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ABSTRACT

The coet snd efficiency of mmgajoule—clase Kr?
laser aingle pulee teet facilitiee have been
exsninad. A baselime design 16 described which
flluainates targecr with 35 W with shaped 10-ame
puleaese. The eyetem uses 24 main emplifiers aad
operates with an optice operating fluounce of 4.0
J/cm”, Thie eyetem hae 9.0% efficiency and
coste $200/joule. Tredeoff etudies indicate
that large smplifier modulee snd high fluences
lesd to the loweut laser eyetea costs, but that
only s 20X cost ssvinge can te realized by going
to asplifier wodules larger t!un 200 kJ sand/or
fluev:ee graster than 4 J/ca”. The role of the
sagajoule-claee eingle-pulee teet facilicy
tovarde inertisl fueion commercislizstion will
eleo be discuseed.

INTRODUCTION

The requiresente of s commarciasl applica-
tione {inertisl fueion driver have long been
known. The driver muet deliver 1-10 MJ with
pulee widt f 3-20 ne st & pulse repetition
rate of 5-.. (for & 1000 MW plent), slthoujn
the optimum operating pr.uou'c depend rhe cost
snd ficiency of the driver snd the tergec
gsin.  The driver must sleoc be efficient euough
80 that the product of the target gesin and
driver efficiency (ny) be 210 for pure fueton
pover ap&ucauonc. Using etandard target gain
curvee, the driver efifciency ehould be et
leset 5-10 percent for lsaser driversa. The
wavel. agth (for lasers) wuet also less than
3500 nm for efficient terget coupling.” Omnly two
lseere are thought to ba ecalable to the re-
quirsd energies with suitable wavelengthe!
frequency tripled Ndiu.ses lssere and pulee com~
preeaad KrF lseere. KrF lassere have eo far
demonetrated highar eyetem efficiencies and
BOTeOVEr, uee & gaseeous lasing medium thst
readily ellowe repettitive puleing through con-
vuctive hest removal. Previous etudiee have
concluded that e-besm-pumped KrF lassers have »
asximum potentiel aycu‘ efficiengy of 8
perceat. Recent theoreticsl” end experimental
work with s nuv regise of gae mixtures hae indi-
cated s posaible 350X improvement in tha laser

istrimsic efficisnc Beov wotk fin empasdiag-
flow e=besm diedes’ shov imprevensate is the
leser punping efficieacy. These effects eombine
to sake KrF lassere am attractive cesmercial-
spplicatioms laser fusiea driver.

This paper exsmines the perfersence sad
oout scaling for megajeule-eised KrP laser fu-
eion aiugle-pulge test facilities (8PIF). A
compsnion paper deecribes the syeteas ®odel -
veed sud eimiler tradeocffe for eingle-main-
amplifisr Kr¥ laser-fusiom systeme. Thie model
16 used here ’)> caslculete the cost of lur.n;
single-pulse eystems. A second cempanion paper
describas KrF laser cost aad efficiency ecsling
for commsrcial-epplicatioss repetitively puleed
eyeteas.

TR SPTF AND TMR ICF COMMERCIALIKATION PLAN

The succeeeful developmant of commercisl
spplications imartisl fusiom (including produc-
tion of electric power, fleslle fuel, epecisl
ouclear materisle, and process hest) Hpndc
upon the following eesential asctivitiest

¢ high-sverage-pover (Eigh pules
enargy/repetitior rate) driver develop-
asnt ,
high target gain,
commsrcisl ctarget msnufecturing,
materisle development,
resctor syetes developmsnt,
fual cycle development, and
totsl eyetes integration.

Drivsr developmant begins with emall eys-
tens to teet performance expectations end to
benchaark modeling codes. The Daxt etep Lo to
ecsle the drive: up in energy. KrF laser
development ie currently in thie ctage. Aftar
eaversl laboratories have built sub-kilojoule-
sised lasare, the large amplifier module at Loe
Alsmoe MNastionsl Lsborstory hae recently
demonetrated 3 kJ, with 15-20 kJ eventually
expicted. A 100-kJ amplifier called the power
saplifier module (PAM) fe currently being
deeigned in & cooyerative Loa Alasmoe/Avco
Everett Nesearch Lsborstory effort. The PAM
will e ueed to etudy main smplifier ecaling snod
to explore deeign optiocns (new optice concepte,
laeing medis mixes, e-besa diode and puleed
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-ﬁl:. ote.) vhat poupiss vt sud of~-
rovamette. Seme¢ premicing
seneupte et alse W fwvestigated
e susn fexility. The mext legicel
dmilt for driver dovelepasnt wvenld be
single-pulse test facility
(EFIR). This eyeten wesld demomstrets mmlti-
r flazagrecica and would 1180 be weed feor
devalepussx of high gain targets. The pur-
pese of thie paper 1o ts deacribs tha aset and
poricTnsnse of o 3-i) SFI7. Tee AFTT ecvld be
eindlar te Cho coamercisl-applicatiens driver
wvith the exeaption of repetitive puleing (which
esuld b on upgrade optiem).

