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1. INTRODUCTION 

. . The In~inescenteluunb8rlshows promise of becODling a tool of wide 

versatility and impOrtaJJ.ee in high energy physics. At this time, however.. its 

probleas $ild .possiblllties •are Just be,iruaing. to be explored., and some physicists' 

ROt active in this de~l.pDleJlt have expressed interest in its current status" TIle 

purpoae of the diSCU8.~below is to summarize the background of some of these 

idea8,the status of cw:orentdevelopDients, andtbe prospects for the future. 

. lJlevitably a disproportionate share of attcmtionwill be devoted to theautbor's own 

proaram. 

The idea behind .the.luminescent chamber is simply to record the. ima,e of 

particle tracks passin, til)!t»ughscintUlating crystals. In its most elemental form, 

.r-� the.liJlDtuscent. elwnber was first used by Gei,er almost 40 years ago when be 

vieweda~partic1et.rack.in ~incsulphide tbroup a.microscope. Unfortunately 

the, ·liFt.· producedbya 1'IllnUXllUn ionizing.particle passing through any .known 

sciatUlator is too taint tophotragraphiJl any situation that would be experimentally . 

,..tul.. so that an essential element of a luminescent chamber system is one or 

mOre image hitensifyin'.electrontubes. Such a tube !nits simplest form consists , 

ofa photocathexie(Clf cesium antimony for instance).. an accelerating pOtential of 

.from two to thirty ldlQVolts..and a flu.orescent screen (of zinc sulfide for 1netaJaee). 

Either electrostatic ormapetic focusing may be used. The first image tubes were 

made in the early 1930's.. although the firEtextensive application of 8uchtl1bes was 

!nthe ild'ra-redviewlnC, Snooperscope during the wa~. Z Since thattim.e~ single" 
~ . 

stap!male tubeshavebeenappUed to x-J:"ay fiuoroacopy, 3 fast"'sbutler photography.. 4 

and astronomy. 5 
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0:� In ..neral~ a luminescent chamber system can be .represented schematically 

asa .....nee of components as in Fig. 1. The last two components may bflt· in"" 

co..,...ahcliato an automatic system one day, however at present develop-ent is 

centered· on .the rest of the· system. Qnlythe first fOlU" components will be discussed 

here. 

While the term ublminescent chamber" is used here (fol1owing,zavoialdi)~ the 

terms scintillation chamber~ filament chamber~ STICER(scmtillationtract imaging . 

cOlUlter) are/ also in use. 

The virtues of the luminescent chamber in high energy particle pbysicsare 

Itll time resolution (limited only by the decay times of scintillators and transit tbnes 

of particles through .cint1llator8~lack of dead time (li:m.ited only by the time required 

0,� to advance film)~ and the fact that an image tube can be gated so thatpic.turesonlY 

of deiJiredeventsmay be recorded. This preselection might be accomplished by 

time.of flight orothel" •counter arrangements ~ and. the image stered on an intermedJa,te 

)lhosphQr intheim.agetube chain until electronic selection can be completed. The 

chief cUsadvantages are. the inherent lack: of spatial resolution (.114 to 2 mm) and 

the fact that, to date, no One knows how to make a pure hydrogen sciJltUlator. 

zavoisk:ii and hiS collabOrators have clearly demonstrated the feasibility of the 

lumblescent chambe.... ~ Those closest to the field are certain it is only a matter of 

time before it becomesawidelrused tool in high energy physics. 

Il. SCINTILLATORS 

The ~womost important characteristics of a scintillator from the standpoint 

of the luminescent chamber are its absolute scintillation efficiency (fraction of the 
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0- particle enerlY lost in the material appearing as light to which a photocathode 

18 _u!tive) and the efficiency as measured in term8 of the light produced per 

unit !eDIth of minimumionizinl. tract in the material (tile absolute efficiency time 

the denstty except for small factor.. Table I gives relevallt information on several 

sc1atUlaLtors. 

The most attracU.".·material for large, single crystallumine-.cent chambers 

18 unacUvated ceslum.lod1de cooled to liquid nitrogen ~Dlperatures. Unfortunately 

there ierelatively little Worm.ation available on this material in the literature~ 6 

and fremthis 1t appears that the sOintUlatingefficiency depends strongly Olltbe 

methed of prePara.tion (e.g., whether from liqUid solution or the melt) and on-trace 

impu:tities. Also, the price 18 high:. *6. Z5 per cubic centimeter (from the Harshaw 

r'-:. Clutm1cal Company). 

In using, a solid 8c1ntUlator ~ a comp1"omise18 DeCessary between theclepth of 

field t<)r aglve1l~traekre8olution and the number of lipt quanta that maybe reeorCleci 

per unit length of track. Thus,fromF1g. z~ the soUd angle subtended by the leas is 

If the lens images the :traek onto a cathode ofeff~'"tY,·E ar&dH ........ per� 

centimeter (of m1nimumiODizing,track) are produced. in the crystal~ the number 

of pbot~lectrons produced in the image tube, n, per centimeter of track in the 

crystal 18 given by 
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'" . Correspondingly. 

fi =c.. ~,::'
 

If the foc.al plane of the ltas 1s centered in the crystal, then a track 'passing 

,cloae· to the front or be.ck,surfaces of the crystal will give ,rise to photoelectrons 

in.tbe !mate tube whose pcl)1Bt of origin in ·the. crystal is uncertain within a circle 

ofrad1us a. Thus a may be considered the track resolution. 

Table n indicates the depth of field, d, fOJ" several scintillators 'using. the 

efficiencies of Table I and tbe above expressions. Of course, a scintillator of 

thic1uless Z d can always be viewed by an image tube on either side, each focused 

_ a plane one-quarter of the way through the crystal. Since one would. generally 

require stereoscopic viewing, four 1.magetube-camera systems would be required. 

