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The [It-m atcrsgcd elecuon beam current distribution of one of [he
elcctmn guns of [he hrge ,\~rrurc \lcululc (LA\f)of the Aurora laser
was mc~sucd as pam of a l~gcr xl ofcxpcnmen[s designed 10 study
[he ekcrrcn beam uanspon 10 md energ! dcposit]cm In [he LA,M Izwr
chamber. The LA.\f laser chamber hm a l.m x l.m fipllurc and IS
pum~d from IWO ,vlcs along a 2-m length. A 16 ga, sminless steel
shce[w~s pl~iedinslde lhelas:r chamkrrnd wmcdmul[]ple pu~ses,
First, II WM used 10 convcn h]gh energy elccuuns in[o X-rays in mdcr
to make mdiogmms of tie electron ham Second, he sheet was used
as a Fiua&sy cup 10 rrscwure [he toM.I barn current. Third, Individual
Faroday cups wcm mounkd on [he pla[e 10 s~mplc the lime hismy of
tic clccr.ron bun al \anous positions.

EJctI of [he LAM clecuon gun dicm.lcs prtiuccs a barn of 7S0 kV
clccuons with a mlal currenr of abut 500 M which is rclJtively
un]formo~er[hc ca[hde a.rcJof I m Y 2 rn An applied magnetic field
of about 130CGOU>S is used 10 prc~enl plnchof [he bcmndurirjg bcun
uanspofl.

The ruhograrns Inadc on the ccnlcr line oflhc LA.W Iascr chamkr
while [he laser chtimkr was s! vacuum (10-SO rnlcr’ons pmswue)
drmonsualcd sc~eral of lhc cxpccled resulIs llc ku-rz wm mlalively
unlfcmn obcr he a~flure WILh tic cxccp[ion of shadows casl by she
tlio.ic MCE.JC~lrcs, the hlbischl ribs, and the hlbuuhi suppon snucturc
AI a dcp[h of 50 cm lnlo Ihc laser chamber, be self.magnelic field of
she tcwn prduccd a \hca.r m dsc IC)pand bouom edges of 15 cm AI
Ihc sam depth [he applied magnclw field caused a rcms[lonof Ihc cnlm
ham profllc of atKWI 3 degrees I?M radmgrams were mkcn wilh
Kmlmk S0.343 film WIIk ‘WA X. Omalw Rcgul~r inmnsificr scmcns
placed m each sldc of the film. llc film w iss mounmd with tic
emulslon smk oflhc film mwwd the rlcclmn bcm

huAK&lulun

~!ailcd pctfurrnance data for rhc Aurora Lugc Aperlurr h!tiulc
O.A.M) laser dl,xlc and her chmtwr were nccdcd in order 10 dcslgn
upgrades (or [he cxisling facll]ly, plm for fururc Iarpc-scale laser
sunpliflcm, and 10 valh.ialc tie ktious compu:cr models of large laser
dides which arc pres-cnrlyuncicrdcvclopmnl a: h Aiamus ?40[]onal
Lalmulor) as pur of the KrF lncrrlti Fusion progmm. Tlcrc was a
Iwgcamoun[of uncenain~y in dwcxistingda[aon thcamoun[ofencrgy
uansponcd 10 he Ia>cr chamber and on the sp~[ial distnbullon of [he
energ) dcposil]on wlhin tic Iascrch?mbcr Th]s requirrd [hat a scncs
of cx~rirnenls be conduc[ed ~ochara:lcrize and quantify !hc cxisung
(aclhly,

The beiun uni.fom.i~ and suuclure within Ihc laser chamber were
of panicular inmresl and arc lhc subjw[ of [his paper. A schcmauc
representation of one of [he MM clccwon bem diuks and [he law
cha.rnkr is shown in Fig 1. BodI the slandard diagnostic insmmenu
used on the LA.W during normal operation and lhc cxua diagnostics
added for dscsccxpcrimcnls are shown in !hls figure. The diagnosrzc
inhuumcnt~lion *** in this rcporl is [he laser hzs diagnos~]c plate. T’his
plalc cmnot be used in normal opcralion since ils inwn[ IS [o in[crccpt
the Iwam and scmc as an elccr.ron 10 X.nsy con~cner, as a Fuada)
collecmr, and as a mounl for several indl} dual smfill w-ca FarJday
cups.

