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CHAPTER I 

IHTRODUCTIOJf 

The energy levels of the Cs*-33 nucleus have been studied 

by three methods# Earliest Information cane from the study 

of radiations from aa*33 (i, 2, $$ 8), The excited Cs133 

nucleus is produced when Ba*33 decays by capturing an orbital 

electron* The 0s*33 nucleus in the process of decaying to 

ground state emits a gama ray with each transition* An 

analysis of these gaanfi rays by scintillation pulse-height 

and ooincldenoe-oounting techniques provided some information 

for an energylevel schesas up to 0 ^ 4 *«•» the highest level 

produced by Ba133 decay* Some levels In this energy range 

sight exist but would not be observed because they are not 

accessible from 0a133 «Xcept by forbidden transitions* 

Direot excitation of the 08*33 nucleus by the nethod of 

Coulomb excitation also produces an excited nucleus which 

decays to ground state with the emission of « gamma ray for 

•*»h transition. Such an experiment using alpha particles 

for bombarding particles has been conducted by at least two 

groups (3, 9). Because of their high charge and low velocity 

for a given energy, alpha particles are eminently suited for 

the eleotric excitation of nuclei such as 08*33 since the 

condition for the simplified classical treatment of the proc* 

9>,i 2Zi"42^/hw»l (Zg@ and are the charges of projectile 
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mi target, • Is tho roXAtiv# voXooity), is woXX #&ti«fi#i in 

this rogion of tho periodlo tabid* Anothor sdYAntago Is in 

tho r»dao«4 bAokgreuad duo to tho roXAtiro iaoffootivoaoas of 

alpha pA*tioloa la oxoitlag tho ohAPAetori*tio X x-radiation. 

