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Abstract

82

Portions of the gammae~ray spectré of . Ta and lSQmerhave been

remeasuféd with avGe(Li) spectrometer syétem to determine accurate relative.v
-intensities, ForvlazTa the eleven strbngest transiﬁions-in therenergy range
vof 100-1300 keVIWere measuredf' The Iy(hh3)/ly(501)brelative gmmma—ray.bfanch
ih lBOme was,remeasuredAto bé 5;70 * 0,15, The'intensity values deri?ed from
these measureﬁents'are recommended for use wifh a IAEA standard intensity»set
in thé_calibfatiqn of relati#e photbpeak efficiencies'for Ge(Li) detectors.

An overall accuracy of ih_% for the relative intensity calibration over the
eﬁerg& fange_of 100-1300 keV can be expected and *3% fof the 500-2800 keV

energy range.

- Work performed under the auspices of the U, S. Atomic Energy Commission.
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1. Introduction

.The de&elopment.of eﬁefgy_calibration standérdé for.Ge(Li) detectors
has advaﬁcéd to a staté_Qﬁére'many‘Stgnda:ds ih the eﬁergy r@nge of 60-2800 keV
are determinedﬁwith‘errors of léssvthan 0.1 kev. However, the absolute or
relative gémmg-fay'intehsities of these standards are often uncertain by as -
much as 5 %."In a;fewwéicepfional cases‘rélative intensitj'determinétions
have been performed_with.effors df léés thah'Q %vﬁy careful cbnsidefation of
gamma—ray’céscadesvcorfected fbrvinﬁerhal converéidnlo). The ériteria of
either simple cascades with no ér§ss-0ver_£fansitions or highl& accﬁrate deca&
schemes piace a severé reétriction on-both the availability and on thé use of
absolufe tf&néition iﬁtenéitiés for intensifyvcalibrations, chéver,-rélative
transition intensities fqr_éompléx deca& schemes can'bevdetermined accurately,
and these aata are genefall& more easily applied.

it is the ﬁurpésé of this_péper'té suggest 182Ta and 180me'as isotopes
spanning the énerg& range of 100-~1300 keV to supplement the IAEAl) or similar
standard intensity source sets forvrélative photopesak effiéiency determinationg
of Ge(Li) déféctOrs. Relative intensity meaéurements have been performed on
182Ta in fhe.enérgy'range ofAIOO-IBOQ keV and are éompared with oﬁhers37h,23).
The absolute gammaefay inténsities for }BOme aré presented and compared with
values repbffed in theLliteraturelQ’30’33) based uponlfhe remeasured
IY(hMS)/IY(SQlj gammgeray’branching fatio; Relative intensity values»for
isotopes- are included in the tables in order to collect the best sets of data
necessary to calibfate Ge(Li) detectors over the energy rangerof 100—2800 keV

‘tb#h%..
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2} Experimental

The'lis.ldvlnga was'ﬁroduced in the Berkeley Research Reactor by

l81Ta) ) which

irradiation of 1(0 and 0.5 mil foils of natural Ta (99.9877%
has & large thermal neutron cross- section of 21 barns. The.small 0.07 barn
cross-— section to produce the 16 5 h 18 2mTa dld not 1nterfer after a short decay
perlod foilowihgrirradiation._.The intensities of the eleven strongest gamma—
raye were'measured oh a calibreted:ib—ch3 Ge(Li) detector. This detector had
been celibratedeith two sete of ebsolhte“intensity sources ohtained from the

TAFA. -laomebwes_also used to define the efficiency curve in the critical

100-335 keV,region._ The accuracy of the ?hotopeak'efficiency determination

"was checked by measuring several radioisotopes whose relative intensities are

10, ll) to 2%. These‘measured inteneities agreed to 3% with those in Kane

3

known
and Mariscotti ) and Donnelly et al ). The efficiency curve for the 10-cm
detector obtained in. this wvay 1s shown in fig. 1. The detector resolution

ranged from 1.4 keV at 122 keV to 2, 3 YeV ‘at 1332.5 keV. The areas of photo-

peaks were determined using two separate computer codes, SAMPO6) and SPECT7),

whlch»use gaussien functions with exponential tails to approximate the
experimental photopeak shapes. Photopeak areas from the codes agreed to within
i%vin the selected peake.' Measurements of photopeak intensities Vere made for
each of the two 182Ta foils which were corrected for ettenuationhE) due to
source thickness; and these were verified with an 1sotopically separated
("mass free") source, The results are given in Table 1 and are compared to

