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To determine relative intensities of gamma rays in the
region of 280 to 2750 keV, Ge(Li) detectors wére calibrated
with standard sources and cascade gamma-ray sources. Decay
rates of the standard sources were determined by means of
the 4wg-y or 4mX-y coincidence method. Experimentai condi-

tions were improved and spectra were carefully analyzed.
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?
the accuracy of about 0.5 % for strong gamma rays. Inten-
sities per decays were obtained from the relative intensi-
ties for most of the nuclides.
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Summary

Precision measurements of gamma-ray intensities have been requested for the non-destructive
miclear fuel investigation. Recently Debertin et a1.1~ 5), Gehrke et al, &) and Meyer 7 have
performed precision measurements of relative intensities. Purpose of our experiments is to
determine relative gamma-ray intensities of various nuclides with errors less than 1 % in the
energy region 280~2750 keV. Standard sources were prepared at Electrotechnical Laboratory in
Tokyo, and gamma-ray measurements were performed at Hiroshima University and Nagoya

University.

Calibration sources . Standard sources were made from eight nuclides 2y,, ¥g¢, "Mn, *°Co,

855, 88y, 134Cg and *®Hg, and cascade gamma-ray sources were from four nuclides #Na, S2Mn,
99 b and '°MAg, These calibration sources are listed in Table 1. Ten standard sources were
made for each nuclide, and cascade gamma-ray sources of 1~4 were also made. All the samples
of about ! uCi were mounted on plastic capsules and covered by plastic sheets of 0.5 mm thickness
shown in 'Fig. 1. The standard sources were made from solution (20~30 yCi/g), and density of
solution was determined by means of the 478 -y or 4nX-v coincidence method. Four parts of
golution were diluted by 3~4 times and about 10 samples were made from each diluted solution.
These samples were measured with the coincidence system of a box type 41 counter and two
343" NalI(T1) detectors at Electrotechnical Laboratory. The reliability of this system is already
established by the international intercomparison measurement 8). Examples of coincidence
absorption curves and sample concentrations are shown in Figs,2 and 3, An example of error
estimation for the standard source are shown in Table 2. Errors of all the standard sources are

listed in Table 3.

Evaluated values of intensities per decays for the calibration sources are listed in Table 1.

»

These values were obtained from decay schemes, internal conversion coefficients and relative
1 : :
intensities of weak garmma rays % 0). Most of these gamma rays are more than 99 % per decay,

and others are more than 80 % .

Gamma-ray measurements, InHiroshima and also in Nagoya, measurements were performed

with Ge(lLi) spectrometers of which specifications and block diagrams are shown in Table 4 and
Figs. 4 and 5, respectively. The distance from the detector case to the source was always 20 cm,
The detector was shielded by lead in Nagoya, and the most of measurements were done without
shield in Hiroshima.

Following points were taken care of for measurements:

a) Absorption effect. Absorption of the plastic cover of the source capsule is about 0.8 % for
279 keV gamma rays and covers of the detectors are thicker. But the same capsules were used
for gamma-ray sources and the measurements were done under the same condition. Therefore,
the absorption effect is-included in the detector efficiency.

b) Source position effect. In our efficiency measurements four sources (three for one case)

were used at the same time. Sources were placed at 3 cm {Hiroshima} or 2 cm (Nagoya) from

fil
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the detector axis on a plastic plate which was at 20 e¢m from the surface of the detector case as
shown in Fig. 6. Really counting rates were different fér source pdsitions on the piate. The
maximum difference was about 0.7 % as shown in Fig. 7. ' Since the source positions were
changed by cyclic order, this effect was canceled in our measurements.

¢) Source to detector distance. Accuracy of the distance is within 0,2 mm, and ambiguity of
the average position of source material in the capsule is also within 0,2 mm. Therefore, error
of the counting rate originated from ambiguity of the distance is within 0.2 %,

d) Dead time and counting loss. To compensate this effect, four sources were measured at
the same time. Two or three common gamma rays were measured for different energy range.
Integrated peak counts were normalized by integrated peak counts of these common gamma rays.

11)

are probably a little different for pulses with different energies, we were afraid that the dead

Then, the pulser technique was not used for the dead time correction. Since pulse shapes
time and the counting loss depend a little on the gamma-ray energy. Ratios of the counting rates
of ¥Sc gamma rays to “®Co ones were measured together with a strong *Min source and without
this source. This effect is negligible (<0.3 %} as shown in Table 5.

The detector efficiencies were measured by using 12 kinds of the calibration sources in
Hiroshima and by 9 kinds of ones in Nagoya. For each measurement four sources (three for
some cases) were placed at four source positions, and combinations of sources are shown in
Table 6, Spectra were taken three times in Hiroshima and once in Nagoya in the same condition.
The sources were changed by cyclic order for four positions and five standard sources were used
for each nuclide. Therefore, measurements of one kind of spectrum were 60 times in Hiroshima
and 20 times in Nagoya. Total integrated peak counts were about 6x106 in Hiroshima and 2x10
in Nagoya. Examples of the spectra are shown in Figs. 8 and 9.

Relative gamma-ray intensities of #Y and *’Bi were measured in Hiroshima and Nagoya.
Those of ¥Co, 'MAg, '#Ba, P4Cg, %@y, ®Eu and !®Ir were also determined in Hiroshima.
Source combinations and the number of measurements are listed in Table 7.

Gamme-ray spectra were analyzed by PDP 1]/05 in Hiroshima and spectra taken in Nagoya
were analyzed by a electronic computer FACOM 230-25 at Rikkyo Uhiversity. Data analyses
were performed as follows:

a) Background subtraction, First, several gamma-ray peaks with low background were

:zure” and ratios of tail heights to the peak height, k1 and k.2 were determined at 12 keV and
6 keV lower than the peak center, respectively (see Fig. 10). Energy dependences of k) and kz
ware obtajined from these measurements (see Fig. 11). Background subtraction was done by a
straight line or a quadratic curve and the shape of the response function was reproduced by using
values of kl and k2 .

b) Subtraction of close-lying peak. Weaker gamma-ray peak was subtracted by using the
shape of a stronger close-lying gamma-ray peak {see an example in Fig, 12).
c) Integration of peak area., After background subtraction, channel counts higher than 1/50

of the peak center counts were integrated.. The peak center counts were determined by Gaussian
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titting. To examine whether fluctuation of integral counts is statistical or not and also to see
correlation between the integral counts and integrals of the fitted Gaussian functions, ratios of
the integrated counts of the 1332 keV peak to those of the 1173 keV peak of ®Co vs ratios of the
Gaussian integrals were plotted in Fig. 13, Points of 63 % are in the standard deviation o .
But only 55 % data are in the standard deviation for the fitted Gaussian integrals. Therefore, we
adopted the integral counts instead of the Gaussian integral.

d) Sum effect. Though t_hé source to detector distance was 20 ¢m, the sum effect was not
negligibly small as shown in Fig. 14, To correct this effect, the spectra of single gamma rays
s4yn, ®5Sr and 2Hg were measured and total spectra were integrated. In Fig. 15 solid circles

12)

shows total efficiency and the curve indicates the total absorption coefficient normalized at

experimental points. Iritegriétl of total spectrum of two gamma rays of *°Co minus the value at
1173 keV on the curve is plotted at 1332 keV. Similarly, the value of 24\a is obtained at 2754 keV .
Since these values are in good agreement with the curve, this curve was used for correction of

the sum éffect, The angular correlation effect is small, but it is also corrected with the

. 13
sttenuation factor )_

gamma rays. In addition, the sum effect with X rays was tested. For 108MA & the sum peak with

The sum effect of cascade gamma rays were corrected for the cross over

the X rays was not observed at the source to detector distance of 20 cm, but-the sum peak was
observed at about 1 cm as shown in Fig. 14. For '*Ba the sum peak with the X rays was observed

at 20 cm (see Fig, 16). Therefore the correction is necessary to heavier elements.

