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CHAPTIER 1
INTRODUCTION

The purpose of this paper is to study the possible ex~
elted states in the nucleus of Cs 33, At North Texas State
College a 100-Kev Cockeroft-~Walton accelerator has been con-
structed for use as a neutron source for exciting various
nuclel and for studying the gamma spectira obtained to deter-
mine thelr energy levels. The accelerator was designed to
employ the §~3(Q,R}EG and H (ﬁ,n)ﬁaa reactions to obtain a
high yield of approximately 14 Mev and 2.5 Mev neutrons re-
spectively. W. W. Givens (14) used this method with the 14
Hev neutrons in hils study of as?s

In this author's search for a suitable element to study
it was decided to restrict the possible elements to the me-
dium range of nuclides due to the extensive research which
has been done on the light elements. A cholice element would
have the characteristics of a 100 per cent abundance (thus
eliminating expensive separation methods), and unknown energy
levels., It was noted that cesium had all of these character-
istics and that its use as a detector in the form of a
thallum~activated Csl scintillator would greatly simplify the
experimental arranga&eat; The use of the scintillation
counter as a radiation detector and gamma-ray spectrometer

requires an abundant knowledge of a particular
1
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scintillator's actions while in use and under bombards
ment.

 Since the time Nai(TL) crystals were first used suc-
¢tas£a11y as radiation detectors, many other crystals have
‘bean anvalapad for this purpose and are being tested end
'1ﬁseé with continually increasing apgiicntiaasa
| The CsI{T1) erystals have many uses in thé ﬂctaatian nf
fVariaus k&nﬁa of radiation, They may be asa& exposed in a
jvagnnm, and may be handled and worked ‘with ease. @ha anrreat
‘use of erystals has been greatly accelerated by a.high aan*
';sitivity, an output proportional to the eaﬁrgy of the inﬁiﬁ

“,f&snt radiation, and a variety of sizes and shapaa which are

favailahia commercially. The biggast advaataga the eaxtil}
has over the Hal(Tl) erystal is that it is not so hygro-
scopic and appears to have a slightly bﬁttar affiaiaﬂgy How
avgr, the cost of the &sX{il) erystal at this time 1s two or
_thrsu times the cost of a 3&1{?1} erystal of the same size.

. The North Texas State College 100~Kev Cockcroft-Walton
&acelirat@r was aa#leyaﬁ in this experiment to obtain neum
trons with an approximate energy of 14 lev. In the Hsfﬁ,n35k4
raagtiaa the snergy of the neutrons uaa caleﬁiated to be
about 14.82 Mev in the forward direction using the "Q" value
given by Van Patter and Whaling (11). The spread of energy
over the face of the crystals due to the difference in angle
was found to be 0.054 Mev. This 1s of the same order of mage
nitude as the spread due to the thickness of the tritium targete
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‘ L 133 ‘
The reactions possible when Cs is bombarded with 14'

HMev neutrons are shown below and the "Q" values given are
from calculations using data of atomle masses by Duckworth (3)
and beta decay energles of Lidofsky (7):
133 132
1. G +n—3Xe +n+p - 6.692 Hev

13: 1 2
2. 33133+R—Xa 32‘+H - 4,025 llev
3. Cs 33+sx—-—es134+ 6.824 Mev
133 132 .
4, Cs +n—Cs +2n ~ 7.724 Mev
G ﬁs;33+ a—x;133+ 13»+8*948‘va
6. %133+ a-113&+ﬁ&¢+ 4,27 Mev
133 133 ¢ i

7. C8 +n—Cs +a+7.
The first two reactions above give rise to stable ,:s.sa"fmms, '
but the energy of the bombarding partlcle and the coulomb
barrier to the proton, which is about 10.6 Mev, would probe
ably cause the first reaction to go by electromagnetic radia-
tion in preference to proton emlssion. Concerning the second
reaction it appears, in general, that deuteron formation would
be unlikely in this region of the table of nuclides. One
would conclude, then, that both these reactilons would have a
v@y low yield. The next three reactions (3, 4, 5) all give
rise to radloactive isotopes and a measure of half-life active
1ty would make it possible to detect the particular activity
of the ‘preduets of these reactions. As for the gixth raaétim,
ﬁ?gécaalamb parrier to the alpha particle is about 21 Mev and
I is a beta emitter which has a half-life. that could be

detected in the same manner as those above. As for the last
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reaction (7), it appears to be the most likely to give a large
yield. The sztudies made by many investigators of the regﬂtiaﬁa
of the NaI(Tl) crystal (2, 5, 6, 8, 12) allowed this suthor te
use it as a means of checking the background for this experi-
ment. Consideration was givem to an elastic scattering of the
neutrons from xag3, and it was found that the maximum energy
obtainable for the sodium nucleus would be about 0.224 Mev.

