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ABSTRACT

The cost and efficiency of mmgajoule—class Kr?F
laser single pulee test facllities have been
enaminad. A beselime design 18 described which
illuainates targecrs with 3 W with shaped 10-ns
pulses. The system uses 24 main emplifiers and
operates with an optice opersting fluounce of 4.0
J/em”™. This system has 9.0X efficiency ead
costs $200/joule, Tradeoff studies indicste
that large amplifier modules and high fluences
lead to the loweut laser systea costs, but that
only a 20X cost savinge can te realised by going
to asplifier modules larger t!un 200 &J and/or
fluev-es greater than 4 J/ca”. The role of the
sagajoule-clase single-pulse test facility
towards inertial fusion commercialiszation will
slso be discussed.

INTRODUCTION

The requiresente of a commarcial applica-
tioos inertial fusion driver have long been
known. The driver must deliver 1-10 MJ with
pulse widt f 35-20 os at a pulse repestition
rate of 5-.. (for a 1000 M _plant), althow3n
the optimum operating pl‘.ll.t.'l depend rhe cost
and ficiency of the driver and the target
gain, The driver must also be efficient euough
so that the product of the targe:t gain and
driver efficiency (ny) be 210 for pure fusion
power lp&llcntlonl. Using standard target gain
curves, the driver efiiciaency should be at
least 5-10 percent for lasser drivers. The
wavel agth (for lssers) wmust aleo ba less than
300 na for efficient target coupling.” Only two
lasers are thought to be scalable to the re-
quired energies with suitable vavelengthe:
frequency tripled Ndiu.sss lasers and pulse com~
presead KrF lasers. KrP lasers have s0 far
demonstrated higher eystes efficiencies and
|Oreover, usec a gaseous lasing medium that
readily alleve repetitive pulsing through con-
vective heat removal. Previous studies have
esncluded that e-besm-pumped KrF lasers have a
maximus pocentisl .yno‘ efficlency of 8
perceat. Recent theoretical” and experimental
work with a ouv regise of gas mixtures has indi-
cated a possible 30X improvement in the laser

istrimsic efficlienc Bev wotk in empasding-
flow e=besm diedes shov imprevensats is the
laser pumping efficicacy. Thsse sffects combine
to sake KrF lssers an attractive cemsmercial~-
applications lsser fusiea driver.

This paper exsmines the perfoermsnce asnd
oout scaling for megajeule-sised Kr? laser fu-
sion siugle-pulpe test facilicies (8PIF). A
companion paper descridbes the systeass sodel -
used sud eimilar tradeofis for single-main-
amplifisr KrF laser—fusioa systemr. This model
is used here ’)> calculate the cost of lur.-;
single-pulse systems. A second cempanion paper
describas KrF laser coet sad efficiency ecaling
for commsrcial-applications repetitivaly pulsed
systeas.

THE SPT7 AND TR ICF COMMERCIALILATION PLAM

The successful developmant of commercial
applications imertial fusiom (including produc~
tion of electric power, fisslle fuel, specisl
nuclear materials, and process heat) Mpondo
upon the following essentisl activities:

® high-average-povar (Eigh pulse
enargy/repetitior rate) driver develop-
ssnt,
high target gain,
commsrcisl target msnufacturing,
materials development,
reactor systea developmsant,
fual cycle development, and
total syetes integration,

Driver developsant begins with emall syo~-
tems to test performance expectations and to
benchmark modeling codes. The nDaxt step 1is to
scale the drive: up 1in energy. KrP laser
development 1s currently in this ctage. After
saveral laboratories have built sub-kilojoule=-
sised lasars, the large amplifier module at Los
Alamos National Lasboratory has recently
demonstraced 3 kJ, with 135-20 kJ eventually
oxpicted. A 100-kJ amplifier called the povar
amplifier module (PAM) is currently being
designed in a cooperative Los Alamos/Avco
Everett Nesearch Laboratory effort. The PAM
will be used to study main amplifier scaling and
to enplore design options (new optics concepts,
lasing medis wmixes, e-beanm diode and pulsed
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-ﬁl:. ote.) whet poupise coot omd of-
revensstes. Seme premising
seneupte csn alse W fwvestigated
e susn fexility. The mext legical
dmilt for driver dovelepasnt wvenld be
single-pulse test facility
(EFIR). This eyeten wesld demomstrets mmlti-
r flatagrecica and would 1160 be weed for
devolepussx of high 3ain targets. The pur-
pese of thie paper Lis Ls describs tha asst and
porfeTnssnse of a 3-i) SFI7. Tee AFTT ecvld be
eindlar te Cho coamercial-applicatieas driver
vith the exeaption of repetitive pulsing (which
esuld be on upgrade eptiem).

A ouginsering test fascility (ETF) would be
required after the BPTF. The ETF would be a
small rcale syscten ({i MmJ) chat wvould
demoastrate repetitive pulaing, targec injectior
aod treckimg, and system integration. Tnis
facilicty vowld require cosmerciasl ta-get
msnufascteriag asd would be avle to perfors
materiale and reactor eystem developaent. A
damoustratioa plasc (DF) would be the next logi-
cal step. The DP would b3 required to prove
reliable sad econaric operatioa, and might be in
the form of a hybrid or a fissile fuel Dreeder
to esse target and driver performan.c
requirements. The remaiader of this paper will
describe the mmgajoule class SPTF, whichn is the
mext major facility to e builc after the 100 wJ
PaM at Los Alamos.

