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ABSTRACT

This report présehts a short'sprvey of.tﬁe ﬁublished gamma ray
photopeak.cdunting efficiehcies for.sodium iodide crystals, and also
a determination of these efficiencies using the Berkeley 50-channel
gamma analyzers. Curvés are presehted which summariie these efficien-
cles as a functién of gamma ray energy and .also of source—to-érystal

distance.
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INTRODUCTION

The deferminatidﬁ of rabsolute gamma;ray abundancgs in nucleér
‘spectroscopy often involvés the use of calibrated sodium iodide
sdintillation'épectrdmeteré. Several stud.iesl-5 of the detection
efficiency of sddiﬁm iodide (thallium activated) crystalé, éh important '
part of.this caliﬁratibn,'have been published which have been very
helpful to users of scintillation instriments.

~Several 50-channel scintillation spectrometers are in present use.
by the Berkeley Chemistry Groﬁp; however, tﬁe interpretation of data
~taken on these instruments haé'been somewhat uncertaiﬁ because of‘the
laqk of agreemegt'among available efficiency data. -In particular, sa
recent féport‘by Maguire and O'Kelleyl,lists cfystalvefficienciés'which

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

" tioms.

Becaﬁse of these discrepéncies, we have undertaken to measure the
gamme ray counting efficiencies on the Berkeley SOfchannél analyzers
.-usingAseveral wéll-known standards, and to compare our results at
several gamﬁa ray'energieé with thé more complete studies made by

others,
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This report was prepared primarily for the users of the Berkeley

"1

5C-channel analyzers, and constitutes mainly a tabulation of the puo-
lished gamma ray counting efficiencies which we feel are applicablie for

S use with these Jncbfumelta. ' .

EXPERTMENTAL ARRANGEMENT AND RESULTS

& 1 1/2-inch diameter by l-inch thick thallium activated sodium

iodide evrystal was used in conjunction with the 50~channel differential

-

o . 6 L, oL, . -
analyzer designed by Ghiorsc and Larsh. A diffuse reflector of Mgl
surrounded whe crys ; and & thin beryllium window. separated it from
the sample. The crystal was bonded to a thin guaritz disk which in turn

optically coupled to a Dumont 6292 photomultiplier tube by a layer

b
4]

8
of mineral.oil. An aluninum-lined ledd shield noused the detector

agsembly , and sa mul es were mounted in a standard GM tube five-position
shell holder. Most of our measurements vere made with the sample on

shell 2, at a distance of annrox1WaTely 1 l/2 incheg from bhe crystal,

. with the

fhis represented a geometry Tactor of 0.051 (as de

6O-uev gamma ray‘dfyg stén35411uou Ammﬁl sample}u
We have meaéﬁred thn counting eificliencies of gomma rays av LN

kev (Fa?ﬂ). 661 k*% (65137 , 1.23 Mevv(ﬁazz}, and 1.33 Mervw

7,50 . : . e . s
(Co™) using a 4= counter to determine the absolute qzsan,eg“anlon

rates of the standerd samples. The results obileined sere:

12 kev 0.26
DAL kev 017
661 kev G.1L
1.25 Mev G.Ohé
1,33 Mov o 0.0bS
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RESULTS OF OTHER INVESTIGATIONS

Gamma-ray absorption coefficients.inbsodium iodide have been mea-
_sured by Bell et_al,3 Making use of these data and the calculatéd
values of the total abéorption efficiencies as a function of absorption
coefficient, they derive a familyboflcurves for the calculated total.
counting effiqiency as a function of energy at various source-to-crystal
Hdistances, Their curves for a 1 1/2-inch diameter by l-inch high
crystal are reproduced in Figs. 1 and 2. Heath et1al,u andecGowan5
x“have determined the ratio of the integrated photopeak to the total
counts produced iﬁ a i 1/é-inch diameter by l-inch high crystal for
variéus energies, Tﬁeir values are plotted in Fig. 3 with é smooth
curve drawn through the points for the pﬁrppse of interpolation. The
variation between their points, for different distances Between source
and crystal, are of a'random nature and are ail within about 10 percent
of each'othef. The product of the total counting efficiency pimes the
ratip of photopeak to total count is the photopeak counting efficiency.
Curves for the photopeak counting efficiency as a function of enéfgy
_obtained in this way,ﬁy ﬁultiplying Figs. 1 and 2 by Fig. 3, are shown
in Figs. 4 and 5.

Kahn-énd Lyon2 measured tﬁe photoelectric efficiencies of 234gamma
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 Whi-te,7 for a distancé of 2.45 cm. Their calculated curve
agreeé‘with_tbe values obtained from Fig. 2. Their experiméﬁtal curve
haé roughly the same shape as those in Figs. 4 and 5, but with values

up to 20 percent lower above 300 kev. .
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. L 1 s ; : . i
Maguire and 0'Kelley have measured the photoelectric counting

. N ) . ~ o 7
efficiency for pmE (60 kev),-Na_22 (511 kev, 1.28 Mev), cst3T (661 kev),
238 22,

PbZlZn(BBS kev), and Np (1.0 Mev, determined relative to Na at a

source~to-crystal distance of 1.9 inches. Their values below 1 Mev
are considersbly higher than those of Fig. 5, and in addition their

. e s . : .. . . .22
value for the ratio of efficiencies of the two gamma rays of Na”

is quite different from the ratio obtained by the other investiga-
2-5 L ]
tions™ 7 and also by our measurements.

CONCLUSIONS

Examination of our data shows good agreement with the values of

3-5

the Oak Ridge photopeak counting efficiencies” shown in Fig. 5. We

therefore feel that these curves are the mcst applicable for use with

8

the Berxeley analyzers under the present experimental setup, The Oszk

PR

9

Ridge curves are also very convenient tc use in that they are tabulahes

. for & wide range of sample-to-crystal distances.

This work was performed under the. ausplces of the U.S. Atomic

-Energy Commission,
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APPENDIX

Geometry.--In the process of calculating the total absorptidn'
efficiencies, the geometry factor as a function of sample-to—crystal
distance has also been.calculated°3 The curve obtained for a 1 l/z-inch

‘diameter crystal is shown in Fig. 6.

o CbmétonlScattering.--Béckscattered.radiatioﬁ is a prominent feature
Qf most gamma-ray gpectra Qhefe there are gamma'ra&é of greater than
'appfoximately ZOO‘kev energy. We ﬁavé theréfore inclﬁdgd curves for
'thé maximum Coﬁptén eléctron eﬁergyland for the energy of theVLBOO
backscaﬁtered gaﬁma ray as a fuhction of the initial gammajray'eﬁergy.

These are given in Fig. T.



- B. Kahn and W. S. Iyon, Nuclaonics 11 (11), 61 (November 1953).
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