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A Itm liquid Mlntlllatlon dataotor feta daralopad 
fat «ta la aaajuaatlea with a Oharankaa «aaan talaaaopa ta 
lATaitlgata tha Intaraatioo with saall anarip tranafar of 
high aaartT »om with haary nualali. ft# dataatar !• 1« «}• 
fm #f a atflbla plaxlglaaa boa «ad «^loyj daaalln Mtlvatad 
with alpha»ir?0 «id p-tarphany al« 
Vm alaatroala aqulpaant aaaoalatad wltti tha dataata» haabaaa 
aaaaÉblad and taatad. m aaargy apaatrw for laaal baahgrowad 
•ad toada radiation hat baan datarmlnad. 

I. WfROWTCTÎOir 

Sa ratant yaara thara hat baan an inaraaalng anonat of 

asparlsant with high aaargy partíala« • A faw of thasa Kara 

baan aanaaniad with hi^h aaargy nu-naaona.1 1. da fagtar 

ad g. Dt tard in?aatlgatad tha intaraatlona of faat nu-naaona 

In load with aaall aaargy tranafar obtaining a aroaa aaatlon 

fèr tho produatlan of awaporatlon nau trona. Ä« aya tan Whlah 

waa dowalapad and Whlah will ba daaarlbed haraln» Whan uaad 

la aanjunatlan with a Charankor naaon talaaaopa» la aapabla 

of aanflmlng tha abata axptrInant and Intaatl gating tha 

gam intaraation far othar haaty nualali. 

«hough aalntlllatlon has baa known far nay yaara» 

aflaM apatifla portlena af tha •alntlllatien praaaaa ara not 

yot aanplatoly wndoratood* thaaa portlena will ba nantlonad 

brlafly latar in aamaatla with tha dataator. 

t% la wall known that wha a ahargad partíala notai through 

nattar» It Intaraata with aona af tha ataña or nolaaulaa of 

«ho nattar laalng aana af Ita aargy to tha. » root notorial«» 
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the toqui red energy if dieelpated as heat* Xn a scintillating * 

■aterlftl» hoverer» a portion of this energy Is converted Into 

electroHugnetlc radiation called a scintillation* the Indi» 

vidual atoas (molecules ) fall from "axcited" energy state to 

ground by saittlng one or more photons Instead of losing this 

energy as heat* 

Sa 194? H. Kallman2 first combined a scintillating crystal 

with a photomultiplier tube In order to convert the scintillation 
• „V ** • ** ' , * •.. • ‘ , * ’•'* f, I* # 4 •• ._*•••’ 
• * • * * . • • i • * * •**••. * %•**’• . 

to an elestrloal pulse and amollfy that pulse* After more 

amplification the pulse can be used to trigger a counting device, 

be presented on an oscilloscope or some ether record. 

A scintillator will be usc^l only if It (1) transforma 

a largs fraction of Its acquired energy into radiated light, 

(2) is transparsnt to its own radiation and (3) tha time ^or 

the energy to bs converted to light is quite small (i.e., the 

scintillation is quits fast).^ In certain instances, ai in 

the prêtent tete, it is Important that the scintillating material 

be avellable in large sises, the use of organic eolutione as 

■slntlllsting materials was first investigated by Ageno at al.,^ 

Kallman* and Roynolds ot si.6 they paved the way for liquid 

•eintlllsters* Liquid scintillators are most useful because 

they are the festest of all7 and san be formed into any sise 

end shape merely by pouring them into an appropriate vessel* 

lhe advantage of the large volume liquid scintillator 

hae been quit# eloerly demonetrated wh«never the rate of occur¬ 

rence ef a particular event is email, aa is the preaent ease, 

2 



because of a sw*!t incident Intensity8 or a s*v>tî ero.-e cectîon« 

Some fmpther properties vMoh «111 be advotttasecue are* (1) Hie 

larger the volume, the higher is the probability that an inci¬ 

dent neutron can be moderated and captured before it escapes 

at the boundary.(2) the energy and hence tbe output at the 

meeon "through" peak is approximately proportional to the 

vertical dimension. îhis second peint nay serve ne p. means 

to arriva at a Quantitative energy calibration for the 

detector. 