Tlc diagnostic plate. Fig 2, was fabncaled from 157 cm (16 ga. )
304 stainless JICCI sheel The rdgc$ of she plaw wcrr furnsd and
spmi.welded 10prcducc # l-cm wide fkmgc around [he circumference,
S[ainlc\s ~wcl sllffcncm were formed from a 304 stalnlcss shecl 10
prrxlucc sc~cn d]a~noslic bays mlo which X-radiogr~phlc film arw
inlcnslficr scrrcn!couldbc amwhed wilh $pnngcllpslolhc t-cursurfdcc
of [he plate. Fa.mday cups could lx allwhcd al msy of 14 ,,ldividud
opcnln~s m Ihe surf!lic uf Ihe plalc N’hcn [hcsc openings were no[ In
uw they were cotercd with ~lalnlcss SICCIcovers

Flgurc 1
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l%c diagnostic plate was mounted inside Ihc laser kx by means of
four jamb bobs locaId al she fwst inbcwd stiffener a! each end of w
plain. Coppr grounding smapswere used aI each jamb boh IO reduce
rhc inductive isolation of UseplaLc from W box. Cumcru r.ransducem
were placed around each oi tic boll-grounding strap combinations so
rhat sheenlirc diagnostic plarc could be used as a Faraday cup.

Since pressure surgesof 20.30lon OUI of a Iolal gas pressure of 750
Ion in Ihe laser box were cxpcc[ed when ftig drc elcccron beam into
laser gas, [he clccwn gun was fucd imo rhc laser box under gas
pressures of 20 mwons or less. The ini[ial conccm in using this
procedure was tha[ kcau~c Ihcrc was a ‘vacuum” in [he laser b a
virtual calhude would form and Ihc beam would b rc~llcd before
rcilihmg !hc diagnosuc plaIc. II was found Shal al 20 micrun prc~wc
here was enough pi~sm formed [o ncur.rali?~ [he beam and allow w
bcm 10 mike tie r~~lc.

‘fhc impingcmcnl of the hem on Lhc diagnostic plalc crcamd
anolhcr problem in regard S0 cumcnf drnsiry diagm,rsrkcs. Since m
cumcm of 1.$0 kA witi t 50-ns riw rsmc was swihing t,+ plaIc and
flowing OUI Ihc gmunt.fing srrapsnca,rcachcomel of [he pl, ., a volragc

gradicnl was gcneralrd acro~~the surface of the plJIc which may have
reach~d a ~ak pmcnual of several hundred volm Thr pla!rna
grncratrd al Ihc sutfacc of the plalc by Ihc beam was accrleralrd from
fhe plal: mwa,rd drc clccrrun gun windows under [his polcmial and
wcalrd scvcrc diffli. ullic} in inwprming tht cument dcnwty dam. ?lsis
problem wa~ wltrd by toallng Ihc surface of the di~gnmlic pkrIc wl[h
a 2-roil, wfhew~c.b.l~kcd Mylar film

In rhe abwmcc of an applied magnetic fkl& [he clccuon beams
would pinch under Ihc influcncc of WC self.field. in addition, since
[heir self-frcld and clccuon rmjcclorics arc nol mhogonal, ticrc is a
general rma[icm of tic beam prcduccd Lrytic self-field

The applied magnclic field is dircc[cd along rhc general dirccmm of
rhc clccrron wajcmncs. The clccsrons rend 10 spiral would he rcsul-
Iant field so rhaI dsc Icndcncy 10 pinch is greatly reduced. .Howr’:cr,
since the overall beam in most!asr!lJ has an aspect Ialio (~do of ham
width m hcighl) grewcr [ban 1, Ihcre is xn additional sharing corn.
poncm of the beam inrrmfuccd ofl the general rcrladon,

These ca~rimcnls wnh he LAM wrrc run al shenominal opcmmn
~ondilimrs used for standard opcrauon. l%csc condinoirs src given m
Tab!c 1,

Thbl~ 1,
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ing whxh would yield usciIblc phomgraphic dcnsi[ics unJcr ~heo~ra[.
mg condiuu.~> found m the LAM.