DESCRIPTION OF TME BASELINT SPTF

Tne baselimes approach uses large eleccror-
bosa puaped doudble peaes amplifiers pumpea for
400 ms for high efficiency. Many sngularly mul-
tiplexzad bsaslets, generated from a single froat
ead pulse, are passsed tnrough single-pass
preasplifiers snd interuediate asmplifiers,
split, and eent to a smsll dcuble-pass amplifier
before enteriang the main asplifiers. The beass-
lets energing from the main amplifiers are theo
suparisposed oa the target vith the bess deliay
timing adjueted tc produce the proper pulee
shape and durstion on the target. The baseline
SPTF 1lluminates targets vith 5 MJ 1in variaole-
shape pulses wi-h widchs > 3 os.

The basel'ns design uees 24 main arplifiers
that sre J.) meters high and wide, aend 4.8
@vters loang. The asplifiers are arraaged in a
linesr arrsy and use besm cosblnation vis turn-
iog sirrore locsted in front of tbe sapiifier
vindov (ses Pigure l). After lesving the maln
ssplifier output arrey, each pesmlet uses two
wirrors for sesultiplening, and two mirrors, a

lens and & wineow for tn&.ct optice. Tne
operacing fluence 18 4.0 J/cm”.

Toa overall syetes efficlency for the
baseline design is 9.1% from wall plug to anergy
on targect. Tha main amplifier intrineic ef-
ficliancy 1e 14,6%, witn 73X pulsed powver
efficiency and 94.21 pulsed power utilisation
(sccounting for pvlsed pover rise and fall
times). Approximately 3I of the laser snergy 1is

lost im the umpumped regions contataing '2 aear

Pig. 1. Cooceptnal layout of & 5 MJ SPIF usiny
24 smplifiers. Beam comblnarion 1o
performed ueing large mirrors between
pairs of amplifieres.

the amplifier vindow, snd 2 1s lost in the win-
dov ieelf. The main amplifier f1ll faccor 1se
97.41I, end 51 laser energy lces 1s sssumed for
the beam Craosport to varget.

The baseline system cost is spprovimately
8200:'oule for the laser syscem, and 8$i35:joule
for the etcire facilicty i1ncluding the laser
hall, an office buildiag, aad a vell-shieided
target building. For this system, a0UI of the
coot is due tO optics and mounts, 16X is from
laser smplifiere, lAI 1e from beasm ancloeures,
and 91 is design coets. The remaining 211 1
assdoclated vith epares, contlageancy, indirect
coste, power conditioning, & gas purification
and haudling eystem, tre target chamber, align-
msnt, controle and €iagnostice syatems, eystenm
integratios, and tne froat end.

SPTF SYSTEM TWADEOFFS

The resulte of a eystem tradeoff etudy
around 3 5nJ SPTF shov similar crgnas as for
the single-main-amplifier etudy. Figure ¢
shows the lascr system cost ecaling as the
energy oo target imcreases up to 10 mJ for
soainal 100, 200, end Y00 L) emplifier sodulas.
This figure ehowse chat large systems and large
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Fig. 2. Lasur systeam cost scaling as s fenction
of epergy om target for three amplifier
module sises.

emplifier modules resul’ in lcwer unit cost.
Figure 3 shows the effect of the short pulsa
fluence on the iaser system cost for the $-KJ
eystem using the same three different sises of
smplifiers. As expected, largs optical fluences
result in lower coste. A somewvhat unexpected
tuuit is that incroulng cthe fluence from 4
J/ca® to 10 J/ca” only decreases ths total laser
systea cost by 10X. Tnis ie encouraging bacause
most of the cost reduction is poesible in the
low fluence end, in the range of exvected ai-
vances in coating technology.

The only octher tradeoff examined that
showed & significant cost sensitivity vas the
target illyminacion tima. As snown in Figure &,
short target illucinstion times result in much
higher costs. This 1s due 0 the large number
of esmall optical componants used in the systes.
The systsa coet has a broad minimuam over the ia-
termediate range of illumination times. Thare
is a elight increase at long {llumination times
becsuse of the large optical components (Chough
suall in number) needed in the systems. 1If Kr?
lasers prove to e the best commercial applica-
tions inertial fusion driver, it m&ay be
important to develop targets that are optim‘sed
for peak power illuminatiou times 2 6 ns.

SUMMARY

Tnis papar has examined the rolc of a
single-pulse test facility with respect to the
goal of commarcial applications inertisl fueion,
A 3=NJ KrP laser system bsseline design has besn
costed in detail, and tradeoff studies wers per-
formad to examing the ef’ects ths” variations in
principal design parameters have oo the laser
systeam cost and performance. We found that the
baseline laser system cost 18 ~200/jouvle and the
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Fig. ). Large optical flusmoes and large
amplifier modules lesd to the lowest
systen cost for tbe 3= &PFT7.
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Fig. 4. Short teryet illuminacion times drive
tha laser system cost up. FPor large
saplifier modules, & bdrowd cost minimum
exists between § and A bs,

system efficiency 1s ~9%. The results of the
tradeof! study indicate that large optical
fluences and large amplifiar medules are cost
offective, but ounly a 20X coet savings over the
baseline desisn can be realised by going ro
larger fluences anad/or larger upnu’r modulas.
Tharefore, 200~-bJ modules sud & J/cn™ operating
fluonces asre all that ure needed to pro:.uce an
affordable syecesm.

It should also be noted that the tradeoft
study was parforsed in a simplistic msnoer in
that the systea was not reoptimised each time,
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