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.ABSTI\ACT 

Operation of the Alvare& 4 .. blc:Jl bydroaea l.Nbble cbamber la a 

high-eneriY pbotoa beam ie deacrl'bed. the teclmlque• employed. ln aeves-al 

mo4ea of operation are 41acuaetl, aa4 the correapoll<U.Da I:Nhble chamber 

eon41tlona are tabvlatecL Reductloa of eleetroa 'bacqro\IIHl waa a.ccompluhed. 

by beam harieDlag aacl by Uf.Da a Mylar beam·nti'&N:e wiaciow oa the 
. I 

chamber. 
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L INTB.ODUCTION 

The 4evelopmeat ol hy4roaen bubble chamber• at thb labor&toJT 

hu beea carried on by Pro£ Lula W. Alvarea u.4 hia croup. UJd their phyelca 

program for the varlou chamlMI'a halt been laraely orleDte4 toward the 

Bevatl'on. We bave appll~ the Alvares 4-tnch-dlameter h,Urogea bubble 

chamber to problema ol photoA blteractiou at the Berkeley IJilChrotron, 

and bave ma.Se e:atenelve uae oi Profeeaor Alvuea• • apparatue aa4 buic 

teclmictuea. ThtA low·Z beam wf.Ddowl oa the chamber wel'e requll'ed to 

recl11Ce eleetl'on Mc:karoWld and make ope:ratioa o1 the chamber in a high

energy photon beam feaalble. Thla aote conceru the window modification• 

and the probl~ pecuUar ~ the ••• ol a bu.bble chamber in the photon beam 

from an electron. aeceleratol'. 

John M. Teem aa.d David. Alyea (Ca.Ufomla lutltute of Tecbaology) 

firat allowecl that a hydroaea bubbl• claamber covld be opel'ated aucceaef\ally 

Ia a hlJh·en•riY photoo beam 'by placfAa the wamodlAed Alvares •·to. 
cham.bel' In the .Bel'keley •JI'lChrotl'oa 'beam ucl obtalaiaa pbotoaraphe of 

photoplooa aa4 electl'oa patre fl'om :hycb'oaen. Tbe•e laveettaatora detel"miaed 

electl'OD eneralea by·meaaurtaa c:vvatue• of the tracb 111 a pulaect 10-

Jd.loaaua 4eld appUe4 to the cham.bel'. Obaenatiou were d.Uftcult becaue 

the tracb wel'e pantaUy obscured lD excessive el•ctl'on b&ckaroUDCI from 

• Work doae W\Cler the auaplcea ol the U. S. Atomic Energy Commlaaloo. 
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the thin etainleea ateel lMam-entrance wiadow. Somewhat lat$1', the authol'a, 

and iadepenclently Dcm.al4 H. Miller and David A. Hill at General Electric 

Company Research Laboratory, uaed bubble chambers equipped with very thin, 

1ow·Z beam winclowa to atudy photon reaction• in hydrogen and deuterium. 1 

U. APPA.llATUS ANJ) PROCEDURE 

The major psooblem in operatf.aa a bubble chamber in a photon beam 

al'laee floom the \lllcleall'&ble electron bac:ql'o\1114 paaoducecllA ud. Dear the 

chamber by Compton•recoU &D.d pair-creation proc:•••••· In the laveatlgatione 

at »ewkeley, the primary photon beam from the eync:hrotron waa passed. through 

the chamber .- ahowa in Fia. 1. 

The electl'on 'backaround from eourcee exteru.l to the hydrogen 

ltaelf wu reduced to a low level by aweeping aU charge4 particles out of the 

photon beam ~er it entered the vacuum window (locatecl aa shown in Fig. 1 ), 

by pl'ovicU.na opea beam holes in the copper heat eble14, aa4 by providing thin 

eDtraace and. exit wbldowe em the 'bubble chamber. 