It 1s possible that by using, a greater number of systems, each focused at a different 

depth in the crystal, an even greater depth of total field could be observed. The 

transverse dimension. can be rather large, since the ,optics focusing,the cl"ystal 

imap OIlto an image tube photocathode can demagnify. Thus if a crystal is used 

with an a of 1 mm and the image tube system has a resolution of better thanO.l mm, 

a 10-to-1 i,mage reduction could be used without loss of resolution. Since f~ inch 

diameter cathodes are. conunonin image tubes, a scintUlator 50 inches in diameter 

could in principle be used. Thus from Table II aad the above discussion, it is con

ceivable that a single cooled cesium iodide crystal 30 em thick and laO em in diameter 

could be viewed by four 5 inch diameter image t~s (a stereo-pair on each side) 

with ODe mm. resoluUon. This is a volume of 0.34:m3, a weight of 1500 kilograms, 

and would cost over tz, 000, 000. 

5 



Asaaalternativeto ao1icl scintUlators, it has been suggested8 that thiaplastic 

scintiUa*qr Illam ents beaI'ranpd in al1gh"plpebuadle. In this caset¥ UCbt is 

eb~Q..,eleddownindividual filaments by total ~teJ"nal reflection and a lQ',. depth 
. . 

of field canbe ob~1ned ",hUe ma1ntaining .a. resolutiou equal to the f1lamentcliameter. 

F.- 8te1"$ vie_ing,laJe"s of fibers may be stackedwlththe fJtbers of successive 

~ers at ript angles u. each otber• Filaments are available commereiaJ.q ". g. , 

from PUot Cbemicals, Inc.) in &meters of from 114 __ to Z mm. Atte.a~at1On 

meUUl"emen.ts have be- made 011 them. which 1nd1cateattenuation half leqths of 

5. 711lches (aver.ace).. ·F"" Reynold's calculatiOllS andmeasuremellts, O1leDlay 

. cOGServatively·expect. J,.lQ lichtquama (on the averae«) to reach one end of a 1 mm 

filament of plastie sc1J\t11latortraversed by a minhaum ionJ.zing particle. Thus 

r>.� with a. 10"effic:iellt1male tube eatbode and reasonableop~al coupllag between the 

IU..... aJKl eathode, ....ral photOCtlectrons from eachfUament th:J'oughwhich a 

parUct.passes maybe.,ectefl. While filaments of cesium iodide andcODUauous 

hU1lin.$C:~Di chambers of orpnlc scintillators have been discussed, it .ppeNS at 

pr.... ·ttultplastie fll.aJ.ael'ltliandcrystalline alkali halide scintillatOJ:"s will be the 

moat.-el"aUyuseful ebambermedia. S1nce the light coUbction elf1ciencl from the 

fllarn.nts must be high.. the image tube photocathode area must be of appr.dmately 

the aamediameteras thescintlllator bundle; in the case of light-pipe WiDclOVl coupling 

. (see below) the same. diameter. 

:Methods of 1nereaaiDg the light output of a. sc~or have hardly been ex

plored.. aDd.new deve~D'1eIlts in this line could greatly mcrease·the utility aM 

fleXibility oflumtneacent cbambers. hr example, ceriainphcJsphoraas well as 

. x.t.. exhibi\ phot..-eJ.ectl"o .1Ulllineacence: i. e, , an.ektcU"1cfieldaer.as a.material 

!a used.• enbaace Its Ulbt output from ionizing.eveAts. 9 
6 
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o r ••fI1lJ.u.a JIl&Y·be photographech'UhRoyal ~ ·PtPlor Tri"X fUm. Thu a:a e1eetX'OD 

mul$tp1ieationof.tb1s. weier .. greater .is required. 1n ... image. tub.••,..t••. 

"Available" means t_t these tubes have been macle and can be .made apill" 

lUnrever ill no ease aJ,"e these .-the-sllelf items (such as. an 80'1); eachfiD"der UJ 

followed. by a one. to four DlCBlthS' d.elivery time. Image tube manufacttu"e... oOll· 

cede that GD1y 01U! of two· or more image tube. startsresw.ts .In a. fJn1shed. t__ of . 

the. clesired. characteristics. 

With. this preamble, TlI-bIe m lists -.the avaUableiJDag. tubes· aJld.· their 

clW"aeteri$tics. iD.sOfar .. tIley are 1cJU>c- • 

~ &a~ A" of. .. s.iagle- stage.image. tUbe should be. simply 

A = Ee~ 
w~re E Is, the photocatbocle ettieieneYI e is the pb.ClJ•.phCtr.fficieney, "fi8 the 

tube",tNtap, and " is the average energy of the liptquanta fromt. pht)sphor 

irlelectrfllvolts. Thus i.- E= O.J.Dle = O.IO,,'V,= 10,000" anef.= Z.a(blue 

UCbt), a gam of 36 shouWbe observed. 10 

The.most critical element of the. i.m.age tube is the photoeathOcie. The 

usuaJ. cesium .an.timOJ11 cathode· must be.evaporated lUId.4tr.verye-lea ancicare

fu1.1¥eonU-ollecl condiU... A g" cesium ant1m~ surface with all S-ll 

r ••pease(peak sellS1tivtty'at abc»lt ••00 i) is about 10'A etfic1e:~~:~"'.ccm;v.J't1ng 

,"00 %. q,uaatato eleetJ'_. This corresponds to a sensitivity s~~~ as 

'0 m1er-.mperesper lumen (from a tuncsten source). MultiaJkaJi 
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eathecies have been ma4elfith 170 microamperes pel" l\1P1en sensitivity, and 

alt~m.uch of this .pin Is tatke loager waveleaatbs, ac~ claimathat u.y 

are ··aDout twice as sensitive aseestum. antimony- for .blu.. light. 

