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ABSTRACT

FUS1ON

.

Shors-pulse, high-imcnsi~ excirsur ksers arc king dcvcfo@ fw a variety of atomic ysks and incrtkl confrncmcm
fusion applicm@s. In MS paper, wc will dimss she asasusof )(JF laser technology am?iu @icalion so ICF. Crmenl
~ssworMwldc wiubcdcxTibcd wilbeq&sis oosbc L3a Alarncmpcogrmm

‘he la Alusroa Nadmal IAmalay fus b acihcly en gcd In shekvvkpsmnt ofhl h-power gas lams for Incrdaf ccmfincrrsm
rfusion applications for twenty years ~girudn~ with rhe hig Iy efficient long wavekn th

A
& laser, Bxd m results fran he target

expcrkmal psogmun In the arly 1980s, ~ nadonaf shifl Lnthe quid Iqscrwsvckn occusTo&mdIIMb AlassmairkJ~
was u.rminmcd in favcwof dtc ahcmwavckngrh )(JF ~as b.

l%c KrF krmia rckdvdy DCW10rhe IG czmsmuruty;it wts dcrmrrsualcd in 197S (Brau and Ewing 1975), fdJowcd immdktcly by
ad Iaaing (Bmu 1975; Ewin ml Brmr 1975; Auh et AI. 197S; MMgmo and Jacob 1975; Scarles

%%%’?%,%%.z%% t5). The dcvelopsmm of M# peak power XJF laser technology fm Inertial Confincmcm Fuslotr
(H) applications is actively in Pgrcss IIUOU@UI fhc wdd whh rnqjor fditica urdcrway in Japur, Cads, En@d, he USSR,
and k US. kSUSC d h IICWMSS of rhc mch

Y&!~ scchnology research ad dcvelopmcm+ and advan
y, ml Of lkSO effom MC mSUOn#roiaurc of facilily engineering, advanced
conceptual design studies. The IAM Almnos National IAormory tiF lascT

Awl
.r

1pro#wm h pcobably rhc farscsI efforr in k wdd. h *sacs both ~-urm hc~ed Iascr ckrnimsuakns ad longer-
ancd dcaign mrqns ad Iedmokrgy dvarrccmwms r@rui fa Iq= fuabar fascr systems. We will rcvkw he basic fcmures

of the KrF lasers, describe Ihc SIMIUSof the worldwide KrF tcchnmo y program, provme an ovemicw of rhc Los Akrnos laser
dcvcloprtwntprogmm, dcwribc currcm ~ss on the near-errn uhn J
kF her dcvclopnm ~

acriviries, md discusshe fumrc dircckns d the Las Almos

en cf~w

KrF laws opcrmc by electrically pumping high. cssurc gas mixtures of krypmn (Kr), fluorine (F2), and ● ballasl # suchas ~gon
‘r ~(Ar) witi self-suswincd docirical dischargesor MI high-encr y clccrmn-bcama. Tlw ekcrncal cxcitatios, initktcs a cunpkx chain of

reactionsIM rcsuhs in the prodwtion d hekrypIon flwkk ( F*) molecule xnd various absdcrs. The KrF* mokcuk can tlwn lose
10 h unbound lower kvel, cmitrin a photon at 248 nm. ?hc upper JIAICIifctinw is vcsy fasl in dw excited I(JF molecule, and aroragr
linws m I.imild m m proximalcl

J
1

L
no by quenching and sfmnmncousemission. KrF is k second most cffhn[ member of a class of

excimcr lasers Lfml so incluck well-a!udid XCCI (lung m 308 rim), XCF (ksitlg al 35 I rim), d &F (losing al 193 rim), which
is the rnoalefficient.

A unique combination of fcamrcs appears 10make he KrF laser well euitd us driver for H cmnfhmmm fusion chivcra. These
fcaum arc sunmuizd bcbw.
. ‘flK laserdirccr,lyrn.wmscs-1248 mm oPomizing k ICF targeteffkiawwirhouladdedWwckrrghcfmvcrshCmdexiw.
●

9

●

9

●

Unlike other Id I&x, k KrF kscr L basic~ly m a stigc Iascn h rcfcm to q.uruc in k iiom.inuouscncr extraction rncd
1BccmJseof this femurc, Iosdcd KrF xmplificrs lend to be very Iineu WI lmle Icmpcnal puke shqw dklosl.kn. R Is allows for very

mbusl puke-shaping c abifhy hat ouy prcwca.bsdulcly camrial fw cfftient urgcl ~rf~.
Elcazon-bc.am pumJ IGF Iasm are scakblc m large energies in ~ singk rncdulc. ‘his kmurc has been clearly dcmonsrnlcd by
am Iificr archimcurrcs now underdevelopment, The Aurora krgc apcrrurc module has dread dcnmnssmcd 10 U camacmd from a

d2&I vdurm, ad ulvamcd b Alanms designs w-illcxphmc xrnplifti in rhc SOkJ m 250 ~gion.
The laser

