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To determine relative intensities of gamma rays in the
region of 280 to 2750 keV, Ge(Li) detectors were calibrated
with standard sources and cascade gamma-ray sources. Decay
rates of the standard sources were determined by means of
the 4nB-y or 4nX-y coincidence method. Experimental 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
nuclear fuel investigation. Recently Debertin et .’:11.1~ 5), Gehrke et al. 6) 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 2Na, %Sc, ™Mn, *Co,

85Sr, %8y, 3Cs and **Hg, and cascade gamma-ray sources were from four nuclides **Na, **Mn,
9%Nb 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 1 uCi were mounted on plastic capsules and covered by plastic sheets of 0.5 mm thickness
shown in IFig. 1. The standard sources were made from solution (20~30 ,,Ci/g), and density of
solution was determined by means of the 478 -y or 47X-v coincidence method. Four parts of
solution 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 4 counter and two
3"x3" NaI(T1) detectors at Electrotechnical Laboratory. The reliability of this system is already
established by the international intercomparison measurement ', 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

9, 10)

intensities of weak gamma rays Most of these gamma rays are more than 99 % per decay,

and others are more than 80 % .

Gamma-ray measurements. In Hiroshima and also in Nagoya, measurements were performed

with Ge(Li) 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

i
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the detector axis on a plastic plate which was at 20 cm from the surface of the detector case as
shown in Fig. 6. Really counting rates were different for source positions on the plate. 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.

c) 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.

1)

Then, the pulser technique ! was not used for the dead time correction. Since pulse shapes
are probably a little different for pulses with different energies, we were afraid that the dead
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 **N.n 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, !1"MAg, 133Ba, 34Cs, '2Fu, '**Eu and '%Ir were also determined in Hiroshima.
Source combinations and the number of measurements are listed in Table 7.

unnL -Tay spectr . were analyzed by PDP 11/05 in Hiroshima and spectra taken in Nagoya
were analyzed by a electronic computer FACOM 230-25 at Rikkyo University. Data analyses
were performed as follows:
a) Background subtraction. First, several gamma-ray peaks with low background were

sure ! “nd ratios of tail heights to the peak height, kl and k2 were determined at 12 keV and

. heV lower than the peak center, respectively (see Fig. 10). Energy dependences of K and k2
re obtained 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 kZ .

b) Subtraction of close-lying peak. Weaker gamma-ray peak was subtracted by using the
sl:ape 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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fitting. 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 the source to detector distance was 20 cm, the sum effect was not
negligibly small as shown in Fig, 14, To correct this effect, the spectra of single gamma rays
S%vin, %3Sr and *®Hg 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. Integr'al 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 24Na 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
attenuation factor 13) . The sum effect of cascade gamma rays were corrected for the cross over
gamma rays. In addition, the sum effect with X rays was tested. For 108MA o the sum peak with
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 plotted 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 %, WNany
efficiency curves have been proposed 14-20). However these curves (Eqs. (1)~(6) in text) are not
satisfactory for precision measurement. Curves given by polynomials (Eqs. (7)~(10)) are also
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 caiculated as shown in Table 10, The best fitted
curve is Eqs, (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 as 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, 1Ba, 4Cs, '®Euy, '*Eu and '®Ir were measured
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in Hiroshima. Observed gamma-ray spectra are shown in Figs. 25~31, and experimental results
are listed in Tables 14~20.

Intensity balances between feeding transitions and outgoing transitions were calculated for five
levels as shown in Table 21, in order to examine reliability of our measurements. The largest
deviation is 0.6 % and the average is 0.32 %. Therefore our errors are reasonable,

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
152py.  However, our results agree with the most of values of Debertin et al. and Gehrke et al.
within their experimental errors.

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

9, 10 by using the well established decay schemes. These values

_internal conversion coefficients
are shown in Table 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

Fig. 1. Capsule used for the gamma-ray source.
Fig. 2. Coincidence absorption curve of '**Cs.
Fig. 3. Concentration determination of *®Co solution used for standard source

preparation. Nine or ten sources were made from each deluted solution.
Fig. 4. Block diagram of the detector system used in Hiroshima.
Fig. 5. Block diagram of the detector system used in Nagoya.
Fig. 6. Source holder and Ge(Li) detector. Source positions are six at Hiroshima

as shown in this figure and four at Nagoya.

