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snalysis nf rhe Gigqawatt Test Facility /GNTF) in Ins Alamos, and the other involving the
optical inalysis of a deformable mirrnr manufactured by Pncketdyne.

Optical quality and stability of _the rplnjnctinn oscillatar (RID) .una
Lumonics RO0 amplifiur n the himAwatt Test Faciltity TGWIFY 2L Tas Alamos

Fiqureas ! and 4 shaw the schematic and the various optica! :lements 1n the RID
Lumoni1¢c-/GHTF system, Typically, a 70-ns C€C0a laser pulse from the aoscillator qo=s
througn 1 "hree-staqe nlectrn-3ptic switch and a 0.2-1 ns gulse {(adjustabla) =merqges, It
then makes four passes through the amplifier ynd smernes with 4 400 m) energy. The beam

then ngnes thraugh 4 1patial filtar, icsolator, and a heam axpander c<eztion /ths netatls are

shown in Fiq, 4) hefore qgoing through the Lumanics N0 amplifrer, The beam s512e at tne
output »nin nf the triple electro-ootir switrh i5 | em ana the neam si1ze 4t the output ot
the Lumonics 300 1s 6 cm, and the sneryy 15 -6 J,

A surrongate laser (C0a cw laver) was used 4lonq with a focusinqg lens to produce
Smartt ‘nterternarams nf the variays subsystems an the RIG,/Luronicy systnm, The otfacls
of the lasar ind the fncusinn lens were subtracted 1n the ~“omputar nilys15 to <ampute the
contributinns oY earn sunpseqment. Tahla ! snows *he resylts antaineg with the RIOQ, the
Lemanics, and the res* lans, The third.nrder spnarical aberratinn and coma ~antribution
for thn ndividual systemg (270 [umanics, 1nd Tostlens) andeg up 15 almnst aqua! to the
ahole system {after *ymonrcs, 'Acludinng *tha R!N. | mantcs, Ind Testlens), Thoug™ *he coma
ind astiamatism nead ot :dd up properly fhaciuse therr analey -an Le daifferant), this
shnows *har rh', me*had ppsars °n wor: yory wol]l 1ndeag, “ahle ? chaws the *"ypical re.-

ity Ffram ' yAaving the ! 1y gt *he yarays se7t;rpns ot the WY Lystem,  Amgrg the
nAINE CAAr 'q%190S raarhnd gqere: '1v The -urmu-. pirte F *hae PIN/tumanics sya®om \ppeir
0 hava sa3cAngR e Aancizel qegnsiyty, 12V The gaanicry, DPeirs to mave the hes® Jna the

DIP *wa P ARt raAl nfualot gy, J) Sianificant compensatinn or detects 10 Jptica! quairty
takpg 57ace .n taa 2107 jmgerer Svstem,
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The tntarmabls mirror butlt by Rackstdyns was intended to cancel the laser wavefront
pRAYAe srrors calsed hy tne quast sttt gherrations prasant in large laser syctemsy ltke
the ")y 'auer fusinon systemq, The mirrnr consists af 4 Lhin airrar face plate sup-
poriag by 19 affarantral hall screws which act to defarm the facoplate relative tu o
thick hnny sSunppart steucturs, The ynigque Jifrerantial hall screwt, with an etfective
prter 3¢ 1N ym, 1ct a5 hath pasaition nd force getuatori.  Fich surew I8 driven by
AtR00As Antyr nivIing 4 surtace pgositioning eesglytion of 0,075 um, The hall rncraw assom-
blimg 1rs prrlngasd by flevures .type <4prinay 30 that 3 high pntitive tensional Inad s
maintarned nn °he srrewy aver tha full ranne of deflactian, 420 um., In series with edch
bal! scraw 1y 4 piaInceramic (PI!T) slempnt which providea ¢4 ¢0.5 u®m peak amplitude Nign-
fraaqusacy .urface dither for the wavarront errnr carrectinn process. Refersnce 8 provides
4 A8t g1 'ai] dAascription of the mirrgr. ldeally, hy using & wavefront arror senying syatem
And the 0 gctudtars, the mirerar praduces the conjuaate waveltront to that produced by the
laser systam, snd thus tha recylitant wavatront (s aberratiaon fras,
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rable 2. Typical results from studvina stanhility nf GHWIF cycrem
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MYty = arndues the €ONMQALA gavefrant 'nr *the *ypes At therrated wavetrants vcapectad
notaa Taner foninm Lyappme "he Rachet jvne dotor=ihie mirenr a45 desianed %) replace
*hp aniit=3r ng mirrapr 0 the *riple-pass amplafier 'n the Aelios laser system 3nd hence
‘R aqpumcrmapt )y satyp duplicates the targat reag or the daolias laser, A Jdacm-.giram heam
w15 1%¢1 "N *Rase axparyments, I10d the callimatinn mirenre 175" g0 Fiq, 5 was replaced oy
‘R =~ far=anie mirrar, "he cnnpepedd hewm trom g ,vlvin.y 28 Yhior an Ciewnad by g o Lpathal
“rltap 1ng avnnand ta till thae yporture At tha (getarmatle meierpre,  The gllimated heam
frpa= *ma atarAaynid AprrAr {y hroegant tg targs iy ) A o anaton ot tyrnipg-tlatintr awas
facus an maratni), "he Smartt plate s g4t the freys, rd c% rapable ot three orthoaon) |
Jinp:vivmeats p the v, vy, nd * fjrectrons, gy 12 5 =runtpd nn oan x.y-.c staqe, “he
avrAslactre yaqeien= dopy amanns *he ax't puptl plna fwnich cantgtne the gherrstiong )f
tha s ugcam gatn *he vaidican, 2ieldaing 1 o vadey e that g daisplayed on o v dre mona
itar, TRo o razultyn® ntartarange *ripges on tha mogpi® e aape e L (milar 19 thawsn n Frvg, ?
11 canea ARy Shp apteral patn Jqrctferanra are e ot "he L yLtom gfhder tage AS dsscrihgd
in *me [nrpaguatior, 'hese friaaese are iqitired and anaty2zed 8 calculaite the optical
pars=mcar> 2f nternst, Tahles ) and 3 shpw typicdi resyllts nbtained ‘rom the analysis
af ne “wyprt interfapngramn aAntlined during the tecting nt the Jetaormables mireor, The
twn Cainr engractoricrien that ssre s'ydisd werp the stabhilitly ot the mirror and the
Ity Af *ha mirrar tn carrmct Dhgse gharrarians, In 31l thene cases, the aptical Dy=-
rametar; n *he ?Pabhlos were computed trom oeperimentally progursd intertsroqrams, These
tegts “=camng tnit the detarmable mirrnr was nptictlly stable nver lona yariods af time
and rvsr camperatyrs varrations n€ |E° F amd 1t was t1Dahle af (orrect:ing phatse Jherri-
tran; n¥ *ha typn ovpartad tn 05 lasnr tusion svatems .

