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tnstract

This paper cescribeS the various carton dioxide laser fusion systems at Los Alamos
from the gnivt Af view Of an optical desinner, The types of prase sherratirns presert in
theea gyrters, as well as the heam cleanup toechnigues that can se used ta Irprave the hea=n
optical :maltilv, ara {diseysued, RS tnis is 3 review arti¢le, L. previously pubhlichagd
resyits Yre a:s¢ used where relevan?,

!rtrnductinn

The carten Aanclda taser fusien syntenms at Lor Alamos are the fierini,! welias,:
1A Zrjaress tecpr cyrtons,  The firgl tan yre currendlyv aAperitinnal and ara Loeyng g%en

frr '3iractl espprcrantg, antarng cr parerrtly gnder rorttrurtanm, ‘vprica'ly, the '-¢
2'aTee ‘Ne Cacap fysinn  ctystAa=3  cansist oaf 4 master 1ca)iator and clertrao-npt-c
FRitenp oW trR pradunce ) Ul nafasarers giae,  This pylse s Airerteqd Inrn;qr prearpli.
tidre, Ragy= crlattere, And 3y Aogble. e dpapla.pass arnlorfror, The amplifiad Nagrmy then
MASer 'Wr tarsat rRarkpar gad srn focsnd onlo g tarnat, n *np cpl.sequent sepct)nmg of

tRie paper, 1S an eagapte, the wpleiag lacar system 14 descrided in some detav!, The ap-
tirat pargmatare Af (a'nrast In 'aser fyeinn syelems are 4yqcussed, as well as the reasone
fao- dearatatian n apjrcAl parfarmancs, ‘he gnelvsie srkpmu yeet 4t Jos Ala=ng 1§ hpingly
descrte, mA *he Caltulated ant erpurl=nrtlly nrlyinand recytts an 'Re rose pf Gemikc,
“eliecs, "4 ‘ha Gigeatt laser= gre discutsed, The a4asp Yhe <3t:an, present 1n thesn
tysta=g, at wn!' 45 ;chp=es fer (rprovirq the optical perfaragnee theounu the ye  af
hetter rnmmanant g, Snatial filters, 399 JZaptive nplice olpmenty, are 4psrraited,

Nascriatirn nf the Hpline ‘year o yitpm

e Ual-ts eyetes iy comewhat typical nf the cec Afaman "0 laser furann_ systuems,
espac‘aily fram tha point of vipw of *ue aptics, “he weliys ~ptiecal syatps s cchamyt.
icallv 3hanr 'n Fig, ', 1t rortains rore than 100 antca! wlvmants ¢ 3 adentical pathe,
Men ahngt 120 m Yena, Fiqure M shows the nptical senematic 0f ane nf tha ovqht bheadms
the Ke'*1g gystan [{The athar seven hoams re nptiraliv sirvtar,)Y & naminy! nannsecanyd
Pular 5 sartered ant nf 4 TLA ascci'aturs thenuch 3 *hromoqtage A%e Pecke's vo')l array
whitn yets 15 An slactra.antic cwitch, It *han yndAnrnanc *hrae ctyane af pras=plidtiration
A Sem colrtting befoare antnrang tha fingl ampirfewr,  Flquea Y Shnwg 'Phe aptecal seno-
mati¢c nd the heam path Thrnunh one af the final amplifrars, all the wav to the taryaet
plara, Oprecylly, the final a=pliftar ts 3 t=inter . pars '°1 sfacal aff.asls Gregerian
telagrrpe, A 10N m], neirty ? cm calltralnd hegm nntare the dpriplo past ymplifinr ynd
in¢rea'ng In enerray 'O hoqrrv TJd tn tha fint pace, ‘'t then sirikes 4 L)rnina mirrar
And 1 frcused at the spatial Frltar, The leamr then fiversgue yad 14 et lecton fv oanpthar
flat ‘urning mirrne, and 1t energy v P ae LeceM 4 verQintg DAsS raachies rogr iy 00 1,
Feubte patsirg the catuyryfle abenrfer co'l and t .o walt ashrew falerent K, & an Tig, )
reduces the nnerdy tr patayt Y60 ), The “M.rm.dram ralimtef *rim than =abkne 3 third
APt st anr past, 1nd 'Ap mrarcy radchpes pearly (2w Yhen o The ceflargtag fogm s
then mra gne g forys By an Af? Lapurr ,re paral ala prieget A oan 117 4 *aam 3 the t3rqat,
TRrAag R gt Tast ~f the cygter, tha eam o cire e roqaaiv D78 cmoan duareter,  Nowevgr,
Aurtng 'hn carknd pesy thirauagn Che feagl amplifiee, Yhe ! oam At amaine ateayney 10 nearly
Wor= ot cstqien ey e 28 Ot ge fargred 3l tae Sheang e g spat cIP0 e dlgsnt e

