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ABSTRACT

The basic cencept of laser fusion is described, with a set of
requirements on the laser system. Systems and applications concepts are
presented and discussed. The CO2 laser's characteristics and
advantages for laser fusion are described. Finally, 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 wall as the engineering problems of translating scientific
feasibility intn commarcial success. Tha fundamantal idea in laser
fusion is to heat a small sphere ( -+ 1 mm Jiameter) of DT gas with a
short, few nanosecond (10'g s) pulse of laser light. Ahscrp'ion af the
laser light on the outer layer of the sphere would cause a blawoff
(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 densityv, the thermonurlear reactions would



oroced rrich mare quickly L the Yiectie disasaarhly ol bhe fgel. The
roaction enorqy, carried Yy onagteons aad alpha particles, will ba
capturad in a molten blanket Tor transfar to a steam generating plant or
other enarqgy-conversion sy-tea.

The requiremants on larers for inertizl confinomont Fucinan ara
summarizned in Tahle 1. Th~sa roquiremsats are bhased on vary large
extrapnlations from presert day laser-pnllet interaction experimants
(typicallv using up to 1 kJ of laser enarqy) tu parformance with .o 1 MY
of laser enerqv. The low pressure in the reacinr chambar is required so
that the very intensn laser beams can reach the pellet without rcausing

ontical hreakdown of the gas.

LASEP FUSION POWER PLANT REQUIREMENTS

The basic elemants of a laser fusinn enargy system would include the
tollowing, as shown in Fig. 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 A\ beam transport system that d=2livers tha laser light onto tha
peliets.

0 An injection system for delivering the pollets inte the reaction
chamber.

o A reaction chamhe~ to contain the pellet micraexplosion, convert
the recaction's onarqgy release io hoabt, and produce now tritiun

through the reoactinn of nautrans with Yithigw,



LTS N K A Y E SN I ARts EF AT N

Pulse Lnargy 1-5 1d
Pulse Lenqth 1-10 ns
Efficiency -~ 5%

Six or lMore Beams

Each heam focusahle to ~ 1 mm

Repetition Rate 1-10Hz

Prepnlse Limits 50 k¥/beam
1 mJ/beam
10 mJ tntal

Interface to Reactor Chamber at< 0.1 torr.



o fn oeneray Lransfers and conpession system for Lhe ulbtinate pousr
gnplicatinn, whethar it he elactric pousr, the production of
fissionzble fual fa= conventinaal nucl--wr reactors, or the
production of hyrdrogen or industrial process heat.

Systens studies indicate that the oroduct of the laser efficiency and
the pellat gain (p=llal thermonuclear ennrgy output-= laser pulse enerqy)
must excecd 10 for electric paower apnlications if no more than 25% of the
plant's powar output should be recirculated to the laser system. The
laser system 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 nutput) is7) 3 0 is the pellet i
gain. The scientific feasibility of laser fusion is defined as achieving
breakeven {0 = 1) with a laser that can satisfy the fundamental
efficiency and repetition-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 operate the laser. The
more efficient the laser, the less power is ra2quired to run it, and
hence, more is available for sale to the consumer. Based on analyses of
this issue from a total system viewpoint, highar laser efficiency will

produca siqnificant savings in both capital and operating costs.
APPLICATIONS OF LASER FUSION
Fiqura 2 refers tn tha twn major electrical apnlicakions, electricity

fFrom pure fusion and the breeding of Fissile fuel to powor conventional

“f



fact that dhe Tatter spnYicoblinn rogquires an

fisgion reactnrs. (1% The
oot only 2 (allcwing A wmallay sy dom bacause Tower 0 requires less
laser enargy) leads tn the prediction that fissile fuel hreading will be
tha first commercial application of laser fusion,

Production of synthetic qas using heat, reaction products, or a
comhination of bhoth imay b2 another attractive application; the world's
developed economies already have transmission, distribution and
utilization systems for fossil fuels, and continue to depend on

combustihle fuels. A related application is the production of process

heat for industrial applications.
CO, LASERS FOR FUSION

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

because of its demonstrated operating characteristics. Efficiencies of
30% have been demonstrated in a long-pulse (yis) 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 fusinn researcn. Elsewhere, thare are CO2 laser fusion
efforts in Japan, France, the Soviet Union and Canada. This widespread
effort reflects the cost and efficiency advantages of C02 over Nd:glass
lasers (a factor of ~ 100 in efficiency, .~-2-4 in cost, depending on
laser pulse 1engtﬁf). Three major CO2 Taser systems have been built at
Los Alamns for laser fusion experimentation and a fourth is under

construction, as described in Table 2.



The Singla-Rezm-Systam banan opacation in 1977, praviding the first
exparimantal work on targat interactinn of 1 ns CO, Vaser pulses at
energies of 10-100 J. Thz Tun-Beam Sy.tem heqgan oporation with targets
in 1976 and demonstrated the first thermonuclear reactions ever induced
bv a C0, laser in early 1977. The Eight-Beam System reached a laser
enaraqy ou{put of 8300 J, at a 16 Ti powar level, in April 1978, and is
schedulend to hegin targnrt interactinn experimants this summar. On the
Antares laser, we plan to demonstrate the scientific feasibility of laser
fusion in 1983.

C02 LASER TECHIOLOGY-In the contex® of fusion-qualified laser
candidates, the technology of the CO2 laser is the least complex. The
gaseous medium is a mixture of carbon 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 ~ 2-5r/s. The laser gas is at room temperature, is non-toxic, and
does not undergo 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 system, reaflecting,
enlarging, and finally focusing the laser pulses onto the fusion pellet.

For C02 laser fusion, as with any rasearch phase program, there are
significant technology improvements rejuired to achieve commercial

feasibitity, Thesce includn the pulserd pawar systen, ihe heam transport
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system, Ltha flnw svyzten fo- cnnling tho laser qgas, a5 w21l as the
electron-t=an enitter and Lha foil windnw that is the interface hetwaen
the evacuated e-bram sourca chembar and the high-pressure laser gas.
These reguirements are nearly identical with thnse of the advanced-laser
candidate fusion drivers. (5) High reliability (499%) and long life (30
years at 1-10 H?) ara the fundamantal needs. A detailed analysis of the
neads, prospects and timescale for the developmeni of these technolngies
has been reported recently.(5)

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

r

parformance at 1 pm and 10. 6rzm (6, 7) (- 7’ ,nmr.’/twf -nL,-,,uL";tﬂ
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APPROACHES TO INERTIAL FUSION EMERGY
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