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ABSTRACT 

UCRL-2764 

This report presents a short survey of the published gamma ray 

photopeak count"ing efficiencies for sodium iodide crystals, and also 

a determination of these efficiencies using the Berkeley 50-channel 

gamma analyzers. Curves are presented which summarize these eff~cien-

cies as a function of gamma ray energy and .also of source-to-crystal 

distance. 
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INTRODUCTION 
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The determination of absolute gamma-ray abundances in nuclear 

spectroscopy often involves the use of calibrated sodium iodide 

scintillation·spectrometers. Several studiesl-5 of the detection 

efficiency of sodium iodide (thallium activated) crystals, an important 

part of, this calibration,· have been publi_shed which have been very 

helpful to users of scintillation instruments • 

. Several 50-channel scintiilation spectrometers are in present use . 

by the Berkeley .Chemistry Group; however, the interpretation of data 

taken on these instruments has been somewhat uncertain because of ihe 

lack of agreement among available efficiency data. In particular, a 

1 recent report by Maguire and O'Kelley lists crystal efficiencies which 

are at some gamma ray energies quite at variance with other determina-

tions. 

Because of these discrepancies, we have undertaken to measure the 

gamma ray counting efficiencies on the Berkeley 50-channel analyzers 

using several well-known standards, and to compare our results at 

several gamma ray energies with the more complete studies made by 

others. 
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lished gamma ray cowrting effic:i.eneies which we :f'eel nre applicable for 

use ;.,rl th these J.ns:trmnent~;. 

EXPEIU}IiENTfl.L .AHPJ-i.NGEMENT AJW H.ESULTS 

A 1 1/2-inch diameter by 1-tnch thick thallitml activated sod:lu.i.Tt 

iodide crystal T .... as used in conjunct.ion i.rith the 50-channel differential 

· anal:rzer def?igried by Gh:iorso and Larsh. 
6 .A dJ.ffuse reflector of H.gO 

surroundeC. the crystal: a;·1d a thin beryllium ~.;ind.ow separated it from 

the sample. Tne crystal was bonded to a thin quartz disk ;.;hJch in turn 

was optically. coupled to a Dumont 629~ photomultiplier t~be by a layer 

of mineral oil. A ... 'l ahuninwn-l:i.ned lead shield housed the ci.etector 

shelf hold.er. Mt:,!:it, of our r:,easure:nents H2re made vJ.tr1 t.~iE sample ·on 

.shelf 2, at a dista.11ce of approximately 1 l/2 .inches from the crystaJ. 

(co60 ). u:oing a l~.~ counter to d.eterraine the absolute ciJsj.ntegra.tiori 

~·11 keY 

66J. lcev 

1.. 2.S !v1ev 

Oc.J? 
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RESULTS OF OTHER INVESTIGATIONS 

Gamma-ray absorption coefficients in sodium iodide have been mea

sured by Bell et _al.3 Making use of these data and the calculated 

values of the total absorption efficiencies as a function of absorption 

coefficientJ they derive a family of curves for the·calculated total. 

counting efficiency as a function of energy at various source-to-crystal 

distances. Their curves for a 1 1/2-inch diaineter by .l-inch high 

crystal are reproduced in Figs. 1 and 2. Heath et al. 4 and McGowan5 

.have determined the ratio of the integrated photopeak to the total 

counts produced in a 1 1/2-inch diameter by 1-inch.high crystal for 

various energies. Their values are plotted in Fig. 3 with a smooth 

curve drawn through the points for the purpose of interpolation. The 

variation between their pointsJ for different distances between source 

and crystal, are of a random nature and are all within about 10 percent 

of each other. The product of the total counting efficiency times the 

.ratio of photopeak to total count is the photopeak counting efficiency. 

_Curves for the photopeak counting efficiency as a function of energy 

obtained in this way by multiplying Figs. 1 and 2 by Fig. 3J are shovn 

in Flgs; 4 and 5 . 
. 2 

Kahn and Lyon measured the photoelectric efficiencies of 23 gamm.a 

rays up to.a maximum energy of 2.76 Mev. They also present a curve for 

total absorption which they calculated from the absorption coefficients 

given by White J 7 for a distance of 2.45 em. Their calculated curve 

agrees wi~h .the values obtained from Fig. 2. Their experimental curve 

has roughly the same shape as those in Figso 4 and 5, but with values 

up to 20 percent lower above 300 kev. 
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Maguire and O'Kelley
1 

have measured.the photoelectric counting 

efficiency for Am
241 (60 kev), Na22 (511 kev, 1 .• 28 ~1ev), Csl37 (6Gl kev), 

Pb
212

. (238 kev), and Np
2

3
8 

(LO Mev, determined relative to Na
22

) at a 

source-to-crystal .distance of l. 9 inches. Their values belm-r 1 Mev 

are consj.derably higher than those of Fig. 5, and in addition their 

value for the ratio of efficiencies of the two ga.rruna rays of Na
22 

j.s quite different from the ratio obta:i.ned by the other tnvestiga-

?-5 
ti.ons~ · and also by our measurements. 

CONCLUSIONS 

Examination of our data sho'.rs good agreement with the values of 

the Oak Ridge photopeak counting efficiencies~=) shown· in Fig. 5. We 

therefore feel. that these curves are tbe most applicable for use with 

the Ber~{eley analyzers u11cler the present exper:i.ments.l setup. J:he Oak 

Rid.ge curves are a.lso very convenie:1t to u~;e in that they a.re tabuJ.E_i-,ed. 

for ::,. wj.d.e range of saruple-·to-c:rystal (U.stances e 

This .1-1ork 1-ras performed under the aur5plc.e.s of the U.S. Atomic 

Energy Corrinission. 
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APPENDIX 

Geometry.--In the process of calculating the total absorption 

efficiencies, the geometry factor as a function of sample-to-crystal 

distance has also been calculated. 3 The curve obtained for a l l/2-inch 

diameter crystal is shown in Fig. 6. 

Compton .Scattering.--Backscattered radiation is a prominent feature 

of most gamma-ray spectra where there are gamma rays of greater than 

approximately 200 kev energy. We have therefore included curves for 
. . 0 

· the maximum Compton electron energy and for the energy of the 18o 

backscattered gamma ray as a function of the initial gamma-ray energy. 

These are given in Fig. 7. 
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