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ko2 Cst37 SPECTRUM: -

The decay scheme of Csl37 is well establighed (W50,
W51, L51). It decays to Bal37 by negatron emission. A single
gamma-ray of energy 0,661 Kev (isomeric state) (Mu52) is emitted
in the process., Half-life of the activity is 37 years. The decay

scheme (H53) is given below in Fig. 21.
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DEcRY SCHE_ME OF Csls

Fig 21,

The Cs137 source of about 0.5 microcurie strengthkwas
sealed in a thin lucite disk of diameter equal to that of the
NaI (Tl) crystal. To check the reduction of the back-scattered
peak, the source was placed first outside the crystal (source
position A, Fig. 5) and then between the crystal and photomultiplier
tube (source position B, Fig, 5). The pulse height distribution
'curves were drawn with each source position. The curves of Fig. 22
show that with the source between the NaI (T1l) crystal and

photomultiplier tube there is no reduction in the back-scattered
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- the in position A
peak. With source suhnksaxkikaxgrgxkxk the back»scattered peak

is considerably reduced. In fact, if all the back-scattering

were caused by the plastic, the peak should be eliminated cempletely?'
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a
It was pointed out that the physical presence of plastic

shield around ‘the NaI (Tl) crystal might cause considerable

1ncrease in the Compton portion“of the spectrum. Pulse height
distrlbutlon curves were drawn with the plastic shield phy51cally
present and physically removed to investigate the effect, 1In

Fig. 23 are shown three pulse height distribution curves for the
csl3? source. Curve A is obtained without the Compton reducing
arrangement but with the shield physically present. Curve B is
obtained with the shield removed both electronically and physically.
Curve B is that which will be obtained by any ordinary scintillation
spectrometer. As can be seen from the curves A and B, the physical
presence of plastic increases the back-scattered peak and the low
energy part of the curve, up to the back-scattered peak. It has no
~detectable influence on the higher energy portion of the curve,

that is, the portion after the back-scattered peak. Curve C is
obtained by usué?inti-Compton shield to reduce the Compton part

of the spectrum. The difference between curve C and curve A

gives a measure of the detection efficiency of the plastic shield.
Comparison of the curve C with the curve B shows the net

improvement achieved by the total absorption spectrometer over an

ordinary scintillation spectrometer. The reduction achieved in

*In all subsequent measurements source position A was used.
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the Compton portion is about 35 per cent and is very close to

the theoretically obtained value (Fig. 19). Also shown on a
reduced scale in Fig. 23 is the Ba X-ray caused by internal
conversion. Since there is no other event associated with the
internél conversion, which can be detected in the plastic shield,
there is no reduction in.the X-ray peak; but the part below

it due to Compton effect is reduced.
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L.3 Zn®5 SPECTRUM:-

zn®5 decays to Cub5 mainly by K capture (97.5%) and
partly by positron emission (2.5%) (G46, F51, Ma52). A gamma-ray
of energy 1.12 Mev is emitted (M49). The half-life of the activity

The
is 250 days., decay scheme (H53) is given in Fig. 24 below. Because

65
DECHY SCHEME OF Z.h

Flg 24

the photoelectric cross=-section is roughly proportionate to

about (E)=3°2 and the Compton cross-section to (E)~l where E is

the gamma-ray energy, this gamma-ray of 1.12 Mev causes more
Compton scattering in proportion to photoelectric process than

the 661 Kev 03137.gamma»ray. This 1.12 Mev gamma—ray'is, therefore,
a good sdurce for testing t he performance of the spectrometer.

The pulse height distribution curves for Zn®5 gamma-ray are shown
in Fig. 25. As before, the curve A is obtained without the

Compton reducing arrangement but with the shield physically present,

curve B is obtained with the shield removed physically and



curve C is obtained by using the anti-Compton shield to get a
reduction in the Compton portion of the spectrum. Here also

it is confirmed that the physical presence of the plastic does
not alter the shape and the size of the Compton portion of the
curve except the low energy part up to the back-scattered peak,
The annihilation peak is obtained by the capture in the Nal (T1)
crystal of one of the positfon annihilation quanta. The other
quantum goes to the plastic and has a good chance of being
detected there. Thus the annihilation peak is greatly reduced,
as can be seen from the curve C of Fig. 25. The Copper X-ray
peak could not be resolved because of its very low (7.8 Kev)

energy.
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Lot I3l SPECTRUM: -

After establishing the effectiveness of the anti-Compton
shield in reducing the Compton spectrum by studying gamma-rays
from csl37 aﬁd Zn65 sodrces, it was decided to analyse a more
complicated soﬁrce. ‘1131, which decays by negatron emission to
Xe13l, has a well established decay scheme (B52). It is shown
in Fig. 26 given below (H53). Since the high energy (above 364 Kev)