In a =rrcs of expcnmcms corducwd al Elrcuon Gun Tesl I’aclll[y
IEGTFJ it WJS dclcrrruncd thfll Kcdak SO-343 high.rcsolutiun film
wilh Kcdak X-Ornauc Regular in[cns~ficr screens placed m eilhcr side
of he film would produce uscablc photographic densities when tic film
was prcctsscd m a Vcrswrsal kcssor witi }{unls T)fx B chcmisrry
aI 81%, II is @or-ram tiai rhc film.-tmcnsificr combination k
mounrcd wish tic film emulsion side toward Ihe msrce of x.mys.
L’ndcr the conditions found in thr LAM, dsc ~Jcll-shielded pcm.sonsof
film pruiuccd a background phologrdphic densi[y of ,05. in dre
Iypically ex~sed rrgion$ an a~crage densily of 2 was achic~cd WIUI
a ~ak dcnsily in the areas where beam filamenlmion mcunrd rt5ullc-
ing in a dcnsily of 05. This \arialion of neurr~ densiry cwrc+~nds
10a vana[ion of currcnl dcnsi!y from -.75 A/cm 1016.0 AJcm-,

Radiachm mi~ Fti

Radi.whrmmc film ha> achicvcd prominence M a quich rnelhod of
determining [hc spinal Jisoibu[ion of electron bmms. Thii film
undcrgas a color change on exposure 10clccuons. Rwfiachmmic film
w-asuwd IO rncasurc lhc spalial tfisrribution of elecsron curreru density
near Ihc clcmon beam windows inside of the laser cavily, Slanddrd
6-inch square shecu of shc film were taped bc[wcen shecIs of l-roil
black plaslic, and sfscsandwich was arraciwf wishin 1cmofti- clccuon
bcsro windows. ‘h purpose of she black plassic was 10 prevent
bleaching of Ihc radiachromic film by ulrraviolef Iighl sn [he law
charnbcr and m rhc rrmm

JkldIiQ” hlc sc@

~

The rrlalionshlp lx[wccn tie mrwsred phonographic dcns~ly on she
radiograms and tic rlccussn cumenl density wa~ demrnined in the
Hccwon Gun TCSI Facility (EGTF). Small samples of L$C sminless
SIL’CIcwwcficr plalc and Ihr rmfiographlc film. imcrl-ilfier plait com-
bm~[lons were cxpxmf in Ihr ECilF. h cwrcm dcnslly on rhr EGTF
ISwell known as a function of oprraling paramclcrs so Ihal II served as
a well calibr~lcd source of cn~sufe The radiog~aphlc film was
prsxe$scd under Ihc sank cswsdhionsas Ihe LAM radiograms.

~1~~

The spanal shsrnbulion ssf the cumcm dcnsily al Ihc ccnmr of ~c’
LAM laser chamlxr and al one of Ihe clccm.sn gun windows wasi
rrcordcd on diwrc[c picccs of 6 Inch M6 mth radiachaunuc film and 8’
inch x 10 inch radio~raphlc film The eqmwd and procmscd film was
uwf 10 gfncrmc phomgraphlc msplcs which have bcn asiemnlcd inw
~ nnmldgc fur prcwntalwn.

Ihc ;cfl of [he fmrne

-_—.—- . —.. -— ———_—
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The radiographic c~posures ivrcprcscnmd in the usual phonographic
reprmcmation witi lig+l areas rcprcwming areas of higher imcnslry.
TIIc radiogram made al 1,2 kG is shown in Fig. 4 and [he radiogriun
made al 2. I kG is shown in Fig, 5. Since it was pssiblc 10 hold tic
radiographic film packe[s in inhmalc conusct wish the diagnostic plalc,
there is more detail in ~hc radiog ‘aphic exposures than in Ihc
radiachromic film exposurm. Gaps in Ihe montage resuh from shc
lrxaticsn of odwr sensors, such as Faraday :ups on the dsagnos~icplalr
during the exposure.

Three general observations can be nladc aboul bmh of Ihc
radiographic rsmmagcn. FirsI, derails of IIW hibachi >hub.[urc arc
um\prAms19c 45cmgapb[wecn rhc hibachi and lhcdiagnss$uc
plate wills relatively good fsdchIy in some msmnces, tic shadows of
tlw wire grid which forms Ihc anafc appm 10rransfcr even though Ike
wires arc only 025 cm in diwtwlcr, Second, Ihcelccuon km I\ hlgh]y
diwrd in rransil be[wccn Ihc clecrron gun wsndow. Ills dlsloroon
should nol be as exrrcrrsc when laser gas is in the las~: chamlwr due so
W scaIIcMg and ncutraliulion of she bcarn by Uscgaa. The ~UUCIUrC
in Ihe beam das appear when laser gcs Is in [hc ~hambcr, as
dcmonsrrawd by she drup in Irans\cmc wrtsll signal gain mramrcd al
the ~cnlcrof drc lascrch~mbrr m ~% gronsc!mc shadow uflhe SUSSCIUSC
in Useccnrer of the clrct.ron gun windows. Tlurd, Ihc cuncnl dcnslly
is not uniform across tic emu-c beam. The radiographic film c~hibll$
dcnsiticsof around ndO, 15 at rhc edges of Ihc hcam and wound ntf0,35
m Ihc ccrucr of [hc &am, There is noctidcncc of a smm~ halo arou~d
ihc cd,gm of the beam (Jcncrmcd by k edges of Ihr calh(dc) whwh
would istxourstfor Ihc low waluc~of brain wan~purr which tsrcIItIwrvcd.