Wolf's (13) paper which reports the use of a NaI(Tl) crys~
tal to study the gamma-ray spectrum of sodium metal will be of
interest here due to the similarity in the determination of
background, and the values obtalned for the energy levels of
sodiun and iodine, Wolf used 2.5 Mev neutrons on a NaI(Tl)
erystal aa& showed values of the pulse-height distribution
taken both with and without sodium metal packed around the crys-
tal, She concluded that the peaks uhiéh roge in intensity were
probably due to the &ﬁéiﬁm and those which dl4 not rise were due
to iodine. &he gave the values for icdine to be about 0.2,
0,41, 0.64 and 1.0 Mev. For sodium she obtained the values
0.45, 1,69 and 2.2 Mev, Even though there is a great differ-
ence in the snergy of the neutrons used by Wolf and those used
by this author, the differsnce in gamma-ray intensitles would
not be expected to be too great for the energy range of the
gamma rays studled here and one would hope that a comparison
of data would be significant.

There were no data obtainable in the literature involving
the bombardment of CsI(Tl) crystals with high energy neutrons.
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However, Fagg (4), using coulomb excitation with alphas of
about 5 Hev, reported cesium to have gamma peaks at 0.082,
0,302 and 0.379 Hev, while Temmer and Heydenburg (9,10),
using the same method, reported the 0.082 peak and also
found one at 0,163 lev.
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CHAPTER II
INGTRUMENTATION

The gamme~ray spectra shown in the fAppendix were taken
using a single-channel scintillation spectrometer. The spece
trometer consisted of a radiation deteetor, linear amplifier,
pulse~height snalyzer, and scaler. For the bombarding runs
on cegium, the radiation detector eansistaﬁ of a CsI(T1l) crys-
tal, a 6292 Dument photomultiplier tube, and a éa%hadaw
followaer type pre-~amplifier designed by the Oak Ridge National
Laboratory. The pre-amplifier had been modlfied to shift the
high potential from the cathode to the first dynode. A circult
dlagram is shown in Pigure 1 (Figure 1 and all other figures
will be found in the Appendix). The CsI(TL) crystal was a
Haraha%'heimatieaily sealed product, a cylinder one and onew
half inches in diamastar by one inch thick. The high voltage
for the photomultlplier was supplied by a home~built highe
voltage power supply simllar to the Atomic Instruments HModel
312« The output of the cathode follower in thﬁ premamplifier
was fed inte an Al linear amplifier, Atomie Instruments HModsl
218. This signal in turn was fed through an Atomic Instrue
ments Model 510 single~channel differential pulse-height ane
alyzer. The pulse-helzht snalyzer fed an Atomle Instruments
Scaele of 64 Hodel 101-M sealer, the output of which went to

8



9
a machanlcal register. A block dlagram of the spectrometer
is shown in Pigure 2. '

