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AbStrdCt

In certdln fusion experiments using C02 Idsers, liKe Hel;os,* it is aesired to
proauce d focdl spot severdl times Idrgar tndn the nomindl r’ocai spot, nitn d fldt Bedm

profile, Tna typicdl focdl spot in Helios is rougnly 70 urn dno Just defocusing !ne oedm
produces bedm Oreakup, witn severdl not spots witn rougnly :ne orlgindl oidmeter, dno a
LJduSSidn distribution.

A numoer of scnom~s were tried to d~nieva d large spot wltn desired cndrdccerlstics.

Tn@sQ dre aascrioecl in tna drticle. Ax Icons herd founa to produce spots witn .Jesirea

cndrdcteriscicso Axlcons dre lenses or mirrors ndving d cone-sndpad surfdce.

TIIa various scridmas dr~ described, ds well as dn experiment in Helios wnicn confirmed
tndt dxicons proauctd tne spots witn aasirdBle cnardcteristicsc Hti]ios 1S dn 8-08dnl C02
laser unicn prOdUCOS 10 kJ dt pow~r in excess of 29 TM. :t is currently Baing uses for
LdStr Fusion StUdi@S dt tnO Los AldmOS NdtiOndl LdbOrdtOry.

Introduction

Tnere are sevardl reasons for dttampting co generdta large spots Wictl d fldt-tOp

profile. Ir? the C02 lcF progrdm, one of tne cni~f conc~rns is tna generation of not
91ectrons prOdUC~d in tna lds~r pltsma lnttraction, ptrticuldrly dt tn. nign incenstcias
Of d tignC fOCdi $pOt, One latnod of raaucing Tnot tntn iS tO UnifOrMiy irrddidt? d
cdrgmt witn d rtauced dvarage intensity, dna the axp~riance dt Hslios tnowod tnat marely
oafocusing tne incidant Idsor badms did not olimindts nign inttfisity not specs.

Anotnor redson for dttempclng to genardte Idrqe spots wltn d fldt top profilt w~s
gantrdtta ~;/ snock wdve Qxperimunts cont~mpldtod on powarful C02 Idsers,z Tncs*
?xp~riments r~quire uniform pldfidr illuminations over spot sizes mucn ldrgor tndn tn~
aiffrdctiun limited spot sizQs of tne t’ocusin~ OPCICS. In mdny of tne exparlmoncs tnat
study tn9 interaction of laser rdaidtion witn mttttr,
irrdoianco as passlbla,

one would lika to ndv~ ds uniform dn
so tndt ono qudntity rdtn~r cndn d rdngo for the intensities cdn

BO O.finQd and studios,

TypiCdl]y, !0 g~t d 10 pa~ctnt vdridtion in tna snock v~locicj, d 30 pOrCQnt
non-uniformity in tno lds~r arivo cdn OQ tolerat~a. One of tne ground rulas far dny
possibl~ ~cnamll was cndt It can DQ implomanted an tn~ C02 fusion Idscr ~itnout mdJor
moaificdt+c.ns ,J,Idlfficultics, Tnis motnt tnat madifyinq tne Idrgo apclcs in tna syst~m
wds rulta out, and tndt :ne dctudl tliqnmant procaaures dlraaay In USQ in HQIIOS caulcl not

D@ drdsticallj dlcorea. As d consequence, all tnc matnods nor9 triha on d mock-up of cne
power tmplificr-t~rgot ara4 of Holios(only Cno optics war~ mockeo up). Tnc VdPiOUS

scnemos cried and tn~ rgsults oDtdinQd tre dcscribad, TIIQ dxlcon scntme producao
successful r@sults botR in tne mockup tnd irltho H@lios Itsar $ysl@m, its@lf,

0escr19ttan of tht Vdrious Unsuccessful Scnemos

Fi~ure 1 snows tna Opticdl SCnefIS4tiC of nne of tn~ b~dms of tne Hal~os Iascr powor
amplifitr/td~gof, drcd. In tno ltoorhtory, tnis was tne mock-up wnicn wds us~a for tnesa
txperiments$ Tn@ gtin medium, d$ WOII d$ tht SdtdrdBl@ dbSOrBGt Wd$ nOt U$@d, Tnis
aocition wds DtSOd en tno fact thdt it would nav9 b~on too difficult to do tnc experiments
witn tntm, combintd with tn~ prtvious knawlodqe thdt tney do not dppoar to 4ffect tn~
optictl quality of tn. Datm. The l-tncn-didm