Efficiency curves, Observed detector efficiencies are listed in Table 8 and ploti:ed in Fig, 17.

An example of error estimate is shown in Table 9. Ratios of efficiencies in Hiroshima to those in
Nagoya are almost constant except **Hg (Table 8). Efficiency times energy is plotted in Fig. 18,
These curves are zig zag type, but deviations from the average are only within +3 %. Many
efficiency curves have been proposed 14-20) . However these curves (Eqs. (1)~(6} in text) are not
gatigfactory for precision measurement. Curves given by polynomials (Eqgs. (7)~(10)) are aiso
examined (see Fig, 19), and the efficiencies divided into three parts are fitted by Eq.{5). To
prove validity of the efficiency curve, Xz was callculated ag shown in Table 10, The best fitted
curve is Eqgs. (9) and (10}, Curves fitted by Eq. (10) are shown by broken curves in Figs, 20 and 21,
. The final efficiency curves in Figs. 20 and 21 are obtained from Eq. (10} and graphical correc-
tions. Though the high energy part looks a strange shape in the figure, the curve is smoothly
interpolated in the semi-logarithmic scale ag illustrated in Fig. 22. The detector efficiencies

were determined with the errors of less than 0.5 % shown in Fig. 23. Our efficiency curves are

compared with other efficiency curves in Fig, 24.

Experimental results. Experimental results of relative intensity measurements for ®%Y and ?*'Bi

are listed in Table 11 and 12, respectively. Both values of Hiroshima and Nagoya agree within
experimental errors; An example of error estimate is shown in Table 13. The average values
are obtained from the weighted mean,' where the weights are given by the number of measurements.

In addition, relative intensities of *Co, !'"™MAg, '¥*Ba, *%Cs, '*Euy, 154y and %[r were meagured

.
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in Hiroshima. Observed gamma-ray spgctrg are shown in Figs, 25~31, and experimental results
are listed in Tables 14~20, ‘ )

Intensity balances between feeding transitions and oﬁtgoing transitions were calculated for five
levels.as shown in Table 21, in order to examine reliability of our measurerﬁents. r'I‘he largest
deviation is 0,6 % and the average ig 0.32 %. Therefore our errors are réasonable.

Our results are compared with previous measurements in the tables and also in Figs 32 ~36.
Values in figures are normalized with the .sums of several strong gamma-ray intensities. Deviations
are seen at 1038 keV and 2599 keV in ®*Co, at 1038 keV in **Cs and at 411 keV and 1086 keV in
1525, . However, our results agree with the most of values of Debertin et al. and Gehrke et al.

within their experimental errors,

Camma-ray intensities per decay are evaluated from our results of relative intensities and

1 :
_internal conversion coefficients 9, 10) by using the well established decay schemes, These values

are shown in Tabile 22.

In conclusion we succeeded in determining relative intensities with errors of about 0.5 % for

strong gamma rays.

Vi
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Figure captions

Capsule used for the gamma-ray source.

Coincidence absorption curve of '**Cs,

Concentration determination of *Co solution used for standard source
preparation. Nine or ten sources were made from each deluted solution.
Block diagram of the detector system used in Hiroshima.

Block diagram of the detector system used in Nagoya.

Source holder and Ge(Li) detector. Source positions are six at Hiroshima
as shown in this figure and four at Nagoya.

Counting rate dependence on the source position.

Gamma-ray spectrum of standard sources observed in Hiroshima.
Gamma-ray spectrum of standard éourceS'observed in' Nagoya,

Peak shape of **Na 1275 keV garmma rays.

Tail parameters k, and kz of the gamma-ray peak observed in Hiroshima.
Subtraction of '**Cs 802 keV gamma rays,

Ratios of peak areas of 1332 keV ganima rays to those of 1173 keV gamma
rays. Plots indicate correlation between integrated channel counts and
fitted Gaussian integral,

Sum spectrum of three '®™MAg gamma rays, and sum of 723 keV gamma
rays and X-rays (corner). The source to detector distance is 20 cm for
the former and about 1 cm for the latter,

Total efficiency curve measured in Hiroshima.

Sum of 356 keV gamma rays and X rays in '**Ba,

Efficiency curves in the logarithmic scale.

Efficiencies times energy curve.

Efficiency curve fitted by various empirical curves. a. Three logarithmic

functions, Eq. (5). b. Linear combination of three exponential functions,

Eq. (9). c¢. Exponential function, Eq. (8).
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Final efficiency curve in HirbShima.

F'inal efficiency curve in Nagoya,

High energy part of the final efficiency curve of Hiroshima in semi-
logarithmic scale.

Errors of efficiency Cui‘ves.

Comparison between efficiency curves.

Gamma-ray Spectrum of %Co,

Gamma-ray spectrum of '"MAg,

Gamma-ray spectrum of '**Ba.

Gamma-ray spectrum of **Cs.

Gamma-ray spectrum of '*’Eu,

Gamma-ray spectrum of '**Eu.

Gamma-ray spectrum of '%Ir,

Comparison between relative intensity measurements for %Co.
Comparison between relative intensity measurements for NOMA o

Comparison between relative intensity measurements for '*Ba.

Comparison between relative intensity measurements for **Cs.

. . . . 152
Comparison between relative intensity measurements for °“Eu.
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FMBRE D, FHEEZNIEEBEEABICRTI TRIEWEALEL, EhTNOEERFEORKT
YERE el , FORHHEES 6L, ROEHT VB LT EI2BEHEL ¢ &,
T ORHEBREIA

n
i= X

— 5
1=1 a €1 !

TEhEhL, COCBEEREORAN L35, 01 BRIOFHBELLER Lz, e/
BEROEHICLTRDA, WDOKXDa-1, a0, a1 {2 ej DORE¥TEDbLINS, CDa-1.a0,
a1 ZAMORNCRAL, ¢4 ¢f OEKTEL, ¢ TRED L, EESFEOHKTBEESL 9
EtThid, Kb H v=8BzxvF DEHBEZE 1L

d¢
dei

62= 3 (—es )2 aj2

1=1
Llib, #hik, BESHEOELEFIA e = 02+ 32 TEZONE, COBREGEHiBOEE
HEDEELRHOLICT L2120, FBRELHEROBAR YWTRKERE, HHEE, 20 28R/
AZrhFhR 23 KRl '

COMBBHTEIMDOAD b DELEST B r2bic, B 24108 00T Debertinet al 2 &

Gehrke et al.ﬁ)OD tH DL L7, Debertin et al,tGehrke et al . D& DI X BITHEY,
ERELHEOLDEIE BTG, COMAIR, REBOHKEKS XLk 5 bDE RTINS,
T, REDEHROEHZEZ . GRUHOHIEEBELZECHFALTWAELE I LI -T
Wa,
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5. R LW

BRI, EERRICLNEE0S R UTOBETRET S ENTEL, FMITE L
T, THhHERTE bfﬁtﬁ‘s@$ﬂ%§ 20, ®21 %R, TOHMBRICIIERIIR ST BTN,
W3 4 — 2504 T, HEBEE+BRT 2BHRADAZ 7 TETBELLEDDTHS,
ORAYEHBLERALTH OHEDOT ¥ < REBHREEZ KD, e EZHB OBz F
BIZR 18KASNDE &I FBICL CDERZERL TS,