" In order to have the é&&a nunber of neutrons passing
through the crystal for each interval of counting, an alpha
monitor was designed to count the nuwber of aiphas given
off by the ﬁ3(ﬁ,u)ﬁé4 resction at right angles to the beam
(Figure 3). The alpha monitor consisted of a Harshaw
CsI(T1) erystal blank which was cut and peiiﬁhéﬁ to a dismeter
of one inch and thickness of 0425 mm. fIt was Qaantad to the
lucite lightwpiyﬁ~u51ﬁg Dow-Corning high~vacuwn grease for
optical eoupling. The lucite light-pipe was mounted on &
Dunonit 6292 photomultiplier in a similer way. The output of
the photomultiplier was fed into a cathode-follower type pre-
amplifiery, Natlonal Radiac Hodsl sow2ds The signal from the
pre-amplifier was fed into an Al type linear amplifier, Atomie
Instruments Model 218, The amplified pulse ha?e was fed into
an Atomic Instruments Model 510 single~channel pulsewhelght
analyzer to diseriminste against any pulses of lower height
than the alpha particle pulsese The oufput of the pulse~
hsight~anﬁ1yzer was fed into a scaler and the ceantral contrel
unit described by Givens (1). The alpha monitor was shielded:
from fluorescence on the target by & 0.00009-inch nickel foil
which was placed over the 0.5 em. opening in the eallimatar
sﬁﬁwn in Figure 3. The tritium target was mounted at a 45
angia to the beam of deuterons se that the alphas formed would
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not have to traverse any more of the turget's thickness than
was necessary. 7The solid angle subtended by the alpha
monitor to the target was 0.075 steradians.
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CHAPTER III
EXPERIMENTAL PROCEDURE

The background runs were made using the instrumentation
previously described with the exception that the CsI(I1) crys~-
tal was replaced by a NaI{Tl) erystal in the spectrometer set-
up. The NaI{Tl) crystal was also a Harsghaw product, which was
identical to the CsI(Tl) crystal in dimensions and mounting.

The use of the NaI(Tl) and Ca¥(Tl) crystals as detectors
eliminated the necessity of scatterers. Even though the two
¢rystals were identical in size and shape (one and one~half
inches in diameter by one inch thick), the difference in den~
sity and the size of the molecules in Csl and Nal made the
number of lodine atoms in each erystal different. The ratio
of the lodine atoms in the NaI(Il) to those in the CsI{Tl) was
calculated to be about 1l.41 to 1.

The geometry ariﬁha experiment is shown in Figure 4. The
detector was hung from an aluminum frame by thin wire to help
reduce scattering of the neutrons. The aluminum frame was
made of two 0.75 inches o.d. tubdng 43,13@&&3 long mounted in
4,75X1.75X1.75 inches aluminum blocks at each end. A similar
aluminum block wes mounted in the center and could be moved
forward or backward along the two tubes. The detector was
hung from the center block, while the whole frame was suspended

from the ceiling.
12
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Calibration of the equipment was obtained by using

22
(0.661 Mev), Na (0.5l and 1,28 Mev) gamma~ray sources.
The curves shown in Flgure 5 show the spectrum of ﬂﬁlB? and
22
Ha , superimposed, for both the CsI(Tl) and NaI{Tl) crystals.

These curves were also used to match the‘rni&ti?e intensities

13

of the curves ﬁhﬁun;ia Figure 10.

The resolutions (pulse-wldth at half maximum divided by
the base~line setting) for the 0.661 Mev gamma of 6313? were
determined by the curves in Flgures 6 and 7 for the CsI(TL)
and NaI(TlL) erystals and were found to be 10,12 and 11.6 per
cent respectively.

At the start gf accunulation of data for this experiment,
it was noted that some form of activity was interfering with
the measurements. In order to determine whether this activity
was due to any of the possible reactions mentioned in Chapter
I, the curves in Figure 8 were plotted from data obtained by
shutting off the accelerator and counting the activity in the
CsI{T1) and NaI(Tl) crystals. Counts were taken for intervals
of 50 seconds, with intervals of 50 seconds hstmuaﬁ counting
periods. It was impossible to determine the half-life of the
interfering radiation accurately with the equipment used due
to 1ts reaching background very rapidly. The activity seemed
to decay with an approximate half-1ife of 16 minutes. The
origin of this activity, 1f it 1s due to a single source, is
somewhat obscure. However, since both cryatals showed the
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gsame half-life, 1%t 1s probably due teo some form of hac?ggum&
external to the crystal. It was noted, though,lm% I N 2%;&3

a 25-minute half-life and, since the reaction I (n,y)I is
energetically possible, one might think that this could cause
some of the activity observed. In order that this activity
would not affect the final data, several half-lives were allowed
to pass, after the beam was turned on, before any measurements

were taken.