Fig. 7. Counting rate dependence on the source position.
Fig. 8. Gamma-ray spectrum of standard sources observed in Hiroshima.
Fig. 9. Gamma-ray spectrum of standard sources observed in Nagoya.

Fig. 10, Peak shape of *Na 1275 keV gamma rays.

Fig. 11. Tail parameters kl and kZ of the gamma-ray peak observed in Hiroshima.

Fig. 12. Subtraction of **Cs 802 keV gamma rays.

Fig. 13. Ratios of peak areas of 1332 keV gamma rays to those of 1173 keV gamma
rays. Plots indicate correlation between integrated channel counts and
fitted Gaussian integral.

Fig. 14. 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 c¢m for the latter.

Fig. 15. Total efficiency curve measured in Hiroshima.

Fig. 16. Sum of 356 keV gamma rays and X rays in !**Ba,

Fig. 17. Efficiency curves in the logarithmic scale.

Fig. 18, Efficiencies times energy curve,

Fig. 19. 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).

iX
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Fig. 20. Final efficiency curve in Hiroshima.

Fig. 21. Final efficiency curve in Nagoya.

Fig. 22. High energy part of the final efficiency curve of Hiroshima in semi-
logarithmic scale.

Fig. 23. Errors of efficiency curves.

Fig. 24. Comparison between efficiency curves.

Fig. 25. Gamma-ray spectrum of **Co.

Fig. 26. Gamma-ray spectrum of nomp o

Fig. 27. Gamma-ray spectrum of '**Ba.

Fig. 28. Gamma-ray spectrum of '*Cs.

Fig. 29. Gamma-ray spectrum of '**Eu.

Fig. 30. Gamma-ray spectrum of '**Eu.

Fig. 31. Gamma-ray spectrum of '*’Ir,

Fig. 32. Comparison between relative intensity measurements for Co.

Fig. 33. Comparison between relative intensity measurements for '"MAg.

Fig. 34. Comparison between relative intensity measurements for !**Ba.

Fig. 35. Comparison between relative intensity measurements for *Cs .

Fig. 36. Comparison between relative intensity measurements for '*’Eu.
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HMAAEN LR Z (No) ij(Bq) &9 56, CORBOBRREL MijImg) Edhid, CoR
Mo o SRR O O EERE Ay (2

(No) ij
Aigj = M P (Bq/mg )
LA, CTT pj UMK ] OFRETH S, K3 O0Co LDV TORET ~ 4 ART, j
BHOBRED 5 1F > MBORKIC LS BEBOMEYE (ADj=Aj 13

M
{lWij Aij

Aj =
M
& Wy
i=1
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TEbEh D, WEWjQ

N¢
Wi :( )
U ZEBET_Eﬁ_€j+1 ij

ThHbo 12120, Ne B I FBORFOERMOMITE, g BR—FHEBE, ¢ 3r Y
THBHETH S,
BREBERIASOBREOT — s OFEFEHL L5, CCKHE W) IEBRBELCOVLTOT
S OBERED2ROHFEM LT B, TiDDL

Wi =

M .

| b) {Wij (Ajj - (Ai)j)z} 1/2
1=1

(A})j M

Z Wi (M—1)

ThHod, BEREROHFABEELSE LTI,

4 _
I Wy (Aj—Aj)z 1,2

1 j=1
0’1 e —
Aj 4
3 Wj (4 —1)
j=t
4 1 -1/2
02:[_2 ( )}
j=t ej?

LKy, 6 Loy DAFOHERAL,

RERRG, B AMY  8 - RO A VS, BRBOFBERE, BROERD
KR, T7F 2, EEBOBREOKE  BABEBEO  REOFHEL X OB L OEKS)
kD, CHODIMD—WAR2IRT, 2FFKHRET, COSOEBAPOEFRMICK VR
Poo Mt GIRORMRESRBOBERED2EMLO KD, BESIKIO L DO2
AN E AR EE BRI WA LI, CHERMNCBRBCLOLRHBELLBRTEDFkTE
ED2EMEKRDIZGDEE | ORFEEOMCIEL 12,