KiCEBELERICHY 2 88Y &£ 207Bi OWERRELNLARIL . RI2IORT . WER
s OREATEL —RUT 3, BEORHHOME LT 2B D560keV #/ ¥ 7ROB
é%i13m$¢ocnmﬁmigzﬁbtWCo®£%&EU%zﬁﬁﬁém.c@%émﬁf
R OEE b AT B, REETS 5 h 5 RE L REEDEROBER ST,
EURINTVALERELEROTHEE, HEEAREHEL LLTHTEHS, REITONE
(& bR bR ORES BT i, 58Y Tt Schotzig et al? RER—KLTL A2,
Ardisson et al 20 OFAEAF L, 207BiTI Rao et al P QMBSO THIAKE VMBS
DEEATHO , Jardine ™ £ O—&iz L1,

%7, [EBICHTHIE L7 56Co , 110mAg, 133Ba , 134Cs , 152Eu, 1%4Eu, 192Ir @
Hvw@ARy bhkEnENR 25 ~H3UCTRT, 3, ROKRER 14 ~F200TRT, &
WA v BIIEmE 05% UTFTHET 5 ENTE R, CHALDERET, KOK 13 CERLSA
WTRHI, LinL, 2o DBBRANBEREILDIC, + LEROBEIRBHIAE 85,
Blaid, 56Co MBATkeV # v v T034%. 2276 keV T—53% . 152Eu D 1408keV
C0.23% OWEATT 70 56Co ®2276keVH ¥ v HOMWEHNRDOKEIEICIL - 72D,
BNHRY - F e HYTRODTHD, 58, 152Fy & 154En TREFHEBLATERICL
%H5Xﬁ®ﬁA%%®ﬁE%ﬁokoﬁid.%@t%é@.1W&NDH08mVﬁV7ﬁ
C012% . 154Eu 1274 keVH ¥ =@ T0.03% TH -1

chodDrEoRER, BOHDT03~05% THd. chMELWLHE S PEBRKT H7
b.U&OQV&w«%b5ﬁy7ﬁ&W%§&§?®ﬁﬁﬁE®ﬁ&%@VwaéfTw<
&0 OAME DRI AR D 7z, 56Co 110mAg, 134Cs ML 56 Fg , 110Cd, 134Ba © 5
PN TEEA B L bDER 21 KR, NBERETOMMBER, 7 7&
D REC AR EREROERA T LI RREEZHILbDOTHE, CORRI, OFe &
110Cd M 658 keV L AL T—HOEEE LI b3 ThaBEDOR DL, WEORED 2FEMO
RN THD, 272, CO5SODBAOCTIO2ERMOFEEIF032 % TH2L, Fhig, bhb
hoRlEOEEDEMENESTSNEEEAENA D

hhbh ORI MOADIES KBT 2128, 36Co, 119mAg, 133Ba, 134Cg , 152Eqy i
DT bR bhOEP 5D TRAR 32 ~H 36K LLi, ChsOETE, £hENOUE
BNy BREORNNE L BALIBBLLTHE, LR L, B Y TREBKL, 8
BEANETEEE, —DOH Y vREEE 100 &Ciﬁt&_4t'§”%&%@ﬁ%@f:bk‘:%ﬁa’mf
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HEND, BT Y v BOSEORTRELTHIT, RRNTEERAST, ZOBNERSLD
CEEDE D, o _

£ 14 1CRT £ 51T 56Co MMM &4 3 T ORIEEE LEF 12, Katon ™ 0 sk &
s, BBLH Y~ BTN D TH TS bDAid 5, Hautala etal > OERBEOBLHO
DEICHEDFREL O ThHED 6 b, B DR LK IFMBLINTVRNOTERLT &
b5 0, BEDBRHBARTIERBTH S, Gehrke 5D 3205DHE LS
. IADHYeBThTHTHEHLNBREZBATTNT IS, Meyer DERBVHDTHH
4 0—F LTI, 32 T, 1038keVE 2590keV IKBINT ., BICBSITOHKREL,
1038keViza v 7+ YOREILHD, v 7755 KOERHTs2H L, 2035keVE
250 9keV (A H L D B8Y D 1836keV & 24 Na D 2754keVORICEH D , BHHERE
Sp LN BTH D, biLbhiE, ¢ ORIC9ND ® 2319keVARECHEM LTHEDT,
RSO TN Hr, 56Co 1K TIE Debertin 5 DEBEMEHLLDOT, BRI
BEHhbhDEEHBETEIN,

%150 10mAg Ti, PN HA DML Gehrke 5% O & MEOBWET L —HLTVED,
Debertin 525 i & 14885 keV & 1384 keV (L BT FNHB BN S, F4 . Meyer Off
HENTINB bOREL, LiL, B Y BROESTA b 33 Tt Debertin 50
1384keV , Meyer ® 1505 keV A&, L{—HLTWS, :

133 Ba D B4 Schotziget al,” Gehrke et al® OEEHETHIE, £ 16 CRTLIK
ZEIT B LTV A, Meyer Dot b iz iTEEOWREICH 5, B 34 KHBLTH, Schotzig
et al.(PTB) Offiit, bhbhdfd £ —K LT3, fsdGehrke 5 & Meyer DfEIFE
ZOBEANTEHE0, FHOTIMBHECEERLTNE,

%17 ©134Cs OBA, 1038 keV # v w82 % 2 Debertin et al ¥ o k= uFnR
fiiv. 1038keVDFAIL, HMEEHEE b ICH e BE TSV L B b D, Meyer VOIH
it Hise et Al 20 EEEALEST, BEOBETONOAOHEE KLTVE, LHL,
35 HSHD LD, 134Cs @ 1000 keV LLED 3EOFH T <R T 1 IR BE DRAERT
nENbH B, 1168keV & 1365keVICET 3 TR, HRY ~ FH Y VROF LHROBE
Ly CFRABRETEL, O3 F N —FOHRITICEF AHROMEICDOTRLNTNIEL,
rhi. COThEY AHRORBFEOLHTREVDGEEDNS,

152 By €It 18 105 & 9 iC Debertin et al ¥ EAFRMTLC KL TS, Gehrke
et al® & AET I, SEEES 20% LT O b0TIEThEHTH B, Debertin® DI
1= Debertin et al.? &< & ~EEAURE V8, DHOROMED—KIIL B, THRE
B AIC LD 20 B FICHREAEA L, BT L RS Debertin BHEFH L SDOTE
B E{BUVEIRENESENTVSLPEENNS VEKTRANBAZTODTREDLAID,
Meyer”? OfEbsHE 0L —H LTV, BEOHE 36 ©152Euid, 411 keVE 1086keV
ABE, X —BLT5, 1086keVOBRSITNIZ, COELIC1090keVHH Y, & DEF]
A TS BB, 56Co ® 1038keVE 134Cs D 1038 keV & & b 152FBu O
1086keV ICHISEME OB ST D HAE T &2, T OMEOREZRERMOR DT CRIENS S
CERFL T A, L L, 411keV & 1086 keV T & $i0bNDNOM & Debertin et
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al, DERIBEOBHET-R LTS,

154 By @iBA, & 10 IRT & i Redinger et al “20ffid, BEnk s, £ORHE
T—H LT3, 154Eu HRHEBEORVAIENRBLOTHARELENT R,

520 ©192[r T, Gehrke *” & 485 keV MFTLC—K LTV B2, 480keV HET
HkE B ENMBEDOND, Ef, Prasad et al 'V OEEBEENASVEETREAEL,
19217 CRAMCREDBORIES OO T, +3 15 BN T EH,