It 1c expected that the above p^lnt* c?n all be utilised 

to good advantage vhen the detector 1« u?pd vlth the Cherenkov 

counter*. It might ho noted that any nuon which gives rise to 

a eoineiitnee in the Cherenkov system will necessarily hr.vs 

traversed the scintillator and will hence yield an output at 

the ccintillatora "through" peak. 



TT TïïB WSCTOR • . 

Th# 4#t##ter lnelud#a & numb#r of individual cowponants 

Vhlth har# b##n utlllt#d ln oombinotlon to oonprla# a aysten* 

1ha Taaaal aontalnin« tha liquid is a cubla tank 

tvanty inahaa on a aid# eonstruatad of ona quartar Inah plaxi« 

glaaa« lha plexlcrlasa v*>g cut In aguara shaata and all adgas 
" : • : - - ‘.‘.V 

vara naabinad smooth to inaura a good fit« After tha squaraa 

vara elaapad together to form a box/ tho Jointa vara aaalad 

by applying athylana di ehl orida ( CF2CI CHoCl ) át tha eonnaótion 
., . . . . . . • * ‘ * * •.* •. **..*'. ./, ... . 

uaing an aya droppar* ihia fuaed. tha nlaxirlnaa to maka a 

good liqbidv tight aaal vhlah.dried within nn hour*: fttiall 

holes vi th ?yrax gin a a stoppers in the topan^ontha ^idaÿ 

near thë botten of the tank r>rovida for filiing and draining* 

lha liquid aelhtiilatlng natarlai ves an organic solution 

of p«terphenyl ^ alphn-naphthyl-phonyl-oxaaola 

Q0x0^7)()( 0^2^03 « hereafter referred to ao C(*NP09 In 

daaahydronaphthalana (O10R18) er daealln* Deealln was ohoson 

in prafaranaa to some of the prarioualy nora vidàly u^ad rol» 

rants auah as toluene (C6V5&3 ) or xylant (¡e¿%(eH3)^] 

baaausa with daaalin there is leas fire hasard and leas toxicity. 

Also, and most Important* daaalin la more transparent or haa 

batter transmission eharaoteristiea* K* Stainboch^^haa shown 

that in tha region 1300 to $000 A » commercial daealln haa 

a elightly higher tranamlaelon characteristic than reagent 

grade toluene. This region la moat important beeriae the maxirmm 



«peotral re*p<m§« of th# WA 5819 phot«wltlpll#r tub## u#ed 

in th# d#t#etor is pr#«ls#l7 A . Vh«i d###lin is purlfi#d 

by passing it through an Al2°3 »d»orPtion oolus», its trans- 

nission sharastsristlo is grsatly anhancsd. Hsnoe th© decalin 

vas purifi#4 and its Irannisalon tasted relative to toluene 

by th# Beeknan 8p#otrophotoia#t#r method used by steinbooh. 

4h# results showed this d#calin to h< ve a tr&nsndss^Ä 

oharastsrlstío' as ’ hiplh as 200< that of toluene in part of th# 

region 3300 to ¿ÒÓÒ Á0 and to be greater than 120$f in the 

^Vholr:r#gion#;; ; \::} ; vC'V 

■’S^r:/Cu*Tsnt. litera tur# indicates thAt Oxygen .quenoh#8-';tho.-;-^ 

flour••¿enc# yield of a liquid scintillator ^iis Argon enhanoes 

^ itÿv;thi|ii #ff#«t vas investigated for decalin bÿ;t>*: »yen^^V'^--;-' 

and though scat# conclusions ar# still to b##drawn» his 

Uft ^^t ttot Argon should replao# OtygW or air 

ateocÿh#r# for d#caiin ’di#n dtoalin is used as ; a.- scintillator^-¾ 

r «lue duriiig all operations of purification and activation of 

tho docSlin Vkd While filling th# tank. Argón ivas Wbbl#d 

; through tti# d#smlln. tor that enount 

of f the i surface,i A^ will rsmaih in s container ©yen to 

atwocihm iinss it is hoaivisr 't^ air. this nskos Argon 

oaslsir - to'-vork. vi th «han »iii¿» or Witrbg#n both of ^ich 

sAibit similar 9#nhancing,, properties. 

th* Metlln »•• 7«rlfl«4, It wm n»«MMry to *»ctlY«te* 

It by dloaolvlng in it on* of «-*M por litor uii eat 

gnu of p-torphonyl por Utor. »«botoneo» aro tho 

• V'.. 

