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ABSTRACT

The basic cencept of laser fusion is described, with a set of
requirements orn the laser system. Systems and applications concepts are
presented and discussed. The CO2 laser's charact=sristics and
advantages for laser fusion are described. Finaily, technological issues

in the development of COP laser systems for fusion applications are

discussed,

FUSION OFFERS THE PROSPECT of virtually limitless enerqy for mankind, if
we can solve the immense scientific problem of confining the reacting
gases (deutarium and tritium) at their reaction temperature (50 million
degrees C), as well as the engineering problems of translating scientific
feasibility into commarcial success. Tha fundamantal idea in laser
fusion is to heat a small sphere ( -+ 1 mm Jdiameter) of DT gas with a
short, few nanosecond (10'g s) pulse of laser light. Ahacrpion of the
laser light on the outer layer of the sphere would cause a blowoff
(ablatinn) of material, whose rocket reaction force would ideally
compress the fuel to 104 x liquid density and heoat it to the reaction

ianition temperature. At this densitv, the thermonuclanr reactions would



DeoCesd ch e quick Ty L bhe Viest e dinanniemily ol the £50]. Thye
reantina cnorqe, carriod Yo opagteang and alpha particles, will bn
capturad in a maltan blantet “or transfor to a skteam generating plant or
nther enarqgy-conversion sy-tea,

The requirem:nts on laners for inertizl confinoment fucinn are
summarizad in Tahle 1. Thesa requiromeats are hased on very large
extrannlations from preser! day laser-pnllet interaction experimants
(typicallv using up to 1 kJ of laser enargy) tu parformance with .o 1 MY
of laser enerqv. The low pressure in the reacinr chamber is required so
that the very intensne laser beairs can roach the pellet without causing

ontical hreakdown of the gas.

LASEP FUSION POWER PLAMT REQUIREMENTS

The basic elemants of a laser fusinn enargy system would include the
tollowing, as shown in Fiq. 1:

o A laser that produces short light pulses at high
clectricity-to-light conversion efficiency, ideally ~ 5%, and
that can operate at Z 10 Hz.

4 \ heam transport system that d2livers tha laser light onto tha
pellets.

0 An injection systam for delivering the pallets inte the reaction
chamber.

o A reaction chamhe~ to contain thn pellel microexplosian, convert
the recaction's onarqgy release o hoat, and produce now tritiun

through the rractinn of nautrans with Tithim,



Tith e Vo L o et e

Pulse En-rogy 1-5 tJ
Pulse Lenqth 1-10 n=
Efficiency -~ 5%

Six or More Beams

Each beam focusahle to ~ 1 mm

Repetition Rate 1-10Hz

Prepulse Limits 50 kW/beam
1 mJ/heam
10 mJ tntal

Interface to Reactor Chamber at< 0.1 torr.



o] fn rnaray Lransfrrs o conpession sysien for Lhe ulbinate powsr
ennlicatinn, whelhar it ho eloctric pousr, the production of
fissionible fual fa= conventinnal nucl---r reactors, or tho
productian of hydrogen or industrial process heat.

Systems studies indicate fhat the oroduct of the laser efficiency and

Lthr pellat gain (p=1l2l thermonuclear energy output-— laser pulse enerqy)
must excecd 19 for electric paoger apnlications if no more than 25% of the
plant's pouwzr output chauld be recirculated to tne laser system. The
laser systrm must oparate at,~ 10 Hz with multiple reaction chamhers
pulsed at ~ 1 Hz, with a 30 year system lifetime.

The impact of laser efficiercy is illustrated in Fig. 2. The laser
efficiency (wall plug to laser light autput) s+ ; Q is the pellet #as
gain. The scientific feasibility of laser fusion is defined as achieving
breakeven {0 = 1) with a laser that can satisfy the fundamental
efficiency and repatition-rate requirements for fusion power (Table 1).