4,5, 2

The measured 18?Ta relative_intensities‘should be accurate to 3% over

other results

‘the energy range of 100~1300 keV. Previously, Edwards gt_gl,y) quoted errors
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of4h~5%.over the energy range of lOO—26h-keV.v White et al.sjtmeasured.the.
vrelative intensities of 2Ta gammavrays in the energy range of 152—1300 keV
withverrors of_h—S%. Over the smaller energy range of 1000-~1300 keV, errors
quotediwere‘inutne range, 1. 5—2 %

lBOme was produced by reactor irradlation of the separated isotope

179 10 11

Hr. 180me is very convenient ) in the energy region between 93-501 keV

where calibration points for efficiency curves are sparse. The decay scheme3 ’33)
lBOme (fig. 2) allows absolute gemma—ray intensities to be derived by

correcting for 1nternal conversion if the I (hh3)/I (501) gamma—ray intensity

'branching is accurately known, With reference to fig. 2 and the lBOme decay

scheme the following equations apply

It(9'3) 1,(215) = 1,(332) = I0A3) + T(500) . (1)

R

1 (4h3) = T,(501) = (1 + a(M3)T (W3) + (1 + als0)L (501)  (2)
It ahA'IY are tne transition and gamma intenzities, respectively, o is the
 total internal conversion coefficient. The,IY(hh3)/I (501) relative garma~ray

~ branch was measured to be 5.70 * 0.15 on the above detector in agreement with _
ref. 31.  The.mixing ratio of-3.5% M2 and 96.5% E3 reported by Bodenstedt 93_5;.3h)
for the 500.T7 keV transition was used.in calculating absolute gamma'intensities
from'thevtransition intensities of eq. (1). The other transitions are of Eé
multipoierity. Theoretical conversion coefficients used were those‘of Hager

35)‘ The calculated absolute g&mms—intens1ty results obtained from :

10,30 33)

and Seltzer
eq ;,(l) are shown in Table 2 with other results Included are the

93.3 and 500,7 keV transitions not given by ref. 10. The calculated 14.5 * 0.L%
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for the 500 T keV traﬁsition is in agreement with the values ~ 15% given by

Gvozdev et al. ) and lh 8 + 0.8% of Goldhaber and McKeown3l) and Paul et al.3 ).

Table 3 shows the intensity values used for the TAEA calibrated set

and QhNe.' The intensity values are those reccmmended by the IAFA. They are

given to collect the necessary 1ntensity values, along with the 182Ta and
lSOme into cne paper to be used for the efficiency calibration of Ge(Ll)

spectronmeter systems. 2hNa. is also listed since it is useful for extending the

curve to higher energies.
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3f—~Conc;usipns

The lnga iﬁteﬁsities,deteﬁmiﬁed in this work were used to derive ihe
" relative phbtppeék efficiency cﬁrve of a hO—cm3_coaxial detector together with
lQOme’ 2hNa,.and'the IAEA'cgliﬁrated set for which the results are shown in
fig. 3. A third detector has been recently calibrated9) at this laboratory
using this method and showed similar results.,.These'isotopes and in£ehsity‘
values,.when coﬁbined with the IAEA intensify sources and 2hNa, should_detérmine
the relativé photopeak gfficiéhcy‘of Ge(Li) spectrometers to *L% over the energy

range of 100-500 keV and *3% over the energy range of 500-2800 keV.
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Ta.bl_é 1. Energles end Relati{re Intensities of 182'1‘& in Energy Rahge 100-1300 keV.
Edwards - White Sapyta Present
st a1.4) et al.”) et 81.23) Work Js
a b c c ¢ |
E 1. I I
Y IY Y Y. Y )
- ‘ . , Q
100.10k£0.002 Lo.2 Lo.7h.1 ko.221.0
152.1435:0.003 1 20,5:0.8’ 21,31.0 19.5%2,0 20.5%0.5
156,387+0.,003 8.0L+0.Y 8.07+0.% 7.5%0.75 T.60.2
179.393+0.00% 9.2¢0.k © 9.57%0.5 8.740.9- 8.820.3
1222,10940,005 22.5:0.9 22.6%1.2 21.2%2.1 21.3%0.55
229.322+0.005 11.1%0.5 ©10.9%0.5 110.5%1.1 10.3%0.3
26L.072+0.009 10.8:0.5 10.620.4 10.321.0 10.1%0.3
g @
.
1121.298+.013 100. 100. 1100.
1189.046+.013 - L7.420.7 46.3¢3.2 “L6.5:0.7
1221.399%.013 79.341.2 T7.3%5.4 CTT.3%1.2
1231.010+.013 33.4%0.5 32.7+2.3 32.8%0.5
va’Energies listed in keV are those reported by Edwards et :a_.g._.h)
bIntensiti.esh’)v are renormalized to the 100 keV transition of present work
cIntensities are normalized to '1121 keV transition o 2
Uhe energies listed in keV are those reported by White and Birkett3).
*
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Table'é, -Gamma Energies and Absclute Gamme Intensities of 18 Qme in the Renge

