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CHAPTER I
INTRODUCTIONR

The energy levels of the Cal33 nueleus have been studied
by three methods, Harliest Information came from the atudy
of radiations from 8al33 (1, 2, L4, 5, 8), The excited cat33
nucleus is produced when Bal33 decays by cepturing an orbital
electron, The 0st33 nucleus in the process of decayling to
ground state emits s gamma ray with each transitien. An
analysis of these garme rays by scintilletlon pulse~height
and coincldence~counting techniques provided some Informatlion
for an energy~level scheme up to 0.4l Mev, the highest level
produced by Bal33 decay, Some levels in this energy range
mlght exist but would not be observed because they are not
aceesaible from Bal33 exceplt by forbidden transitionsz,.

Direct excitation of the Cat33 nucleus by the method of
Coulomb excltation also producesz an excited nucleus whieh
decays to ground state with the emission of & gamma ray for
each transition, 3uch an experiment using alphas particles
for bombarding particles has been conducted by at least two
groups (3, 9). Beeause of thelr high charge and low veloclity
for & given energy, alpha particles are eminently suited for
the electric excitation of nuclei such sz (sl33 gince the
condition for the simplified classical treatment of the proce
ass, zzngaa/hv$>1 (Zle and Zye are the charges of projectile
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7anﬁ target, v ia the relativs velocity), is well satiasfied in
this region of the pericdie table, Another advantage is in
the reduced background due to the relative ineffeotivensss of
alpha particles in esxelting the charscteriatic K x-radiation,
The anrlysis of gemms rays produced by this method heg led to
the assignment of four transitions in Csd33,

Another method of direct excitation 1s the inelastio
tam&taring of neutrons, Neutron inelastic scattering ocours
when a neutron forme a ¢ompound nuoleus of extremely short
half~life and then emerges with a slightly lower energy,
leaving the target nucleus in an exolted stete, Deocay by
gamms rays then ogcurs as in the Ball3 decay snd Coulomd
excltation methods, Interpretation of the resulting spectrum
is complicated, however, in this type of experiment by the
presence of baskground induced by the neutrons, The initisl
experiment of this type at North Texas State (ollege was
conducted by Young (10). In this experiment Young used 1li
Mev neutrons obtalned from the I {(t,n) ﬂo“ reaction produced
by the Horth Texaa State College 100 Kv CockerofteWalton
acoelerator to bombard a sl orystal, Analysis of the resulte
ing speotrum indlcated the existence of ,56 Hev snd .75 Hev
levels in Ca33, Lamb (6) carried on an sxperiment differing
from Young only in that 2,5 Hev neutrons were used insiead of
i Mev neutrons., Levela of ,175 Mev end .4 Mev were reported
from this experiment. Both Lemb and Young used single~channel
analysers to obtain pulse-height spectra, Instabllity of the
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aq&iﬁmmék made scourate oalibrstion lmpossible, Foor counting
statistlics resulted from the use of low bsam ocurrents which
were necessary for the preservation of targets, In an attempt
to eliminate the difficulties encountered by Lamb and Young
and olarify some of the unidentified features in thelir spectrs
MoDonald (7) repeated their experiments using an ReLisc 128-
shannel pulse-height anaslyser instead of the single~channel
analyszer, With this equipment MeDonsld was able to obtain

& complete speotrum during an interval of five minutes for

il Mev neutrons or twenty minutes for 2,5 Mev neutrons with
sxcellent counting statistics in eliher caase, &b&#u spectra
showed sixteen probable transitions in cesium, lodine, and
godium, Results were inconclusive, however, since higher
levels of excitation were not pressnt in these spectrs and

the energy messurements were not preocise in ths low energy
renge, Also the presenae of the ,08 Mev cesium level was

not firmly established,

The purpose of this experiment was to make positive
agsignment of the gsldd anergy levels exoited by the inoclas-
tic scattering of nsutrons, An experimental procedure
similar to that uassd by MoDonald (7) was employed {for:
detalls see Chapter III), The variation of counting rates,
varlation of target position, and use of lodine snd sodium
soatterers were utilized in an sttempt to produce spectra
which could be resolved with & high degree of sertainty.
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CHAPTER IX
INSTRUMERTATION