Crr= y carmrpt=i1rs) epraral castagn point wf fug, Vhe tystem g£.onecate i f 3 waripg nf
canpgrly 1Y afergt talu-enpne, teoma atth o Yenanes oan o 1aasn and 3 faw wi*h off gty tpra-fcy]
mireece,  Thiy ae fnlioweq hy ) PTX firaacr e talasgorr, ana the aepanded beam 1y broy,ght
to ®nras by y pararnla, The f1e’g angle 15 Pera, Nt the t1 1t nf the Mmirinrs 1§ Auite
“rdn. Fygoant fnp Yhe farpl freyr AR paraala ‘whore 'ha ('oynhinre (¢ D 4, the reg! of
the cyslam kag darge f/nunhere, Nercy, asnmeteica]l cavireaces of the sSy.tem /negiecting
Alique-meny ird campranat arrars) wnyld shaw neqlaigqif In aherrationg, and evaluation tech-
minuat lvtag o gn paAvtimAcIng tarh aques atutd predgict 4 niftrsctian.limited systen,

TN T I T The auapicey of the W54, fepartmeat af Eearqy



‘At e, %3 ac2rcach i35 valld only far the Initial layoul of the system, Other
frrtt=¢  r.r- 1t ecdfraciion prcpaoatisn of the Leam, intensity alterations due to co-
mories 1= - e=ontinexr effects, and effects of spatial f{lters) }imit the usefulness of
£ro.r=izxt tacrnigues severnly, The only effective way of designing 2nd understancding

vi2 s5,sta~¢ :ipeirs to be to preracate the amplitude and phase of the heam through the
A .8 I--rnnesps and distances, taking into account diffraction and other modifications
*.¢ e emrardacl cnmponernls, various aperturet and spatial filters, as well as any on-
'imave afdfdarte chat exict,

faces tarsireratinng for “0a ‘aser fusion svitems

Trars are five major ccnstderitions in nptical desian of laser fusion systems.“
“vir, tavina valics as an exarple, the optical apertures have to be chosen to avoid dam-
2 '6 wirdews and mirrars, In addition, the size of the salt window that could be suc-
facsty iy maratactured limits the maximum aperture size to ~34 cm. From this, the design
aga’ 6f 1Y kJ detarmines the number of final arplifiers in the system, Second, the pres-
rure, g iu=a, wd aain coefficients within the final amplifier modules are chosen to meet
tnorstien racutrerents, The third conside-ation §s suppresziun of parasitics and contrao)
*toomp Tetied targel hackscatter, Thesa censideratiens invelve judicinus use of the geo-
- t=ex’ taveut ¢f the wptlca) subsystems, as well as use of spatia’ filters, not only to
it oae tre Ymage quality, but also for ratropulse protection of the optical compcnents,