T
rmcs with a broad Itsing bandwiddr in excess of 2(XI cm”1 Ural albws tic usc of spatial ml Icmporal smcmhing

techniques os bth dinxl utd imtirccr tar cr drive applkadorm
Ahlrough all of rhc current ICF rdmcd It F laser tihnolo~y dcvclopmcnt programs arc emphasizing slnglc-s~ facililics, !hc bask
dcsi~n fcmurcs of he KrF gas laser will permit cxmnsmns 10 rcpcthivcly pulsed dcviccs in rhe fumrc, if commercial energy
a phcations arc pursued.
A Iascrmdium Is s non-darnaglnggas, eliminating Ihc need fw cxmnsivc promctiorrsyslcms IO hurt the survivability of WC laser
srmlium. This fcslurc AISOallows KrF 10redly adspt to mulupk-pulse qmation foeCunmerciaf q)plicadons.



Since IIKi.r invention in 1975 by Bmu Md Ewing, excimcr lasers have been dw subject of steady and increasing inttrcsl. Major
progresshas been made in rhc commercial drteloprrmnt of high avemge power devices, wilh 1-kW devices being aaivcly developed on
several continents duough individual compw-ucsor indusrnal consorria, More r~xcnl inwesf hascemcrcd on Ihc dcvclopmcn[ of high
~ ~wcr devices a+polcnt+d ~placcrrw:ls for harmonically cutlvcrrcdglass hers in inertial confincmcru fusion ti cxucmcly high
rntensl[y amrruc ~hyslcs apphcatmrrs. Acuvc research and technology pqmms uc in progress in rhc United SUICSand ccrqmilivc
programs arc bcmg pursued in Japan, Canada, Germany, tie Unimf Kingdom, and she Sovicl Union. These programs have led 10 a
seriesof fmt-gcncrarmn, mlegmd Iascr-mgel syslcmsrhal arc in design, consrmctmn. or scslmg. Table 1 shows a cuncm compilation
of these laser sysmm.s.The Lavmcnce tiverrnorc Na[ionaf Labomfory (LLNL) RAPIER $ystcm was opcrmd bricfly in the early 14WOS
cd then dccornrnissionqi. TIw SPRITE Imcr, built M IJICRuIJMrfoKI-AppclIcm lAoraIorics in Ihe Unilcd Kingdom, was rhc firs[ m.dy
high-power JLrF(acilily m opcralicm. The UK govemmcm is comidcnn an upgrade of this fscilily 10 the 3-kJ level ●nd designs arc

Jcu.mcrdy in rogrcss for a lW-W EurcAascr option based on KrF.The aval Rcmrch Laboratory (NRL) is dseolhcr Dcparrmrm of
BEnergy (DO ) US parricipam in sheKrF laser dcvelopmcm program- NRL hasssarkd ccmsrruckn d k NIKE Imcr lhal will prcducc

2104 kf. The Univcrsily of Al&rsa al Ehrmmon is pr
%

sing 10 build a l.kJ facilily, utihzing some of shecomponents irom she
LLNLRAPiER lascrduthavc kn~tibyti~E ghs pim US/Canala promol. Scveraf Japaneseurrivmsiticsare acrkly
i.nvo]v~ in IJWpunuit of KrF lASCrs;rhe major operating facility in operation is sheASHUM laser al sheEJcctmTechnical kAx ~a[ory
of rhcUNvcrsiry of Tokyo. In dd.isicm, sheKurchalov lnsrkte of the USSR is consmuctings U-loss K~F faciliry in cdJabora[icmwith
EvTcmov ElccirwTcchnicaJ lnstihs!e and is pursuing conceptual designs for a 1CPkJclass device. All of IJSCSCfacili[ics arc based on
ckcuon-beam pumPcd KrF k kchnology; dscyemploy several different optical archimcrurcsand different design philosophies. This
broad array of activities will ccmsinucm enrich shewhnoJogy available soKrF - and to impKwe tie pcrformancz md reduce rhecost
of many system~tsm

.

TABLE 1.KrF k Technology Is Being Pursued lnlcmarionaJJyfm ICF /applications

SPRJTE
(Ruhcrfcrrd)

Esrmk
(Rushcrford)

AURORA

(b Alarzsos)

Nike
(NRL)

Rapier B
(u of Aftwla)

Ashura
(EJocmTcchrsicaJ

hb, Japan)

1982

1983

-19%

1985

1988
1989

1989
-1993

1988
@’W=@

1988

(iwurc)

100U

lok.1
lH
4hJ

IOJ
2W

lCKU
ILI

5fMJ

ILI

Power

1 x lore/

3 x 1(-PW

Varimb!e

2 x IOlow

2x Iollw
lo12w

. . . . . .