1
●ussian Bgam fram tno front ena of tne

tystem is oxpdndca by 4 17x Gro90ridn afocal te tscopt, tnd tne centrdl 15 J/4 lncnos of
tno oxpdndad oeim 1s cnoson by tn. us. of
off-dporture partoold dt tne ttrgat plane,
spat 1s 70 urn 19 tiiamot~r, Flsurt 2

● PQIIOS IS dn tignt-bodm CU2 Idsor wnlcn
It 1s currently Baing us9d for ltiar
Ldbordtor/,~

ip.rtur~ fISdl’kS, Tni~ Bairn 1s focusoa By tn.
Tn. typictl size of tno focusta (F/no, ● 2.4)
snovrs d typtCdl factl spct 4nd d tyPiCdl

produces 10 KJ at powar in CXC.SS of /(J Tw.
fUSiOn Studi@t at tho Los Aldmo8 National
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cross -sact ion of cnc intensity profile as Sean By a vidl con traca.
gauss !dn, as is C.Oba ~xpactua,

The rJistrlnution is
Tnis is typicdl of tna spots produced Dy tna Helios laser

also. Figqre 3 SIIJWS tne typical appedrdnce of tne focal spot dt i mm oefocus. Tne Beam
or~aks Up inCO nOE SpOtS, dnd eden not spot is dg~in rougflly 70 Mm.

Tnti f~rst attempt that was made tries to sae tf tne number of spots coula be reaucda
to one, and to sea if cne pattern of tne distribution cndngea. This wts dttemptea witn
various dperture masks, a typical one Being Spown in Fig. II. The mdsk was pldcaa in a
collimated spdce between tne recollimating mirror and tne 45” turninq fla:. Tne rasults
ar6 snown in Fig, 5, [t was possibla to reduce tne numoar of spots to dlmost
one ana rougnly 2/3 af tno energy was in tne spot. However, tne
distrioutian to Be still gdussidn in ndture.

vidican trtce snows tn9

Tne next attempt was to use tne aperture mark in conjunction witn d sale wedge co
snlf?. tna pnast in pdrts of tne bedm. Tnis is snown in Fig. o, Tnis resulteo in
*nldrgement of tne .tfocused spot, out as tnc v!dicon Crdc? snows, tne flat top
distribution wds noc dcniavea.

Next, VdriOUS Scnemes uses by OtnCrS dlready were tried, dttd theSO did nOt produce tne
d@Sired results du~ ta vdricus reasons. It is generdlly known tndt for d gdussidn
circuldr oediw, if dn dnnuldr pdrt of tne bedm (tne extent depenaing on tne nazure of tnc
gaussidn diStribUCidn) is pndsa-snifcad by A/2, dt tne focal pldne, d fldt Bedr prafile
results. However, fOr large defacus, tnat is of tne oraer of 1 mm or sa (a~ptn of focus
Oe:ng ~llo Mm) tflj$does not dppedr to work. Tna next dttetapt was to sputter tna smdll
diverging mirror in tne nope of dCStrOyin$ tne canerence propartics of tne ltser oedm.
This W*S not successful eitner. Tne Ottly result was d jevere energy loss at focus.
Anacner similar unsuccessful dttempt was d mesn mirror wnicn incraaucea rdnaom pndsp
snifts in tne bedm. Yet dnotner dttempt wnicn SnOUed promisa tn~ use of
Ro?kecayne aofarmdole mirror.~

was tne
Tne deformdole mirror repl?ced tne recollimdting Isirrar

in cne power dmplifier (Fig. 1). It 4pptar9d fedsiBle tnit Cne GeiormaDle mirror cdn
:redte d fldt top profile in d defocused conditian, Dut unfortundt~ly tnis pdrticuldr
mirror naa only 19 dctuators dnd this pravea to De in~dequate. A aeformdole mirror witn
aouble tne number of dctuators prabably could ndve produced d Idrge spot witn d fldc oedm
profile,

Use of Axicons——

Axicons ndve tne property of !)rOduCing d long line focus wnen tney image c point
source. tiitn finite slza Barns, tne effecc is to produce d focdl region aver d :on$
aistance wnere tne Dedm size ndraly cndnges, He moaelea tna Helias tripla ptss
dmplifiar/tdrget cnamoer drea apticsl system on ACCLIS V. By repldcing tn~ diverging
mirror (Fig, 1) witn d 3 urdd dXiCOtl, w. found tndt we were dole to credto d Idrge spot
Wicll d f:dt profile, Hawever, de encountered two prdct~cdl objections to use of d pure
dxicon in tne system. Tne first ob~ection nds to da uitn tne fdct tnat d pure dxicon
proouces ings at tne output salt. Tnis madns tnat tne salt would he admsgeo in cna
dctudl Helios Idser systam Because of tne treme~dous gains thdt dre involveo. The s~conu
ooJ~ction nds to dO witn tne fact tndt tne Idser cdnnot Bt dligned using tne existing
HartmttIn scneme.4 Figure 7 snows tne ring structure produced Dy a $ure dxicon.