Yho «8AXy«i® of g u m rsji produood by thit aothod hot Xo4 to 

tho Assign*oat of four traaaitiont in 0«^33# 

Anothor aothod of diroot oxoitatioa it tho iaoXAttio 

soAttoriag of noutrono* loutron inoXottio ooAttaring oooura 

whoa A nautron fora* & ooapound nuoXous of «xtrta»ly short 

hAXf-Xifo And than oaorgos with s tXightXy Xowor oaorgy, 

XoAving tho targot nuolaua in Aa axeltod stata. Doooy by 

gaaaa Fays thoa oooura AA in tho SA^^I dooAy Aad QouXoab 

oxoitation aothoda. Xntorprotation of tho rosuXting spootrua 

it ooapXioatod, howavar, in this typo of oxporiaont by tho 

prosonoo of bookiround indue ad by tho aoutroas, Tho initial 

oxporiaoat of this typo At Sorth TOXAA Stata OoXlogo was 

ooaduotod by Young (XO)• la this oxporiaont Young uood 14 

MOV noutrons obtAinod froa tho D (t»a) Bo^ roootion produood 

by tho Sorth TOXAA 3 to to QoXXogo X00 KV Oookeroft-Walton 

AoooXorotor to boabard A QAX crystal. Analyala of tho rosuXt-

iag spootrua indiestod tho oxistonoo of «$6 Motr And #75 Mtv 

lovoXa in C A 1^. IfAab (6) oarriad on m oxporiaont difforiag 

fr«a Young onXy in thAt a.S *•» noutrons woro u«od inatosd of 

3UU- HOT noutrons* LOTOXS of .X75 H I ? And «I*4 Kov woro roportod 

fa?«w thiA oxporiaont* Both X*ab And Young uood Alnglo-ohanaoX 

AnaXysoro to obtoin puXso-hoight spootrs, Inatability of tho 



oqulpawat Mdt utumtt calibration iapo»iil9l«» Poor louaiiai 

ilatliliw roaaXtod fp«s tho u«« of low boom oarroata which 

woro 11M011U7 for tho proaorvatloa of targota* Xa «a attonpt 

to oXiaiaato dlfflouXtloa •asottttrci by Laab lad Young 

aad oXariff 3<w of the foaturoa in tholr •poofer* 

McDonald (?) ropoatoi fchoir ojEporimoata using aa RoLlao 128* 

ohaaaoX puXao«holght aaaXyaor Instead of tho single-channel 

laftlxmt tilth this oquipaoat JloDoaaXd vai abXo to obtain 

A oonpXoto apootrua during aa latorvaX of fivo almitoa for 

14 HOT aoutroaa or twoaty aim* too for 2«5 NOT aoutroaa vlth 

oxaoXXoat oouatlag atatlatloa la oithor oaao* Yhoao apootra 

ahowod aixtooa probablo traaaltloaa la ooalua, iodiao, and 

•odium. Roaulta woro laooaolualvot howovor* alaoo felghor 

lavoXa of oxoltatloa woro aot proaoat la thoao apootra and 

fcla# aoorgy aoaaaroaoata woro not proolao la tho X@w oaorgy 

raago* Al»o tho proaoaoo of tho *08 Mov o*alum XovoX was 

aot firmly oatabllaho4» 

fho purpoao of tfcla oxporlmaat traa to mako poaltiro 

aaaigaaoat of tho Ca**3 oaorgy XovoXa oxoltod by tho laolaa-* 

tlo aoattorlag of aomtroaa* Am o^«rl»aat«X proooiwo 

almllar to that uao4 by KoDonald (7) waa oag>Xoyo4 if ok 

datails aoo Ohaptor XIX), Tho rarlatioa of ooaatlag ratoa» 

variation of target position, and mso of lodiao and sodium 

aoattorora woro utlllaod la an attoapt to produoo apootra 

whloh ooaXd bo roaolrod with a high dogroo of oortaiaty* 
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immvmmmim 

Th» gamma-ray apmtm w@m datawHm4' toy tha m® of ta 

BCLiaa X28»ahaxmal pulaa~haight analyxar b»l#ngl«g to South* 

or® Xathodiat tfal*ar»lty» A thallitwaotivatad oaaliia iodlda 

oryatal {Mmmhm v m uaad as both a aoattarar and do* 

taotor whila obtaining all Ca*^ apaatra* fh# oryatal waa 

attaohad to a Dvnont 6292 photomulti pilar which waa uaad la 

a SCI, Modal 11029*1-1 proba. Tha amplifiad signal* from tha 

p m m vara paaaad to tha ROLlao whara thay wara analy&ad and 

raoordad« Data from all ohannala wara road fron tha aoopa 

display and Manually raoordad at tha and of aaoh data run* 

A similar ays tan axoapt for tha substitution of a thalllua-

activated sodium lodlda oryatal for tha thallluah»aotivatad 

oaaiw® iodida oryatal waa uaad whila obtaining all apaotra 

of aodiuza and lodlaa g n u rays. 

Oalibrationa wara nada ismadiataly bafora and aftar 

aaoh run. Souroaa uaad for oalibration wara Ba1**, Ha22, 

and Ca*^» Tha uaa of 8a**^ aa a calibration aouraa aada 

possible an aaourata intarprotation of tha nautron-sxoitad 

lavala which wara tha aana aa thoaa produoad in Ba*^ daaay* 

Tha nautron flu* waa aonitorad with a national Radiao 

MfS*2 aointlllator oryatal using oirouitry similar to that 



ms*<§ in ®«trliei» •xperiaent* a t Sorth St»t« Q&llogo 

CI# 2) . unoxplolnod f luctuat ions in ttoutoo!*»aumitor data 

oxporionaod &y othora uaing this aystorn lod to a ohock of 

ftta* tyatorn a t fch® ooginaing of th i s ©xperlawnt. Tho ro* 

sponoos of the aumlfew to gamna ray* from. Cô ® mod to noutrotia 

f r o * a radi tufboryl iua aourao wor® dot amino d axporlaofitftlly 

(aoo -figures % and 5)» Tfeo gmmm rays « « n found to oro&to 

a® roaponao i a tho rang® of oithor fell® NOT or 1% MOT 

noutrona. ttw tsoiiiter ayatom was thoroaftor oonaidorod 

roliablo* 
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OTAPXHR III 

sxnft&aartAL mmmmm 

The 2*5 He* and 14 Hev neutrons obtained from the 

&(dfn)Be^ and l?{tfn)He^ reaotloaa# respectively, w@m pro* 

4mm4 by the Sorth Texae State CoXXege Coekroft-tfaXton 

accelerator. Warn neutron# were IneXaatioalXy aoattered 

by eaeh of the ey sterna described below. 

