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Phice ade “rations and beam cleanup techniques in
rarhon-dioxide laser fusion sSystemge

- V. ¥, Viswanathan

Urivereisy af Califrrenia, Lns Alamrs National Latoaratory
M§ 5§32, P.0. %ox 1663, Los Alamns, NM ATE4%

Enstract
This paper cescribes the various car*on dioxide laser fuysion systems at Los Alamos
from the gnirt of view Of an optical desinner, The types of prace aherratirng presert in
theea gycerers, as well a% the heam cleanup teochnigues that can e wused ta irprove the heam
optical :ualitv, arn discyssed, As tnis is a review article, ..m previously publichagd
resuits 1-e a.50 uted where relevant,

ntrnduction

The carPsn rocids laser fusicm syetems At Lot Alames are the fiemani, ! pelvas,:

1Ird Zrntares tacpr cyrtapsg, The firgt twn are curvently nperitinnal and ara Leing ugen
frnr tjrast Mvpprcmante, Artarng :r cureretly gnder rorctrurtanm, Tvpicatly, the ' .-
tfarese N tasmr fusinn cyste=5  cansaist of A master ascillator gna cleftra-nptce

FRIPAnA E W R REAAYLA ) LUl NARASAacrr Lgiep, “his oulse s cirnrteqd thrn,qr oprearplia
tvarc, tey= rrlattare, and y Aqoyuble. e traplea.pase 3rnlrfrior, Yhe armptifaad hagng thaen
AAter *hur tarapt rharhar 3nd sre facisen anin 3 taraat, In 'ne qulseaquent «pcti-ns of
thin papsr, 1Y an ergmple, the eliag lacar systam 35 descrided in some detav!. The ap-
tical paramacere Af jntarast in 'aser fyernr csyelems Are 414cussed, AS well as the reasenc
for dea»atatran n aplicAl parfarmanca, “ne gnalvsie sePpmu gyeet 4t 1 os Alamns 1§ hpaingly
Aescriet, 2md the caltulated ant prpearimantally abtyined senylts g the fase of fesinc,
“elifs, 174 *ha figwatt laser- are discutsed, The phace ahe ~at:inn., preseat 1n thesn
tysta=y, at wnl' a5 ;che=es ferr irprovirg the optical perfaragnee throunn the s af
hettus ramspnantg, 503t1al filters, 434 adaptive nplice alerents, are feterided,

F-_'H."".'l!"'\ 0f thp Hp'line Yyrar o yntp=

“mr Mal-ce cygtam iy comewhat typical nf he 'pre Alamns “0a laser fucann_systems,
esragiail, fram tha point of vipgw of *he aptics. “he Weliys aptecal syete= 5 cchnmyt.
icallv ,honn ' Fig, Y. It rortatns more than 100 antsca! wlemerts 1r 3 1dentical paths,
Mcn atnqgt 120 m Tena, Fiqure ? shows the optical scnematic nf nne af the osvght bheams n
the He g gystaw [The ather seven heams are nptirally simrvlar, ) A naminy! nannsecand
Pulse 5 saartered aut nf )y LA asccitatne thenuch 3 *hreom_qtage CATe Pocke'ts ce'l o greay
whien 1rts 15 AR alecten.apt i cwitch, It *hen . ndarnane *nree st 3ase nf pravmplitication
ang mnam colrtting beafara antnrong thy fingl ampla?ar, Fiquee Y showg *he aptical schpa
matic nd the heam path thraugh one Af the final mplifiars al! the way ta tho targat
plana, fpt:zally, the final a=plifier (5 3 teinle .pacs !°1 afacal aftf.avis Greacrvran
telegespa, A 10N m), nearly 2 cm cn'liratnd heam nninre *he tryple past wmplaifine ynd
increa'ng In sneray Yo h-qrrv TJd in the fiat pace, 't then strikes 4 turnipa mirrar
And ' farused at the spatial fritar, The lear then fivergqer and 14 detlectod Ly anothar
flat *urning mirrnr, and 1S energy 10 %P an Lecend @ ver@ant pash regches =oarly 200 ),
Feuble pasvirg the caturalle abenrber co!'l a9 t e w31t ainrew folerent K, & 1n Trg, )
redycess thn eperngy ' abayt 60 ), The ~M.emoAram cnllimgtal *ryn thop =abne, 3 thard
APR YT At anr past . nd 'hAp nrargy raaches pegrly W Yoo 0 The cellamgtad boam s
then Nra.ger 1o Nyt My AR et0 Lapert e paratala proeyer A oan 07,4 Saam o3t the tirget,
TRrAapnraLt o Tost ~f the tygtem, tha peam o Ai2e s rauqpiv L8 rmoan duameter,  However,
Aur'ng *nn raraAnd pasy threauan *he fopgl amplifiar, *ha ! cgm A'ametnr IACrnynpy Yo nearly
Wore vt st s en 1Y (Y ge fAacgted A tme Sargat tp oy rpat CIN0 e digael e,