■- ~ ' 



lotlratora, aometInes aàllad vaTè length shifters, or solutes* • 

This neeesalty arises because the floureaoence of deealin la 

In the ultraTlolet whereas the maximum spectral response of 

the photomultiplier tubes used le In the risible region* Bie 

role of the aetlratora is to absorb the exitstlon energy acquired 

by the deealin upon the passage of a charged partiels an* reemit 

this energy in the rasponee region of the photomultiplier tube* 

the effeet of the concentration of these two actlrators In 

deealin w»s investigated by F. Haciorowskl^'* lb was concluded 

that the floureacence efficiency Is greatest with both solutos 

present end has a maximum near úhOó A * It wns also concluded 

that the flouresccnce output approached ã maximum value a* the 

concentration of OWT'': wae increpstd being within 10< of Its 

maximum when the concentration wa» 1 gram/llter* . Ihua this.: 

} concentrettpn of flC*^70 and p-térPhenvl vas chosen for thé present 

experiment to most nearly approach ,,optimum conditions* Tt 

' might be mentioned that the part of thé scintillation whlqh Is 

not yot undérstood is the ínsehanism-by.which tht':ensrgy 1*;:. 

transferod from thc orgsnlo solvent to the actlvators. A ntsnber 

of good dlseutsions of the possible mechanisms Involved can he 

.'.found; in 'the- liters ture* 

th# tenk is viewed by twelve *0A $819 two inch photo* 

multiplier tubes* 9he tubes are offset from the dsealln by a 

fnlfn bottom four Inches in depth filled with distilled water* 

this eliminates the possibility of an event taking place very 

close to the face of the tubes and allows more tubes to see 

i *ny event which takes piaos very near to the bottom of the tank. 



Provision Is mads at ths esnter of ths falso bottom to admit tho 

lowtr OhoronkoT gañerator. This will bo diseussod briefly later 

fhe high voltage divider network for the base of the 

photomultiplier tubes la shown In figure 2« 

fhe high voltage power supply used with the photomultiplier 

tubes was the P?-9li8/TTDR»9* a component of the AH/V>R-9 radlae 

detector, the Aïï/ü3R-9 was manufactured by Beckman Instruments 

Xnsorporated. 

The output signals from the ohotomultipi1er tubes were 

connected In parallel* The signal was amplified by a Radiation 

Instrument Corporation Model 107P non-overloading linear ampllfl 

taken through t Varner Electronic Company Model N601, single 

eheimel pules height analyser or differential discriminator as 

ths input to a Ruolaar-Chleago Model 151A decade scalar counter 

with timer attachment* The counter then recorda the events 

Whlah take place in the scintillator In & desired energy region* 

The photomultiplier tubes are optically sealed to ths 

plsxlglsas surf «es by Dow Coming grease 00-2-0057. The tank 

Is supported by s wooden frame oona true ted ef two-by-foure. 

Built within this frame ic a half inch plywood sheet which 

serves as a support for the photomultiplier tubes* The tank 

end tube are enclosed In a light tlcdit box of one half inch 

plywood* Provision Is made to shield the scintillator with 

lead and borax to keep out local background radiation and 

atray neutrona* . / 





> to Cathode 

(Narat!vc' 

?i*ure ?. Volta«© divider network for ohotonultlpllcr 
tube sockets. Varletlon of flcrure D, ptse 70 
of T5TM0WT WOTOKTTLTmiro TTREI. New Jersey, 
Allen 5. Dumont Liboratorles (2nd edition^ 



Ill OPERATION 

All operations vMeh were conducted were done so without 

shielding. The data gathered will be quite useful later If 

the scintillator Is shielded and more research Is carried out. 