'tbe best avaUable imap tube ph.spb.~r is P-11 ,(Zn s: Ag) s!Q.ce."8. -Uic.ieDCY 

is the highest of .anywb..-e apeetrumpeaks withbl the maximum.seQiU"ltyraqe 

_ both film a11dS~11 photoeahtt»eies. The effic!eJ\cyof theph~pbQr is report.edto 

be about 15" at 10 kU_qlts!Q.creasingto 2S" at SO kUtyQlts. Most olth,is,l,ight 

can be bro\iJht out bY$1um1n1ziag the backoft~ p.phelr. The disa(v...~e or 

P-l11sth,atitsdeeay time is !oag;(lOO to.zOO.mier08eeonds). other P••pl1cws 

Suc:R asp..5, P ..15, aJldP-1.' b.a've sh<>rt. c:iecay time with .less sensitivity. . 'l'he 

be$t ·of these,pool', 1s !esssellSitive .by a. factor of 4.tbanP-l1, btitbu a decay 

t1me of less. tlWl aDUcroeecORd. 

A 1i.mitatton.m.thf! .. usefulness of an.image tubt!t .eoWd. 'be 1tsdarkcurr••t. .A 

ceslumantimfoJllycatil..- at rOCNllte:m.p.erature prQd.uc;:•• 103 to 10"thltrDlal Mo.*~ 

e~tr.s per square cen.tiJaeter I*r sec~. If the !mage tubeisJlLt.Oltl_l00 

m.t.e,.oeeeODds, the OIle.... IeJl. pbotoelectrcm per square centimeter would"- easily 

beeqnfused with a traclt. X.erate cooling greatly rlduces the darkcUr~, there

fore it seems unlikely that this wiUbe a source Of an:acJYance except in ,.ort\lbes. 

The dark.current is reportedly lItss by a factor 01.100 or more for certain ..D'lulti-· 

aJkaUcath.odes. Qher Pl"oblems in poor ima~ tubes are background light from 

field em1sBione1ectrons from.. the electrode structure and from ion bODlbardment 

of the cathQd.e in gusy tubeal.Since the cathode sensitization results .1n a lot of 

r-.. cesium coating of the tube., .. this is a particularly troublesome problem. 

9 
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o Due te.the,transverse velocities tolf pbotoelectr()ns~ some first .rder 

focushl&in. Unage tubes is required. In electrtolstatically focused tubes, the 

cathode is almost ab,ays a spherical surface l wbile tb.ephosphor anode may 

be a plan.e Or sphericals\U"lacewitho'lt loss of resolution (since the image 

plane of the electronopttcs bas a great depth of field). Magneticallylocusecl 

i..... tUbes have plane cathode and anode surfactts. There is a str.ORg,tendency 

on.the part af image tube manufactureTs to favor electr••.tatically focused tubes, 

since <a) they do not req,uire a mapeUc field and a Tegulated current supply, 

(b) only a voltage ratio (between successive electrodes, by means of a resistor 

divicler) need be maintained for good resolution, and <c) the electrontJ"ajectaries 

all pass through a small area so that the cathode and phosphor halves of the· tube 

can be mOJ"e effectively isolated. 

The resolution of image., tubes is in many. cases limited. by the grain size of 

the ""pbor. Some laboratories are expeTlmenting,with transparent phosphors, 

and. t••e show promise of improving. the overall image. tube resolution. 

v. OPTICS 

Geometrical optical components are necessary to couple the light from 

sciat1llatorsto,image tubes l between image tubes, and from image tubes tathe 

re~d1ng devices (fUm) . In almost every instance high light collection efficiency 

is important or neeessaTy. 

In discuss.ing,optics it is 'convenient to define certain terms. Image tube 

phosphors are LambertiAA surfaces, I, e .. , the emitted light intensity is propor

tional to the cosine of the angle, at between the. viewing. direction and a normalI 
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. to the slU"face. Norm.a.Uzed to the total light trom tbe surface (!ntegrateci over 2.'" )~ 

the traction of Ught cqUected by an ax.ially symmetric lens is .il1a2.~ , ••re a 
Istl1e aagle subtended byth~ lens aperture. The f n\UDber of a lens is given by 

f= ......'......"AL",",Q, 

Ifth.lens transmits a traction, 't=, of tbe light falling en.It, the elficleJ1CY~ E~ 

is given by 

The r~iprocal.fE j.s. sometimes referred to as the "cameza factor" c~ is 

leas than unity 4\1eto reflecUonloases on glass surfaces. (wh1ch caa be made quite 

SD'udl by coa~) anclby Vipett1Jll.from parts of the lens and. image tu~ structures. 

Values of f and E are listed.for typical ~'s in Table N. 

A. Lenses 

.Refractive lenses \1.slllg. several components w1thspberical surfaces can be 

made with f values as low as O. 7 with focal lengths up to 110 mmandf1el(i areas 

up to 40 mm.· The Okt Delft Optical Company of De1ft~ Holland~ lists several 

cl1fferentaizes of tbese lenses. An fl. 75~ 110 IBm foeallength~ 1 inch field of 

vie",lens is made by Ea,stmanKodakfor x-ray cine-fiuOroscopy.11 This lens 

cCHlta1ns seven coated elements. We have measured a 2.4" efficiency for this lens 

correspc>nding to a "tol almost 0.8. 

B.. SphericallljrrClr· Optics 

Large aperture Schmidt optics have become available as a res\1l.tof develop" 

meDts',- projectionte1ftvUJ101l. Sma)ler Schmidt systems may also befCMln<i DJ1 
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the -..rket from wartime sn.ooperscopesystems.Siac~aSchmidt cor.rector 

plate must bea specially arOUDdasphe,ic surface, it Is very expensive. The 

maJJ.S produced. systelJ!lA,usually contain a molded plastic corrector and q,ve 

pooru resolution. Apetriures of Schmidt systems raaptromf/. 65 to fl. 9. 