2.4 MABHICYORFEOFEMHRME
OO HH ORI, 7~ BOBEH -0 DBEH 100 % GELS , HEREA b#

TLbDTHE, BIICRKLE 8 SIUADOHEH -0 OBREINREREREF Y v~ B
DHEEHS KD DT, BEOIDUTTHE S0 D®RE (108mAg TIHEMMEE) itk
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#EnT0s 0 2orpABEREY . BUY Y v RBRENBEED 2 ERERNTT AT
b, AHORIECEBALRIZENEL, §HubE, EHHOGVEERFEAFERLILLC AICES
ml o fEOHEH 5,

B5Sr FRIEKINEE~OBE (BB OABOME LT 2Lz, BMEHHKE L, 500 keV
FHEICEY S HOVDT, 85Sr AR E L4212,

24Na 3 ¥ O e b IR S LTHEM LI - 7205, 1369 keV A~ 813 ,80Co
EXIANF —DHOeDHAERE L TRHRITE7, 60Co0 1332 keV & 24Na 02754
keVA vy =8BORICE, 88Y 0 1836keV &7 v =BUNACENMEERELIL L, bhvbhuid
52Mn 1434 keV & 9ONb D 2319keVH  vBAHMBEE LTHHAT A4 KA 12, ©
Dz, 2Mn & ONb OF 2RO BEOAEAITL., $5WH Y2 HROMEMBEL S,
HiyE 4 2800 Y vBOHS#EB AL RO, CHODRIEICDNTIRBIOBSICRET 5 TE
Thb, TOR, MEBORKELE LTEMAMBEOSSDEN -1,

108m Ag (F110mA g DOHVERAEH LI, TOLHILBEHER ST O L I - t0hs, 7
VRBELTENIEMT A2 6DTHL, FMNEEOFRMEIIHR L 0, RS20
OFEOFMBIHEELLIL LD THAED L ABOG VEERBE L LTHEATE, £
Dtz MHHEBORKFEE L THHLI,
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3. HreBoulE

31 MEFEMER

BMERLBEZHEBTENEH ORTEC ®57 cm3 True Coaxial #& CANBERRA %
55cm3 Closed —end BDGe (Li) REBEBVTAEL, REBOBEL K 4I1TRT,
EEBRTIEIBEBLMT Yy — A FLIW, EBTRABIZY - FEF By -1 FLTRIE
Ltco IBBEZHBODAIEREZ TN ENNL ERSCLHT, MBI ORTEC 472 %
AL, EEBTE/ A TXEME 408 2 bERALA, IKED ADCIZ 8192 F v i,
ZHEBIR 4096 F v VAV TH b, [KBRKEDF ~48HIZ, COPDP—- 11,05 2R L1,
ELBAFDT - QKK FEOHEH FACOM 230 — 25 TERL/,

BERI~TERULA7eZERALL, RI1ERTEE 2 mm O7 7 XF v 72 h 7w
REFESmm O XA THERLERSY, BBEL L1, RUBOY —20OFXED»S 20cmD &
ARG ICRTLONBELELEB2, RES Yy — K LTBELL, IKBTRPLDS 3cm,
ZHETE 2cm HO 53N ACRBEAB O, BIEICH 1o TIIREE DR L
RANRLECAHIEI~4EORFELB S, NBEORKEXNTS L O, B#BEAX7T) Y7 TEHEL,
RIEFICHAIE LTz,

32 AEDORR

BIEICHt: > THICROHRICEE L,

a) TR BBOBPNBITNTRILKNLEZ LD, RUBHEHI TenvitEB LI, 77
L DFHDEZ 05mm O 72 F v 7L BHIUT 203Hg D 279 keV # ¥ =HTH 08
% THbH, RBEEDY -~ AR EDTRIL, LOKEOD, AUEHTIRTORELTL, I
BREHBIZEDTELZIOT, MBERF LI -1,

b) REMEHRE RBREBLRR2CEIWHHRICTETONNYD, BRESRESEL S —ED
EHMT O REBOEL SIS LML OVRHBELDOIOLTIEII-THENT S, b
hbohDOHETIR, BTONS dead time OMEZ 2T S0, RBEKEBORBEOMELTT
DREFNRSIR, E00Y), COWREZIVVLITRNLBLEN S, AIEE, RICONILIEE
HEH»S 20cm ODERETI~4BORBELZES, ChABEXRBE LA TAIE LI, REBEDOBHBAH
DEVICEIBREDROEDRERRER TIRT, CDEIL 434 keV i/ ~BTHRXKII0T%T
ot PNOOLDRIETIE, BICRBELB 282, T hThOBRBL4DFTREL ., TDFHE
OMERWNDOT, COMRIIITHLHIOLTIL S,

c) BEMNBAECL28E RKREONBOEREMII02mm URATHS LI, IL
BT, REBEDOY X -RBOERMAZAE ., MEL, "7 L0 DTHLOENDHD, T
1A T e TORBDOODETEORBICIODLEE TS, £DHOMNBEOEREIL 0.2

