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1 at7
lru 2 Cs', / SPECTRUM: -

The decay scheme of grl37 1s well_ estabLlshed (W50,
t{51 r L51 ) " rt decays to nar37 by negatron emissionn A singre
ganma-ray of energy 0,66I Kev (isomeric state) (¡¿u¡Z) is emitted
in the procêsso Half-life of the activity is 37 years. The decav
scherne (H5j) ls given below in Fig . ZI.
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The csl37 source of about o,5 rnicrocurie strengÈh was
sealed in a thin lucite disk of diameter equal to that of the
Nar (Tl) crystal" To check the reduction of ùhe back-scattered
peak, the source r¡¡as placed first outside the crystar- ( source
position A, Fig" 5) and then between the crystal and phoÈomultiplier
tube (source position Br Fig. 5). The pulse heighb distribubi_on
curves were drawn vìrith each source position, The curves of Fig. 2:2

show that with the source between the Nar (Tr.) crystal and
photomultiplier tube there is no reduction in the back-scattered
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the in position Apeako with source s$txi*sxthilisuqrxk} the back-scattered peak
is considerably reduced. rn fact, if all the back-scattering
hlere caused by the plastic, the peak should be eLiminated completelyl
Q*gfix**trfrminxùxüh*#oOragsxøBxrafuæiqgcffi¡6r:rbgcork¡rgo€efficee{¿rdf 

xËüdAC#

f&**gmnEq:m*sxürkffi','¿oragsnffifieriorfi¡desdr€ilQùü&Bxfrtlrln¿r¡gçqgårlc"

rt was pointed out thaÈ t,he physical presence of plastic
shleld around the Naï (T1) crystal night, cause considerable
increase in the compton portionr'of the spectrum. pur-se heighË
distribution curves were draun¡ with the plastic shield. physicalJ.y
present and physically removed to investigate the effect, fn
Fig" ?3 ate shovm three pulse height distrlbution curves for the
csr37 source. curve A is obtained without the compton reducing
arrangement but with the shield physically presant. curve B is
obtained with the shleLd removed bot,h electronically and physically,
curbe B is t'hat which will be obtained by any ordinary scintil-lation
spectrometer" As can be seen from the curves A and B, the physical
presence of prastic increases the back-scattered peak and the low
energy part of the curve, up to the back-scattered peak, ït has no
detectable influence on the higher energy portion of the eurve 

e

that is, the portion after the back-scattered peak" curve c is
obËained uy *"irtf?nti-compton shield ro reduce the compton part
of Èhe spectrum. The difference between curve c and curve A
gives a measure of the rì.etection efficiency of the plastic shiel_d.
Comparison of the curvè C hrlth t,he curve B shows the net
improvernenÙ achieved by the total absorption spectrometer over an
ordinary scintlllation spec¿roneter. The reduction achieved in
*rn all subsequent measurenents source position A was used.
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the Compton portion is about 35 per çent and is very close to
the theoretically obtained val-ue (Fig. 19)" Also shown on a
reduced scale in Fig. 23 is the Ba x-ray caused by int,ernal
conversion. Since there 1s no other event assocÍaùed with the
internal conversion, which can be detected in the pl-astic shield u

there is no reduction in.the x-ray peaki but the part below
it due to Cornpton effect is reduced"
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Ar
/+" 3 En"/ SPECTRUM: -

Zn65 decays ro Cu65.mainty by K caprure .(g?"jfù and

partly by positron emission lZ.5%) (Cl*0, F5l , ItIa5Z)" A gamrna_ray

of energy 1.12 t{ev is enritted (M+g); The half-tife of the activitv
is 250 days"fd,*."y scheme (H53) is given in Fig " z+ below. g".".,""
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the photoelectrlc cross-section is roughly proportlonate to
about (a)-3'5 and the compton cross-section to (n)-1 where E is
the gamma-ray energy, this gamme-ray of 1,12 Mev causes more

Compton scattering in proporti-on to photoelectric process than
the 66I Kev Cs137 g^*^-ray. This 1"12 Mev gamma-ray is, thereforeu
a good sorlrce for testing t he performance of the spectrometer"
The pulse height distributlon curves ror Zn65 gamma-ray are shown

in Fig. 25u As before, the curve A is obtained without the
Compton recucing amangement but with the shield ptrysìcatly present,
curve B is obtained with the shield removed physicarl.y and
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curve c is obtained by using the anti-compton shieLd to get a
reduction in the cornpton portion of the spectrum. Here aLso
it is confirmed that the physÍca1 presence of the plastic does
not aLter the shape and the slze of the compton portion of the
curve except the 10w energy part up to the back-scattered peak"
The annihilation peak is obtained by the capture in the Nar (Tr-)
crystal of one of the positron annihilation quanta. The other
quantum goes to the plastic and has a good chance of being
detected there' Thus the annihilation peak is greatJ-y 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 J.ow (7,g Kev)
energy.
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¿o"L rl31 spncrRuur -

