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Sanders Associates have proposed that they be funded by the goverhment 1
" to do research on the heating of thermonuclear fuels, (L1DT, T, D, ) to

ignition temperatures by means of intense focussed laser radiation. Ié
sipport of this proposal, they bave done some preliminary éaiculatioﬁs;on
the ignition of a small LiDT spbere in which 1t is hoped.that congigémént _
of the fuel will be effected by the raﬂiation pressure exerted by the '
intense laser lipht. They believe that the surface pf the sample willmﬂAY
ve heated to a kinetic temperature of 50 kev, and that the Qeparticle fluk'

due to the T reactions at the bot surface may be capable of triggering a

DECLASSIFICATION
STAMP ON REVERSE.

fast fusion chaip-reaction in the regt of the fuel.
There are several technical comments toc be made about their propossal.
1. The ignition of the fuecl caanct take place as a fast fusion chain-
reaction unlesse the electron temperature is éo high that a rapid thermo=~
niclear reaction would take place anyway. This is because tﬁe O~particles

loge their emergy to electrons predomipantly, unless the electron . temperature

1987 <

to consider the ftraugfer of energy irom Q=-particles to electrons in their

is greater than 30 kev. The authors of the proposal evidenily neglected %

2. In speaking of a very ot surface layer produced vy the laser

testing, the suthors have evidently overlooked the diffusion of heat into

Se interior of the

heating takes place
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3L,0f the laser llght), electron thorpal condnction 18 sufficient

'tq,cause the entire sphere to become isothermsl in a time ghort compared

with the duration of the incident light (10° -8 geconds ). ' {%&&_.,

o 3. The ability of thé light pressure to confine the fuel is questioHis v
able. Toe stebility of confinement by rediation pressure in a spherically
convergent light field was not looked into, and it is likely that the plasma

"y is not stably confined. Also the rate of loss by diffusion from the confine~
ment region was not examined, and may be large.

k. The statement tzat the laser required to accomplish the beating is
within the pfesent state of the art is not true. The proposal requires a
laser which produces 10" megavatts in a single mode in order to be focused
down to a spotvwhose dismeter is equal to the wavelength of the light

(10'“

cn). Tae present state of the art is lower in power by a factor

of 10 (103 nmegawatts), and this power can only be focussed down to a spot
~ ].0"2 cm in diameter. Hence, their proposal calls for a power density at
the focus lO5 times as great as has yet been achieved. While it is true
that the required high power in a single mode is possiblé in principle,

it would require a very extensive regearch effort to eveluate whether these
regquirenents can indeed be realized in practice.

To summarize, the underlying notion of the Sanders proposal that one
can heat small samples of thermonuclear fuel to high temperature with high
powver strongly focussed laser light is correct. The proposed method of con-
f%ping the fuel by the pressure of the laser light has vot been demonstrated
ié theory, questions of stabillity of confinement and diffusion losses yaving

been ignored. Contrary to the gstatement made in the proposal, major improve-

ments beyond the present state of the laser art will be required tc achieve




‘radiation pressureshigh enough to confine the heated themonudlear vfuel;\

i S assmnin%that such confinement, is indeed possible. The coné‘e;pt of aﬁ"wizct,_

P

surface layer » and the concept of a fast thérmonuclea.r rea;c’tibn ‘céi”ng' o

triggereglép%the inpg;fior of the fuel are voth incorrect.

LR

General Comments and Recommendations -

It is clear that Sanders Assoclates want to beat thermonuclear fuels
with higii power focussed laser light. This is a sensible idea that Livermore
‘is already working on. They understand ithat the research program will be
e:@ensiﬁre » and so they want government funding. The specific proposal, and
particularly the references to power production and the triggering of larger
amounts of thermonuclear fuel, are wainly window dressing. It is also clear
from their correspondence that it has never occurred to them that \Livemore
night logically already have an in-houge program to study laser heating of
thermonuclear fuels.

"This proposal is the third proposel (that I know of) to the A.E.C.
to obtain goverament funds to do research on the laser heating of thermo-
nuclear fuels. Toe other two are Bughes, Malibu (or. W. linlor) and the
University of Michigan (Prof. Peter Franken). I an sure there will be
many more as time goes on. (lincolan lab. and O.N.R. Boston are getting
interested). A policy decision will have to be made by the A.E.C. vhether
or not it wants to fund research in this area to be done outside the A.E.C.
laboratories. My recomrendation would be not to fund these projects on the
grounds that the A.E.C. labs., notably livermore and Los Alemos, have more
Im?f)wlédge about the pertinent thermonuclear physics than exists elsewhere

and Liv»gz;_ggg will soon have a capability with bizh power lasers that will
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not be matched elsevhe;i?é?‘ The fact that Livermore is already asctively
\\"‘"m—nu«m\,w,,‘...,, IR e g’g
s ey 0%




pursuing this work should be brought to the attention of the A.E.C .‘,' sir.ig:‘e

i "the A.R.C¥does not seem to be ful]g awvare of the sit\i&tion'.ﬁ

 nosproblem if the work is done at a Weipons.laboratory. That is, if Sanders
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'~ The more difficult question relates to security, which of course is

Associates or Hughes or General Motors should dscide to go ahead and investi--
gate the laser beating of thermonuclear fuels with their own money, thex;.what?
(Both Hughes and Prof. Franken of Michigan were informed by the A.E.C. that
if they pursued such research, it would be classified SRD). |

The probvlem arises because the distribution of fusionable materials,
including tritium, is not resiricted; because maeny laboratories are experi-
menting with highepower lasers; and because everyone knows that things cax_i
get very hot at the foeus of a high-power laser. If they didn't know. it,, .~
the Russian physicist Basgsov pointed it out to them in a paper given at the
recent Opantﬁm Electronies conference in Paris. ‘

I believe the A.E.C. should formulate a policy wvhich would not inhibit
acadenic werk on plasma heating with lasers, but which would render classified
the heating of themonuclea_r fuels by lasers with substantial power output.

An approach I would recompend would b’e to require that the laser heating of
materials contalning tritium could only be done on an SRD basis. This would

not hinder academice work. Aa ‘additional or alternative i'estriction that

could be applied would be to classify all experimental work on the laser W
neating of thermonuclear fuels in which the laser output would exceed,:say,

ll.O3 joules of light per pulse. Again, this would not restrict academic work

to ‘zmy noticeavle extent.

Another area to be considered is the Sherwood project, which has been

~h

declassified. Proposals will no doubt be made that laser ignition of thermo-

nuclear fuel can solve the unclassified problem of controlled thermonuclear




B
reactions. The Sanders Associates propo,sal 15 a case in point.

8 tstronc motivation to asﬁiate the® lhser heating of thermoi;xclear fuela
wlt? the Sherwood program, regardlesa of the prospects of achieving a con-:;-
s trolled release of net power, because the work can then be done“on”an un-
clapgified basis. Our own Sherwood project, for example, recently contagtgd‘ '
Westinghouse to obtain information about high power lasera which they are
interested in using to heat dense plasmas. This iz an indication that the
various Sherwcod projects may soon want to enter this field and wil!.l require
security clarification.

It should be clearly drawn to the attention of the A.E.C. that its
poldicy on these questions ghould be settled as soon as possible, sd that
it is prepared to deal with the numerous requests for funds and questions e
about classification that are certain toc come from many universities, and
laboratories that went to start thernmonuclear fires ‘wit.h lasers. Of course »
the policy of regarding all this work as unclassified would be the simplest

golution, and perhaps the only practical one.
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