The gammaeray aspectira were determined by the use of an
RCLisg 128-channel pulse~helight analyzer belonging to Southe
ern Kethodist University. A thallium-activated oesium Lodide
oryatal (Harshaw 6Di) was used as both & soattersr and dee
tector while obtaining all ¢a133 spectra. The orystal was
attached to a Dumont 6292 photomultiplier whioch was used in
8 RCL Model 11029~1~1 probe, The amplified sigznsla from the
prote were passed to the RCOLiac where they were analyzed and :
recorded. Data from all channels were read from the acope
display and manually recorded at the end of each dats run,

A simllar system except for the substitution of s thalliume
activated sodium iodide orystal for the thalllumwactivated

cesium lodide orystal was used while ébtaiaing all spectra

of sodium and iodine gamma rays,

Calibrations were made immediately before and after
¢sch run, Sources used for calibration were Bs133. Haaz,
and $3137, The use of ﬁa133 a8 & callbration source made
possible an accurate interpretation of the neutron-excited
levels which were the same as those produced in 3&133 decay,

The neutron flux was monitored with & Nationsl Radiae

HFP3«2 sointlillator orystal using circultry similar to that

5



uged 1n earlier experiments at North Texes State {ollege

(1, 2). Unexplained fluctuations in neutronemonitor data
experienced by others using this aystem led to & check of

the system at the beginning of this experiment, The ree
sponces of the wonltor to gamma rays from @@69 and to neutrons
from & radium~beryliuvm sourse were determined experimentally
(see figures 4 &nd 5), The gamme rays were found Lo create
no response in the range of either the 2.5 Mev or 1l Hev
neutrons., The monitor system wasz thereafter considered

reliable,
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CHAPTER III
EXPELIMENTAL PROCEDURE

The 2,5 Mev and 14 lMev neutrons obtained from the
ﬁ(ﬁ,n}ﬁaj and Q(t,a)ﬁea reactions, respectively, were pro-
duced by the Horth Texas State College (ockrofte-walton
acoelerator. The neutrons were inelastically scattered
by each of the aystems desoribed below.

Thalliume~sctivated Csl orystal: The erystal in this
aystem serves as both a soatterer and a scintillator which
offers a three~fold advantege. Firast, the crystal conteins
the target nuclel under investigzation thus ellminating the
need for & coatly pure~gesium scatterer, Second, external
baokground radiation ean bve elliminated to a large extent,
since the gamma radiation under investigation is both
originated and detected within the ocrystal, Third, thia
erystal ls one of the best gamma-ray scinbtillators availe
able due to the high cross seotion for photoslectric intere
actions presented by the hlgh nuelear charges of both
oesium and 1¢diya. Analysis of these secintillutiones proe
vides a gammanra; spectrum for cesium and lodine,

Thalliumw-activated Cal crystal with lodine scatterer:
The preceding arrangment is sltered by the adaltion of an
lodine scatterer, The scatterer conzists of a loose une-

half=ineh-thick leayer of lodine packed around and in front

8
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of the orystal inside the slectirostatic shield. The apectra
obtained from thls srrangement exhiblit iodine peskas which
sre inoresased relative to spectra obisined without the lodine
scattersr,

Thallium-aotivated Hal oryatal: As Iin the case of the
08l crystal this oryetal scts as both a scatterer and a scline
tillator. This produces a apectrum which conteins gsmma-ray
psaks for both sodium and lodine.