ThaXX lu»»ae fciva ted Gsl orystalt The orystaX la this 

system a t m i as both a soatterer tad a aalntlXXator which 

offers a three-foXd advantage* First, the oryataX contain* 

the target nnoXel under investigation thus elLain*ting the 

naad for a oostly pur«-oesiu» seatterar* Second, external 

background radiation aan bo eliminated to a Xarga extent, 

aixioa the ganaa radiation under investigation la both 

originated and dataotad within tha crystal* Third* thia 

crystal Is ona of tha baat gawaa*ray scintillators avaiX-

abXa dua to tha high cross section for photoeleotrio inter* 

actions presented by tha high nuclear ahargaa of both 

aeslua and Iodine. Analysis of these scintillations pro-
\ 

Yidaa a gaama»ray apao tram for oesiua and iodine* 

Ttaalliui*-aetlvated Csl crystal with lodina soatterert 

Tha preceding arran&aent is alcered by tha addition of an 

lodina acatterer* Ihe soatterer consists of a loose one-

half-inch*thiok layer of lodina packed around and in front 



of the orystal Inside the eleotrostatio shield. The speotra 

obtalne-i frow this arrangeaent exhibit Iodine peafca whloh 

are Increased relative to speetra obtained without the iodine 

seatterer. 

Thalliuis-aotlvated Hal 9rjat9.lt As in the oaae of the 

Cal orystal this orystal aets as both a aoatterer and a scin-

tillator. This produces a spee trust whloh eontaina gaawa-ray 

peaks for both eodlua and iodine* 

Thallluai-aotivated Mai crystal with iodine soatterers 

This arrangement consists of the Hal crystal with an iodine 

aoatterer in the same natraer as the Csl with Iodine aoatterer 

system desoribed above. The Iodine levels in these apeetra 

are relatively sore intense than those in speotra obtained 

using only the thalllua-aotlvated VaX orystal. 

Thalllua-aotlvated *al with sodium aoatterert The Mai 

orystal was used in oonjunetlon with a rins*shaped sodluai 

aoatterer, 'Rue sodium ring was constructed by melting a bar 

of pure sodium In paraffin and pouring the mixture into a 

thin-walled mold made from aheet oopper. The relatively 

light paraffin flowed to the top of the Mold and was removed 

after the sodium hardened. The resulting sodium ring pre-

sented a aoatterer of one lnoh thlokness around the oirouua-

ferenee of the orystal through its entire depth* The 

presence of this soatterer produced sodluai levels of greater 

relative intensity than those found in other speetra ob-

tained using the Sal orystal* 
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Being both the 2.5 Mev and lij. neutrons ail teat* 

taring arrangements w®r# employed at a position approximately 

20 oentlmetera from % km neutron source. The reduced oounting 

rata encountered In thaaa experlaurats required data runs of 

thirty Minutes or mm and yielded poor results alnoa baok-

ground &eoa*e of graat importance at the high energies* 

Thaaa experiment* were repeated with tha arystals at a po» 

aition approximately 3 oentlmeters In front of tha neutron 

source, In this position data runs of tan nlnutea duration 

produoad data in which tha background was uninportant, Data 

produced during thaaa runa ara shown in Figures 1, 2, and 3. 