._7_
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mmiAANTH3, ehi, BEUMBOHOHBICELITHEZI 02 DLNTHS,

d) FH#BE AEZD dead time EH LICKIBHBBEICODWVWTEZTHBZERDLD
WCEMNFAA1EA D, BFE dead time & L TIRESIED dead time OABEZ ST,
BETrED live time A2FRALTAIEZIN TS, L L, 2O live time OKEIZH T OM
TR L, REEEHENED dead time LBHET UL, BRNBELHMEBZ T rise time
% 7212 shaping time VLIRIK 22D/ z2hi&izdb X, 120 sum pulse &85, €Ok,
zhit dead time WO LDLULAAMBEATH A,

SO A T live time ZBEIET 2 HEY HHEOT, chEF R LI, 2 OKEQ
005 % DNTDEMS 1o ALY —DE—JEH Y2 E - I PEEHEEI A LE —DF —
WBRBDT, €~ OHEBERIOAECHRMBENE - TS, 20, vy LB FHEA
SR DD -1,

SMAOERTIE dead time OHEAZZT S7:01C, 3~4HOBRHFEARBBICRAIE L1z, T 4
L¥E ~FHOROBMELTOEZCHLT 2AULORUST v BEMFDOZR 7 L THIEL,
TSN T E—JORBTRIE Uz, £/, BB EANEC LB L2KRBFEOLELHLZD
T dead time A 3%LITiWEBX R I,

HYy2BODIANFE —DED EDOTOLTRHE0 L 2DFME S, TDHWH, THALF —D
BOE -G LHBBEAGRIAEKY LD S, BECOLOINEEBIBEINT LS L, K
DEIWHIETCOEEARE LIz, 46Sc & 80Co D1 pCi OBRFELEE, 4 pCi D 3Mn
ZEMLIEEE, ZN000NEEXT, 889 keV & 1332keVDE—7 OF BB CEANE
W E Lo, T En 6ROREDEEA RS ICRT, TOFERIFE0I P UR (T
004 %) T—HLTLWADT, TALF LD -7 B5F2HBBRICEIBOELRE
hb,

3.3 BMEOME

fe3F 1D 24Na . 52Mn ., 2ONb 2% BSRMOBEERE L 108m Ag (ZREDOA) 2T,
279keV (203Hg) 5 1836 keV (88 Y) DRIOBRILBEDORELTLELEHBTT»7c, %
ILEBTIE 24Na, 52Mn , °ONb 2Ly, ZHEB T2 24Na DAL E T+ v F —fRAEO
B FRLZAE L1z,

ZhoDfEld, RCRNICFHTRAEES VR L, 4BBOREL 4 (XIZ3EHL
3o KBEx, LETR3IESD, EEBRTRIRBSOAEL, BEOMBAIEXRY A7) v
JWEHLLAIEA OB LI, T, 1 DOBKBTSIRS>BHENIALADT, 4BH4L bHICS
FTRIEECVBR LI, 2D0HDEBTE3IXx4x5=600, ZHETIZ1 x4 x5= 201
DRIFEELIE 572, TANWF —HRE LU TEEBTIR6MHER, ZHETIIAHEBTRAE LI, 2012
Y, RBTIEA&F341 B, ZHRTR I6ROAELE N~ CHODRAIEDORHLF6ICE
EWT,

FBTHELIZZRZ PLvOFAERSIC, ZHETRE LI AR t vO—BA2E I ICRT,
B — 2 OFHKIIH 104 /channel T, €~ 7510138100 THb, D EDOH <8I

._8_
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DILBT 60, ZHERT 20 BAEAL VBLTWVADT, -7t DFHAIT. £40
Zh6x100-2x106&755,