“teritma px3-nie 's the yse nf the spatifal filter In the doqlea of the triple-pass am-
=Tt e, For tha faorward pulee, thic spatfal filter acts to c'earud the heam. The 17%
o horara vecnmne 2 12X cnrprassor for the hackucatiered beam from the tarqet, The enargy
ety o tale gut'ta nigh and 2an damaae the eppticai camgonents, So, the same spatial filter
v nrn sy gesl e aptica’ly frduced qas hraacdewn purpeses tc prevert Jamage., The fourth
terctdargt oAl v *hat the fncusaed beam qualitv, pu'+e Juration, and contrast ratio of ‘he
Ptee rreny=ad e rampalihle with tne needs of the tarpet experiments, This finvelves,

L. T
2777t ~iver coenaancitfans, the proper qeoretric layvout of the svstem, corponents with an
ireretarie Ana'tty leyel, and the use of spatfal filters to fimprove the beam quality,
Treattel e @2 tividyal beams Fave to he pointed are focused an fus:ion targets within the
papees=anea] mpayieamentes af 420 e, This has {mplications far the assemhly, stability,
wat gt rue=ont ¢of the ghnle qyqtam,
ULLrlpmntieoane o R0 danen fustan syatems
‘. *per enrtinn, the apt;ica: parameters nf interest, tue reasons for degradalion (n
er! 1l nerfarranre, the ana‘vsis scheme, the performance characteristics, and the pos-
¢t 7w 'myrta ang typnn of aberra’ions present 1n these tyvpes of systems are dlscq:led.
Aithegan YNiger fynion aysteme sqqomhle convrcttaonal cvstems, which form an aerial
'=yir ta *ne facy] plann, 'nerr purpate is 1o cpuplt the enerny to the targst, Consecuent-
"vo e =adulyticn trancfer Cunction valnes arm not of direct interest, and the optical
A eceters o0 ipterugt are the Strehl ratio, frradiince, ant encircled vnerny distribu-
o, "t Los alamos, !hese parametnars are corputsad by propdqating the amplitude ang
“hya 4 tha laser hagm thrauqgt the nrtire syst =, taking Jiffraction irte account as well
2tk affartes nf rperfect cumponants and other nonlinnar effects that accur in the svs.
et ';ﬂ racag that arp used tn amplement this computational procedure dare FRINGES
R
A et ant eyrlier, w'th perfact cnampansnts, thess ayste=s tepnd to have diffrac.
v Pletag nerfarmynan, Tha dnpradatinng drice Aanetly dye Lo imperfectians in the large
meapwrte gr the cystem and aAllanment arrers, The averaae aligqnment errgr for a beam in
- v rr  tuen o hawn ovperareatallv? to be 14 um, which is close to the target re-
vomps e Trempe 1 chinr the computad Strnnl ratio for one Af the spgmante of the
. LR ety filter & §in Fig, & 14 ther spatial filter in the dogleg of the
e amrtifiae IP§q, ¥, The Strenl ~3ti0 At this station 15 0,98, and all the
*oom e gen hetgnen i g2ation ann e thrent pline where the large optical elea
S ram ™ Mo rycfer,  In the cenmpulalten, o 1710 paak-tn.valley (p.v] errar was
te s ewptaral patn iffurence 1OPP) intradurad hy sach af thn nptici] elemants
S e meeimy Lot em, ‘e artnal afements agcursing A the delipns cvstom before thie
Pl et getgatly weea gantritutang clneer To 17O pey in error,

r o+ arras thAn pPesu'ls far the Holios systoem, fyrve A represvnts the diffraction.
femtuv v yen, Turia M opapratante the carpatational carve asquming a p-v error of 1710
cart ot sateadyrest 'y adch nptagal elemeat an the system,  Curves ( and D represent thy