ThO thin low- Z winQow which admits the pUl"e photon beam into the 

interior of tbe bubble ehtl:m.ber la the moat lmpol'tant modification of the original 

Alvarez cbam'ber, ancl is eaaeutial.to eflicleDt operation in a photoa beam. The 

1Nbble chamber wall ia provided with a ilango an4 double lead gaaket for holding 

a 15/16-lD.. -4iameter Mylar beam•eDtrance wbulow of 0.0075-in. -thlc:kneee, 

which ia tile oaly 1ource of chai'Sed-partiele backgrouad with the exception 

o1 the byd.rogen itaelL DetaUa are 1hown ta Fie. 1, and. are due to Miller 

and Hill. Oae Mylar window bAff eutalned 300,000 chamber expanalona with 

DO apparent Gamage to tho plastic. The 0. 00? S-ln. -Mylar wladow hae alao 

Withltoocl atatie preaaue teat•, of 165 peia at 24° K, and alao at room 

1 Donald H. Willer aad David A. HW, Threahold PhotopiOJl Pro4uction f.n 

Hydrogen. to be aubmitted to Phplcal Review. 
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temporatt&re, without damage~ Mylar window• of 7/8·ln. diameter can be 

. a.t'ely cout~ted of Mylar only 0.004-ia. thick. 1»ut lt wae telt that the 
"! 

. eatra aa.fety inherent in the thicker window was desirable, pantculazoly elnce 

the electron backJI'oua4 lrom the thicker wladow waa oDly 15% of the electron 

pl'o4uctlcm wltbfa the hydroaen iteell. Aa exit winclow of 0.010-m. etainleea 

ateel wae barct-eol4ere4 onto the INbble chamMr wall. ·aDd aa open beam hole 

Ia the exit face ol the .~pper heat 8hlel4 wa• pJ'O'riclecl to mhdmJse the backward 

flu of 1\eavy chuaed ·~lelea t.ato the chamber &om photo tateractlou in the 

cbambe:r exit wall ud. ia the ael&bttoriDJ heat ehteld. l'lpre J ehowe a typical 

flwc of heavy pal'ttclea uialna fnm the ·.thick ...U wall of the ~ri bubble 

daamber. where the Cl~ 1bnlt eMI"JY ol dle mckleat brema•ta-&bluna waa 

UO Mev ·aa4 the iltci4eat bl'em•etrahlua a. waa 106 Mev. Alter the in· 

ltallatioa of &be thia exit wift4ow. backwal"d tracke arlama &om thla eource 

have been eeea only ntr•mely rarely. 

Neutwone paooduecl a aeaUaildy emall cosatributioa to the bac:karotmd.. 

meuuft. hy the obeenecl recoil tracu Ol'iaiuttaa in ·the chamlMr outeide the 

repon of the photon beam. 

A. Beam Haneaer 

A majol' portion oi the chai'Jed.•panicle Da.eq~oad &om a normal 

(\IDhardeneci) breZ~UatrahJ.lma beam: couilted of Comptoa electrou. which 

are produced prlocipally by photoDe of eaei'IY leea th&a 1 Mev. Ia oi'Cier to 

chereaae thl1 bacql'ouacl. tW lo'W•WI'IJ phcMoa 4\111 wu aelectlvely reduced 
t . •. 

Jty tuee orde:re of mapl.t.Se pel' iOO-.Ww photoa by a p!lotoa beam hardener 
. . . z 

made of light elemence (a column of UKtl/10 H2o •. 100 a/em lD length). The 

hiah-eae:rgy Comptoa l'ctcoil baeqro\11\Cl waa reclucecl by a ~actor ot 1. 7 per 

ZOO·Mev photon. Ia aU rune the bremeetrahlung beam from the eyachrotron 

pueed through the budenel' before eatel'ins the bubble chamber. The 

epectr.un traumltted by the hardener wu cletermiaed 1lty meaeur1n; the 
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pbotoo. traa.amleelon of the buclener u a luaetloa of enei"JY• ualna a ataactard 

pal1'•1pect1'0meter abaorpttoa techal,ue. The real&lta of thia meaaul'emeDt, 

abowa ill Fla. 4. were ue4 to calculate Ole epectral abape of the hardeAed 

be&m. aa•umJ.na a Schiff bnmaatrahlliaa apectrum laclcleat upon the 

hardener. Theae apectn &l'e allowa ill Fia. 5. 

B. Chamber Altp!!eat 

The aliprneat of the bubble chamber f.a the photoa beam wu 

lacUJ.tatecl by a amaU 1ea4 ff.4v.ctal pot.ut muJd.aa the ceater of the Mylar 

eut~raace window. The ftdllcial mal'ker c01&lcl be bute~ecl or removed from 

outaicle tlle vac•um eyatem. DuftD& tlae IDitlal aUsament pnce4ure aa X•l'&f 

pbotoaraphlc fl1m waa expoaecl by the pllotoa beam 'beldM the 'bubble chamber 

aa ahowa ia Fla. 1. The photoJI'aphlc tmaae of the pl:aotoa 1team, with the 

ocl.iu of the le-.4 ll4u.elal mal'kel' nperpoaed, allowed preclae eeatel'bla of 

the chamber Wylar eatJ."aace wiad.ow la the beam. The llcludal m&l'k waa 

withcbawa upon completioD of the a.U.aameld proceclue. There waa ao evidence 

of electrOil pro4uett.cm hom illteractlou of the photon beam with the ·wtadow 

.Ruse. deapite a rUlal cleuaace of oaly J/16 ID. 

