions, that the power, PO,

necessa~ to result in an energy per unit mass, c,

in the DT and a velocity, v, at the Au - DT inter-

face is given by,

(l+r)3 %T-Au PI
‘2=737 AR 9 (1)

275pm ~

77pm

45pm

Fig. 1. Section of the spherical laser fusion pel-
let. The outer radius of the Fe shell is
a variable as discussed in the test.



where r is the ratio of the Fe mass to the Au mass,

%T - AU
is the radius of the DT-Au interfsce (at

time zero), AR Is the cushion thickness and PI is

the power necessary to achieve the same E and v when

the laser deposition occurs directly on the Au shelL

From Eq. (l), it follows that 3P2/ZIr = O at r=l/2

and 22P2/3r2 >0 for r ~ O; hence, theoptimumpower pz

occurs for r = 1/2. As noted in Ref. 4,Eq. (1) does

not include the effectsof shocks and convergence.

Herein numerical simulations are presented

which demonstrate that the design of Fig. 1 departs

from the purely elastic behavior implicit in Eq. (l).

Specifically, the thermonuclear neutron yield has

been calculated for the above pellet design with the

numerical simulation code LASNEX5 for (1) several

different temporal profiles of the incident laser

pulse and (2) values of r between 1/2 and 3/2.

LASNEX is a two-dimensional Lsgrangian hydro-

dynamics code which couples the laser energy to the

laser-produced plssms by inverse bremsstrahlung,

resonant absorption and instability absorption. In

addition, LASNEX incorporates multi-group flux-

limited transport of charged particles, multi-group

diffusion photonics, three-temperature capability,

and thermonuclear burn phyeics. In the particular

calculations presented here the superthermsl elec-

tron temperature is assumed
6-9

to be proportional

2 1/4
to (11 )

T 112
e

where I is the incident laaer in-

tensity, A is the laser wavelength and Te is the

thermal electron temperature.

In the present calculations, three different

temporal pulse shapes have been utilized for the

incident pulse of 10.6 pm C02 light: Pulse A is de-

fined by a temporal profile in which the lacer pow-

er rises linearly from 0.0 TW at 0.0 na to 100.0 TW

at 2.3 ns and then falls abruptly to 0.0 TW for

times greater than 2.3 na; Pulse B has the asme

genersl features as Pulse A with the exception that

the peak power is 50.0 TW (instead of 100.0 TW);

Pulse C is characterized by a linear rise in power

from 0.0 TN at 0.0 ns to 10.0 TW at 0.2 ns followed

by a linear drop in power from 10.0 TW at 0.2 ns

to 0.0 TN at 2.3 ns. For all three pulses, the

power is 0.0 TN before 0.0 na and after 2.3 ns. In

all slmulationa with these pulses, it is assumed

that 50% of the incident C02 laaer energy is depos-

ited in the outer region of the Fe shell.

Table I summarizes some of the primary results

obtained from the LASNEX simulations of the design

in Fig. 1 for Pulses A, B,and C. For all of the

calculations presented in Table I, the mase of the

Au, mAu, iS = 9.2 pg and the mass of the DT, ST, is

0.22 pg. r is the ratio of be to mAu. The vslues

of r are obtained by adjusting the outer radius of

the Fe shell in Fig. 1 to give the appropriate mass

ratio. Nn is the calculated number of thermonuclear

14 MeV neutrons, TBurn is the time at which the

thermonuclear burn occurs and E1ncident is the

laser energy incident on the pellet up to the time

hmedlately following thermonuclear burn. (The

thermonuclear burn occurs in an approximately 20-Ps

interval centered at TBun .) The values of Nn as a

function of r are also depicted in Fig. 2 for Pulses

A, B,and C.

Two features are apparent from these results.

First, the pulse shape has a pronounced influence

on the value of Nn; for example, when r = 3/4 Pulse

C results in four times more neutrons than Pulse B

for only approximately 1/3 of the incident energy.

It is noted parenthetically that there has been

no attempt to maximize the value of Nn in this=;— — —— ——_ —

however, the above example clearly demonstrates that

larger valuea of Nn may be obtained by varying the

temporal shape of the incident pulse. The aimulatin

which gave the maximum value of Nn in Table I had

valuea of “PR” and Te of 1.5x10-2 Sjcm2 and 400 eV,

respectively. It thus follows that the neutron

yield could be improved by increasing Te at the ex-

pense of OR . The second point (which addresees

the question of departure from purely elastic be-

havior implicit in Eq. (l)) is evident upon inspec-

tion of Fig. 2. Specifically, for all pulses stud-

ied, the vslue of ~n is strongly peaked at r z 3/4

instead of at r = 1/2 (which is consistent with

elastic collisions).

In conclusion, the results of these simulations

clearly demonstrate (1) the extreme importance of

the temporsl shape of the incident laser pulse and

(2) that the departures from purely elastic behavior

can be quite significant. With regard to this last

conclusion, it is noted that for Pulse C nearly 100

times more neutrons result at r ~ 3/4 than result at

r = 1/2 which 1S the optimum value of r in the Con-

text of purely elastic collisions.
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Pulse
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c

c
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c
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TABLE I

SUMMARY OF SIMULATION RESULTS

r

1/2

314

1

514

312

Ill

316

1

514

>12

112

314

1

514

312
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