. . . . . .

... ....

.. .. .. .

5 x I(PW

2 x Iollw



k shepreceding we have discussedklh * posenr.ialadvantagesof KJF Iascm and he inlematiorml cffon now underwrsyi,l KrF laser
tahnology. The ptendxl advantagesof lhe laser arc well recognizd, bul they musl be demonsr.ralcdISIcumem m.le size in integrated
laser-sxrgetsys[ems. Morc impIxsMIJy,shese advmta es mum be shown 10scak cconornicalJyto rhe 100kJ to 1O-MJ sizes rcquirui for

ffuture psogrcss in shelCF program lhe IAM Alxmos xscrckvelopcm program is carnposcdof ducc major ckmcnrs !hal arc imcndcd
bosh to ●ggressively ddrcss nexr-tcrrn fcasibiliiy of she K.rF laser conccpl md so show the way 10 tic cost and pcrfomoancc
irnpfovcnmls rcquird for fume laser faci.lidcs.
cTltc Aurcnak Facilisy isa 1-~ K.rFker dcsigncd asanimegmmd pcrfocrmncc ckrrsmsSratiofrof a Iargclqualifm! cxcinwr laser

.

● ~’~mv-arrcc.d design effort Cvduaics sheconccpssIJU.Soffer k imprmvcd performance and lower toss that will k essential for tic
Consmrctionof fulure laws in the0.1-10IcmuClxss.

●Alxrscchnology progriunad&csscs bcuhpcrformance @ cost issues slur will be impmam in dvmcd l~r sysscm designs.

The near-term goal for Los Alarms is the successfulintcgrabosrand opemsionof shcof tic Aurrm her FaciJi~ m shemuhi-kilojcrulc
level witi powers approaching I ‘fW. Aumrs is a shon-pu.lse, high-pwcr, krypton-fluoride kser system. 1[ scrwcsas an cnd-lmcnd
i~hnology denmns~arion protos~ frmlarge-wale cxcirmr laser syslcmsof inlcres[ 10shcmwavckrrglh ICF invcsrigalions. The system
employs

‘?
rical angular mrdtiplcxmg and tia.1 mplifkation by clccrmm-bam tivcn kF & arrrplifrcrsto Arvcr muhi-kdopule laser

pulsesof 48 nm and 5-ns duration to lCF rclcvam sargcts. The design goal for IJKCcomplclc syslem is 5 Id in 48 laser beams, Figure
1showsa conceptual schcmaricdiagmrn of an angularly mulriplcxul laser sys[cm showing a singk from end pulse being spli[ iruo tic

‘ replicas, delayed, angularly ended and rhcn feed to ● power arnphficr for cfficicm, quasi<w energy exmaction. Figure 2 shows [he
flwr plan of dw Aurora Faci.My wishk laser b~y to the righ~ s.argc[charnk 10the Icfl and tie optical b.rrr ~potI sysrcmin the long
IUKSI’IC]COMCCliKS& lhC [WO SUbSYSSCtS.lS.

SubsMtial frfogmss has km made on k facility in sheIas[ several years including shefollowing highlights:
s Dcmonscranonof %-ka.ns multiplexing and ampltilcd energy cxizaction, u evidenced by the imcgnsmdopem.ion of the from end, ti

muhiplcxer ( 12-fold and b-fold urccdcrs), the opsicalrelay mu?. and threeckcuon-beam driven ampl~lcrs;
● Assembly and installation of the dcmultiplcxcr opucaJ hardware, which consiws of over 300 optical componcms rarigirrgin size from

~vcral ccntimlcrs qmre Soover a rlwser uarc;
%● Completion of pulsa$powcr xnd ckcSrors- m pumpirs~ upgrdcs OISthe LAM (hrgc Apcnure Module), PA (l%c-Amplifier), and

SrnalJApcnurc Module (SAM). The SAM shows # 40%
beenircrca.wd by a facmr of rwo; and

mcm.asein dcpcmilcdckcsron beam energy, d rhc PA dcposikd crwrgy has

● Inlcgrar.icmof Useenlist laser syslcnx shecxtncskxs of 4 LI from he laser in % beams; and the delivery of 1.3-kl 10the Sargclchamber
in 36 beams with in[cnsitics in excessof ILX)TIV/crn2 in pulse dunsdonsadjusrablc bc[wmn 3 and 7 ns.