Tahlo ¥V, “tshility af thn Bnrintdynn mirrar
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tAY Inteaal State n.M LL) 19
13) Ansrrated 0,09 141 164
davereqant
‘ntroduced
{C) Zorrectad State 0.6] 59 48
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Possible alianment and optical rharacterization of
pulsed hiah anerqgy Tasers like Helions and Antares

The proposed mathod for alignment and optical characterization of Antares involves
the utilization of Smartt interferometry at the focal plane. Anothar paper at this meet-
_In99 describes the use of the Antares Alignmant Gimbal Poasitioner for this purposa.

~“The optical characterization 2t full power of a high energy pulsed CO; Laser (similar
to the COp Laser Fusion Systems) is yot to be donea. The problem is complicated by the

_shart pulse lenatn (~1 ngs) ¢nd high energies in the beam (1500 J 1in 34 cm diam). For

'__lnfrnred inp'icationi, the interference pattern impingas upon a pyroelectric vidicon which
requirec . L 50 yJ to be conveniently aetected. Typically, i0% transmission recults in

_good cu' rast fringes and thus the input %4 the interferometer should be dbout 0.5 mJ.
For the Hellos systemlO yith gn F number of 2.4 and Strehl ratio of 0.6, this impliss a
peak enerqy density of 15 J/cmf. No known material can davoid optical damage at 35 J/cm
with nannsecond pulses. A< the silicon piate (which the Srartt plate is made of) can
withstand roughly only 1 J/¢cme for l-ns pulses, the focal spot must be magnified at
least a factor of A to an F/15 heam, This magnification can readily be Jachieved with
germanium lenses without introducing significant aberratizcns (and the effects of the ger-
manium lenses suhtracted out) so tha® alignment and beam-quality measurements can bv made
with an attepuated front.end pulse. It would he very useful to know whether the align-
ment ind eneray distrihulion for the full-power shot is similar to “he unamplified frnnt-
and beam nsed in these studies. Throuah the use of 3 hole arating, the full-power heam
can hs 1ltered to an acceptable enerqy level on the Smartt plate,! This scheme has
haen discussed in some netail previous!y, A virtue of the Smartt Interfarometear ap-
proacnhn s that it couid supply the desired infarmation 'n A sinqgle shot, whereas the other
techniques such as the “"anerqy in the huckat™ measurements require many shots, wnich at
high power levels are time :onsuming, stress the amplifiers, and require exceedingly qood
shot -tn -shot repraducihility,

The Smartt interfarameter can bhe used for both the nptical alignment and optical
agsembly, 15 well 15 the image evalyatinn of laser svstems, Apart from the fact that it
s msasy tn rfabricate and simple to use, It has the additional advantage that oaptical
assamply, optical rlinnment, and imane nptimizatian ,11 car he accomplished simultanenus-
ly, In 05 laser fusion systems the final tacusina element 1s a decentered paraboloid,
[ts alinnment strangly influences the tacxl spot heam quality. Therefare, the tasky .f
Altanment and fnc1l spat enerqy distribution are constrderably interrelated. WitE the use
of *he Smartt interterameterr, alignment aAnd oneraqy distrihution can be determined and np.
timizad, The process degscribed hers to usn *he Smartt plate with the proper hnle size and
Attenyation appedars t0 work well with relative nase The <martlL interferometer itself,
hecausr af 1ts simplicity and versatility, emarges as A strona candidate for use in as-
semply, 1lianment, and svaluwatiaon of high =neray laser svitoms, [t 4ls0 npens yp the
possihility ar Jdntarled aplical design and enqineering of these systems, The relatively
high qamiaw *hracnald nf the silicon bulk absorptinn Smartt interferometer allows the
tecnnique tn he practical with CO» lasers having pulse Jduratrons ar nanosSnconds,
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