of 57-501 keV

P Jp—

e

8 v ) b c v - d

B T I, : I, . o I,

sT.b2 . WT.5:3.h 48.6:0.86 o
93.263 : 18.4020,16 16.7%0.33 17.47£0.17
215.2k1 Bl.aso.l 81.4 | 83.b22.3 81.4£0.8
332.272 . 9h.hh.0 9h.bx0.8  9b.kk.0 -~ 9k.4£0.9
 443.168 . 8L.8 83.081.2 . 81.9:4.3 82.8:1.5
500.702 15.7+1.3 17.05:5.2e 1h.5+0.4

' Gquathl and D'Aur1a3 ) results with stated .energy errors of £0. 015 keV. The .

measured gamma 1nten51ties were renormallzed to 332 keV.

Pkene and Mariscottil 0) renormelized results.

cEdwards and Boehm33) results using a bent crystal gamma spectrometer.

dPresent work where ~ 1% error was_arbitrarily'assigned for the 93, 215, and

332 keV,trénsitions due to uncertainity in the theoretical E2 conversion.

coefficients.

®This was deduced from feeding and not measured directly (ref. 33).

t
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. 1332,501+0,021

Table 3'« Energies and Intensities of the IAEA Standards and 2hl\la
g b o a b s
Isotope Half-Life - B Iy | D)
M uz2.9s0.8y % 39 59.53640.008 35.9:0,6 1213:10:15) ©
Teo  271.610.5a ") 122,055:0,013 85.081.7 0»16527,28)
136,4740,008 10.65:0.4 0)
136,4720,008 U 11.4s1.3 16,27,28,
203, h6 810.24 Y.MLy 2, 87320.00 9.720.5 17 18y
o . 82.5%0,2 2,8:0.2
'279}186io;oo9 81,55:0.15
ye  2.602:0.0057 "°)  511,0041:0,0016 181,1:0.2 +7-20)
. 127455200k ' 99.95+0.02
oo 29.90k0.05y 2 32,1£0,1 5,7:0,2 12,21
- 36,50,1 1,3#0.1
661,6180,028 85,1£0.4
R R TR - S
> Mn 312.6¢0.3a *719:43)  834,8140.03 100.0 22)
%o 5. 27520. 005y h1,k2 hh) 1173,23120,02) - 99,87:0,05 23)
, _ ' .

99.999+0.001

(éontinueﬁ)
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.ngtdpe ’ '  Ha}f—Life' - EYa IY
88y lo7.ue0.8a "O3)  gos,02140,023 91.4x0.7 225,26,
| 1836,1290,031 99.4£0.1
®*Ne  15.00t0.02n 1368.52620.0bk 100,0
o 100.0

. 2754,09840,183

36y,

aEnergy values are adopted values from Jardine

bIntensity andfhalf—iife,values_recommended by Nuclear

Data and the IAEAY)..
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Figure Captions

3

Fig. 1. The relative photopeak efficiency curve for the 10-cm Ge(Li) detector

as a functlon of gamma—ray energy.
y ; lBOm.H
Fig. 2. The f decay scheme used in the photopeak effic1ency determlnatlon.
The energies (KeV) are based on the measurements of Gujrathl and D'Aur1a30);

The absolute gamma—ray intensities expressed‘;n per cent from this study
are shown in parenthesis.'

Fig. 3. The reletive photopeak efficiency curve for a hoécm3jtruechax1al
Ge(Li) deteeter as & functioe of energy obtained using the isotopes and

~ intensities reported in the study.
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