Cepe y aarprpaleira! eptiryl gt point o€ fny, *hp tystem c-omuote :f 4 smaripg nf
canarly 1Y alarg tala-eopec, coma abth Yennen an i And 3 faw wi'h offoaufs tpranqcy)
mlerree, This v falloweq hy § 7YX fGraarrran talescope, AnA the avpgridagd beam g brnhqh\
10 ®nrys hy 4 parabnla, “he fin'd angle 15 Pern, AN the t1 )t nf the mirrnrs oy quite
“rdas, Fygant fnr the fampl frryr nn rargbnala ‘whorn Pne (Paynher o 2, 4), the regt of
the cystem tagy large f/nunheres, Herce, asometricg) sav'races of the system /neqgiecting
Altguewry ardq4 camprannl srrars) wayld ohow Aeqlagil 1o alisrratians, and evaluatinn tech-
minguar tvra o gn paAvtTactng tarhraques anyid predicl 4 Nffrsrtian.limited systoen,

T T T A T Tu s Thg aynpiceg ot tha 1'%, Nepar~unt af Enaray



STtwf.er, ttts aroreach i valid only for the initial layout of the system, Other
farnceg =.i= 1 c-ffraction prcpaaatinn of the Leam, intensity alterations due to co-
sori=® ar - ran‘inexr effects, and effects of spatial filters) li1mit the usefulness of
jerTeceizyt toacrnigues severaly, The only effective way of designing =2nd understanding
\tei2 5,8t4=¢ iipe2rs to be to preracate the amplitude and phase of the heam through the
+Q% 7 TW% IeToanents and distances, taking into account diffraction and other modifications
*.¢ L 'wrarfacl crmponents, various dpertures and spatial filters, as well as any on-

‘imaae adnptg that exisgt,

cfsne marsirerarinng for “Na ‘aser fusion svatems

“rary are five major ccnsideritions in nptical desian of laser fusion systems,d
invie, t3eine vYalics as an exarple, the optical apertures have to be chosen to avoid dam-
12 6 w'rdows and mirrars, In addition, the size of the salt window that could be suc-
fafgty iy marufactired limits the maximum aperture size to ~24 cm. From this, the design
gea’ nf 10 kg detoarmines the number of final arplifiers in the system. Second, the pres-
e, weivma, mmd nain coefficients within the final amplifier modules are chasen to meet
*noerstien eaguirerents, The third conside-ation is suppresciun nf parasitics and control
o Tt ied tieget hackscatter, These cecnsideratiens invelve judicinus use of the geo-
=-t=reax' Caveut ef the erptical subsystems, as well as use of spatia’ filters, not only to
it we tre image quality, but also for ra2tropulse protection of the optical compcnents.
» s ftrricen py3-nie !¢ the yse of the cpatial filter In the doglea of the triple-pass am-
='tr e, Fpom tha forwar! pulee, thic spatial filter acts to rclearud the heam. The 17X