A more recent development by Bo:u:wers1Z replaces· the Schmidt correctf.')r 

plate with a meniscus lens to correct the aberratioDs of a spherical mjrror. 

Such a meniscus cQrrector 18 simpler to fabricate than a Schmidt plate since it 

is made from spherical surfaces. Such a system may also have a greater fiel4 

ef view than a Schmidt system for a given resolution. The mostlUghly corrected 

lar,e aperture mirTor systems employ both meniscu:s alld,Scbmidt correctors. 

"'Ili$eus corrector systems. are available from the 01« .Delft Optical Company of 

,~ wh1chBQ,*ers is president• 

.Spherical mirror optics bave a spherical Unage surface and invarJ,a.b1y have 

SOJDe v~tt1ng,of theaperttu-e. Refractive (lens) optics haveplaneimages1U"faees. 

C•. FiberQPtics 

Glass fibers down tCJ .001 inch diameteT coated with a glass of lewer index 

of refraction can. be collected in a bundle. and used to transmit light in an image 

preserving,aanner fron'l pOint t.o point. 13 The transmission correspomls to anf 

n1l1Slbflr for the. total1nternal reflection angle and a "'r determined by. surface 

losses and packing. factor. If suchllass fiber bwuUes can be incorporated into 

the face plat.. ofiInage tubes they will be ideal for coupling filament scinttllators 

t&phQtocathQdes, however It is. difficult to fabricate vacuum tight light-pipet windows 

in large diameters which can be. baked out at the high temperatures necessary in the 

iJDage.tube."'1catlon process. Glass fiber windows on phosphor and cathode ends 
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0- .of.~.stage1ma• ., tqbes wou1d,.aUow them to })e.caJJCaded .·simply by plac~. 

the-1a optical contactiaStt!adofcouplingby large .ape1"ture lenses. At present 

fi.appea.rs that lens ami mkror optics might provide cheaper coupling" and they ~. 

c\lrr••U,. available. 

VI. CASCUE SYS'l:'EMS 
; 

With available compOnents, it should be possible to cascade iDulp. tubes with 

laJop aperture optics t.the pb1nt where single phqtoelectrOD.$ from the fP"8ttube 

maY' be·phc>topapbed. l'hts is be.lng.plU"sued.by Reyaolds at aiDeet., a.ris at 

Boc:htster, Chinowskyat. BrOOkhaven, ;mdQt.hers. 

T~.etwo·atapRCAtl1bes IC-73458 each of laiD. A = 300 coupleclblOptlcs 

·of C • 5. 5 should bave ancweraU gain of A3l,r. or 9,x 105. WithalQqle~e 

tube of a.aJaot 30 .lnplace.ot the first two-stage tube, an overall gainot.9x 104 

• .wstill be achieve. It tbi. first ""ere a "m1n!tiern (e.g., aWest~quseor 

DuMcRatfive inch cathode- ... one i11ch ~ode), thebrighiness of the f1Da1 imag.of 

.. tilameat would be enbaaced by the square of the Ihlear de~pifieat_{l5 in 

~ case). This factOr 1s of course. of no importanceln.the threshold e~e of 

·Vi.ecw1a.l ~iv1d.ual ph~1 but it Is releVUlt 1Il the fiber sc1ntU!atorc....htre 

-.v..-at photoelectrons. will arise f;rom one filament. 

RCA is developing a.three-stage image tube aD.f1 J.)uMont a two-slag& tube 

wUna five .1Jlch cathCNifJ. in the fiJ"st st~g&. T~se two tubes to_ether, couplecl by 

anc[~ ,.••ral it .18 COAvea1e1lt to. think .of the two.· tubes here performing, sepa,:ra~d 

t~ of ,ating aQ(l. amplltyi.Dg. Thus the tw....tage .DuMont tube will be macte 
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with aP"'l6 phosphor ...·*he first (tnteraal)anode and a grid.. to gate the-.ccmd 

-taMe. TtlaUght from the scbuiJlator may theJl,be "stwed" on the .. micro

see.• phosphOl" anclallxu i8ry electronics could then pulse the grid of the aec-.cl 

.tap il the event is of interest. The. remaining phosph~~s are all sI0..,(P-,11. 

100 ... mo -ucrosecctl1Q) .but more efficient. The seecm4tbree-stage ~ would . 

UlpUty the light to a level where it coll1d be photographed. 

While few tubes have gating grld,S incQrporated in· them, it has beellfowui 

that othe~s can.be readily p.ted by bjasing. the phot~at1lG<leposittveabOut a kilo

v~t. Xt is also not d1ffle4.1eetrordcallyto gate the eliUre tube volt&p( to about 

50 kYh 

All attractive altenat1've to cascacled ima.L.... for lightampUf~eatioa18 

the .. " regeneratlvet am.pJ.ifieatioJl U$ing -.tmaaetllbe- ~gether wit,h.feedbaek 

optics. 'rh1au-raq_D!'ent.....ested. by Kallb~J 14 ~ been experiDLenta117 

dem..trat~d atMlcb1,~IJ A. well-desiped :re..~rative system cCNl4 be ued 

ia~. of ~.se~_,thr.......~ RCA tube ill the. 81atem deecribed. above. It 
. ."' . 

~.
;.
..... aJ... belt$eda.st_.·

' . ~ 

'.·sJqle. elemf.:'at ~t""n an u..rpnicse1attUat.- aacia• .
. .. , '. . 

euler.. .$iJlce .aily·.l"elenerative. system .JJ111st be pulaed., it .would. be _,.t ~tul 

with. a. se1l1tillato.1:" with a.time- c(mStant longer than the gatingelectrOiUcs delay or 

wheD. precede-d by ~~,tmaaetube (with.a phosphor with a.decay.time of order 

a. micro••cond orlfi)U",). '.' SiJlce filament scint1lJa.tora JJ1ust be iJl OJ1lSeal contact 

(e. g. I fiber optics)wWl a pbotocathod. or at least Ught. from them foeUMd with 

f'.. larp.aperture.ptlcs -to tbetllbe cathodej, it Is n. simp1e_"desip ar•••rative 
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sy.te. tor. the first stage at liabt amplification in a· fiber scintillator· 

chamber. 