LEokdic, BENEWNEBbhS Idahod Gehrke 5 & 56Co, 110mAg, 133Ba, 152Ey
{toT, PTB ®Debertin & &i3 88Y, 110mAg  133Ba, 134Cs, 152 Euic 2 THET 2
CENTE N, EOREAEE DN, Cehrke 5DMEE 56Co D 3XTHTHRTRHESD .
152Eu @ 411keV THThos@Bwvonid, oBEOY v RTI, BEZOBEAT-HLTVS,
Debertin &®MEE (2, 88Y D898 keV, 110mAg > 1384keV, 134Cs ® 1038 keV, 152y
D 4d44keV D4AERS , BEOBATHL TS, 8Y OFhid 485 AOHEATHY,
152Ey D 444 keV iz, K36 TEOLTHICHSOBELMRITL 0K 18 TIREOREA
55, BOD2AGED S BN, THEIZEFEREFVEDTE N, Gehrke 5 Dff &
L7z v =83 24 A&, Debertin S EHETE/bDIR 28 K, 20D LEHELBATY
ATVEDH, ERhERAKRL 2ATH -1, RILZDA Y T ROBHBEOHE C LOMES
®3LEHL, TOREMBEICONT 22 2RD72, DD OMEL Gehrke SDELEDETRH
12 =945 (AEE 20) %, Debertin 5 DEEOETIF 12 =587 (BHE23) 241,

i, bh b O & Gehrke &% XU Debertin &5 DE & (2B NT VB TR X —&LT
WAERRENE,

wic ., SEORNBEOREENGS, BEH-VOBESRY 2, NBERFROBRME, B
Bk -THERE DY 2H, MEERICHE-T, %6Co, 88Y, 110mAg, 133Ba, 134Cs
07TBiiIc>NTRDIERAE 22 ITRT,
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6. &

e

bhvbhid, 279 keV Me 2754keVOEETH v~ HROBEOREREL RS, FlHOH
MTH2 1 HOBEIRTIETBEN0S % OMEICHI Uiz, COREHFERLER FHRENL S
DTS, bhbhhOREFEEE > TS5#05 % BEOAERIEEBHAERICT > CEMNTE
ATHAD, Db iR L L SEBEOGUEEREA SRB T LRES TRV,
ARME LR T 2OKBECHNEEOEE SR bbhRET HEEZHE AT, K05 % OME
TRUDEOREAT I ENTE 5, .

AgirEIh MBI 279 keV EINE 2754 keVU EDOBIETHS, 279keVELIT 100
keVAEETIRABRIOBEOREETSC EHHTE 505, 100keV LITF & 2754keVid
EofEETIE , ERSEERENISATVOT, BE 1% UTORBMERFERICE2LLY
AHD,
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Table 1. Evaluated values of calibration gamma rays
and observed strengthes of standard sources.

Intensity

Gamma-ray Source strength
Nuclide Half-life energy per decay (Bq)}
' (keV) (%} Hiroshima Nagoya
2N, 15,03 h 2754.0 59,8758 £ 0,0034
1368.6 99,9922 + 0.0010
b 14.6 h 2319,1 81.76 £ 0.21
: 1129.1 94.19 £ 0.09
sty 106.61£0.02 d 1836.1 99.24 +0.07 31752 + 109 27745+ 97
41411 + 138 34977+ 119
37253 + 126 34910 + 118
, 39497 + 133 39595 + 133
_ . 36765+ 124 39414 + 132
52Mn 5.67d 14343 199.9931 + 0.0007 ‘
935.5 94,89 40,03 \
8Co 5.2721£0.0024y  1332.5 99,9813 + 0,0015 22609 £ 49 20391 + 45
: 1173.2 99.89 =+ 0,02 30177 £ 64 26510+ 56
29421 + 62 26258+ 56
25987+ 55 34555+ 72
24854 + 53 32140+ 67
2y, 2.60240.002 y 1274.5 99.94 +0.02 27339+ 68 26996 £+ 67
29762 + 74 27450 + 68
25365 63 27891 ¢+ 69
24604+ 61 23047 58
267001 66 21679+ 54
3¢ 83.82 +0.034d 1120.5 99.9875 + 0.0011 41170+ 93 28552 + 68
889.3 99,9829 + 0,0017 31368+ 73 32752 76
35518+ 82 31189+ 73
30016+ 71 36387 + 83
_ 34223+ 79 29984 + TI
Nin 312.38 +0.18d 834.8 99.976 £ 0.003 42775+ 152 58861 + 201
46615 + 163 45680 + 160
44768 + 158 33877 + 125
39062 + 141 37223 £ 135
43702 + 154 45331 + 159
R F 2.06210.005 y 795.8 B5.52 +0.05 46702 + 240 57309 £ 293
604 .7 97.64 + 0,06 51438 + 263 52879 + 271
40178 £ 207 41720 + 215
48426 + 248 54808 + 28!
51495 + 264 44433 + 228
108Mp g 127y 722.9 100.00 * 2)
614 3 99.88 +0.04 a)
434.0 99,36 £ 0,09
855r 64.93 +0.15d 514.0 98.4 = 0.4 26097 + 131 31740 + 159
30776 + 154 31883 + 160
27522 + 138 29751 + 149
27737 ¢+ 139 28253 + 142
28595 + 143 29778 + 149
Mg 46.68 £0.11d 279.2 81.48 + 0,08 48333 ¢ 161 56661 + 185
- 45764 + 154 45420 £ 153
45817 £ 154 44632 + 151
44611 + 151 36276 + 128
47628 + 159 45945 + 155

a) Relative intensity.
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Error estimate for decay rates of ®°Co standard sources.

Error
Item (%)
Hiroshima Nagoya
Systematic error
Radioactive impurity +0.1
Coincidence timing +0.03
Measurement of solution +0.04
-Background +0.007
After pulse +0.05
Gamma efficiency of beta counter +0.01
Total systematic error +0.201
Statistical error
Activity of original solution +0.031
Measurement of solution
Source no. 1 +0.073 +0.080
Source no. 2 +0.054 +0.062
Source no. 3 +0.056 +0.062
Source no. 4 +0.063 +0.047
Source no. 5 +0.066 £0.051
Average +0.028 +0.028
Total statistical error +0.042 +0.042
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Errors of the standard sources

Nuclide Systematic error Statistical error
(%) (%)
Hiroshima Nagoya
*Na 0.246 0.021 0.021
*3c 0.214 0.042 0.044
*#NMn 0.324 0.070 0.072
Co 0.201 0.042 0.042
S 0.496 0.046 0.045
Sty 0.315 0.084 0.085
1HCs 0.481 0.168 0.168
2Hg 0.307 0.065 0.067
Table 4. Specifications of Ge{Li) detectors
[tem Hiroshima Nagoya
Type True coaxial Closed-end coaxial
Size Diameter 41,8 mm 43.5 mm
Length 48.1 mm 37.5 mm
Active volume 57.4 cm® 55 cm®
Diffusion depth 1.0 mm 0.5 mm
Capacitance 24 pF 22 pF
Bias voltage +4800 V +3000 V
FWHN. at 1332 keV 2.0 keV 2,0 keV
ok Comelon Tt 2 5/
Efficiency compared . 10.4 % 10.1 %