CHAPTER IV
ANALYSIS OF DATA

The curve of Flgure 9 shows the gamma«ra$ gpecetrun of a
CsI(T1) crystal. This curve was taken while exploring the
energy range from about 0.25 Mev up to about 2.5 Mev. An ex~
panded search of the area between the arrows for the ﬁéI&%l}
crystal and the background spectrum which was obtained from
the HaI{Tl) crystal are plotted in ?iguxa'lﬁﬁ ﬁutsiéa %hiﬁ
region no appreciable difference iggthe twuiggaﬁara was
noteds A combined spectrum for Ea‘ and €3 sources was
plotted to the came coordinates for both the NaI{Tl) and
CsI(T1l) crystals in Pigure 5 and these wara used to nﬁrﬁaliﬁﬁ
the ﬁur?es of Flgure 10 as was mentioned in Chapter III;

It is readily seen in Figure 10 that thews is a prcmiw
nent peak in the NaI(Tl) curve that did not show in the asxcm)
curves It can be seen, in comparisocn witk ths ﬁata ebta&n&ﬁ
by ﬁblf (4), that this peak could be the a@41 Eﬁv gamma givﬁa
off by lodine. Figure 1l shows the two paaka abtginad by
%ﬁi! in this range and they appear to agree with'thasa obtained
here. One would expect the ilodine peaks to show up more in the
NaI(T1l) then in the CsI(T1) due to the higher abundance of
iodine atoms in the NaI(Tl) crystal.

In Figure 12 a difference of the two curves of Pigure 10
is shown. 8Since there will be peaks and velleys in a

15
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difference of the two curves, one may possibly attribute all
the valleys to the peaks which are due to sodium and ilodine
and all of the peaks wlll most likely hé attributed teo
cesium. All the reactions aatsiée‘tha erystals resulting in
gamma rays should be ldentical in both curves.

Conclusion

It is seen that there are two valleys in Figure 12 which
are in good sgreement with Wolf's results for iodine. Also
in Figure 12 the valley corresponding to the 0.4l Mev -energy
has a tendency to spread toward a higher ensrgy. The article
by Wolf and one by Morgan (3) show that.ﬂag ans an excited
state of 0«44 Mev. This excited state of Na could be the
cause of the spreading. It asppears that the two positive
peaks in Flgure 12 would ggséue to gammas a:,appraximately
0.56 and 0.75 Mev from Cs . The rise in Figure 12 to the
left of these two peaks was on a portion of the curves of
Figure 10 which has an almost vertical sleyé riging to back
ground. Due to this high background this author feels that
no statements can be made of energies below 0.35 Mev, and
energises up to about 0.4 Mev would be in doubt. The sharp
rise on the low~energy side of the 0.41 Hev valley &ight be
due to the 0.379 Mev peak given by Fagg (1), althaugh:this
author would not be able to make this assignment from thése

data. slone.
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It was noted in an article by Keister, Lee and Schmidt
(2) that 65134 has a gampa of @,ggs Mev hati as stated in the
Introduction, if the reasction Cs {n,7’)aa were very
prominent there would be a half-life (which is about 3.15
hours for beta emission) that is measurable. There was no
half-life measured which was comparable to that of 65134.
The reactions which are shown below have half~lives of 7.1
days, 3.3 ﬁays and 12.5 days respectively:

33 132
Cs n—Cs ~ +2n - 7.724 Mev
133 133
Cs +n—3Xe +p+0.948 lev
133 130 4

Cs  4+n—1I  +He +4.27 Hev.
No half-lives comparable to these were measured and, as

was polnted aut, the reactions

133 132
Cs +n—3ZXe +n+p - 6,692 Mev
133 132 2

Cs  4n—3Xe +H ~ 4,025 Mev

are improbable. Thus, the results of this investigation point
to the conclusion that the gamma rays éx'ensrgims 0.56 lev and
0.75 Hev are dus to excited states in the Gsl nucleus resul t-
ing from the inelastic scattering of neutrons.

purther investigations of these levels are contemplated
by using the following methods:

1. Bombardment of CsI(Tl) crystal with 2.5 Mev neutrons
(the background would be expected to be lower),

2. Bombardment of the CsI(Tl) crystal with both 2.5
Mev and 14 Mev neutrons when the crystal is surrounded with
a cesium compound in a method similar to that described by
Wolf for sodium.
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The results of these experluments would make possible
more definite assignmeni of these levelss
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