Before every run each ohotcmultlplier tube was checked 

Individually for gain by allowing Its signal to trigger a 

Tektronix 545A Oscilloscope with type A plug-in unit and 

observing the pile uo at the meson "through peak". The gains 

were balanced to that of the love-t gain tube by adjusting a 

variable resistor to lower the voltage across the tube. Each 

tube had a variable high resistance In series with Its voltage 

divider network. This made possible the adjustment of the high 

voltage and hence the gain of each tube. This balancing ^as 

■quite necessary in order that a through peak be observed when ■ 

' all tubes' vers .operating together, for; l^^he-Individual,peaks;;'" 

aré at different energies, the over all sp-Ctrum;will be masked. 

Rune to determine the energy spectrum, were made at 1075. ^ 

volts.' The differential discriminator was set for a'. 

AB» 2.5 volts. The number of counts per minute was recorded-:,-;^ 

at 5 volt intsrvals to cover the whole spectmn. The electronic 

arrangement to balsnee the gains snd determine the energy 

spectrum Is shown In Figure 3* 

10 



Bank of photoüiul tipil er tubeà 

Amplifier 
Pulte 
Height 
Analyser 

^jOeellloeçroe 

IHgUft 3* Affiftgtment of eleetronie equipment to determíne 
thè energy apeetrum. 
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IV DATA ANALYSIS 

Ike peak in figuro h Tetr ^80 r.cv is that vhich would bo 

•xpacted from the geometry and agrees with Londau»B distribution 
. © • *• 

calculation.. It 5 a »Iso in roc? açroenont -'’i th nan y other 

expérimental results. ' Thia peak or pilo up arleer, ''rom the 

fact that a relativistic charged particle (r. nnrticV '¡ose 

kinetic energy is rreater than its rest energy), loses (anprox- 

imately) o constant amount o^ energy ner unit path length i^hon 

travsrsinp any matériel.^ • 

Tn this detector the pile un particles were muons v’hos or est 

energy corresnor/ln to approximately 102 nev. Helatiyistie muons 

will deposit ortroxi'’: toly !j mev ver i’tcK in iocplin, it us 

since the vertiç: 1 dimenr'icp of the tank is twenty inch os, . 

partióles travorsinft- the tank will dope Í t on .the; ordor of 8.0 mey, 

the peak then ccrresroris to about. 50' mrv • oppsltrd in the tank* 

However, it cprrosoonâr tc muons of .l”?. mey .opd greater., since ;é .' 

muon must have hod p minimum 0^182 mev when it entered th* tank 

in order to still be relativistic at the la-t Pert of its track. 

Althovrh it is beyond the score pf thi s p¿p;pr to. complete 

s detailed interoretation of thim data in terms of meson flux, 

some points should be briefly discussed. Xt is known that the 

average number of coamic rays at eeu level is 0.B3 x 10"^ per cm^ 

per see per etcradlan for the hard component and 1.11^ x 10“^ 

per cm^ p6r 3ec per gtsradian for the soft component.-^ Tfttuo it 

might seem possible to calculate the number of partido detections 

which may be expected for this detector. A closer examination, 

however, reveals that althourh. a consistent snherical area 
13 ..- . o 



oould be Cftleñlatefl an^ voiîld rerai-i eonatsnt, a solid ar.^.3 

could not be defined wblcb would regain conitmt tV.rourrbout Vr.S 

•peotrn. this Is *o beciuse It Is ejected that most of tho 

pertlelea which cnune the peak aro vertical to travoroo thr 

.whole tank and the solid annle for entry 1? quito ’"nail. Pulsas 

at tho lower enerrlea could be caused by the soft cocinonont a- 

any ansie or a nnon fron the hard comoonent at an annle off tho 

vertical such that it traversed only.part of the t\nk. It la 

felt thon that the-a and other difficulties *t'lover endr-le-, 

which will bo mentioned shortly, nahe the rrohln. 0' çonnarisen 

of thl^ detn wit*' known fluxes a vastly eennlieuted one wh.ich 

should not be dîscusaod ln tMs naner. 