After establishing the effectiveness of the anti-Compton
shiel-d in reducing the compton spectrum by sbudying gamma-rays

from cs137 and zn65 sources, it was decided to anaryse a nore
complÍcated source. rf31, which decays by negatron emission to
Xel3f, has a well estabLished decay scheme (B5z). It ls shown
in Fig. 26 given below (Uj3). Since rhe high energy (above 36b Kev)
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portion of the 1131 specbrum is
contribution in the l_ower energy

very smalL. There not being any

investigated in the region above

adequate to investigate the 11¡f

of low intensityu its Compton

(ú4 Kev an,C below) region is
point of real- i-nterest to be

364 Kev, it was considered

spectrum frorn zero up toþ6t¡ Kev
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inÈense qarnrna-ray onry. This made it posslble to get the curves
with bothf"reduced and unrecruced compton parts (i.e. with and
without the use of anti-compton shield) within a fev¡ hours" This
interval- (about J hours) being much smaller than the l13t half-
life (8.u* days), the rerluction in source intensity during the
experiment could be neglecùed. Having determined the curve onì-y
up to 36t+ Kev gamma-ray, the effect of the physical presence of
the plastic shier-d on the spectrum was determinec in a separate
test. This h/as done by rirawing the spectrum with the shield
physically present and then physically removed. The twÞ sets
of curves so obtained were normali.zed and are shown in Fig.'zT.

As can be seen from the decay scheme given above, the
80 Kev gamma-ray and fhe 284 Kev ganma-ray are serf-coincident
and because there is some angular correlation between them which
is different from 0o, if one of them goes into the Nar (Tr)
crystal, the other wilJ- go into the plastic where it may be
detected" These two gamma-rays (80 Kev and zg¡ Kev) shouÌd there-
fore be reduced in the curve C of Fig" Z?. The fact that the
281+ Kev line is not reduced substantiarly, indicates that the
s0 Kev gamma-ray 1s noÈ being detecËed very wel-l in the anti-
conrpton arrangement" As mentioned in an earr-ier section, there
is a two ford nature of the efficiency in compton reduction"

fñc^n¿ kFirst['¡1the probabiì-ity of capture in the prastic of the ¡5amma-
photons Cornpton scattered from the
probability that the light photons
will reach the photo-cathode of the

Nar crysral. secondlfr'uüt"
originating in the plastic
multipller Èúbe and be
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detected there, that is, converted into photo-electrons, whi-ch

w111 glve risg to a pulse hlgher than the level of discrinination,
It appears that for the 80 Kev photons, both the above nentioned

factors aonbine to give a lower detectlon efficíency ln the antl-
'Compton srrangenent with the result that the 28t+ Kev gamma is
not'redueed appreclably,

A cloee coaparlson of the curves A and C of Flg, 27

shows Èhet, unlike the CsI37 spectrum (Fig, 231 the X-ray peak

tn 1l-31 epecÈrun ls partly reduced by the antJ.-Co¡apton shleld.

This le because the Xe X-rays do nst arj.ee fron the conversion'

of one si.ngle rfunggsociaüedtt ga¡nmå-tr€ryr but from several gamma-

reys sorae of uhish are rrin cascadelto The Xe X-rays arislng
fron the convere,ion of LØ Kev, 361* Køv, 637 Kev and 722 Kev

ganme-rafs cannot be affected by the plasÉ1c shield. On ühe

other hqnd uûren a 80 or e8¡+ Kev gaüea-ray is converted, its
eesoclated ganma-rey goes lnto the plastlc where it may be

deteeÈed and hence this l-ray may be elininated. We can now

peæfeffian analyeis in the following way. \

the ï-ray peak 1n the curves A and B (Fig. ZT') is conposed

of thrce par.te ¡ namely,

Xr the part due to converslon of unassociated gamma-rayr¡

f , the part due to conversion of assocLated gaflra-rafs

and Zt 0ompton talls (natural background is neglected).

ff e ls the efffclency of detection of gamna-rays in
tbe plastic shfeldr H-¡ end H", the heights of the x-ray peaks

tn the surnes B: and c (Flg. z7l respectlvely wtll be glven by:
i



and
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Hb-X+T+Z
H -X+(t-s)(T+Z)

c

Ellninatlng (T+Z) fron the above two equationet wê get:

X-Sb-H5-Hc

- HU - (HU - H") lle
X+l

AssumingetobeequaltoZls,thecurveforXruas
ealo¡¡lated and 1s shown a8 the curve D ln F1g. 27, VarlOus

EetimateE ï,erÊ nade of the shape of Gonpton talr lying under

'"th" l-ray peak. Thle enabLed an evaluatlon of ( HU ' Zl to be

naden As eetlmated from the Fig. 2?, the intenelty of the

X-fây due to the converelon sf unaseoclated gemnå-rays is about

28$ of the total X-ray lntenslty' Thts is qulte close to the

3OîA ca[culated from the daÈa glven by ÞeII and Graham lB52l '