with 76mm ¢ X 76mm Nal{T1)
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Table 7. Combination of sources and number of measurements for relative intensities.
FPlace of Source nuclide Energy range Number of Number of Number Period
measurement source sets source of runs for each
{keV) position run
Hiroshima *Co 0 ~ 1850 1 4 36 2h
%Co 1000 ~ 2700 1 4 36 2h
Co 2000 ~ 3650 1 4 36 Zh
38y, O¢Co, **Mn 800 ~ 1850 5 4 60 Z2h
207R; 5, 85Sp 500 ~ 1150 1, 59 4 60 2h
Nagoya %o, %Co 600 ~ 1500 1 4 4 20000 s
%Ca, Co 1100 ~2100 1 4 4 20000 s
%Co, *Co 1700 ~ 2700 1 4 4 20000 s
%Co, *°Co 2500 ~ 3500 1 4 4 20000 s
8%y 4650 2Na, 9Co 500 ~ 1350 2 4 8 2h
88y, %%8r, “Sc, *Co 500 ~ 1350 4 4 16 2h
B8y 13Cg  SNn, *°Co 500 ~ 1350 5 4 20 2h
07R§, 8Co 500 ~ 1350 1 4 4 13h
Hiroshima nemp o 0~ 1000 2 4 48 Zh
10 800 ~ 1800 2 4 48 zh
lomp o 1000 ~ 2000 2 4 48 2h
13Ba 0~ 600 4 4 12 2h
S of 500 ~ 1200 5 4 60 zh
1340g 700 ~ 1400 5 4 24 2h
152y 100 ~ 900 1 4 36 2h
152 pn 400 ~ 1200 1 4 36 2h
1% 800 ~ 1600 1 4 36 zh
Py 166 ~ 900 1 4 36 2h
ol 400 ~ 1200 1 4 36 zh
15 my 800 ~ 1600 1 4 36 2h
92 p 0~ 700 1 4 48 zh
192 550 ~ 1400 1 4 96 z2h

a)

One source for 27Bi while five sources for *Sc¢ and also for #8r,
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Detector efficiencies measured with standard sources.

Nuclide

Gamma-ray

Efficiencies x 10*

Efficiency ratio

energy Hiroshima Nagoya Hiroshima/Nagoya
(keV)
“Na 2754.0 0.8438 + 0,0028 0.7103 £ 0.0024 1.188 + 0,003
Nb 2319.1 1,028 + 0,005
88y 1836.1 1.296 + 0.005 1,099 + 0.005 1.179 + 0,004
2Nin 1434.3 1.659 + 0,006
80Co 1332.5 1.787 + 0,005 1,517 + 0.005 1.178 + 0.003
#Na, 1274.5 1.859 + 0.005 1,583 + 0,005 1.174 + 0.003
89Co 1173.2 2.015 + 0,005 1.707 + 0.005 1.181 + 0,003
3¢ 1120.5 2.098 +0.006 1.769 % 0,005 1.186+ 0,003
#gc 889.3 2.599 + 0.007 2.203 + 0,010 1.180 + 0.005
NMin 834,8 2.732 + 0,010 2.324 +0.009 1,176 + 0,003
134Cs 795.8 2.862 + 0.015 2,437 +£0.013 1.174 + 0.004
108MA o 722.9 3.135 + 0,013
BiCs 604.7 3.733 +£ 0,020 3.182 + 0,018 1,173+ 0,004
855 514.0 4,391 +0,029 3.771 + 0,027 1.165+ 0.008
L0sinl A o 434.0 5.280 + 0,024
BHg 279.2 8.54 £ 0.03 7.42 + 0.08 1.150 £ 0,013
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Table 9. Error estimate of *°Co 1332 keV gamma rays

Errors
Item (%)
Hiroshima Nagoya
Source Systematic 0.201 0.201
Statistical 0.042 0,042
Evaluated gamma-ray intensity 0. (502 0.002
Half-life 0.002 0,002
Peak area Tzil kl s k,z 0.02 0.02
Counts 045 ~0.116 0.073
Background shape .01 ~0,04 0,01 ~0.,04
Source-detector distance 0.14 ' 0.14
Sum correction Total efficiency 0.005 0.013
. Angular correlation 0.001 0,002
Normalization of counts a) 0.030 0.154
Total ‘ 0.261 0.303

a) Normalization of integrated peak counts for different energy

range spectra.

Table 10, ¥ ? for various efficiency curves.

Xy 2 means the reduced

x* value, ¥, 2_.y?®/v, where v is freedom,

The last

expression shows the final efficiency curve, where A

means the graphical correction,

Hiroshima Nagoya

Efficiency curve
2
X 2 2
X Xy
aEP 362 212 21
exp(a,+a, B+ E*+a,EH a,FY) 358 7.
aleb1E+aaebaE+a3eb3E 9.0 .9 L.
~h: .

aiE 1 (i=1,2,3) 21 .1 0,
exp(a-, /(E-b}+a +a, (E-b}) 26 .2 1.
exp{a.,/(E-b)+agta, (E-b)+A 9.2

|l
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Table 11. Relative intensities of ®Y gamma rays

Gamma-ray

Relative intensities (%)

Present

enerey Schotzig Ardisson
(keV) 1) 21}
Hiroshima Nagoya Average et al. et al,
898.0 94,3+ 0,3 94,5+ 0.4 94,37 + 0.26 94.9 £ O.5a) 92.0:1:0.73')
1836.1 100,01+ 0.3 100.0+ 0.5 100.00 £ 0.26 100 100
a) Obtained from intensities per decay
Table 12. Relative intensities of #**"Bi gamma rays
Gamma- ray Relative intensities (%)
22} —23)
energy Present Rao et al. Jardine -
(keV) Hiroshima Nagoya Average
569,7 100.0 <+ 0.4 100,0 0.4 100,00 +0.3 100 100
897.3 0,122 + 0,013 0,122 £ 0,013 0.150+ 0,015 0,14+ 0,02
1063.6 75,79 £ 0.25 75.51 + 0,26 75.72 + 0,20 78.7 + 4.0 75.5 +2.3
Table 13, Example of error estimate for relative intensity

measurement of “U7Bi 569 keV gamma rays

Errors
Item
Hiroshima Nagoya
Efficiency curve 0.366 0.435
Peak area Tail kl’ kz 0.024 0.02
Counts 0.038 0.06
Background shape 0.05 0.05
Sum correction Total efficiency 0,005 0.01
Angular correlation 0,001 0.002
X-ray efficiency 0,003 0.006
Total 0,372 0,443
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Table 14. Relative intensities of %Co gamma rays

Gamma-ray Relative intensities (%)