Tha Cookeroft-Walton aooalarator was oparatad In tha 

range fro» 75 K> to 00 K* throughout tha experlsent and 

produoed an intense flu* of neutrons. The ooaaalonal aroa 

produoed during data rune appeared to have little or no 

effaot on the instrusientatlon as oallbrations rarely showed 

a drift of over one ohannel. 
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SoprosontatlT® ipMtrt ®btai»oi £mm tt*®a# *xp*rUNati 

* b * m In Plguros 1 through 3, S m r t l spootra aro s:torn 

la «Mwh flguro for tho purposo of ooaqtarlaon of poak shapos, 

Sn«rgj tftllfantiMi tov# normalized for all tho spootra 

ta any on® flguro, but neutron ftm, m A background fern not* 

Flgnros X and 2 aro sampXos of iptttrt obtalnod during 

tho Inolastlo soattorlng of 2.5 HOT noutrons, Plguro l> 

o o w l n g tho onorgy rango fro* .03 HOT to 4.0 Xiv^ shows tbo 

spootra of laX, *%I with a sodlua soattoror, laX with a* 

Iodine soattoror, OsX* and OsX with on lodlno soattoror, 

Xn Figaro X a sharp oontrast Is notod botwoon tho 

spootra obtalnod with tho lodlno sosttoror and thoso without 

it. In both tho Osl and XaX spootra obtalnod with tho lodlno 

soattoror a poak appoars at .057 MOT, nils onorgy XOTOI IS 

asslgnod to lodlno for tho foXXowlng four roasons* Xt ap-

poars lft tho spootra of both XaX and OsX* lodlno IOTOXS of 

•Q5& Mev and *062 MOT haw boon roportod by Msthur (7) and 

fan JLoof and Llnd (X2) rospootlroly, Xt appoars In all tho 

Hi MOT spootra of both OsX and VsX, tho lodlno soattoror 

aakos this poak aoro lntonso In tho lk MOT spootra, Xft tho 

f»5 MOT spootra obtalnod without an lodlno soattoror an 

oxtroaoly lntonso poak appoars botwoon ,03 MOT and ,05 MOT, 

XX 
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The magnitude of this peak is such that the .057 iodine level 

does not appear in these spectra. This peak apparently is 

due to background since the presence of an iodine scatterer, 

which is also a good shield, eliminates this peak. It was 

noted during this experiment that the iodine scatterer elim-

inated the strong ,079 Mev level from Ba"*"-̂  decay when used 

as a calibration source. Hence it appears the iodine scat-

terer would be able to absorb intense low energy background 

radiation. 

Also in Figure 1 a peak is noted at .079 Mev in the 

spectrum of Gsl with iodine scatterer but not in the spectrum 

of Nal with iodine scatterer. This peak also appears in the 

lî. Mev spectra of Gsl and Csl with iodine scatterer but not 

in any of the lij. Mev Nal spectra in Figure 3* An energy 

level of ,079 Mev has been observed in the decay of 

and in Coulomb excitation of Cs"*"̂  (2, l+, 9, 10). Therefore, 

this energy level is assigned to cesium. 

In Figure 1 a peak is found at .175 Mev in both of the 

Osl spectra but in none of the Hal spectra. A peak at .175; 

Mev also appears in the llj. Mev spectra of Csl which will be 

discussed later in this chapter. A .175 Mev level in cesium 

has been reported earlier by Lamb (6) and McDonald (8). Hence 

this level is assigned to cesium. 

In the Hal spectra of Figure 1 a strong peak appears 

at «20 Mev. The broadness of the .175 cesium peak in the 

Csl spectra of the same figure indicates the presence of a 
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peak somewhere In the ,20 Heir region. A .20 Mev peak also 

appears la all of the 34 Mar spectra of Figure 3 and la re-

l&tlvely more Intense In those obtained using an iodine 

soatterer, The ,20 Mev level In iodine has been observed by 

other experiments (3» 7» 11 > 12). This level Is therefore 

attributed to Iodine. 

In Figure 1 the Ia| speotra reveal a broad peak In the 

neighborhood of .40 Mev. MoDonald (8) obtained a similar 

result In his work and suggested that It was the summation 

of the well known .40 level In Iodine, the ,44 Mev level In 

Jfa^ and a third unknown level between .45 Mev and .55 Mev, 

The results of the eurrent experiment are best shown la 

Figure 2. The »aI spectrum indicates peaks at ,40 Mev, 

•44 Mev, and .47 Mev. The spectrum of Mai with sodium 

soatterer shows the same peaks but the .44 Mev peak Is 

greatly enhanced by the sodium soatterer* The Sal-with* 

iodine-seatterer speotrum oonslsts of a broad peak In this 

region which gives little Information, The only assignments 

made from these data are the ,44 Mev to sodium and the »4® 

Mev 'to iodine.! The «40 Mev iodine level has been observed 

by others (3» 11* 12) la neutron spectra as has been the 

•44 Mev sodium level (1, 5» 11)• The data appear to con-

firm the level at .47 Mev reported by MoDonald (8) and 

indicate that It is probably due to iodine. However# since 

there exists no such reported level in Iodine and the 
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results of using an iodine soattsrer were negative, any 