Thellium~aotivated Nal crystal with lodine scatterer:
This arrangement consisbts of the Nal orystal with an lodine
scatterer in the same manner as the Ual with lodine scatberey
system described above, The indine levels in these spectra
are relatively more intense than those in gpectrs obtalined
uging only the thalliumemctivated Nal orystal,

Thalliumeactivated Hal with sodium scatierer: The Hal
erystal was used in conjunotion with a ring-shapsd godium
gcabterer, The gsodium ring was constructed by melilng a bar
of pure sodium In paraffin and pouring the mixturs into a
thin-walled mold made from sheet copper, 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 scatterer of one inch thickness around the ciroume
ference of the orystal through lts entire depth. The
presence of this goatterer produced gsodlum levels of greater
relative intenzity than those found in other apectra obe

tained using the ¥al crystal,
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Using both the 2.5 Mev and 1li Mev neutrons all scate
tering arrangements were employed at a position epproximetely
20 ceniimeters from the neutron source. The reduced counting
rate snoountered in these experiments required data runs of
thirty minutes or more and yislded poor results since backe
ground hesame of great importance at the high ensrples,

These experimenis wére repeated with the erystals at a po-
sitlon approximately 3 centimetera in front of the nsutron
gource, In this positinn dete runs of ten minutea duration
produced data in which the baockground waz unimportant., Date
produced during these runs are shown in Pigures 1, 2, and 13,

The Cookeroft-Walton ascelerator was operated in the
range from 75 Kv to 80 Kv throughout the experiment and
produced an intense flux of neutrons., The ococasional arce
produced during data runs appearsd to have littlie or no
effect on the Instrumentabtlon as callvrations rarely showed

a drift of over one shannel.



CHAPTER IV
RESULTS AND CONCLUSIONS

Representative spectra obtained from these experiments
are shown in Flgures 1 through 3. Several spectra are shown
in each riguru for the purpose of comparison of peak shapes,
Energy ¢alibrations have been normelized for all the spectra
in any one figure, but neutron flux and background have not,

Plgures 1 and 2 are samples of spectra obtained during
the inelsatic scattering of 2,5 Yev neutrons. Pigure 1,
csovering the energy range from ,03 Mev to 40 Mev, shows the
spectra of Nal, Nal with e sodium soatterer, Hal with an
iodine scattersr, (sl, and Osl with an iodine scatterer,

In Fﬁgﬂ?a 1 a sharp contrast is noted between ths
apectra abﬁained with the fodine scatterer and those without
it, In both the Osl and Hal spectra obtained with the lodine
scatterer a peak appears at ,057 Mev, This energy level is
assigned to lodine for the following four reasons., It ap-
pears in the apeotra of both Nal end (sl, Iodine levels of
+056 Mev and ,062 Mev have been reported by Msthur (7) and
Van Lnar'anﬁ Lind (12) respectively, 1t appesars in all the
14 Mev spectra of both OsI and Nal, The lodine scatterer
makes this pesk more intense in the li Mev spestra, In the
2,5 Mev speotra obtained without an lodine scattersr an
extremely 1nﬁun;a pesk appears between .03 Mev and .05 Mev,

il
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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 lodine scatterer elim-
inated the strong ,079 Mev level from Ba133 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 CsI with iodine scatterer but not in the spectrum
of Nal with iodine scatterer. This peak also appears in the
1l Mev spectra of CsI and CsI with lodine scatterer but not
in any of the 1llf Mev Nal spectra in Figure 3., An energy
level of ,079 Mev has been observed in the decay of Ral33
and in Coulomb excitation of cet33 (2, 4y 9, 10). Therefore,
this energy level is assigned to cesium,

In Figure 1 a peak is found at .175 Mev in both of the
CsI spectra but in none of the Nal spectra. A peak at ,175
Mev also appears in the 1l Mev spectra of CsI 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 Nal spectra of Figure 1 a strong peak appears
at .20 Mev., The broadness of the ,175 cesium peak in the

CsI spectra of the same figure indicates the presence of a
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peak somewhere in the ,20 Mev ragion; A .20 Mev peak aisb
appears in all of the 14 Mev spectra of Figure 3 and is re=-
latively more intense in those obtalned using an lodine
scatterer, The ;ZQ Mev level in iodine has been cbserﬁe& by
other experiments (3, 7, 11, 12). This level 1z therefore
attributed té lodine,