3.4 E-UORHK

FBEGHBTAZLILEEL DA YV TRARI PV EARDIDICLUTHRIT Lo, BT HEIR
FRELEBTRALTHE, EETIE70 y€—F 4 27 CMp7F—42%PDP 11,/05T
BT L, EHBTH, M7-TIKITBHEL, 20®R, BRT7T - 7TIKB L, YBRKFOEFHERT
;R

a) Ny 2759y FDEB E—JDnNy 2750y FEFRIBICHEL, Ald->TH
—H e BEAEDLAEL . R I0RKRTLIRKBIAALF —AOF -1 i 20RED, €7
totak: k2 EL7, €~ 56keVeE 12 keVIBNWEZ ADRI®R 11 F v 370D
ET k1. ke Ak, kit ke DH =R aNEF —(KEAF 11 ITRT, oL oK
Wrckidkz LY, HY=BRXI D -7 ¢T7 —VORBBRTEX DTNy I 59
YEEEB LI, Ny 7770 FRE—JDRAET2RAREBBTHUL 288, EEDIZS
BELOEREHILZDPABEL 12, DADOUOBRHBETIZIK 1 LK2 22007, K1 &
Ke DBELEBOS X Hoir -/ @EEICE I TEEDI NS,

b) EELKE -7 DER BRETEH Y vRICERLTHOH < R0sH BEEL . N
v 7779 FOESOMICE -~ DEF AT o7, COE2DOH V=HRUFEXIEMET
AHY7ROE —VDOEEAZFMBLTE2OH vy vBEER L1, 134Cs ® 796 keVH v =D
BEAR 12 CRT, D, 46Sc D 889 keV & 88YDB8IBkeVOH Y RDIBE, BXU
B5Sr D 514keVEHEH v v BOBALCODOWTEZERDR N7 v Ti3ES A2 L1z, IKBTH
BBY ABRFICAIE LIS oD TEDLEILD 512,

c) MRS Nyl 770 FOESELIIBTE-7D 1 /50LDF v v 2 i Mz
Bt BIOF v v ANKRIMHUEEZL 1L, E-IDEIEZRDE12DIC, T AvDBHA2R
EEC-JA2HY ABUTHAZXE, TORMEERA LI, COLDICLTRDIEZD T Y
FUFEANL DDA EIDELOo~NE Y, B 131060Co ©1332keVE 11T73keVH
RO~ 7 HFEOHARKEIC, 200 -7 IKEA LAY ZEKOEI O A Rteic 7 o
FL, ZOMD SO ALDICHEIMEBEIRI S D8, B LABETEL Y, T2, ©~7
HENET Vv d & LTRH-BEREORBEL SR TE LI, CORBICALT —%2(3
E -7 MR AR 725 0563% , H Y RABBWBE5 D THo1:, MEFINLHLIE68% THL 0
5. b3 F v+ AT EDHBMEMASE S AEEARR LI,

d) +L8% HVLHRETEILEBIGELHIC, BEARESELS 20cm EEX G THI
ELle LDOL, Y2 RAEBETECERTERODT, I3 2RT7 FAZAELT,
18mAg DRL7 FNERK 14IKRT, $L—7138 103 TH2, Larl, 48R3, ©
—7REDH LDHBTIC ¥, arT YO LBRKENDS, 4 LYROBELT S 12
DL, LREDEERD B LENH S, LREHBIM -7 <HTHS 54 Mn , 85Sr,
23Hg K2WTAZRRI PAEZREL, BX AL F —FTOK 10F » V220 L. Thit

_9_



JAERI -M 8196

B LTRDI, Chs 3 DDEALBINMN ER ' CHREEIRE L, COMREN 15
WKRd s BOIANFE—-DH—F V2B DT, 0Con 27D rBoRiEHEOMAE K
H, 1173keVAy ZHRICHODNTRBR LDOEAE O, AEMBEDOEL 1332keVH v~ D4
BEEE L, M 15 RT LI, COMERMBELIS B LTS, 24Na DT HE
BRTSC L %AfTV, 1369keVH v ~ROMBAMBLIICREL ., 2754keVODELE KD 2, THH,
K 15042 2RHDRCHMB LI, BEOHFETHY —L FE Lt x042RBHESAIE
L7,

AT THHINET Ve BELTICI0RF —sv s Hu=EBoBHENEEx, 2KDH
VRBOHLE I MI O RF — N HFUTBDODE I DET AL B, FR . J o R4 —x
CH Y TROBEARDEIBLLOHAEN LT NSRS, BICIDAF - Vi
DEGNEE, COYHRITHEMMICKENL S, BB, COMERE - 7HBEEE -7 OREYHE
DREDPSKDENS, CODFIIBERBTEIEL 2 LBF1504, MABERETIIRET 2
EBTEARRNWC EMH S,