Tho mlnliT’-n In ri.,nrn h is not omite e.s low an ml »ht bo 

expected. Factor: which coni- centrante te f-is aro: (1) ro.nns 

from the hard comnonont which t^rver ad only Part c" tho tanh, 

• .(2). The dlff'-'ronoo In of tho ohctcmltl-11-v tuboo (-•n.na 

were balanced usinii an o clllosco io nnl hîlo un- could cnly '.be 

; dotsmine l,to. within 10<),: {V Po^ni.blé '»knoO.on” ;olset^nn, 

(li) Small air;shower , an1 {.^ F.P. sl'irn'i]. f is last po-ht- .s 

quite a problcti. Tie reaearoh. wna, carried, out on., tho third 

floor of Sampson H^ll at the U,n. il Academy whic’vis laos 

than two miles from tho tranomittinr’ antenoas of ITS. Ws 

station broadcasts at a number of freeuanicion very hi^h 

amplitude. Tils signal was oioked up and amplified In our 

«mioment. Any or nil 0" the last -eur Actors could contristo 

and no doubt have contributed to. prions’.nul'cy.. Th« Inryo . 

number of nulsé«* r,t. ver;r lo-’ cneryiec,; ire. due +0 l'oc..l ro 

• • 11.; .. • ' :• ' 



energy background radiation, noise originating in thp pbrtc^ 
, • 

©multiplier tubes due to thermionic.emi-sion of electrons from 

• the ohoto cathode, RP pick up and noir-e in the anoii^’ier. 

The data for fi«pire k was the tenth run of the spectrum. 

All set« of data had their maxima near the same point. Some 

maxima were slirhtly «»eater then other- but this can bo 

Attributed to the variation of cosmic ray flux at sea level duo 

to chancee in atmospheric pressure since the runs were made on 

different days. 
I " ^ 

Gains of the Photomultiplier tube- were checked after each 

run by the same method they were balanced originally. 
♦ 

Without exception it wng found that they wore still in balanc. • 

r i 
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V. o P sh at ï on to rnrr.?ioA?s -mall 

WÍSHOY ÎRANNFRP TîTTTnACTT'Yr Cf RT l^ST'.T: 'TCTS "If* • 

HSATr;Tcn:i 

J. d* .Par^trr anc’ Surd*J wore able te ¿«torruîrsc a erra.? 

■eotlcn for eraporntion noutrrn prod,’,'tî.o:: by thr Interaction 

with email energy transfer of Vlr,b onerpy isucns ?.n le.’.d* 

T.T). Tattle21 has nevoloped a Cherenkov nesch taleicope-capable . 

of eelectlnr hîçb enerry nùons froM the hare cempor.ont cf nema 

set level cosmic rr.ys. This is (’one bp & verUcal arran^emant 

of two cylinderlcal water Cherenkov «çanerater' viewed by photo- 

wiltlolier tube;, v/hen the outputs ^ron the tve tub ce ave 

preoerly amrliric4. and counted in prorrpt coîacideacc, a count 

Índico tes a hlcçh ene rey ch^rood p? v tide has p¿ ssed tort uph 

both cylinder'’* Now of all cosnic raya at sea levol crc 

ncnetratlnff and are *u mesonc. c The soft component of cosmic 

rays la discriminated against becaure the eroerimont is to be 

carried out on the third floor of Sampson Hall which Has six 

inches of concrete overhead* Al'jO the threshold 'or Cherenkov 

radiation discriminates a^nín^t the soft conoor.ent. It is t'ms 

nearly 100«< cure that the coincidence arose from the oMsage 

of s Mrçh energy muon through the two cylinders. 