IIBI
. 289,
o 937
0 74’ b (' 72% MeV.
0637 »
134
Xe
Lewsels
0364
(Me%sﬁﬁle% 0163
Creptatiey—F oo
00 4
13]
DecayScreme of |
Fig 26.

portion of the I131 spectrum is of low intensity, its Compton
contribution in the lower energy (364 Kev and below) region is
very small. There not being any point of real interest to be
investigated in the region above 36l Kev, it was considered

the
adequate to investigate the I131 spectrum from zero up to, 364 Kev
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intense gamma-ray only. This made it possible to get the curves
with bothgwreduced and unreduced Compton parts (i.e. with and
without the use of anti-Compton shield) within a few hours, This
interval (about 3 hours) being much smaller than the 1131 half-
life (8.14 days), the reduction in source intensity during the
experiment could be neglected. Having determined the curve only
up to 364 Kev gamma-ray, the effect of the physical presence of
the plastic shield on the Spectrum was determined in a separate
test. This was done by drawing the spectrum with the shield
physically present and then physically removed. The two sets

of curves so obtained were normalized and are shown in Fig. 27.

As can be seen from the decay scheme given above, the
30 Kev gamma-ray and the 284 Kev gamma-ray are self-coincident
and because there is some angular correlation between them which
is different from 09, if one of them goes into the NaI (T1)
crystal, the other will g0 into the plastic where it may be
detected. These two gamma-rays (80 Kev and 284 Kev) should there-
fore be reduced in the curve C of Fig. 27. The fact that the
28l Kev line is not reduced substantially, indicates that the
80 Kev gamma-ray is not being detected very well in the anti-
Compton arrangément. As mentioned in an earlier section, there
is a two fold nature of the efficiency in Compton reduction.
Flrsté?%he probability of capture in the plastic of the gamma—
photons Compton scattered from the Nal crystal. Secondlyi the
probability that the light photons originating in the plastic

will reach the photo-cathode of the multiplier tube and be
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'detected~thefe, that is, converted into photo-electrohs, whiéh
will give rise to a pulse higher than the level of discrimination,.
It appears that for the 80 Kev photons, both the above mentioned
factors combine to give a lower4détection efficiency in the anti-
Compton arrangement with the result that the 284 Kev gamma is

not reduced appreciably.

A close comparison'of the curves A and C of Fig. 27
shows that unlike the Cst37 spectrum (Fig. 23) the X-ray peak

in 1331 spectrum is partly reducéd‘by the anti-Compton shield;
This is becauseftheyxe X-rays do not arise from the conversion’
of one SIngle f'unagsociated'! gamma-ray, but from several gamma-
rays some of which are ''in cascade''. The Xe X-rays érising
from the conversion of 163 Kev, 36h Kev, 637 Kev and 722 Kev
gamma%rays cannot be'affgéted by the plastic shield. On the

other hand when a 80 or 284 Kev gamma-ray is converted, its

associated gamma-ray goes into the plastic where it may be
detected and hence this X-ray may be eliminated. We can now

perform an analysis in the following way.

. ?he X-ray éeak in the curves A and B (Fig. 27) is coﬁposed
of three ﬁarts, namely,
X, the part due toAconveréipn of unassociated gamma-rays
Y, the part duéutc COnversion of associated gamma-rays

and Z, Compton tails (natural background is neglected).

If e 1s the efficiency of detection of gamma-rays in

the plastig shield, Hb;anq Hc? the heights of the X-ray peaks

in the Curves.BJand‘C (Fig.,27),respectively will be given by:
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Hb =X + Y+ 2
and Hc =X + (1-2) (Y+2)

Eliminating (Y+Z) from the above two equations, we get:
X‘ﬂb—Hb—Hc

8

Hence Y . H = (Ho=H)L Hy - (H. - Ho) 1/e
ence, X _ =M (B, - Ho) l/e _ Hy = (Hy - He) 1/
X+ X Hy - Z

Assuming e to be equal to 2/3, the curve for X was
calculated and is shown as the curve D in Fig. 27. Various
_ @stimates were made of the Shape of Compton tail lying undér
the X-ray peak. This enabled an evaluation of (Hy - 2) to’bé
made. As estimated from the Fig. 27, the intensity of’thé
x—ray due to the conversion of unassociated gamma-rays is about
28% of the total X-ray intensity. This is quite close to the
30% calculated from the data given by Bell ahd Graham (B52).
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Le5 ANALYSIS BY SUBTRACTION:-

For a given gamma-ray source, pulse height distribution
curves With and without the Compton reduction can be obtained by
the spectrometer. As already shown by the spectra of 03137,

Znb5 ang 1131 sources, the reduction in the Compton part is

only partial because the detection efficiency in the anti=Compton
shield 1is not 100 per cent, By taking the difference between

the two curves (with and without Compton reduction) the Compton
shape for a gamma-ray spectrum can be computed and then subtracted
from the unreduced Compton curve. This will leave only the photo-
peaks and thus features which originally were small and dubious

will now be quite prominent.