in *C longer Icrm, tic rml.ions.lICF program will continue IO plan for* consu-uctionand operation of Ihc ncxl gcncrulion driver for
ICF physicscxpcrimcms. To dacaminc dscapplicability of fiF laser lcchdogy to fuumc gcrurwicr.nsof fusion drivers, Las Alamos has

begun a design effon [o explore systems in tic l(M)ld m IOMJ range. This Advanced KrF hscr Design cfforr provides information [o
IJSCfiF progm.rrron the design and cost of fuiure KrF laser-fusion sysmms and provides dircaions and goals to [he KrF technology
development cffon. Bccm.Iscno current lCF driver has dcmonsuald bmh he rquircd COS[md tic performance scaJing,●d because
umcnainacs cxisl in kcr-mancr inkracrions arrdur.rgc[physics, W Alarms is currcmly pursuing a range of advanced K.rF laserdesign
activities: work is cu.rrwdy in progress[o sco

f
a IDMJ lAoratov Microfuciorr Facili;y (LMF), a 750-kJ LMF RosoI~ Beam tine,

a 250kJ Amplifb Mmhdc (AM), ml a 100 her Target Test Facili[y.
The purposeof k Dcpanrncm of Encr y qmmorcd scc@n ssudyfor a lAknaiov Microfusion FaciJi[y is 10examine a facilily with a

f fcapability of producing a ~gct yield o 1009 MJ in a sln c-pulse mode. An exam Ic of a WF design for an LMF ham line lhal

f [requiresonly minor cxhapolations in pulwd-power Icchno ogy is shown in Fig. 3. T is system uses angularly multiplexed amplifier
mcduks 1.3 x 3,9x 3.8 m3, each of which praJuccs 250 J of 248-rim Iadiation. These uni[s xrc lhcn anangcd in a ui. fold clus!cr, [o
form an LM.F Ixarn line dsalpraluccs 750 Id, These bc~m lines cm then be arranged 10 produce Ihc IOUII rcq.,lful energy rwrgmg from
75OLJLO1OMJ.



The currcm OXIS of &ll Iascr divers arc tsnacccmrblcfor en LMF SCXJCsystem. To reduce r.hcsccosss10m acccptabk level, advancd
scchnolo y programs MCbeing duigrd to xddrcss Ute majm coal drivers identified by she LM.F swdies. Oplics and UISCpower

f al’xcounl or W% of dw mlal coal for hc Aurm design; this pduccs an rm=ceprably high laser system cost when sc cd to Imger
f~ilitics. Advanced design concepts have identified mchrmlogy arcAsW cxn be improved to rcducc dw OVCMII syslcm COSIS.The
oprics and pulse pcwcr cos4sIwe bctn redsrui to 19% of the LOSAIsyslcm ms~ and dw Iod subsystemcm is rtxluccd by a fsclor of 5.
Tttc KrF laser tccfurofogy dcve ou;m psogrxm xddrcases@mmxncc

?
improvcmcms mid mst reductions foe tic LMF designs in Ihc

mCASof optics pulse Pwer, xrsd s.wr pdosmxrtce u well xs those technical -us cffcaing system reliability xnd modeling accumcy.
These improvements include irtcrema in sheopocal damage flucnccs for uv radiar.iomikom shecurrem due of 12J/cd1020 JAW (20
nspulacs @248 rrrn); iocrcax s in power xmplfiicrsize from the cun’cm 10-LI modules u=d in Aurora 10 units in the 50- to 25(W
ck ml ckmoss barn pumping dcnsidcain IJII: 12S m 175 Jfl range wirh irruirrsicefficiencies in cxccssof 10%. llcw mchnology and
cost rdrcticm progmrru will utilize a mixture t If indusrnxl, university. ad govcrmrmt laboratory invofvetncnt and could lead 10 the
mquircd sub~c =hstdogy &mxmuha inlbcmllhrec- lo fivc-ppcrid

High-energy, high-pcxk pvcr KrF lasers rc pcscm a promising new uchnofogy for inc’rrial Confinc?mm fusion ap Iicarions. To
Fevaluasc this tihnology, b Akrnos is conducdrrga SC*S of intcgmtcd syslem dcmonsunticms with IJWAuron Laser usion facilily.

Future lCF applicxricmsof k KJF fxscram king evcluatcd by ● coordnawd pgr-arn of advancd designsand Icchnology devcloprrmt-
If the= evaluations suesuccmsful, KrF hams will provide he naticmal lCF program witi an attracrivc fumrc driver candidale for she
blmruuy Mhofusion Facility h b late 1990s

●
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Fig. 1. Angulsr opuccl mulsiplcxing allows fm efficient energy extraction of
Ion pulse amplifiers. A single $ns pulse is split and rklsycd and

Jfc through the 500-ns mmplifser. After amplification the angle
enccdcd lime channels xre rccombinul in synchronism al Usem.rgel.
In tie schematic shown, this kchnique d.lows a powcJ multiplication
of x la) when 100opticsf channels cm used.
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Fig. 3. LMF beam line showing a m-fold may of 25@kl ndules.
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