Typical freedom fl'om tac:ldeDt electron b&ekaroUDd. la ehowa m Fla. 

6, where it ia aeen that alx electi'OAI arue wlthira the chamber, and three from 

the emrance wbldow l~ael£ 
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Two beam coafiguatlona have been \laed, (a) a larse-ciiameter 

cyllftdrlcal beam. aa.cl. Cb) thin rlbboa beam geometry viewed eqewtae by the 

camera. each me~illgthe toquiremeDta of a cl.iffenDt type ot experiment. 

Table I give a cletalle of beam geometl'iea &lUI the correepoa4ing · znoclea of 

opel'atioa·of the bubble chamber. 

Whea the pl"oductioD of electron triplet• wae beiDJ atwlled by 

obaei'Vatloa of the. tl\ree-body I1Da1 etate. the bul>l,)le chamber waa opel'ated 

at a tempel'atuo at Which miNmum-J.oaialas electron• left aatiafactortly 

deue track8. A l&l'le-cilameter low•iatenalty photon beam waa required ao 

that tile acAD'Iliq elftcleacy lor triplet eveQta with very ebol't l"ecoU tracks 

wou14 not 1M lmpatre4 by tbe preeence of aumeroa• bacqrowul electrone. 

The maximum uaable beam lateulty wae the relative», low value of 2.104 Me,'pulae 

lbr 340-Mev hard.enecl bremaatrahluaa. whieh aave a pa>obablltty of 1/5 per , 
- . /~-

pictu.l'e for the proclw:Uoa of a triplet wtth recoU of eurgy areater than ZOO Jlev. 

Under theee coaclltloM the meaa value of tbe ratlo of triplet• whoae recoil 

nersiea exceed.ecl ZOO kftv to aU hack&l'ow:ad trackla waa 1/15. (lee Table L ) 

Fl&Ve 6' eh.owa a triplet evel'lt accomp&Die4 by typical eleetJ"On backgro\IDCL 

Tbe chamber wu ftlled with deuterium in order to obaerve the two 

reactiolle -y + d - ,,+ + ln aacl y -+ d - , • + Zp 'by poaltive-pion decay and by 

cletecttna the tlu'ee~bocly eb&l'aect tmalnate, &-elpectlvely. Ia tlae latter caae 

very abol't tracks occu which muat DOt be obecu.recl by b&cqrowui. Tbe 

croae aection for pion pi"QCluctloa wtthia 20 Mev of thl'eaholci la leaa by three 

orclere of magAitwie thaa that for electroa proclucticm. ao tlaat practical 

courattna-rate coui4eratlo• requin the obeervation of ploa photoprocluction 

in a high eleCtron baeql'oUDCL Satlef&ctory bubWe cllamber con4ltlou were 

achlevect by ualDg a J.&rae-ctiameter hardeaed pheton beam ud by coollag the 
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chamber to a tempe~a&tll'e at wbtch low-nercv pioaa left convealently 

<.tenee tl'a.c:ka, w· at which •mal• electl'cm t:raekl wel'e eo lishtty lont.zi.Dl 

that they were uarecopdable ta a group of auch traeke. Stable chamber 

temperature wa1 l'equlred. (See Table L ) Flaurea t1 .ad '8 1how typical 

es&mplea of chargecl-ploa photopro4w:tioa.e That put ot the chamber volume 

occupied by the photon beam wu oaty pantally oJMcureci by the b&c:kgnuad 

of apparently acort-elated •male 'buw.J.ee from the electrou produced. by the 

photon be..D. Neal'ly aU electroM are dltoected. forwarcl. 10 that, in the 

abtaeace of a map.etlc ftel4. tJt.e l:tacqrouad of elqle bubbles remained 

withf.a the beam volume, except for the ~ra.cka ol. thoee l'elatively few pa~clea 

whic!l wen acatterecl •· The .maximum uable beam iateJUtity waa detei'DliAecl 

by the hlpelt 4enalty of aingle ltu})ble• that woul4 allow acceptable vlalbi.Uty 

of o:rlJlu of eveAta u4 allort recoil tracb; thla value, 106 Mev/pulae for 

200-Mev har4eaed bremeatra.hJ.tm&, aave a 1% pl'obalHltty per expanaloA of 

prodt.tcifta aa obaerv&ble w'"' of any en•'r&Y withln the cbambel' volume. 