The J.J.sbt amplitication of a regeaerative system ep be derivH 1a 

ter.8· oftbe 1m.age ..tube amplifieation. A, the loop lam of the system .0 ( A 

tbaea t1le .ptical feedback.n'iciency) and the latbll.time of the im.ap t_ 
t 1 where time is meas....ecI ill units of the characteristic clecay time coutMt 

of the image tube phosphGr. (Many phosphors .have a .complex light decay ""hieh 

is not aceuratelyrepre8eJltecl by a sinlle exponeatial) ho~ever·the g-.eral be

hav!or of the sohttions sbould be as below.) If light L. talls on the image tubft 

cathode at the time t = 0 wtum the image tube is -gated on. the rate at which 

iiahtJ.s produced from the phosphor is 

:;' ~ .A i, e-1:� 

and L, =A La� 

-.ue the tube is ptH.OIl, L1 serves as a souree of ll,ht for the JUtXt.1m8.ge 

•• that , 
I

cl.1. a) . st -T -(tl'-t) I -to
";It =ALC)~ e e ott = AL" ~ t e

i at' (J 

J
t,
~, tit = 

o .toot� 
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It •...,.b.·!lOteel.that 

L,.,. m . M
I"'\; ) . f9r (1 »J) ,-» I 
- ~t . \ 1:tLm+-, ~, 

(-c < i,) 

Table V 1nclicawa tile val~8 of ·Ln and L for tn ca8e8 of interest 

corl"....di"'~ toa two-.tage.BCA tube and •. one..stage DuMont tube·ia recellera-. 

u......tTie8. Itlsappare.t that tit. brighteat i.ma.Ie Is oaly 10"(01' lelia) 

bl"JPUr thaltthe preeecl1al' aad succeeding. images• aDd. that only about "Oft Dl 

the ~all1lht 18 111 the brtPte8t 1m.ae.Also~for finJ.te pte time.~ t.he ~umber 

ol.. l"4tpra",UOIlcycles,. a, to reacb •.•iven br1fhtae•• a consWerabq peawr 

than 111"" be req,uf.r\........tq amp!;)" ~ :ax...,AaR.. ShaUar cODClulouhave 

beea..r.acheclilldepe.Jld.UU,.by A. Robert8. 16 

,~q 8Qcce.... i.ma.Ie. shOuld be ill reJ1ab7 J.t petu1b1e. • tb., are not~ 

btea...of i.ma.Ie t•.dJatOI1s.or other 1'e.._, a 
.

J*a1t.. Gbject will.ppe.ar OIL 
. 

o . .•..• a .

l'� 

http:req,uf.r


re....,.atlon as a series of dots, with a few of these dots a!moat equally bright. 

Th1sw.w.d. confuse the reading of a partkle track.,. a complexlUlCleareyeat 

c...u.erably. Sincei-.·some cases' more than.ten regenerative cycles ar.<r~" 

to :tea,eh·an image of sufficient iatensity, any distortion is magnified by.t~fac.tor. 

Th.... it woUld bepOSsUlletbat outside a certain radius On the imagtttUbe, images 

wouJ.ct-.agn1fy themselYes out of the fleW of view bef01"4itthey were bright ..ough, 

while inside, they WQuldde:m.agnify Ulltil t.bey became anunresQlveci brip;tne8s 

near tAe optic axis. AnCJthe-r problem .arises sinc~ strictly speaking, the spot 

brilhtaessistheUght per UJli.t area. T.he imaae fIJf a pe~t isa small 8,J:"4itaater

mined by the tube resolution. On 4itach.regenerat_1 the ~a increases" •• ·that 

the brightness is preportiolla1tolnln. If a very great num.ber of regeaeraUan.s 

are required, the re••lutton wID C$JlSequently be recluctd significantly. 

If an image tub. re• .,lve. 10 line. permHUmet,r and. the regenerateclimqes 

are spaced 0.1 mm, the Unaleof a point (one p~lectron).:will appear onr4it· 

-leneraUon as. a streuless.thana mUHmeter long with a brightness tapering off at 

either ead and an easily measured center no more than one and one-half matrem 

theorigjnal image. Tb.us the first and second problems above are tractab1ltta 

thl.scase.The linear breadth of the streak will be 0.3 or 0.4 mm at its brilbteet 

poillt s. that the overall resolutio.n of the system with a one inch output· phosphor 

ma,.>be ODly 100 lines tutead of 300 - 400 lines. For a one inch diameter phosphor, 

this c.-responds to aIlO'\"erall distortion of 1" em the outside of the field. 

III the .casewherea tw....stage tube is used in a regenerative syllte•• the 

preble-of smallditferenUal bright~ss of succeasfve, unregistered iJDagee may 

be..-vetrc'" by allern.ately gatiDg the two halves of ~ tube. If the p.te leagth. is 

17� 



o� ....J to u-e.)hoaph.. ~tJ.me. the 1Gop pin 18 r",~ by .2, but u~ve 

..... a1scJdifter J.nW~•• by at least eZ• The. brlllhtne•• CJfU..1aat 1JN&e 

·18 ....;livenbyL.A.OJl 
" ..-G 18 smaller {baabef...., however for ally" 

.•~8. II ,18 also ....Uerby a factor of two. Tlwa a completely lQIl'ItI.tCe:recl 

q~1a practical ua1nC,a tw...atage tube. This 81.... was sua.aUNt ui 

aul1..a by M. Perl. 