In Ihc 1.2 kG magnetic Ilcld case, Fig, 4, [here If ample ct itfcrtcc of
bmh rol~tion and she.w uf Ihc km b! mvgnclw ficlth The rulauon
IS Jcfinrd w k Ihc rrlallvc angular ch,tngc of the uppv mlgc of ~hc
beam wllh rcspw 10 [hc rdgc of Ihc rdlflchmmc film. Whtrras, the
$hc~r It dcfinrd m Ix IIIC htmtwslal Oilfl of Ihc hewn al Ihc uppr. and
lower csfgc> ICSSlhc ll~il~omd nmum _ITK Irrcgultsr ~h,)~~ uf Iht
shmftm~ of lhc suplnwr \uucIurc wa~ nul cxpcutcd. Ilc In(NIlrd

~hisrutitcr uf ihc currcm drn\IIy dltmhull(m CMIINII he cipl;llnrd only
JS rs-willlng fnw) Ihc dMtlim\ I)r mcthnnl(;ll (~unptmcnti II IS fell lh~l
aI lc.I\I unlw [~f Ihe IIMIIIIIIIK Ic\ulIs Irtm) fIl,ImCnIJII(In ~~f k hcam

clhur tiI Ihc sutf,we of Ihc ~a[h(dc (Ir during the lrilll~~)t~[lof Ihc hrsim.
III Ihc ccnler {If thr kiilt) !herc I} n Iwgc ~rea in wh]ch Ihc shadu~
Llwllls tlrr w Jdlrd (WI ‘lllI\ dctiut is IIMI*I proh,lhly IIIIC 10 Irmpwal

t h,m~:c~ IIf IhC mji”iurc JIIt In# Ihc r~plturr Su~h ImI\e IIICn I h;l~ been
{It)wricd In fr,lll}ln~ ~.nll)(,ril pIIIUIIgI,Ipll\ t)f IIIC IW,IIII I,lkrn aI tht
},( i 11’
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When Ihc rmgnelw field imensily is ircrcamf m 2, I kG case, Fig.
5, she rtmallmr of tic bc~]m i$ dc:rc~scd as cwdcnced by [he sh~dow
parallelism 10 she rJdiogrm~ isI Ihc Iup and boltom O( [he momagc.
Since lhe rmmion of tie bCAM M piiirnm’ily LIuc 10 Ihc self-field of she
beam, tie increase of guldt field suenglh M cffrclitc in pinning the
beam in space. The fslamcnuuon of Ihc beam al higher field smngtis

Figure 4

T~ble 2. Effccl of Magnetic Field Swcngsh on Elecmm Bcwn Shear
and Rouuon al she Ccnrcr Plwtc of Ihc Amom LA.M.

%l~n~lic Field men.. ..— 2&r

1,2 kG 2.1° 7.30..-
O.1’J21 kG ___., _____~ lo
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From lhis dara il is seen tha[ tic increase of magnetic field das reduce
sherora[ion of rhe bsrrs wish a small tics-case In Ihe barn shear. The
incmascd rnagnelic field has a major drawback which i> Ihc increased
amoum of &am filarmmation. 1% peak currcm densi[y in the fila-
rrwmed regions. as dcmrnined b%mcm.uremcms of dse ncutml sfcnsily
of (he film, are nearly 1W/cm”. This is compamd 10 the average
curmm dcnsily over lhe 2 m“ area of 7.5 A?crn2.

The usc of a s iinlms SIWI sheet as an X-rJy converser and
phomgraphic film and imensifi:r shcels as an X-ray rcording medium
provides a viable mans of recording Ihc nrnc-avemgcd spti[iisldisrnbu.
tion of rhc currem dcnsiiy pmducccf by a Iarge-apctiurc clccuon gun.
This mcdsod does require [hal the beam be inlcrnsplcd so Iha[ Ihe
mcrhcd cannel k used dirccsly as an on-line diagnostic 1001, The
rncthrxl is quantifiable and can ylcltl accurmc relative rncasurcmcrm of
w-mm dcnsily 10 an accuracy of around + S% and mosI probisbly ylclds
currcm dcnsi[y rcsuhs accurm 10 *15%.

Figure 5,