In Pigure 1 the Nal speotra reveal a broad peak in the
neighborhood of .40 Mev., McDonald (8) obtained a similar
result in his work and suggested that 1t was the summation
of the well known .40 lavai in 1odine, the U4l Mev level in
¥a23 and a third unknown level between ;AS Mev and ;55 Mev,
The results of the current experiment are best shown in
Pigure 2; The Nal speotrum indicates peaks at 4O Mev,

ol Mev, and 47 Mev, The spectrum of Nal with sodium
scabterer shows the same peaks but the .4l Mev peak 1is
greatly enhanced by the sodlum scatterver. The Nal-withe
fodine~scatterer spectrum consists of a broad peak in this
region which gives little information. The only assignmente
made riom,thasa data are the .4l Mev to sodium and the 40
Mev to lodine., The .40 Mev iodine level has been cbserved
by others (3, 11, 12) in neutron spectra as has been the
Jlily Mev sodium 1level (1, 5, 11). The data sppear to cone
firm the level at ,47 Mev reported by McDonald (8) and
indicate that it 1s probably due to iodine. However, since

there exlsts no such reported level in iodine and the
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results of using an iodine scatterer were nsgative, any
assignment made to this energy level would be questionable,

Figure 3 shows speotra obtained using li Mev neutrons,
These cover the energy range from .03 Mev %o 40 Mev for (UsI,
Csl with iodine soatterer, Nal, Nal with lodine scatterer,
and Nal with zodium soatterer, The counting rate was low for
all of the spectra due to an a&ﬁémpt to prevent the pulsee
height anslyzer from overloading.

A peak appeers in asll of the speotra in Flgure 3 at
+057 Mev, It is more intense in those spectra obtained while
using iodine scatterers. This is the 057 Mev lodine level
mentioned earlier in the discussion of the 2.5 Mev spectra,

Both the Cal spectra in Pigure 3 show a peak at ,079
Mev while none of the Nal spectra show such a peak, As reporie
ed in the éisauaalﬁﬁ of the 2.5 Mev data this level will be
assigned Lo cesium.

All of the Nal speotra obtained using 14 Mev neutrons
show & peak at ,135 Mev, As may be noted in Figure 3 the
use of an lodine scatterer 3&&#@13 enhances this peak, An
iodine transition of ,135 + .0l Mev was reported by MoDonald (B)
and one of ,145 Mev was reported by Van Loef and Lind (12)
and by Mathur (7). %This level is therefore assigned to fodine,

Another peak was observed at .16 Mev in only the Nal
epsotra, Thils peak was not enhanced by the use of an lodline
soatterer but became alightly more intense when a sodium
scatterer was used. This appears tov be & new transition in

sodium,
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A level at ,175 Mev appears in both the (sl epectra but
in none of the Nal spectra, This level was reported earlier
by both Lemb (6) and MeDonald (8) and assigned to cesium, .

A level at ,200 Mev appears in all the li Mev spectra
and is more intense in thoass ahﬁﬁined using aﬁ iodine scate
terer, This level in lodine also appeared in the 2,5 Mev
spectra for Hal and was assigned to fodine,

All speatra in Pigure 31 show pesks at .25 Mev and .33
Mev with the latter pesk being rather bvaad. %ha uze of
dodine and sodium scatterers ylielded negative rasulta,‘ané
ginoe there are no reported transitions for imd&ﬁa st ﬁh@wa

levels; they rmust remain unasgsigned,
This experiment succeeded in the clarification of two

points which were loft in doubt by earlier experimenta,
First, & reduced counting rate does not help the speotrum
obtained by the inelastic seattering of 1 Mev neutrons,
3esaond, eaﬁﬁlusxww“pra&r wag obtained that the ,08 Mev level
in ceaslum can be produced by neutron exeitation,

Seversl questions stlll exist concerning the Nel speotra,
The level at appréximaﬁelx o7 Mev remains unresolved although
it 1s probably due to lodine, A new and previously unreported
level at .16 Mev in sodium also appsars probable, The large
reduction in low enargy background cbeerved in spsotre obtalne
ed with the lodine scatterer also indloates that it might prove
useful to use a sodium ascatterer of geometyy simlilar to the

fodine scatterer,
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