Ples. ~ throu~41Di1catePOS81blerepaeratJ.ea geometries usiq avaU,-le 

.... tubcts .... optica. n- axia)ly BYJ'IlDletr1c ~y(f'il. '3) hu .......Sped 

eUher lor the tw....s~aCA b1be. 01:'. \1M! OAe-stap DIlJlcmttube by the.Old Delft 

OpUcalC_..,..,. "... .atem U$Ulg a mbUf1ert:fil. .) 1& simUartG...... with 

BeA .bdliertubes eGU14.beWMtCi here• 

.Ia 8yate•• usinl......ataae 'eleetrostatiQalq.t~""1m&,,,Wb••, U. 

.1e~.ic8i1l'Vel'Uftl1e1JN&e. It two optical Javer_J,ons are usecl'l .....t_a1 

iaY......ulcl be iatrfMlllCH t~preve~lt each·tmaee trembeblg a.er:..pa.1"" 

.~ :LeU.wiCht -urror........ ~b1amaybe ... ajalJJ17· with.prisms.....mJI'ror. as 

sa ,.._ bidculara.T. tlf Wbe .ystem,(Fie. 5)'" the aclva!ltap that·.•.·.. 

.-c...~t•.e.w.be.pte4 after an. event eeclO:'S ill a crystal while tba ftt• 

.t\tbe..ur•• the tmap. '. The .ystems using,refraeUv.optlcs with c\U"V" phot.. 

e.... mWlt comp~betweel1the p1aDe ........face of the ~•. _.tQ 
c~.phcMoeatbocte-. This a less serious hl.the eaae .,.taUlers .~e uPt 

c-.veJ>,e•.OI1 the ca~ in ac.. with an up l/M UJa.a-tbat with _}deb·it left 

tbe}t1.cla}i18r' whe.-. JI 18 the _raagn.1f1catlon. . This r ••lI1ts ill a smal) c1t"eJe ef 

18� 



.~, which ~ flJriher retiueecl.by M ia the tube iflmaptf1caU... at ~bl.t 

.ill ~ ..ue aueh etleeta uerecluced,by liZ. FleW cUl"Vature eaabe rei-':. 

b,p1ac1llg a p~coar.:ave .. ilM1b1e-CDncave apbAtJ',1calle1'l8 1D. optica1c~t 

w1.tb. the� pbotacathocie ead window, althGUp.this can .mtr.uce some ~J'.1dJ.a-. 

torw... 
-. 

otheJ' posaib~ r rative systems are sketche4 in Flp. 7 .... The 

.,__ ., FiI.T w steclby C. H. Jones" If_atinghRae. The cha.e1tMl 

r ......attve syatem •• discus... same tt.e a.oby gt'CJ\lpa at FarD.8warth Pi 

we~ arul has beearecellUy ~,e4by}..••oberts. 17 cae lIIligat u.o 

c~.tye of all avalue"· rqenerater or mult1pa,.· regen.ratDrin wh1ch pualJAtl 

pUtctcf.tllocle* IUUl alu.'.Sz" phespur. are plac.. ill a strong m.agaetic fieW. By 

r� pr4lpercho1ee of IIUlterials.Um1lht be ~.lb1e t.,haye're.eneratloa .1\h,·aa.pp1J.ed 

pu1ae4.. D. C. pOtential by ...elec~on·101l·eleetr_cascad.without pOJ.aOlLiq the 

cathMe. With.app~ ,rf acCJll.troUeclmultipa.c:to,r regeaerat1an,m.tpl be u.... It 

suft1eJ.e:at1y strOll'. (p\l1se4) f1e1d. gradients coulAi,be ma.1Jltained. all electra ava." 

1arwhe -lIbt be made t.eecur iB u1Jaa,e preserv1D&. way by havJJ1l a propertl.oDa1 

e...ter.ps between aJl8Cle ud.cathode. again with a UIliform.msgJWt1c fiehl·.pre'" 

sene, J'esetluUon. 

l!!L .O'l'¥.E,Iln-I'rEllS 

1J.st1Dgh~18 _velop1n.g an 1ma~ preaerviq .lee~OIl multipl.tAtl" WI1IIC 

11trauaiaaioasee..ury eleet1". em18s1... ThlJllou.a of KC1·backedall1- iJPIm 

ill a u.aU.... mapeUc tiAt1d exhibit .transmlssi4H1 secenclary emis_siR .a1Q of live 

or ..e. and. aucceutul_1l1U-stage electroIlBlwUpliAtr•.havebeellc..~te4. 

19 



ClumJae1ed. electron .J\Il1dUpUer. (Fig. 9) ar. qt1t&i d.ttvel.epect by .the... e ..... 

~.l..ab..ator1e.1.• U&i b7 .Far..w...th. FiDe mesh (in pr1neiple up~ '-'''.) , 

~·.~ree.. ·of ~.... ~... elec~~-meWftacked iar.~"dd 

PI'.... a c.-pact, riaid 8tl'l1ctQftwith ~atJ.a).q a large cathacie ar.... .~ 

calla_ dlc1eacy W'ouW. be reclucfd beca'UNDf tu fract.·"r prejeetH ~... \\8eful 

1aJAitj~.•lectroacaac".. .4aalteraative cbaDlleW.,..t.m has beea pr.,.ed 

.b1 ......ix .1Jl.which theeh.JlII~J.a consist. almpq .of ~hres1at1vitytube•.1dth .avoltage 

aratUeat aloq. them.. s.eMAlaq electrons' coatinUei. Btr1ke the It'&l.a.of t~ .~. 

pr4lbl•• ., IUIt0lUt1c tf'~ ~inI in .~clear eau1a1cHls ..ith Us atte tpreblema 

.fit cerr.Jati•• aad. noise rejetet_. anci it mq be hopec! that aa exte~ of dQa. 

tJpeGf&Jltamma.y larply eJJmiDate the tiDiit c.....J.gfllrn reutai' ., eertaJa 
i 

·au~ experiments. 