energy

24 7
{keV) Present Katou ) Gehrke 6) Hautala et al, 25) Meyer )
et al,

486.5 0.061 + 0,010 : 0.055+ 0,005

733.6 0.193 £ 0.012 0.219+ 0.007 0.143 + 0,013 0.200 + 0,010

787.8 0.305+ 0,013 0.311 + 0,012 0.34 +0.03 0.310+ 0.010

846.8 100.0 +0.3 100 100.0 £1.0 100 100

896.6 0.095+ 0.018 0.089+ 0.011 ¢.077 £ 0,010 0.070 £ 0,005

977.4 1.435+ 0,016 1.386+ 0,015 1,426+ 0.015 38 £+ 0.04 1,440 + 0.015

996 .9 0.129 £ 0,014 17 +0.014 0,112 + ¢.906
1037.8 14,14 + 0,05 13.922 +0.116 14,04 £ 0.14 13,5 *0.2 14,00 + 0.010
1089.1 .05 £0.03 0.0 + 0.02 0.050 + 0,010
1140.3 0.131 + ¢,021 0.107 £ 0,003 0.117 £+ 0,013 ¢.150 £ 0.010
1160.0 0.095+ 0.014 0.095+ 0,006 ) 0.08 #+0.010 0.100+ 0,010
1175.1 2.2411:0:012 2.180+ 0,024 2.28 +£0.02 2.11 +0.10 2.280 + 0.020
1198.8 0.051 £ 0.009 _ 0.044 + 0,008 0.050 +'0,010
1238.3 66.06 + 0,21 66,366 £ 0,742 66.4 +0.7 65.1 +0.4 67.6 +0.7
1272.0 0.025+ 0.008 0.035+ 0,004 0.020 + 0,002
1335.58 0.130 + 0,006 0,120+ 0,003 0.12 +£0.02 0.125 + 0,005
1360.2 4,265+ 0.017 4.189+ 0,052 4.24 + 0,04 4.24 + 0.15 4.33 £ 0,04
1442 .7 0.172 + 0,007 0.172 £ 0.004 0.195+ 0,010 0.200 + 0.010
1462 .3 0.084 + 0.006 0.078 + 0,003 0.077 + 0,005
1640.4 0.070% 0,011 0.062 + 0,003 0.050+ 0.010 0.060 £ 0,010
1771.4 15.48 + 0,05 15.369+ 0.241 15,65 +£0.16 15,26 +£0.15 15.70 + 0.15
1810.7 0.656+ 0,023 0,665+ 0.023 0.650 + 0,007 0.59 + 0,03 0.640 + 0,010
1963.8 0.708 £ 0.011 0.667 + 0,021 0.724+t 0.008 0.70 +0.02 0.720 £ 0.015
2015.4 3.029+ 0,014 3.025+ 0.072 3.09 £ 0,05 2.97 + 0,03 3,08 +0.03
2034.9 7.775+ 0,028 7.694 + 0,146 7.95 t£0.12 7.64 + 0.06 7.89 + 0.07
2113.3 0.364 + 0.007 0.375+ 0.017 0.387+ 0,008 0.34 20,02 0.385 0,005
2213.0 0.389+ 0.008 0.387 + 0,018 0.406 + 0,009 0.39 +0.02 0.350 £ 0,010
2276.1 0.124 + 0,007 0.146 + 0,007 0.15 +£0.02 0.110 + 0.005
2373.5 0,083+ 0,011 0.050+ 0,006 0.080 + 0.010
2523.8 0.068 +0.011 0.084 + 0.009 0.060 + 0,005
2598.6 16.96 + 0.06 16.642 £ 0.220 17.34 +£0.26 17.19 +0.15 16.90 +0.15
2657 .4 0.021 + 0,006 0.029+ 0,004
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Table 15. Relative intensities of ''""Ag gamma rays
Gamma-ray Relative intensities (%)

26 7
energy Present Debertin et al, ) Gehrke et a1.6 Meyer ?)
(keV) ‘

365,4 0.091 + 0,019 0,102 + 0.008
387.1 0.08 +0.04 0.055 + 0.001
396.9 0.06 +0.03 ‘ 0.043 + 0.001
446.8 3.955 x 0,028 3,862 £ 0.039 3.89 +0.04
620,4 2.965 + 0,019 2.927+ 0.030 2.94 +£0.05
626.3 0.228 =+ 0,014 0.248 + 0.004
657.8 100.0 + 0.4 100.0x 0.7 100.0 1,0 100,
676.6 ) 0.15 =+ 0.0l
677.6 } 1109 =o0.08 11.31 +0.11  11.z2 0.1
687.0 6.80 + 0,06 6.85 = 0.07 6.83 £ 0,05
706.7 . 17.54¢ 0.1 17.67 +£0.18 17.28 £ 0,15
Tos s | 17.66 x0.10 0.29 +0.02
7443 5.000 + 0,027 4.92 + 0,05 4,93 + 0,08
763.9 23.55 +0.09 23,7 0.2 23.60 £ 0,24 23.6 + 0.2
818.0 7.76 + 0,04 7.73 £ 0,08 7.71 + 0,05
884.7 76.76 £ 0.26 77.5+£ 0.5 76.9 + 0.8 77.1 + 0.6
937.5 36.31 +0.12 36.6+ 0.3 36.22 £ 0.36 36.3 + 0.3
997.2 0.142 = 0.005 0.132 4+ 0.004
1085.4 0.066 + 0,012 0.071 + 0,002
1117.5 0.041 + 0,006 0.052 + 0.001
1125.7 0.038 + 0,008 0.030 £+ 0,002
1163.2 0.079 + 0,007
\les s | 0-079 *o0.012 0.050 + 0.005
1251,0 0.024 £ 0,007 0.026 + 0,001
1300.0 0.025 + 0,008 0.021 + 0.001
1334.4 0.149 + 0.006 0.149 + 0,005
1384.3 25.66 + 0,08 26,1+ 0.2 25,70 + 0.26 26.1 + 0.5
1421.0 0.039 + 0,003
1475.8 4,220 + 0,017 4,21 +0.04 4,24 10,08
1505,0 13,77 £ 0.05 13,9+ 0.1 13.84 +0.14 14.01 £ 0,12
1562.3 1.085 + 0.007 1,250+ 0,013 1.26 £0.02
15926 0.0221 + 00,0013 0.022 =+ 0,001
1629.7 0.0061 £ 0,0011 0.0046 + 0,0005
1775.4 0.0067 + 0.0011 0.0063 + 0,0004
1783.4 . 0.0103 + 0.0011 0.0092 £ 0.0003
1903.5 0,0158+ 0,0015 0.016 + 0,001
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Table 16, Relative intensities of '*’Ba gamma rays

Gamma-ray Relative intensities (%)

genergy 5) 5) 7

(keV) Present Schatzig et al, Gehrke et al. Meyer

276.4 11.53+£ 0,06 11.41 + 0,14 11,7 £ 0.4 11.3+ 0.2

302.8 29.48 1+ 0.14 29.43+ 0,33 29.76 £ 0,30 29.21+0.3

356.0 100,0 £ 0.4 100.0 +£0.9 100.0 £ 1.0 100.0+ 0.3

383.8 14,39+ 0.06 14,33+ 0,13 14.36+ 0.14 14,5+ 0.2
Table 17. Relative intensities of P#Cs gammza rays

Gamma-ray Relative intensities (%)

- energy 27 4 7
(keV) Present Hise et al. )2) Debertin et al, )a) Meyer )
563.1 8.57 +0.03 8,59 +0.05 8.55 _iO.lZ 8.59t 0.
569.2 15.78 + 0.06 15,8 + 0.11 15,76 + 0.23 15,8 £ 0.
604 .7 100,0 + 0.4 100,00 + 0,33 100.0 100.0 <+ 0.
795.8 87.5 + 0. 87.58 + 0.39 87.4 +0.9 87.5 + 0.
801.8 9.89 + 0,03 8.95 + 0.04 8.85 1 0.12 8.95+ 0.09
1338 .4 1.008 + 0.005 1.03 +£0.01 1,023 £ 0.013 1_'02.i0.02
1167.7 1.827 + 0,008 1.850+ 0.027 1.844+ 0,020 1.85+ 0.03
1365.0 3.074+ 0,013 3.12 +0.04 3.09 £0.03 3,11+ 0.04