Y AR OMECIAEBLZR LTI S0, AAEBER

W (0) = 1+i—2G2A2P2(c050 )+£G4 A4 P4 (cost)
Jo Jo
TEbLANS, Az, AdI3BHEBEEFER, G2.G4 BEBEABICLIIBERE. J27J0.J4Jo (2
BREBOKZIDIYORBEFEHTH S, BRIBADLER LD, PRAREDH M4
BEODT, Goam 1, Gam 1 EBBTCENTE B, J2, 0. ] Jo a8l Pz ML,
f=0sdsmumza o2 S0 EBTW (O =111 THs, ehil, AEBOLSE
BEB T2 BETHS,

WE, ZRINTOROY, RIEERAEXOLDTE, BEFHEOL:, BLUHBVARE
BBH Ry — VW HBELERBXREDY LHROGBEAT A LB TENRO, BRFESHNS50LUTF
DbDIIXMT A £ —pHES BPRHBKE DT, COHREB/BPST B L0 TE S, 108m
Ag DIEA, BIEEDS 20cm KBEABOTLXREDY MIFBAITE o7, L L,
BWBAH 1 cm (GESF S, #1,7300 O L0BlE s tc, ChAER 14 DF EICRT,
133 Ba 0 356keVH v vBEXBLEDY LE - I BT AN, BEAREE»S 20cm O
PR EED 2T AR 161CRT, £0OEXIF008 % T, 133, TRHERL
EehHb, LivL, 203Hg DBAIZ A~ BMTHD ., 207Bi 1064keV # v vROBAIRE
HEREBETXRES LERBSNEVDT, HEDOKEIZIIL,

35 HExEREOAE
BESBOAEICH &D 35, ZLOH Y PROBUBEORELT - 72, £9, 88Y &
207B] OH v HROMMEEALBELTR T -7c, 88 Y FEHWBTRBREBROME L

FRFICHIE Lz, CON, IRBREBNT 1ImAg , 133Ba, 134Cs , 152Eu, 154Eu,
1R2Tr OMHEEDRELET - 72, BIEFER, BERBFOBELELTHS05, 152Eu, 154Eu
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207BiOHBIT 1B IBTH B, 70, SCoDREZILBLELHERTIT » 71208, BELBOD
TS DABEER-I1CLETLATHS,

ERECBT Z2RBOMBH A LAEDOABERTIORT , BRERK LR UBRICHRELIEK
Bxz TREL/OT, LBOAERIGEH 828, ZHR TR 64 BICBL AL,

MER, 2FULOFAZRLI, EORMIKBRHBOBREDROE(T NS 208, C
D% L TEEOEHEAT 60Co DRIHHBOE(LIIBH Sh i -1,
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4. Bz # AR

Ge (LI)BHBOBE, Vv 2BOTF V¥ - RHEDBOME OMMMBBEBRICHTNT &L,
L<CHmohTEY, RESGEONFEIZIT, bbb log—logERBAH I TH, L L.
200keVLLF & 2MeV UULET, COEBUDIPSTNEC LIS ETOEL OERBRPSHLNT
Hb, BRI log — log BERICLEAZBBEIBSOLTELOVL, T LAEKBEICAWEICE S
FHMBROLHIICEZ SN D,

Ge (Li) R BOHEMBICON TR, HALITEL DHIBREINTV S, BHHFELE
BltcmXdRiLps 0, RIBPHELAEL ., BRMICH 5 NIERBRMICHELRE KD 2 b
DHEELHB, CHLIKDNTI CTIIFMTRITT 2RMIBL LD, RENALHDICDNT
LIFiIZo~NTEZ I,

B D EEE T2 Freeman and Jenkinm D, KOLOIUBHEERAEF - TERE L0 —F%E
LHLTWE,

¢ <t +dAexp (-BE) ey
TIINBYHE, sz T HROBNERK, EX AR vE -, AEBII/YT A -2
T#Hb, 72 Kane and Mariscotti 1913
In e=bx+ cx2 0
x =In(a/E)
T, log — log MHHCELHEAELT B, Mowatt 2

t+fo

El—exp{—(fFa)P}] 3)