o 'eorara mecnmen 3 12X cnrprassor fer the hackucatiered bheam from the tarqet. The enargy
recty o tate mutta nigh ang cen daraqe the optical camgonerts, So, the c<ame spatial filter
vezon s geen far aptica’ly irduced qas hreacdewn purposes tc prevert Jamage, The fourth

crrttAnre gt oAl 'n *hat the fncussd bearm qualitv, pulse Jduration., and contrast ratio of *he
Aunttee rrenyead be rompatihle with tne needs of the taragel experimente. This invelves,
40 mq ~iver ceornaderatinng, the proper qeoretric layvoul o7 the system, components with an
1resetatie Ayattty layel, and the use of spatial filters to {improve the beam quality,
Fregytty, tae it hyvidi,al bLeams Pive te he pninted are focused on fus:ion targets within the
sapere=anea] caquivaments af 120 . This hag dmplications far the assemhly, stability,
et 3T rnr=ant of the whale syntam,

LI

A marfap-varpe Af FNa 1genear Fucion qystems

‘n o *per eartinn, Lthe aptiCal paramreters nf Interest, the reasons for deqradation in
ert 1l rerfarranee, the ana'vsis scheme, the performance characteristics, and the pos-
¢!’ ‘eyelq ang tvpee of abherrations present n these tvpes of systems are discq:scd.
Aitrenan Niser fynion suctern sagemhle convec?lonal -ystems, which form an aerial
"=vie 1a enm €ncy] plane, thear purpate is to roubnlt the anerny to the targst, Consecuent-
‘v, "he =adylaticn trancfer function valucs arm not of direct interest, and the optical
SArrceters 20 ipteregt are the Strehl ratio, irradiince, ant encircled vnerny distribu-
foree, "t Los Alamos, !hese parametors are -orputsad by propdaqating the amplitude ang
“hyca 4 the Taner heam thrayan the entire syst =, taking Jiffraction irtn account as well
4 *kn affords nof rperfart corponents aAnd other nonlinear effects that accur in the svys-
vamt ';n frtag kAt ars ussd to amplement this computational procedure are FRINGES
ATt
A6 rernrsd aut farline, w'th perfect rampanente, thess eyste=s tend to have diffrac.
oo tleetad nerfar=ynse, Tha dagradatinng arace mnctly due Lo imperfectiene in the larage
~nanarte R 'hp =y-tem and Al iqnment arrnrs, The average alianment error for & beam in
" « ey paen - hawn avperirentally? te te 14 ym, which is close to the tarqet re-
=t Troygre 1 rhowt thp corputead Stennh! ratin for one nf the seqgments of the
. pmtemL o Tt fileer & oin Tig, & 15 the spatial filter in the dogleg of the
sarnoamp'ifiar IP{q, Y. The Stren] eyt 3t this statian s 0.9R, and all the
*oom oegegrn Setween ey station Ang 'he tyrant pline where the larne optical elea
L e m She ryriem, 'n the cnmputat:osn, a 2710 pagk-tn-valley Ip.v) errar was

o mpteal path i ffurance TOPDY antrndurnd by each nf the optica) alsmants
T e mamamgy ey pm, 'ha etual alemants nccurrsing .n the Helios cvstem bhefoare thie
Gt tateny getyally wern gantributing clofor g V17O p-y in error,

Feroe 0 mmsgy the rasy'ts for the Helios system, Curve A represents the diffraction.