asslgn*ent wide to this energy level would b® questionable* 

Figure 3 ahowa apeetra obtained using 14 Mev neutrons. 

Theae oover the energy range fro* «03 Mev to *40 Heir for Csl# 

CaZ with iodine aeatterer» WaZ* lal with Iodine aeatterer* 

end *al with sodlua soatterer* The eountlng rate waa low for 

all of the apeetra due to an attenpt to prevent the pulse* 

height analyser from overloading* 

A peak appeara in all of the apeetra In Figure 3 at 

*05>7 Mtv* It la wore Intense in those apeetra obtained while 

using iodine aoatterera* This is the .057 He* iodine level 

mentioned earlier In the diseussion of the 2*5 Kev apeetra* 

Both the OaZ apeotra in Figure 3 ahow a peak at <079 

Kev while none of the MaX speotra ahow such a peak* Aa report* 

ed in the dlsoussion of the 2.5 Xev data this level will be 

assigned to oealua. 

All of the laZ apeetra obtained using 14 Kev neutrons 

show a peak at *135 Kev. Aa nay be noted In Figure 3 the 

uae of an Iodine aeatterer greatly enhanoea this peak* An 

iodine transition of *135 • *01 Kev was reported by MeDonald (S) 

and one of *145 Mev was reported by Van Loef and Llnd (12) 

and by Katfeur (7)* This level Is therefore assigned to iodine* 

Another peak waa observed at *16 Mev in only the VaX 

speotra* This peak waa not enhaneed by the uae of an iodine 

aeatterer but beeaae slightly more intense when a sodluat 

soatterer waa used* This appeara to be a new transition In 

aodlUK* 
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A Imml at #175 Hst appwrs in both %h@ Oil sp#etra but 

in m m of tha tal apoatra* This laval vaa raportad aarliar 

by both La»b (6) and KoDonald {8) and aaslgnad to aasiuau . 

A lw«I ate *200 appa&rs In all tha U| Hav apaotra • 

and Is mora intansa in thoaa obtainad using an iodina aoat* 

tarar. Thia laval in iodina alto appaarad la tha 2*5 N*v 

apaotra for Hal and was aaaignad to iodina. 

All apaotra in Plgura 3 show paaka at ,25 NaT and ,33 

Mar with tha lattar paak baiag rathar broad, Tha usa of 

iodina and aodto» aaattarera ylaldad nagativa raaults* and 

ainaa thara ara no raportad tranaitiona for iodina at thaaa 

larala, thay wiat raaain unaaaignad, 

Thia axparlMant auaaaadad in tha olariflaation of two 

points which wara laft in doubt by aarliar axpari*anta« 

Pirat* a raduoad counting rata doaa not halp tha spaotvatt 

obtainad by tha inalaatia aaattaring of 14 Iter neutrons* 

Saaoadf eoncluaita proof %raa obtainad that tha «0d Kav laval 

in aaaiua oan ba produaad by nautron asaltation* 

Savaral quastions atill axiat aonoarnlng tha HaX spaatra* 

tha laval at approxinataly ^ f Mar rasalna unraaolvad although 

it la probably dua to iodina* A naw and pravioualy unraportad 

lairal at *16 Mar in aodlim alao appaars probabla* fha larga 

raduation in low anargy baokground obaarvad In apaatra obtain* 

ad with tha iodina aaattarar alao indioataa that it sight prova 

uaaful to uaa a aodiua ao at tar ar of gaoaMtry similar to tha 

Iodina aaattarar* 
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