If the cylinders are arranged ao as to bracket the scintil¬ 

lator as in figure 5 leaving room for the target as shown, a 

orompt coincidence will now indicate the passage of a high energy 

‘men through the target. If ^hi-* muon proauced an evapor ^ion 

neutron in the target, the neutron may en tor the tank, be moder¬ 

ated and Cflotured by the hydrogen within a certain time. 13.8 

characteristic capture gama radiation will give rise to a 
16 



.elntm.tlon and hnnc. . -U. ln the sclntllUtors clncv.lt. 

»U pul., ein b. ont ln coincident vlth the tel.coco. colnel- 

•» /wn« t«l«-cooe nulre must be delayed for.the tin® 
done® pul?«, (lb® t®16 C0T,e 

^ ««utron to enter the scintillator, b® moderated 
necessary for the neutron 

and captured.) 
Uniortunet.ly, none of th. Ch.rcnkov net, nv.MUble to date 

w„ ..th.red with'th. -elntlllstlon tnnh .and tirc-.t In olaee. . 

(hue a good prediction cannot b. made as to the flux of high 

energy »mon. which will -a, through the target. A good cap¬ 

tion using th. avallahla data le that there will b. or. the order 

TT fn«, v'ilue plon^ with t^e experiment':! of UO per hour. TJiing this value p^^i 

cro.. .action of d. Pa"ter and Sard2’ for the produotion of 

evaporation neutron, by high energy tuen- In load of ^ 

(9.UÍ 2.4) .10“^ 'cm2/nucleon, the calculated value of 6.«*W 

nuel.on./em^ In lead and as.umlng IS cm of lead for » target 

* i .4«« inrtlroten thf’t fa count of 0.V3 thiekne^s, a rourh celculntion indie, 
to swoll onerry transfer of •vaporation neutrons oer hen.r due to s . 

V —vh..-4-/»n wl th this ’etector. We would 
high ®n®rP:y muons can h® exnec ca 

however exP.et our detecto^ to yield a count of about 0.9 n.r hour, 

th. difference b.lng attributable tc the neutron ylel^ fron ^ 

peel photon« 1« oa.oed. shower. Initiated by KnocW on electron». 

Xt will «1.0 be possible to detect and nea.ur. th. nu-ab.r 

of neutron- from each event. 

M*ur. 6 shows th, circuit which 1-. In oo.ratlon and 1. 

„pable of detecting the "repose- event. 
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Figure 5. Geometrical Arrangement of Scintillator gnd 
Cherenkov counters and a diagram of tre 
expected reaction» - • . 
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Figure 6. Block Diagram of Arrangement of Electronics to be 

used with the Scintillator and Cherenkov 
Generators. 
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It will of course b# necessary to analyse the data from 

the above arrangement very closely to be absolutely certain 

that the events predicted actually took place. It la, for 

example, possible to show from energy an¿ time considerations 

that a neutron Is caotured.2^ Reines, Cowan et al. have made 

use of the pair of pulsen produced In a large liquid scintil¬ 

lator when a neutron entern and Is captured to detect, the 

neutron. They state "the first of each pair is due to recoil 

protons, gama radiation entering the detector simultaneously 

with the neutron or other »fiducial» event coincident with the 

entry of the neutron. The second Is due to the gamma rays emitted 

by the nucleus which captures the neutron after it has been 

slowed down. The dietlncrulshlng parameters are the energy of 

the fiducial pulse, the energy of the csoture gammas and the 

time delay between the two nu*ses.H They further state the 

values of these parameters under given conditions and how they 

may be used to detect the neutron even in the oreeence of 

more copious radiation. 



VI CWCLTTSTO* 

lho liquid scintillation Counter has toen sho’.vn to have 

many advantageous features as cotroared to other present-day 

counters. In addition to the ability to detect neutrons, the 

flexibility of size and shape and the speed of the scintillation 

have been discussed as properties which have b^en utilized 

in this detector. 

In order to carry out the reseoreh suggested in the title, 

it may be necessary to shielà the tank. Tfris will be deter¬ 

mined as the equiwient is ^irthfr devolonod. It is further 

suggested that the tank be painted white in order to insure 

that as much of the lieht a* possible which originated in the 

tank finds its way into one of the photonultiplier tube---.. 
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