The importance of efficioncy can be seen by comparing Fig. 1 and Fig. 2.
Electricity from the power plant is required to oparate the laser. The
more efficient the laser, the less power is raquired to run it, and
hence, more is available for sale to the consumer. Based on analyses of
this issue from a total system viewpoint, higher laser efficiency will

produca siqnificant savings in both capital and operating costs.
APPLICATIONS OF LASER FUSIOM
Fiqura 2 refers in tha ten major electrical applications, electricity

from pure fusion and the hrosding of Fissile fuel to powar conventional

“f



ficgion reactar=.f17%  The fact thal tho Jatbter spodicolinsg rogerires an
oot anly 2 {allesing A wmaltor ay deam bacanse lower 0 requires 1ess
laser enargy) leads tan tho prediction that fissile Miel hreading will ho
tha first commercial application of lascer fusion,

Procduction of synthetic qas using heat, reaction products, or a
comhination of bhoth may b2 another attractive application; the world's
developed economies already have transmission, distribution and
utilization systems for fossil fuels, and continue to depend on
combustible fuels. A related application is the production of process

heat for industrial applications.
C0? LASERS FOR FUSION

The CO, laser is the most attractive candidate laser-fusion driver

because of its demonstrated operating characteristics. Efficiencies of
30% have been demonstrated in a long-pulse 0;5) operation, and a method
has been developed to achieve & 10% in repetitive short-pulse operation.
Repetition rates as high as 750 Hz have been reported, far in excess of
the requirement for laser fusion. (2)

Los Alamos is the only Laboratory in the United States engaged in
CO2 laser fusion researcn. Elsewhere, there ara CO2 laser fusion
efforts in Japan, France, the Soviet Union and Canada. This widespread
effort reflects the cost and efficiency advantages of CO2 over Nd:glass
lasers (a factor of ~ 100 in efficiency, .»-2-4 in cost, depending on
laser pulse 1engthf). Three major CO, 71aser systems have hesn built at
Los Alamns for laser fusion experimentation and a fourth is under

construction, as described in Table 2.



The Singlo-fYezn-Syatem banan apar=Sion in 1977, providing the first
exparimantal wark on targat interactios of 1 ns €0, V1acer pulses at
energies of 10-100 ). Thz Tun-Beam Sy.tem beqgan op2aration with targets
in 1976 and demanstrated the first thormonuclear reactions ever induced
bv a {0, laser in early 1977. The Eight-Beam System reached a laser
enaray ouiput of 2300 J, at a 16 TH powar level, in April 1978, and is
schedulnd to begin target interaction experiments this summar. On the
Antares laser, we plan to demonstrate the scientific feasibility of laser
fusion in 1983.

C02 LASER TECHROLOGY-In the contex® of fusion-qualified laser
candidates, the technologvy of the C02 laser is the least complex. The
gaseous medium is a mixture of carboan dioxide, nitrogen and som> .mes
halium at a total pressure of -~ 2.5 atmnspheres.(3) An electron beem is
injected in order to develop an appropriate gas conductivity, and main
discharge electrodes excite the gas with an electric field of ~ 15 kV/cm,
with a discharge current ofa. 10 A/cm? and a discharge pulse length
of ~ 2-5us. The laser gas is at room temperature, is non-toxic, and
does not wundergo any significant chemical reactions within the
discharge. NaCl windows provide an intarface between the laser gas and
ambient air, and ultimately to the reactor chamber. Directly
micronichined mirrors (4) form the beas transport systen, raflecting,
enlarging, and finally focusing the laser pulses onto the fusion pellet.

For 002 laser fusion, as with anv rasearch phase program, there are
significant technnlogy improvements rojuired to achieve commarcial

feasibility, Thesc includn the pulsurd pawar systen, 1he heam transport
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pulsa energy)



system, Lha flow syzten fa- conling tha laser gon, a5 wall as the
electron-t=an emitter and Lha foil windna that is the interface hetwaen
the evacuated e-bram sourca chamber and the high-pressure laser gas.
These reguirements are nearly identical with thnse of the advanced-laser
candidate fusion drivers. (5) High reliability (4/99%) and long life (30
years at 1-10 Hz) ara the fundamantal neaeds. A detailed analysis of the
neads, prospects and timescale for the development of these technologies
has heen reported recently.(5)

WAVELENGTH SUITABILITY- In the past two y2ars, serious questions on
tha suitability of the relatively long wavelength of the. C02 laser have
been suhstantially mitigated.(6, 7, 8) Previously, incomplete classical
arguments predicted that the fractional absorption of 10pmm light, and
the distance form the pellet center where the light is ahsorbed, would
pose a severe disadvantage in comparisnn tn visible wavelenths. These
predictions ignored classically understood processes such as the
ponderomotive force of eleztromagnetic waves and rcsonant absorption
which theoretically remnve most of the disadvantages. To date,
experimental results have shown no important difference between pe]]et

f

parformance at 1 fm and 10. 6rzm (6, 7) /, 7’ /hmf.’/tﬁf -nL/-,,uL";tﬁ
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APPROACHES TO INERTIAL FUSION EMERGY
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