a onginsering test facility (ETF) would be
required efter the BPTF. The ETF would be @
emsll ~rcale ayosten (i nJ) that would
demoestrate repetitive pulaing, target injection
snd trackimg. 8nd eyetes integration. Tnie
facility woeld require commercial tac-get
ssnufectering and would be avla to perfors
materiele emd reector eyestem development. A
damoastration plasc (DP) would be the next logi-
cal atep. The DP would b3 required to prove
reliable sad econaric operatioca, sud might be in
the form of & hybrid or a fi1eeile fuel breeder
to eaee target assd driver performan.c
requiremsnte. The remainmder of thie peper will
describe the mmgajouls class SPTF, whicn ie tne
mext major facility to e built after the 100 wJ
PaM st Los Alamos.

DESCRIPTION OF TME BASELINT SPTF

Tne baselimes spproach uses large electror-~
bosa pusped doudble pase ssplifiere pumpea for
400 ws for high efficiency. Many angulsriy sui-
tiplezad besamlete, genersted from a eingle front
e8d pules, are psesed tnrough single~pase
presnplifiere and internediate emplifiers,
eplit, and eent to a small dcuble-pase amplifier
before enteriang the main asplifiers. The bDesa-
lete energing from the main amplifiere are then
suserisposed oa the target vith the besm deley
timing edjueted tc produce tnhe proper pulse
ehape and duration on the terget. Tne bsseline
SPTF 1lluminetes tarsgets with 5 MJ 1o variaole-
shape pulses wi-h widths > 3 os.

The basel' ns design uees 24 main arplifiers
that are J.) setere high and wide, and 1.8
svtere long. The smplifiere sre arreaged in a
linesr array and use besa cosbilnstion via tuln-
iog mirrore locsted 1o front of the supiifier
vindov (ees Figure l). After leaving the main
saplifier output srrsy, esch bveamlet usee two
nirrors for desultiplening, snd tvo mirrore, s
lene snd & window for u&u: optice. Tne
operacing fluence 16 4.0 J/cm”.

Toe overell eyetem efficiency for thne
baseline deeign fe 9.1% from wall plug to anergy
on target. The main amplifier intrineic ef-
ficiency 1a 14,.6%, witn 73X puleed power
efficiency amd 94.21I puleed power utiliestion
(eccounting for pvlsed pover riee end fall
timses). Approximataly 3I of the leeer snergy 1e

lost is the umpumped regions contaiaing rz near

Fig. l. Conceptnal layout of & 3 M) BPF ueiny
24 amplifiere. Besam combinatrion 1e
performed using lsrge murrore betvean
paire of amplifiere.

the amplifier window, and 2I 1e loer in the win-
dovw ieelf. Tne main amplifier f1ll fsctor 18
$7.41, and 31 laser energy lcee 10 sssumed for
the beam transport to targjet.

The baeeline eyetem coet 1@ approrimately
8200::0ule for the laser syetem, and 8$105-joule
for tne ertire fecility including the laser
hall, an office bullding. and & vell-shieided
target buildinog. For thie ayetem., a0I of the
coot 16 ¢ue to optica and mounte, 16X 1e fros
lasser smplifiere, )AL e fros beasa anclosures,
snd 91 1e deeign coste. Tne remaining 21X 1e
seeociated with gpares, contiageocy, indirect
coete, powver conditioning, & gee purificstion
snd haudling eyetem, tre terget champer, elign-
mant, controle and diagnostice eyetems, eystes
integratios, and tne froat enda.

SPTY SYSTEM THADEOFFS

The reeulte of s syetem tredeoff erudy
srtound 3 3=mJ) SPTF ehov eimiler trgnae ae for
the eingle-nsin~emplifier etudy. Figure 4
ehowe the lasecr eyetsm coet ecaling se thne
energy on target imcressse up to 10 MJ for
soainal 100, 200, and Y00 L) amplifier modules.
Tnic figure ehowe that large eyatems snd large
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Pig. 2. Lasur eyetem coet acaling as & feanctiom
of evergy on target for three amplifier
module eizes.

amplifier modules resul’ in lcwer unit cost.
Figure 3 ehowe the effect of the short pulsa
fluence on the isser eystem coet for the $-KJ
eyetem ueing the ssme three different eises of
smplifiere. As expected, largs optical fluences
result in lower coete. A somewvhat unexpected
ruuit ie thsat incuuln; the fluence from 4
J/ca® to 10 J/ca” only decresees ths totsl laser
eystea cost by 10X. Taie ie encouraging because
moet of the coet reduction ies poseible in the
low flusnce end, 1o the range of exvected ai-
vances in coating technology.