Slatttiorel el ke waperimentylly attainnd ereylts for anp 0f the Lett heam lines in
elecr . Twmyas P Foreprenent the sampytational anq erperimentally obtained resultg?
frr twar the garns taam 1ines In Yalinyg, Tiqure A ghows the aptical schematic of the
Tt oayetre A maqminal ranaseconn puler 1% switched aut of the TEA accillator, This
patte  rregce L wtaes Aaf pregealifigatian e Leaches ahnut ann Jgonln, 1t 1s then



sritl fpto twd frame whith are arplified tu full power in a large, electron-beam-con-
tretied, wigrocrassure, Aual-ftear.rodule amplifier, These heams are brouqht to facus by
an rff.apertyre oarabela, Filoure 7 shaws 'he computational and experinentally obtained
“esu'ts for the Gering system, These results shes re2ronezhle agreement beiween the com-
putitinans ard the exprri imert2) results, The aeneral love! of aherrations existing in tre
aivefront s =™ at 10,6 .m, with 7:% of (it due ta Ine ‘larce <alt windows in the system
and the rest rie to sphe=ical aberration, most!y,

"thomag fg» imaraving the on;jcal performance

ks soin22d out hefore, these gvetems can be des:znnd '0 boe perfect systers from the
corven!®ipnai apratrica) ceotics pnairt af view, The d¢e@radaticas occur 1n the assembly
a'fanment, and the use of nove' optical components (nat a=e larce in size ('6. '‘nch-d!am
turneg-capper flat and rrowerec surfaces, Nall windows, etc.,', There are bacically three
Appraachkes :0o improvina 'he pe.farmance, The first is the use of =patial filters, This
is dramaticelly showr in Fig, 4 wncre the Strehl ratio risrs fram 0,45 to 0,45 at Spatial
Filter B {(one &Airy dicc tize 1n diameter', However, 7ig, 4 also shows Lhat this ie effec.
tive anly Lp to that point ‘n the sysism. The .uccredina larae o'lerents rop thn corvec -
tinn ‘evel dra-aticallv ard, consequently, this teccrnicue can work only up to 4 po:nt,
“he sercond teckrique Involves ysing *etter corponents. TRis ic¢ {llustrated 'n Fin, &,
The set 0f curves £ ond F show a Strenl ratia nf 0,7: >he curvec C and D shonw a Streh!
retjo n¥ D, 4, 1n? the (Imprnvament in pe-formarce of tes latter «al 1¢ Ayn 'y Ine aTproved
auiitly Af tha dauSie-nttsad raturable atssorber salt, Thae, crepurapt 1=prpyoerant can
plav 3 raje fn Le'tar fertormarce, Hestcar, A% furvs B ochowy, Mtare 36 4 @ fiRNie gpee
femot Imat car o ha atitinen uting pract'ca’l comnonpals {earn element contridyiing v 4210
error 10 tThe wavafront at vardnm!, The lagt teacrrique involves as1r0 & orematle optical
sinment, Figure & shows the affpct nf usina 1 Jea‘ar~able mirror wilh 19 ;einators it to
‘mprava *na nagm oqpatity, This mirror e desinned 8o replace the collimatirg mirrnr an
tre Gamial fipal amplifiar, ane was manafacturng Ny ®nn Mughes Aircra't Tompamy, The iawer
curve dep'zsts tho pe-farmrance Af the Gamiai laser systam ‘fteranl o N,7&4)Y, and the upper
Jurve snods hat the narfrrmange redches the J:ffractian Yimit (Stren]l o .99}

frnclyginre

“he rrase sherratiorr preger! in the Los Alamne (0 ‘aser cyslems appedr  imongble
to roereclinn theeygn the three malhmils described stave, I'se nf the deforrable mirvor
1I0023rS to prearisa the mngt Aranatic improyemapt, Hewever, the practicality of using ~urh
A mirrar in an a6twual lacer “yzion syntem 1§ yet 10 he demnnstrated,
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Los Alamas, )
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Fig. 1. Noti:al scheamatic of Me'los iaser, Figq, ®. Optical scnematic of one of the
efaht be2ams in Hellos.
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