Treetet thea, Tyrym P orepresante the cnmputatianal earve AsRuming 4 p-v error of 1/10
L Mtratyred ty adch nptocal alement in the systam,  (urves ( and D reprecent thy

SLatrtiomal e ke sapurimeat gy l'y ahtained ereylts for anp of the Lett heam lines in
et furyen Foand Forepewnent the rarpytational ana evperimentally obtained resylts?
frr st b yarns baam lines ip Melinyg, Fiqure A ghows the aptical schematic of the
Gt ayetre A mgmipal eanasecnnn pulse 15 switched nyut of the TEA neefllator, This
FaTte stvmace v wvynee AF pregcphifigatian ard paches ahnut one faule, It s then
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t fpto two Peame Which are arplified tu full power in a large, alectron-beam-con-
ied, mier-crassure, Jual-lear.rodule amplifier., These heams are brought to facus by
ar rff.ape=tyrs parabela, Fiaure 7 shnws the computational and experinentally obtained
»esu'ts for the Gerini system. These resulls shom re2noneble agreement belween the com-
put:.tians ard the exprrimerta2) results. The aeneral love' of aherrations existing in tre
arvefront s =™ at 10,6 .m, with 754 of it due to tne larce <alt windows in the system
and the rest rue to sgrherical aberrition, mostly,

Tchomas fg- improving the ontical performance

ks sointad out bhefore, these svetems can be des:znad te be perfect systers from the
corventionai naratrical cpetics pnirt of view. The dearadatiras occur in the acsembly
a‘fanment, and the use of nove' optical components tnat are ‘arce in sire (16- inch-diam
turneg-copper flat and roweree surfaces, Nal) windows, etc.). There are bacticaily three
Appraaches 0 mprovina ‘he pe.farmance, The first is thn use of <patial filters. This
fs dramatically showr in Fiq., 4 wncre the Strehl ratio risers from 0,45 to 0.4E at Spatial
Filter B {one &Airy dice rize 1n diameter’, However, Fia. 4 also skows ihat this is effeca-
tive an'y Lp to that poirnt ‘n the sy<iem, The .ucceedina larne elerents drop the coreec -
tian ‘evel dra-aticallv and¢, ronsequen'ly, this tcernicue can work only up to a point.
“he seccnd teckhrique involves uysing retter corponents, Tris i¢ {llustrated 'n Fliq, &,
The set 0f curves £ and F show a Strenl ratio of 0,0: the curves C and D shonw a Streh!
ratio n¥ D, 4, 1n? the improvament in peeformarce of tne latter sn% 1¢ Ayn ' *ne Tproayed
auitity af thae douhle-natsad caturable abscrber salt, Thus, rrrpurent 1=prpyemrant ran
plav 3 rale in Le*tar nretorrmarcee., Hegevar, as rurea B chrws, trare 16 4 ccfapitp uppor
temrtoteat ran he atiainen ysing practicail comnnnents [earcn element contridgting vy /10
errar 10 the wavefront at rardprm!, The lagt tectrigue invelves ustra & derormatle optical
aiemanrt, Fraure & shnws the gffact nf ysina a2 vasarmable mirror with 19 crtyators:t to
‘rprave *na nags npaifty,  Thic mirror wac drsicand !0 replace the collimatirg mirrenr 1n
tre Gamini firal amplifiar, ane was mAnufictureg hy na Mughes Aircraft Tompany, The lower
Zurve deplzts tho pe-farmrance af the hamini laser systam (fStranl o N,7&4)Y, and Lhe upper
curve snows that the narf-rmancge redches the J:ffraction Yimit IS5tren) o G.99)

FanrVyginre
“he rrase alerratiorr aregert in the Los Alamas Cfa lassr cystoms gppedr amenagdla
to forrectipen throygn the three methnids descrited itnve, I'se nf the deforranle mirrnr
1I0021rS tn prorasa the wa5t Argmatic imprenvemapt, Heweyer, the pricticality of using such
A mir"ar {n an actyal lagecer fuzipn syatem 0§ yal tn he demanstrated,
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algmox,

! « Antares {s a [&-bedam, 40-kJ, pulsed C0Dp lasar currently under constructior at
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Fig. 1. Npti:zal schematic of Me'los iaser. Fig. ° Jptical scnematic of one of the
afaht he2ams in Hellos.,
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