Hence, l-+T
Hu - (Hu - Hc) Ue

H6 -z
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For a given gamma-ray source, pulse height distributlon
curves '¡rit'h and without the CompÈon reduction can be obtained by
the spectrometer" As arready shown by the spectra of csr3z,
zn65 and 1131 solrrces, the reduction in the compton part is
only partiaì- because the detectlon efficiency in the anti-compton
shiel-d is not 100 per cent. By taking the difference beÈween
the two curves (with and without Compton reduction) the Compton
shape for a gamma-ray spectrurn can be eornputed and then subtracted
from the unreduced compton curve. This wir_r reave onry the photo_
peaks and thus features which originally were srnaLl and dubious
wil-L now be quite prominent"

$uppose that the main visÍb1e features of a ganma-ray
spectrum baken by an ordínary scintir_ration spectrometer are a
compton part c and a photo-peak vr¡here the countinq rate is po

suppose that the source contains another weak Élammaîray whose
photo-peak, p, faÌls in the Compton region, C, of the strong
peak, P. rn ordinary gamma-ray specbrum tlre counting rate in the
compÈon region wirr thus be {c o p) and p being much ress than c,
the small photo-peak may not be recognizable. rf now a spectrum
is taken wit,h the Èotal absorption spectrometer dqscribed in
this thesis, the compton portion will be reduced Lo, sêrr l/n of
lts orÍginaL var-ue but the photo-peak wirl remaÍn as before.
The counting rate in the compton region wirr now be (t . p) 

"rf this part be muÌtiplied by n and then the unreduced cornpton
curve be subtracted from it, the resurting curve wir-l have a
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counting rate (n - 1)p, that is, only the photo-peak wÍl-l- be

shown 
"

The standard deviation in the counting rate N at any

point of å spectrum is, clue to statisÈical fLuctuations, given
uy./Í- " rn the spectrum, of the source of features outlined
in the preceding paragraph, obtained by an ordinary scintil-latlon
spectrometer, the smal-L photo-peak r tpt r could only be suspected

1f p > I c . 0n the other hand, in the specbrum obtained by the
total absorpti.on spectrometer, c is reduced ao t and. hence the

ITsmal-l- photo-peak can be suspected if p ,l X " 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 or l; over the ordinary scintillation
spectrometer where n is the Compton reduction factor. Also, it
should be noted, that the subtraction ana] ysis could only be

carried out wi f;ten p t/ ä , that is, there is a deflnite suspicion
of the presence of f?somethingo? apart from the compton portion,

This method of analysis by subtraction was applied to
the l13r curve, fn Fig, 

'zT 
the curve c.was mu-ttiplied by & and

then from this. hras subLracted the curve A, Resultant curve is
shown in Fig. ?8. Here the features are quite cl_ear" The g0 Kev

line is almost completely absent" The 28t+ Kev line is now obviously
reduced indicating that it is coincident with some other line
(80 Kev in this case)" The weak 1ó3 Kev l_ine j_s now very rtistinct,
PreviousJ.y it was hidden in the compton from the strong 36+ Kev

ga{runa line. It shoul-d be noted that the back-scattered peak of
36b Kev falls at r50 Kev r^¡hish is very close to 163 Kev and is
undistinguishabl_e from it in Fig. 27"
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OHAPTER 5,

CONCLUSION

A definlte improvement and simplification in the ganma-

ray specbrurn is achieved by the use of this spectrometer as

compared with spectruln obtained from an ordinary scintillation
spectrometeru The improvement is in the ease of recognition of
the weak gamma-rays which happen to fal] in the compton portion
of an intense gamma-raye Sirnplification 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

specbra with reduced Compton portion" If the j-nternal conversion
x-ray peak is also resol-ved, such a cLrrve with reduced compton

portion, can be utilized to calcuLate the internal conversion

coefficients for certain isotopes with fairly sinple cìecay schemes"

The use of an anti-compton shieJ-d, as outrined in this
thesisr is of great potential val-ue" In scintil-l-ation gamma-ray

spectroscopye measurements may be made with the source outside the

anti-Compton shield and the radiation coll-imated through a hole in
the shield or with the source inside the shieÌd but ouËÈide the
crystal-" rn both, weak gamma-rays may be investigated and

cascades may be identified,

rn coincidence studies and particuJ-arly in an¡¡ular
correlation studies r an anti-Compton shield could be utilized to
reduce substantially the number of spurious counts"
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A large \^reJl type crystal !¡dth the source placed at

the centre is very useful for certain purposes because it adds

all the coÍnciCent gamma-rays" The effectiveness of such a large

crystal spectrometer may further be increased by using a Cornpton

reduction shieLd as described in this thesls" It will give a

nore complete.reducÈion in the Compton portion, especialLy if
a very large crystal is not acceptable because of its inferior
resolution" Probably a liquid scintillattin tank as the anti-
Conpton shield hrill be more economic than the plastic shielcl

described in this thesis,
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