A....ur extre.., .... mJ.cbtcGJUliJler agu seJat11.1atton c¥wbel" e..w..ti.g 

,ai,mply CJf pUallelplate .•lec~8, He cOJUa1Jl1ag. a......phor. with the s,..ee 'betw"n 

eccupitfiby apr.,...U..l cOURter-type.,a.. An i4M1&iag particle ....wiJea..... a track 

.1~.c-..cade.....0........ e1ectrou wouJd, ue1to the pllo......., pos.lbJ,y to a� 

r-.� briPt.....uU1c~,..\tijrectphotography. .A magurUc fiAtW again mtpt be uce.-.ry 

.tct ~re..l13ti.. -.ue ater" pictures ........ bepoaaib1e he:re, the br!lbtae.a 

ZO� 
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of eacb spot would be correlated 'With the track position in a direction parallel to 

tbe electric field. This device 'Would have SODle features of a diffU81Oa. cl«»ud 

cha:J'Jl.bor, however wit.h.thetime resolution ofa scintillation chamber•. 

IX. CONCLUSIONS 

Experimentally ~sefulluminescentchambers should be operattag next year. 

With its unique characteristics and wide range of variation, the luminescent 

chamber will be a useful addition to.the stable of available detection tools. Its 

tbureaolution may malte it essential in certain experimental l5ituatiou (e.g. , 

colliding beams experiments), although the spacial resolution may never be as 

good.as that. in emulsions or bubble chambers. By tbe d.etailed discussion above 

of each component, it is hoped that the reader may more real1stica~ .ppr&ise 

the· problems and poteat1a11ties of this new tool. 

Much of the mater1aliAcluded here was gleaned. fromd.iscussions ancl 

internal memoranda amen.gthe members of tbe ad hoc image intens1ller c.mmittee. 

lDlaJe tube information came largely from RCA (Lancasteri~ Du:MOllt, and. Westing

house; and information on relfecti()n optics from the Old Delft Optical CODilpaay. 

Zl� 
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J'\") TA1~I  " 
CHARACTERISTICS 1SF. SCINTILLATOllS� 

Ionization. $c1ntU~~,Spectral ' 'N_~  ot 'lladiation� 
~terial DensitS; Decay Mev/(,/em2) Efficiency Peak LJ4ht Quanta LeJllth� 

(g/cm ) Time a b (Anptrona) per em 01 track (em.)� 
(See. ) d� 

8Plastic 1. 0 <.10.. 1.9 6~  4600 42j1000 

, , It\Jlthracf!le 1 .0 10- 8 1.9 10~  4500 70jl 000 

~ Iodide 3.7.5 x10-6 1.3 8~  4100 115, 000� 
Thallilml Activated)� 

~..ium' Iodide.. 4. 5 1. Ii xl0-6 1.3 4500 140jlOOOe 1.8�8"
~ThaW.um Activated) 

e.  ilDa  Iodide 4:.5 Jf: 10.;;0 1.3 59"c 4500 1 ,000, 000' 1.8� 
C.OOled to 77"K1�~.aclnium Tungstate 7 . II AI' 10-5 1.3 8" 5300 340,000 1.0 

a. 19Jrminimwn ioniZing singly charged particle 

b. Defined as the percentage of enerty 108t 'by ionisation which appears as 11lht energy 

e. .lleference 6 

d. Reterence 7 

e. Relereace 1 



I 

TABLEn&� 

. Characterist~e8 at SoUdCrystal {luminescent Chambers� 

INater1al n 

[Anthracene 10 
5 

fPlastic 10 
5 

,~um Iodide 115~ 000 10 
~ThalUum AcUvatecQ 5 

Cesium .I<Ml1P .1,000,000 10 
(COD1ecl t. '('to K) 5 

111.!II.m!,~ O.lD 

b Table I 

a (cm) d (em) 

0.ll5 1.3 
0.10 3.7 

0.05 1.0 
0.10 z.a 

0.05 1.7 
0.10 4.a 

0.05 5.0 
0.10 ·14.Z 



~) TAB!)UI� ). '\. 

AVAILABLE IMAGE TUBZS� 

Maaufa~turer  Tube TyPe� C.thoch .4.no<l• .e Demqnifica- Volt.qe- QuantUlll. ....hU1.... 
, 
Pincushion 

acna_ .DiaBl. "Radius� tion. (paraxial) (XV) Gain e_-.rIJelj. Dlatortion 
Inch.. of Curva- Inch••� •(J.1Jl•• per·DlD ) 

ture 
Inches 

!Far_worth . 8839� 11/4 2.38 1 1/4 1.0 16 lSb 40 17 9'- (ed_e) 

.W.stinghOllSe� WL5997 S • 1/2 1 5.0 30 40b 20 Hi 5" (.dge) 
(clear OZtfJ 1 cm 
cathode h radius on 
Fluorex) anode 

~onta 	 5 5 . Sc 1.0 10-15 30 i 8"b� 

5 5 Id 5.0 10-15 . 30 17 small� 

2 2 aC 1.0 10...15 30 i S"b� 

.CA� C 73435B 1 3/8 3 .71 15 12 17 O'l(ed.e)� 

C 73438h 3 4 .5 .•155 20 170 8 i�-
C 7345r 1 2.38 1 .8 20 300-1000 10 2 30-" 

a. All electrostatically focuaed tubes available with grids .� h. Succeufully ,ated by cathode biasing 

b. _t#Dtalea·� I, No infol"mation available 

c. Alao available in magnetically focused· designs 

d. Available with image denectton electrodes 

e. All anodes flat 

f. Two-stage tube� 
,. All tubes can be pulsed at about 50" overvoltage with correspondinl.ain iDcreaae� 



I TABLE IV' 

Lilht Collee~·Etf1c1.1lC1 from al.-be:rUaa SlP:'face 
..... a'·SuP*_adedby l.At:Aa 

I... •• Subtencleci .CQrreSJ*ld1ng FractiC'8lot Ligb.t 
.f·number C.u.e~ E 

(aaIJum.iJl. no lpa••t
l;;; 1) . 