The only other tradeoff exemined that
ehowaed & eignificant coet eeneitivity was the
target illuminacion tima. As enown in FPigure &,
ehort terget illucination timee result in much
higher coete. Thie ie dus i0 tne large number
of emell opticel componente used in tha eyetesm.
The syatea coet has 8 broad minimum over the in-
termediate range of illumnation times. Thare
ie a elight increses at long iflluminstion times
becsuee of the large optical componente (though
suall in number) needed in the eyetem. If Kr?
lasere prove to e the beet commsrcial spplice~-
tione inertisl fuaion driver, it miay bDe
fsportant to develop targets that asre optis’sed
for peak power filluminstiou timse ? 6 ns.

SUMMARY

Thie papar hss exsmined the r0lc of @
eingle-pulss test facility with reepect to the
gosl of commarcisl spplicatione inertisl fueion,
A %N KrF lasar eyetem baselineg deeign has been
costad in detail, and tradeoff etudies were per-
formed to examine the effecte ths” varistions in
principal design peremeters have on the lasasr
syetam coet and performance. We found that the
baseline lasear ayetem cost ies ~200/jovle snd the
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Fig. 3. Large optical flusmoes and large
amplifier wodules lesd to the lowest
eysten cost for tbe 3= &PFT7.
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Fig. 4. Short target illumination tiwee drive
the laeer syetem cost up. For large
smplifier modules, 8 broed coet atnimum
exiats betwesn § and 40 ns,

syatem efficisncy 16 ~9X. The resulte of the
tradeoff etudy indicate that lerge optical
fluencee and large amplifier mndules are cost
effective, but only s 20X coat sevinge over the
bseeline deeisnn can be reslised by going ro
larger fluencee and/or larger amplifigr modules.
Therefore, 200-L) modulee aud 4 J/on" apersting
fluonces ere all that ure needad to pro:'uce sn
sffordable asyetea.

It ehould sleo be noted that the tradeof!
etudy wae perforved in s eimplietic msnoer {n
that the eyetea was not reoptimisad esch time,



9. D. 3. Nerrie ond J. U, Pandorgrace,
*ge? Logset Ceet/Perforumacs Wed .l fer
1CF Commerciel Applics:iens,” these

proceesdings .

10. T. Willke, et 8l., "A Plen for the
siaised oystene in sere dotail. Aleo, Development asd Cémmeraislisstimm of
sltessative Er? laser eonsepts that have poten- Inertial Ceafiuement Pusien,” Proc.
thal for even higher effiaiencies end lower Meavy lom Workehop, ANL-77=41, &I,

e tigaties. September 1978,

The ceantributiome from K. Ssluveky, i.
Singer, R, Berggrea, J. Ncleod, V. Saylor snd R.
Jensen are gratefully apprecisted.

1. J. B, Pendargreses, "Optimum Drivar
Pulse Emergy/Repetition Kate
Combdinations for Inertiel Pueion
Commercisl Applicatione,”™ chaee
proceedinge.

2. R. O. Dangerter, J. W-K, Mark, and D.
J. Meskar, "Tarjet Gain for Ion Driver
“lmertisl Fueton,” Loe Alamos Nationsl
" Laboratory Report LA-Un-81-2989 (1v81).

—

3. K. A. Brveckner aend R. 5. Jands,
"Wavelength Dependence of Lseer
Coupling to Pellet lmploeions,” Nuc.
Fusioa, 17, 303 (1977). -

4. W, P. KRUPKE, "Advenced Lseere for
Fusion Applicetione,” Proc. Int. Conf.

kucu 1E7%. Ssn Diego, CA, Auguet,
s PP - .

3. PF. Kaonari, A. Suds, M. Obara, end T.
Fujioke, "Theoreticsl Evalustion of
Electron-Besa-Excited XrF Lasare Ueing
Argon-Free Minturee of QOne Atmoephere,"
Appl. Phye. Lett., 43, 303 (1984).

6. R. T. Baleskhy and W. D. Kimurs, a) poet
desdline paper ot XII1 Int, Conf, of
Quantums Electronice, b) paper eubaitted
to IREE J, Quantum Electron.

7. "Conceptuasl Deeign Review for the
Polarie Power Amplifier Module,"
precented by Avco Everett Research
Leboratory at Loe Alamoe Nstional
Labdoratory, November 15-16, 1984.

8. D. B, Harrie end J. H. Penderyrases,
“Deaign Optimisastion of Single-Main-
Amplifier KrP Lseer-Fusion Systems,"
these proceedings.