%) Obtained from intensities per decay
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Table 18. Relative intensities of '*Eu gamma rays
Gamma-ray Relative intensities (%)
energy _ ) 3) 6) . 28) a) 7)
(keV) Present Debertin et al. Gehrke et al, Debertin Meyer
295.9 2.14 +0.04 2.11+ 0,05
329.4 0,711 + 0,014 : 0,59+ 0.01
344 .3 127.9 + 0.6 1283 +1.2 127.2 +1.,3 127.5 + 0.8 127.5 +1.9
367.8 4.16 + 0.04 4.19 +£0.04 4,05+ 0,08
: 411 .1 10.90 + 0.05 10.79+ 0.16 10.71 £ 0.11 10,71+ 0.05 10.7 £ 0.1
’ . 4439 15,06 +0.06 . 14,90+ 0.14 15,00 £ 0.15 14.97 £ 0,07 14.8 £ 0.2
| 488.7 2.031 + 0.015 1.984 1+ 0,023 .95+ 0.02
| 503.5 0.768+ 0,018 0.73+£0.01
; 564.0 2.43 +0.04 2.364 0,05
{ 566.6 0.64 + 0.06 0.62 + 0.01
|
: 586.3 2.19 +0.08 2.24 +0.05 2,20+ 0.05
656.5 0.71 + 0.05 0,69+ 0.01
674.6 0,94 £ 0.05 0.89+ 0.05
678.6 2.28 0,05 .2.296i 0.028 2.21+0.04
688.6 4,20 +0.04 4.12 +0.04 4.00+ 0,08
: 719.3 1.67 = 0.03 1.56+ 0,03
11 764.8 0.95 +0.05 0.84+ 0,04
778.8 62.16 £ 0.22 62,0 £0.5 2.6 =+ 0.6 62.16+ 0.27 61.9 + 0.8
: 810.4 1.56 + 0.04 1.52+ 0,02
841.5 0,837+ 0.023 6.78+ 0.01
8367.3 20.33 +0.10 20.54 +0.21 19.9 + 0.4
901.2 0.40 + 0.05 0.44 £ 0.03
919,3 2.08 + 0,06 2.09+ 0,05
926.2 1.38 +0.06 1.27+£0.04
930.5 0.37 +£0.06 0.35+ 0.04
963.3
964.0 70.14 + 0.23 70.0 0. 70.4 0.7 70.12+ 0.19 69.2 0.9
i 1005.1 3.078+£ 0.024 I3.5? + 0,07 3.10+£ 0.01
\ 1085.8 . 48,15 + 0.16 480 0. 48,7 0.5 48 73+ 0,17 46.5 £ 0.7
i 1089.7 8§.35 £ 0.04 8.26 £ 0.09 8.2 £0.1
1108.9 1,00 +£0.05 0.88+0.02
1112.0 64,67 +0.21 64,8 + 0. 65.0 + 0.7 65.04+£ 0.18 64.9 + 0.9
1212.9 6.85 = 0.05 6.67 +0.07 6.70 & 0.08
1249.9 0.875+ 0.024 0.88+ 0.05
1292.7 0.46 + 0.03 0.49+ 0,03
1299.2 7.80 +C.05 7.76 + 0.08 7.8 £0.1
1408.0 100,00 +0.3 100.0 0. 100,00 1.0 100.00+0.27 100.0 £ 0.3
1457.6 2.391 £ 0.029 2.52 +0.09 2.33+ 0,03
1528.1 1.344 £ 0.013 1.27+0.03

a) Obtained from intensities per decay
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Table 19. Relative intensities of '**Eu gamma rays

Gamma-ray Relative intensities (%)
energy
(keV) Present Riedinger et al. 29)
444 .5 1.624+ 0,020 1,69 +0.15
591,7 14.35 + 0.06 14.8 +0.8
625.2 0.927 + 0.021 0.89 0,12
676.5 0.47 + 0,05 . 0.43 +£0.11
692 .4 5.182 £ 0,025 4,97 £ 0.30
723.2 58.19 £ 0.21 60.1 + 31
756.8 13.18 + 0.07 12.9 +0.,6
815.5 1.5 £ 0,05 1.38 +0.18
845 .4 1.687+ 0.021% 1.60 +£0.22
850.7 0.692 + 0,023 0.60 + 0.13
873.1 35,18 +£0.12 34.8 +1.7
892 .8 1.497 £ 0,026 1,31 £0.10
904 .1 2.62 *0.,03 2.42 +0.17
996.2 30.09 £ 0.12 29.4 +£1.5
1004.7 52.04 + 0.19 50.6 + 2.5
1140.7 0.671 + 0.014 0.69 + 0,10
1241.4 0.38 £ 0.05 0.30 + 0.07
1246.2 2.49 +0.04 2.40 +0.22
1274.4 1006,0 + 0.3 100
1494.2 2,056+ 0.016 1.88 +0.09
1596.7 5.238+ 0,026 5.15 +0.26
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Table 20. Relative intensities of !*’Ir gamma rays

i e

Gamma-ray _ Relative intensities (%)
?Ez\r}%y Present Gehrke 30) Prasad et al. 31)
283.3 0.303 + 0,022 0.320 + 0.008 0.39 + 0.08
295.9 34,62 +0,17 34,64 + 0.35 35.6 +1.3
308.4 35.84 +0.18 35,77 £ 0.36 37.1 + 0.08
316.5 100.0 +0.5 100 100
374.5 0.861 £ 0.008 0.875 + 0,015 0.79 + 0,03
416.5 0.800 + 0,010 0.802 + 0.015 0.89 + 0.64
420.5 0.078 + 0.009 0.070 + 0,006
4681 57.50 +0.23 58,0 +0.9 59.7 12
4846 3,810 +0.018 3.81 +0.05 4.1 £0.21
489.1 0.525 + 0.009 0.480 £ 0.010 0.36 +0.12
588.6 5,398 + 0.021 5.52 +0.10 5.46 + 0,20
593.4 0.052 + 0.003 0.045 + 0,003 0.01 + 0,003
604.4 9.75 £ 0.04 10.04 +0.26 10.9 +0.06
612.5 6.336 + 0.025 6.55 +0.13 6.7 +0.4
884.5 0.3419 £ 0.0024 0.364 + 0.007 0.45 + 0.03
1061.5 0.0631 + 0.0011 0,067 + 0,003 0.07 + 0,004
1089.9 0.0010 + 0.0005 0.0020 + 0.0007 0.003 + 0.0002
1378.0 0.0016 + 0,0005 0.0015 + 0,0007 0.002 £ 0,0004
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Table 21, Intensity balances between feeding and outgoing transitions.
Symbols 3, ¥ and ce indicate intensities of beta, gamma
and internal conversion transitions, respectively,

Feeding transition : Outgeing transition -
Energy Relative intensity ' Energy Relative intensity
{(keV) (%) {keV) _ (%)
Fe  846.8 keV level
i238.3 ¥ 66.06 + 0,21 846.8 ¥ 100,00 + 0.34 .
ce 0.0076 + 0,0008 ce 0.030+ 0,003
1810.7 v 0.656 +0,023 o
2113.3 ¥ 0.364 + 0,007
2276.1 0.124 + 0,007
2523.8 y 0.068 + 0,011
2598.6 16.96 t 0.06
' ce 0,.00051 + 0,00005
3009.7 Y 1,031 + 0,025
3202.2 s 3.269 £ 0.021
3253.5 v 8.03 + 0,04
3273.2 ¥ 1,922 + 0.015
3451 .4 ¥ 0.970 + 0,010
3548.1 ¥ 0,202 + 0.005
3611.7 ¥ 0,0081 £ 0.0012 _
Total 99.67 + 0.31 100,03 + 0.34
HoCd  657.8 keV level
2235 B8 0.059 657.8 v 100.0 + 0.4
818.0 « 7.76 £ 0,04 ce 0.271 + 0.010
ce 0.0141 + 0.0014
884.7 ¥ 76.76 + 0.26
ce 0.111 % 0,006
125,74 7.038 + 0.008
1421,0 ¥ 0,039 £ 0,003
1505.0 ¥ 13.77 + 0.05
ce 0.0068 X 0.0008
1562.3 % 1,085 + 0.007
ce 0.00024 + 0,00012
1592 .6 ¥ U.,0221 £ 0.0013
1629 7 ¥ 0.0061 £+ 0.0011
17754 Y 0.0067 + 00,0011
15035 Y 0.0158 £ 0.0015
2004.7 Y 0,.0011 + 00,0002
Total 99.7 + 0.4 100.3 + 0.4
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~