Suppose that the main visible features of a gamma -ray
spectrum taken by an ordinary scintillation spectrometer are a
Compton part C and a photo-peak where the counting rate is P,
Suppose that the source contains anothef weak gamma-ray whose
photo-peak, p, falls in the Compton region, C, of the strong
peak, P. In ordinary gamma-ray spectrum the counting rate in the
Compton region will thus be (C+p)andp being much less than C,
the small photo-peak may not be recognizable., If now a spectrum
is taken with the total absorption spectrometer described in
this thesis, the Compton portion will be reduced to, say, 1/n of
its original value but the photo-peak will remain as before,
The counting rate in the Compton region will now be (% + p)o
If this part be multiplied by n and then the unreduced Compton

curve be subtracted from it, the resulting curve will have a
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counting rate (n - 1)p, that is, only the photo-peak will be

shown,

The standard deviation in the counting rate N at any
point of & spectrum is, due to statistical fluctuations, given
by,/TT o In the sbectrum, of the source of features outlined
in the preceding paragraph, obtained by an ordinary scintillation
spectrometer, the small photo-peak ''p'!' could only be suspected
if p >/C . On the other hand, in the spectrum obtained by the
total absorption spectrometer, C is reduced to % and hence the
small photo-peak can be suspected if 2] >Jrgio This shows that
the efficiency of the total absorption spectrometer for the
recognition of weak gamma rays in presence of strong ones is
improved by a factor of fg‘ over the ordinary scintillation
spectrometer where n is the Compton reduction factor. Also, it
should be noted, that the subtraction analysis could only be
carried out when p >Jrgi » that is, there is a definite suspicion

of the presence of '"'something!'’ apart from the Compton portion.

This method of analysis by subtraction was applied to
the 1131 curve. In Fig. 27 the curve C was multiplied by 4 and
then from this was subtracted the curve A. Resultant curve is
shown in Fig. 28. Here the features are quite clear. The 80 Kev
line is almost completely absent. The 28, Kev line is now obviously
reduced indicating that it is coincident with some other line
(80 Kev in this case). The weak 163 Kev line is now very distinct.
Previously it was hidden in the Compton from the strong 364 Kev
gamma line. It should be noted that the back-scattered peak of
364 Kev falls at 150 Kev whish is very close to 163 Kev and is

undistinguishable from it in Fig. 27.
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CHAPTER 5,

CONCLUSTION

A definite improvement and simplification in the gamma-
ray spectrum is achieved by the usé of this spectrometer as
compared with spectrum obtained from an ordinary scintillation
spectrometer. The improvement is in the ease of recognition of
the weak gamma-rays which happen to fall in the Compton portion
of an intense gamma-ray. Simplification is in the total number
of gamma-rays observed in the spectrum. They are fewer because

all the self-coincident lines tend to cancel each other,

This spectrometer could be used to draw the gamma-ray
spectra with reduced Compton portion. If the internal conversion
X-ray peak is also resolved, such a curve with reduced Compton
portion, can be utilized to calculate the internal conversion

coefficients for certain isotopes with fairly simple decay schemes.,

The use of an anti-Compton shield, as outlined in this
thesis, is of great potential value. In scintillation gamma-ray
spectroscopy, measurements may be made with the source outside the
anti-Compton shield and the radiation collimated through a hole in
the shield or with the source inside the shield but outside the
crystal. In both, weak gémmaerays may be investigated and

cascades may be identified.

In coincidence studies and particularly in angular
correlation studies, an anti-Compton shield could be utilized to

reduce substantially the number of spurious counts.
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A large well type crystal with the source placed at
the centre is very useful for certain purposes because it adds
all the coincident gamma-rays. The effectiveness of such a large
crystal spectrometer may further be increased by using a Compton
reduction shield as described in this thesis. It will give a
more complete.reduction in the Compton portion, especially if
a very large crystal is not acceptable because of its inferior
resolution. Probably a liquid scintillatép tank as the anti-
Compton shield will be more economic than the plastic shield

described in this thesis.
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