MlUer a.Dd H!U (General Electrlc),aact aomewha.t later the authora, 

have mdf.e4 the re.aettoaa 'Y ~ p .. "+ + a and 'Y + p .. , 0 + p Ia h)'drosea 

bubble chamber• expoeed to ·b.!gh-tatenaity "ribbou.tt beama. Ia an effort to 

ma.xlml11e the number of eveata per expaul.oDe the photoa beam waa ru.n at 

relatively Jdah lnteuity, coUtmated to a riltbtmUke aeometry of amaU thick

aeea, &D4 viewe4 eqe-oa by the c:ap1era. nave .YD. ahowa an example of 

,,+ photoprC)dt.aetloD. &D.ci clecay wltldn the chamber. All tracka or pol'tloae of 

tracu lylag lD the region of the bMm were obMued by the electi'Oa back· 

sro\Uld; howevel', fhlfflclently aharp coUlmattoa of the photon beam wae 

achieved (by meau of a •tmpl•. lead. •Ut toUowecl 'by Olie lweepiq mapet) 

that the 1Mam lt1elf wu l'eattietecl to a ri~aUke repon ol a.ppl'oximately 

1/8-i.L thickaell with. ploD aa4 protoll tl'acka vlllble la the restou 

immediately a4jaceDt to the beam. Ill WI type of operatlcm, the photon 
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beam tnteaeity wa• zoeatric:tecl to ~101 Mev/pulae by the o~curatlon ol 

poltiou ot the bubble chamber adjaeeat to the 1/Mtam by·traeu of thoae 

electrou whtcb ••• •catteHd old ol the beam volume. Thia techalqu i.e 

. highly aadafactory iol' b:we.USatbaa low•yielcl Jreactiou. thO product• of whlch 

have raaaea l&l'&ed compal'ecl ·with the pa-oJected. beam w1dtJa. ~caue 1o thl8 

ca•e the putlcl•·•aaa• errol' la aeae•aUy am.all eaoqh eo that the calculation• 

of Jle&etioa kloematlca are aot eubjected to Wlclu.e uace~l•• adalDa becaue 

the 1ai.Ual pel'tion ol the tl'ack Ia owcvecllly the l»eam itaelf.; However, the 

techtdq,ue ia aot applicable to the et\ldy of reactioal that pve l'iae to very 

short prcmge, becalde of the complete onc\&ratloa ol tlte oriaw of all photo-

prod.actlon eve.ata. 
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nave Capttou 

FlJ. 1. Schematic arr~emeat of apparatua. 

Fig. 1. .Myl&l' .sa4ow. G...ut·al'oove ia cut 1/JI lB._ deep with 60·dea tool 

bavtaa a aUptly Hua4e4 polat. 

na. J. Charged particle• &om kam •* wtaclow lA amnocllftecl chamber. 

n,. 4. PhotOil traumla•loa. T LlH thi'O\Jih UH harcl.eaer vezoau the photon 

eaeray. kMev• 

Fia. 5. lacideftt ScbUf apectnam aD4 apectl'um traumitted IJy lauc.teo.er. 

Here k ia the pbotoa eMI'IY lD Mev, aa4 n(k) 11 the number of plaotou, 

per Mev, of eneray k. 

.Fta. · 6. Electron triplet fi'Om hy4roaen with typical electzooa bacllfii"OUild. 

Lal'&e•ctlameter lo'w·lDteali*y photoa beam (eee Table 1). 

na. 1. y + d - w • + Jp; witlllarse·dlamet:el' mecllum-bateaaby pboton beam 

(aee Talale 1). The loqe.- track le tile tr .. • lt leavee the claambel". 

Fig. a. v .. c1 - ft + + ZDt with luge cliameter macllum-lateulty photon-beam 

(••• Table 1). "+ • ,. + - · e + clecaya ue alao aeea. 
+ " 

Flg. 9. y + p - " + At with htp·lat••tty ri'blaon photon beam (aee Table l). 
+ + 

w - p cleeay la aeea. 
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ZN-2271 

Fig. 3. 
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ZN-2272 

Fig. 6 
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Fig. 7. 
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