To overcome cnese two objections, tne aaicon was mootfied ds snoun in Fig, 8, Tn.
Zondl dnicon wnicn ti~s actually used in tn~ HGltos experiments cansisted of tno cent;sal
13 mm of tne original diverging mirrar, follawerl by dn annular dxicon region af 8 mm,
again followed try cne origi~dl spnerical mirror cantour, Tn@ central region acted like d

lar~e F/no. system, enldrglng tne spot si~~, dna tne annular daicon region again acting ta
Increase tne spot size as well as depth of focus in tna inaye space, Figure 9 snows the

2J5 Mm spat praaucea By tnis kind ~f dxicon. Tne vidicon trdce snod, cnat we ndva Inaoeo
dcnievea the fldt top profile we were seeking. Comparison uitn Fig, J snows tndt we halve
Botn enldrgea tne spat conslderdbly, dna nade tne profile a fldt top ds opposad to ‘
Qaussldn prafileo Ha aigitizea tna fatal spat and confirmaa tne ltcK of not spats In tne
spot. Flguro 10 snaws tne results af tne digltizttion,

ExDarimenLs In Helias

~ne maairied 2ondl dsicon described 4DOVF wa9 inSttl led in the H@lioS laser, repldcin
tne diverging rsirror in tne triple pass ampl~fier In Dcam l~ne 4-A of tielios. Figure 1!
SUmMPilQS trte aaicon Inots tchen in Helias, Ftgure 12 snows tne typical results oBtdinea
witfi x-ray plnnole pnotograpns. At 1 mm dafocus, tne picture on tna left in Fig, 12 snores
tne non-uniformity in tnb Xo=ray pinnole Image, Tna pictura on tne rignt snows tndt the
focsl spots are indeea uniform. Tne Ioworing af tne not alactron temperatures, wnicn WIIS
notlcea also, confirms crre fact thdt tne focal spot wds 14rge and of uniform Intensity,
HQ nope to dascrioe tne pnysics results in d s~oarate odoer soon,



Conclusions.—

The use of tne modified axicon inda~d does result in .3 ldrge spot witn d fldt top Dedm
profile. HQ dlso learned tndt on~ nas co Da cdreful in using dxicons in fystetns wnere
aamaga could concaivaoly Da d praolemo
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Fig, 1. Holios trlplo piss optics and tar~t chubor.



(70 umdlam. spot).

Ffg, 4, Typical aperture nask,

Hg. 5. Ap~rtur~ msk 66X .n@rgy rcdlr~ctlen of spots n] enlargam.nt,
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Fig. 6. Apetiuremaskwlth salt wedge 75% energy enlargement of spot. Hot spots created.

Fig. 7. Ring structure >roduced by pure axlcon.

Dwcrlptlons of Ma various axlcons tried In
the laboratory.

Twelve axicons ware tried in the lab, Of the
fol?owlng hu{c types:

,,,, ,,,,* “, “., !,, ” ,.

I*, ml,,, tmt

Fig. 8, Descrlptlons of the various axicons tried in the laboratory,
Twelve axlcons were trlcd in tha lab, of the followlng basic types:
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Fig. 9. Wdifisd 3 mvad axicon minimized ring at output salt no rings at focus.

Fig. 10, Results of Oigltlzatton.
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2.5 REFERENCE SHOT WITH DIVERGER. SPOT SIZE:875 microns.

2.35 3mr ZONAL AXICON. sPCT SIZE: 750 microns.

1.5 REFERENCE SHOT WITH DIVERGER. SPOT SIZE: 500 microns.

1.5 3mr ZONAL AXICON. sPOT SIZL: 625 microns.

2.0 3mr ZONAL AXICON. sPOT SIZE: 625 microns.

PLEASE NOTE:—..

ALL THE SH07S WERE AT DIVERGER BEST FOCUS, WITH VARYING TARGET SIZES.

Fig. 11. SUMMARY OF THE AXICON ExPERIMENTS IN HELIOS.

Fig. 12. 1 tnndefocus With no
to beamline.

1 mmdafocus with modified 3 ml
beamline.
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