14- z.o 0.0' 

18.4° 1.5 0.10 

~'.5
0 1.0 0.20 

30° 0.1'1 0.25 

r-. 3$.1' 0.'15 0.31 

45° 0.50 0.50 

\ 
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) TAB.)V ) t

.' 
UGENERA..TIONLIGBT AMPLITUDES: NUMERICAL EXAMPLES 

RCA SYSTEM 
I� 

A- 300 TUle of ~lL o *� G .. 50� 

n t1 • .15 t1 ;:: .2 t1 -.25 

1 3.00:x 102 3.00:x 102 3.00:x 10% 

2 2.13:x 103 2.72 x 103 3.32 x 103� 

··� · · · · ·� · 
· · ·� · 
Et '1.27 x 104 2.17 :x 105� · 
7 2.90:x 104 3.65 x 105� · 
a .... 3.19 x 10" 5.27 x 105 2.44 x 106� 

9 3.08 x 104 7.54:x 105 3.88 x 106� 

10 2.6-1 x 104 ... 7. 87 x 105 ..- 5.50 x.I0S� 

11 ·7.11 xI05. 8-.17 x 106�· 
~2  · a.98:x 105 ..8.72 xl08 ... 

1:3� 8.60 x 106� ·� · 
~4	 7.88:x lOa.·� · 

E Ln= 6.6 x. 106� 

*� "This negleeta finite time eonata.nt _ tntetmedtate 
phoaphor, however this 1. not an iJmponallt effect. 

1I---.rlIIIm1IT1flfl11lrTI"liTar,rlfllTJl1flii-j-'If"'j ""~T""'-r'"  -_._"'~-~-~~-------.  

DUMONT SYSTBM 

. A-30 Table of 1;..1LfJ� 
G .. 6� 

n t l� = 2 t 1 =3 

10 7 .18x 104� 

11 8." x 104 

12 ... 9.15 :x 104 .... 
13� 8.91 :x 104� 

14 8.13:x104� 

· · · 
·� ·· 
· · · 

17� 1.0. x 107� 

18 1. all :x 107� 

19 ~  1.11()x 107 <1

20 1.0!9 x 107� 

r~=	 7:9xl0S 

NOT.� In. 'boUt eDDlpl•• about 1'- fjf the liIht 
appear. in the bTi,at_t"bma,•. 

-----------------.--,._-_.,-_._-------------.---_..,----_._-,
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Ax4ally Symmetric Feedback Geometry using Meniscus - Corrected Spherical Mirrors 

...__ ...-- .
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" 
5 ,... 
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r 
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/ 
/ 

"" 

z 3 a 

1 1 

1. Spherical Mirrors 
Z. Meniscus Correctors 
3. Sclunidt COl"rector 
4. Image Tube (DuMont unity mag. 
5. Light Rays 

Fig. 3 

or RCA two-stage C73458) 



I)· Regenerative· Geometry Ying MinUter .' 
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cathode I 
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I 
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· r 
aperture aparturedemagnifying image tubefflr crystal-viewing lena for photography 

1- plane mirrors 

z- large compound refractive lens (e.g. f/ . 75 ) 

3- field lens 

4-second objectiv.e (two r I 5 acromats baek-tc-back) 

5- image erecting prism or mirror system (optional) 

• '-------_.- ....•.._._----_._._.. _._--

6,:, light ray. 

FIG. 4 
II IIII 11111 III ...__.,-_._-_~,  ._. '"i--......n»Jillll»1IIM7iJ1nIrT7Tr(--·~·--~r----.--'--_·_-.-,--_._
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r 'Ii, .) Tw~ Tube Regen-..~tive  Geometry ') '. 

1 1 

4WAW$$#$&~~~----------------
J 
I I
I I
I Z I 

31 I
I 1
I demagnlfying image tubes (e. g.. Westinghouse Flourexl IRCA C734361 or DuMont Minifier)� 

I 3 • 1� 

I

/ I 

~i
Z 

j/ ----- - - - - - - - - - - - - - - - - - - +-W/Hh¥/#/h¥h¥hY.h$Sl- - - 

aperture~  /:'perture
for light. /or photograp,y
from crystal 

1- plane mirrors· 

Z-large_aperture refractive lenses (fl. 75 Kodak Z5 ~-field. 

. 110 mm focal length)
3-fiel~  flatteners 

FIG 5� 
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Regenerative Geometry using Magnetically-Focused Image Tube 
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FIG 6 
1. Magnetically-focused unity.magnification image tube (DuMont Z inch tub~)  

Z. f/.7 Old Delft 40 mm-field refractive lenses 4. Plane mirrors· 
3. Field lens ~,  5~  Entrance and exit apertures· 
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Image. Tube· Geometry using Internal Optical Regeneration 
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1. Photocathode 
Z.•. Non-Aluminized Phosphor 
3. Compound Lens 
4. Vacuum Envelope� 
5.' Anode Grid Structure� 
6. Focusing Electrodes 
7. Electron Trajectory 
8. Light Rays 

. 
4 

J 1-

.5 

· .1\ 
• • 

Fig. 7 
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~PHOSPHORPHOT0 ......"..---.,+-a.I 

,CATHODE 

Regenerative Channelled 
Image Intensifier; the . 
light from the phosphor 
fallinl <Jl the photo- . 
cathode provide. the re
generation, and the 
shutter grid is the con- . 
trol electrode. ' . 

(From A. Rober., 
Reference 17) " 

SHUTTER GRID� 
Fig. 8 
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