Feeding transition

Qutgoing transition

Energy Relative intensity Relative intensity
(keV) (%) (%)
H%Cd 1475.8 keV level
603,1 v 0.0042 + 0,0009 Y 7.76 +0.04
687.0 ¥ 6. 80 + 0,06 S ce 0,0141 + 0,0014
ce 0.0181 + 00,0023 v 4,220 +£0.017
744 .3 ¥ 5.000 + 0,027 ce 0.0020 + 0.0003
ce 0.0114 + 0,0013
- 774.8 v 0,002 £ 0.001
957.4 ¥ 0.008 + 0,001
1085.4 ¥ 0,066 + 0.012
11867 ¥ 0.0015 + 0.0005
Total 11.91 + 0.09 11.99 + Q.06
H0Cd  1542.4 keV level
620.4 2.965 + 0,019 y 76.76 + 0.26
ce 0.0108 4+ 0.0015 ce 0.111 + 0,008
677.6 - 11,09 + 0.08
ce 0.032 £ 0,003
708.3 ¥ 0.29 +0.02
937.5 ¥ 36.31 +0,12
ce 0.049 + 0.005
997.2 ¥ 0,142 + 0.005
1018.9 ¥ 0.015 + 0.001
1117.5 ¥ 0.041 + 0.C06
sz:é z } 0.079 + 0.012
: 1251.0 Y 0.024 + 0.007
j 1300.0 ¥ 0.025 + 0.008
| 1334.4 ¥ 0.149 + 0,006
| 1384.3 v 25.66 + 0.08
| ce 0.0162 + 0.0018
Total 76.90 + 0.30 76.87 +0.26
1343, 604.7 keV level
1454 B < 0,005 ¥ 1000 + 0.4
563.1 ¥ 8.57 + 0.03 ce 0.59 0,06
ce 0.068 <+ 0,003
795.8 ¥ 87.5 + 0.3
ce 0.264 + 0,026
1038 .4 ¥ 1.008 + 0.005
) ce 0.00203 £ 0.00012
1365.0 ¥ 3,074 + 0,013
ce 0.00292 + 0,00029
Total 100.5 + 0.4 100.6 0.4
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Table 22. Intensities per decays of %Co, #Y, ®mag, 1¥Ba, '3%Cg and *'Bi gamma rays

Gamma rays Gamma rays

Nuclide Energy Intensity Nuclide Energy Intensity
per decay per decay
(keV) (%) . (keV} (%)
%Co 4865 g.061 + 0.010 Homp 706.7
733.6 0.193 + 0.012 8 708.3} 16.70 +0.12
787.8 0,305+ 0.013 744.3 4.73  +0.03
846.8 99.920 £ 0,007 763.9 22.26 +0.13
896.6 0.095+ 0,018 818.0 7.33 +0.05
977.4 1.434 £ 0,016 8847 72.57 +0.41
996.9 0,129 0.014 . 937.5 34,33 & 0,20
1037.8 14.13 + 0.07 997.2 0.134 + 0,005
1089. 1 0.05 + 0.03 1085 .4 0,062 + 0.012
1140.3 0,131 + 0.021 1117.5 0.039 £ 0,005
1160.0 0,095+ 0,014 1125.7 0.036 + 0,007
11751 2.239+ 0,014 1163.2
11988 0.051 + 0,009 1164.9} 0.075 +0.011
1238.3 6.0 0.3 1251.0 0.023 + 0.007
1272.0 0.025+ 0.008 1300.0 0.024 + 0.008
1335.5 0.130 £ 0,006 1334.4 g.141 + 0,005
1360.2 4,262 & 0,022 1384.3 24.25 +0.14
1442, 7 0.172 + 0.007 1421.0 0.037 + 0,003
1462 .3 0.084 + 0,006 1475.8 3.990 + 0,024
1640, 4 0.070 £ 0,011 1505.0 13,02 +0,07
1771.4 15,47 + 0.07 1562.3 1.03 + 0,08
1810.7 0,655+ 0,023 1592.6 0,0209 +£ 0.0012
1963, 8 0.707 £ ©.011 1629.7 0.0058 + 0,0010
2015.4 3,027 + 0,017 1775.4 0.0063 + 0.0010
2034.9 7.77 + .04 1783.4 0.0097 + 0.0010
2113.3 0.364 £ 0,007 1903.5 0,0149 + 0.0014
2213,0 0,389 £ 0,008
2276.1 0.124+ 0.007 1313q 276.4 7.15 +0.03
2373.5 0.083 + 0,011 302.8 18.28 + 0.06
2523.8 0.068 + 0,011 ' 356.0 62.00 +0.14
383.8 8.92 +0.04
25986 16,95 + 0.08
2657.4 0.0z1 + 0,006 L34 g 563.1 8.37 £0,05
569.2 15.40 + 0.08
sy 898 .0 93.7 +0.4 604, 7 97.64 1+ 0,06
1836.1 99.24 + 0,07 795.8 85.52 + 0.05
801.8 §.68 L 0,04
HOMA g 365.4 0.086+ 0.018
387.1 0,07 + 0.03 1038, 4 0.984 % 0,006
396.9 0.06 + 0,03 1167.7 1.783 + 0.010
446.8 3.739 £ 0,027 1365.0 3,001 +0.017
620, 4 2.803 ¢ 0,019
014 569.7 97.74 £ 0,03
626.3 0.216+ 0,013 897.3 0.119 + 0,012
657.8 94.54 £ 0,20 10636 74.0 +0.3
2;?:2 } 10.48 £ 0,09 '
687.0 6.43 + 0.06
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Gamma-Ray
Source Capsule
9I < 5 mm ‘e
5mm 2.5mm ﬁ
=—— 25 mm — 2 mm =
0.5mm =<

Fig. 1. Capsule used for the gamma-ray source.
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57cm?® Coaxial
v-Ray Source Ge(Li} Detector

ANy Preamplifier Spectrascopy
. . Amplifier

Multichannel
Analyzer

Cryostat ADC 8192 ch.
Memory 4096 ch.

T

Mini-Computer

PDE 11/05
16k Words

Floppy Disk

Console Plotter
262k Bytes x2

Fig. 4. Block diagram of the detector system used in Hiroshima.

55cm® End Closed
¥-Ray Source Ge(Li) Detector

Ao A Preamplifier Spectroscopy
Amplifier

Biased
Amplifier

Cryostat Multichannel
Analyzer

ADC 4096 ch.
Memory 8192 ch.

Paper Tape
Puncher

Fig. 5. Block diagram of the detector system used in Nagoya.
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Source Holder Ge(Li) Detector
Cryostat
v .,@.. - b / T
e 1 [
} !
) ] ! i {
E ~ r@ d L — — —
S| e |
a 1
. o j
<— 200 mm > <48mm>
> < 25mm
> Ebmm
Fig. 6. Source holder and Ge(Li) detector. Source positions are six

at Hiroshima as shown in this figure and four at Nagoya.
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Fig. 7. Counting rate dependen;:e on the source position,
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Fig. 10. Peak shape of *Na 1275 keV gamma rays.
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Fig. 15, Total efficiency curve measured in Hiroshima.
T I T | T ] T
356.0 1334 .
' i
2000 |- \le |
i
'
1 L 356.0 + Cs Ky X-ray
k I '\/
il
X 2] 356.0 + Cs Kp X-ray
I i "
1000 |- N . | iy
i
o
|l
5 L 1 383.8
! ‘ x
P 300
O | _J.—._, L i L S t 1 I
900 1000 1100 1200 1300
~ Channel Number
Fig. 16. Sum of 356 keV gamma rays and X rays in '*’Ba.
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