& ©C
T+ o
ARK LTV S, (3 fraction . P (3 thickness T/¢5 4 —2 & LTH DA o East ' i3
e—arexp (B1E) + azexp (f2E) @
AT 89, Hajnal and Klusek'® (3 £ 0 8% 75 L9888 X % 68 LTWd, 20fth, & &
HEFEbL A HEA

e—aE b or loge=1loga—blogE (5)
D2 ELT
log e =A +BlgE +C (log E )2 (6

AL LT LRTLS, F12, @) KE20EMAHIMA o B Ehhb,

Ch o B DEEXNIRICDT McNelles and Campell ' % X U Singh? 2:¢ b LG
Bt -TL 3, LivL, ChoDAREAMTMOMICIZ 1 ~5%DTHbiHD , /97 £ — & 13
FOBICHETE260TRNC, 1 RUTOREMEICIIFBT S,

RESE £ R CEERBELZRE L, ROETENLHEICL O RDIBREBORLIEL %8
KRT, FDBRENL, ThZNLORBTHREDEN S RD, 02 RBMCLVEHELL, 60Co
DFEDFEK I ICRT o RFDORHEE LR BERR2LTRDLODTH S, K9 OFAEY
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YIRBEER, R1ONBHIOVOBEBEOBRETH S, ¥RYMOEH IR, BREEELZRELTHS
Hy=RAUEELBETICHMENS S e, RIKRLACYBBPOBREL SEUIH v ~BRHE
BOHETHD, U—7EBRORIZ. ¥ —-707 ~LOFEE2RDLENKk: & k2 DEE, © -
I DRBOMHBE, Ny 7770V FOENKBI IR LEHMOBECH T 1, BREBESE
OEMOEIZ, 17t DORABMOABOEE, 7L tREBOEMOBEL S, 4
OHEDBHERFLELTH 15 0MBROBPETHL, DILOHOBEIR ROHWCRT LD, fil
b3 TRELT S, SBACCHEDT =R 2AKULEHEDT, ZOHEBEICLOH
BitLT:e TOBENBBRICRLIELDTH S, CHOoDBREDRDOT—HEAR2L DI . BEOD
HELBELRUBOEMOMETH S,
10BmA g, 52Mn, 90Nb, 24Na (34EXM#EEA KD, ZhZ¥h 614, 936, 1129, 1369
keVH Y 2B ORRALBRHSHBHR EICE D, BHOH = ROBEL R, 24Na LKL
BOADRETH S, 208Hg 2B, LBLEHFEORAEMOKIIAL L F L ¥ —~ DEBTIZ
LAE—ETHY, R8DMED 203Hg 2B ¥i12 11776 £ 00064 THo-7, Chid, B
HHEO T AV F —(KEEMEBICUTVECLEEZLDBLLTNS, COEME LHT FhIC 2D
OBREBHEONBER 1TIKRL, LHEBOD 203Hg ORIEMIIBRENKEZVDT, ZOMH
DEBELZEROTHICDVLTRAE S,
bhbht, RIEORIEBBRON OHBICHDWTARORIEMEAS B I THID, HF
NEN—BIBASHIED o1, WMSRECT LT, ¢ERLHEBICHI T IREELM»EL
L1y, T1ibb
e=aE™!

LD, bFEL 12D/ F7 4 -2 TRDLINAZLEARLTWVSE, 2DZ &2 log — log HER L
CDTANF —fABTHPOHE THR I LTWAZEELZBER LTS, KDDLV ERAEA S
e, B 18HEBEEHRBD eEX 7oy P L1, CORDSOOLA LIICHBRIIY 7
RTHb,

BHOEHMBREL 1 LD LOEETRD LD, BBOHIKKDELUAICLIOFELIT VD
T, RICH, DL DOBBRRAICL D BELRA I, TORENLLDERICRT,

e—ao+alE +a2E2+a3E3 +a4E4 M

e =aoexp (a1 E +a2E2 +a3E3 +a4E4) ®

e =arexp (b1E)+azexp (b2E) +azexp (b3E) )
a-1

e =expl( +ao+aj; (E—b) ) 1o

ZNSOPTR (DARDO—FB—FL{ i1, G)RELEOHEEB/N2EETHAZ LR
HLOER 19KETRT, BIEMEDOTHIIHONT, TORKEBIRIRENNLEDTHY , »¥7 # —
5m§uﬂmu&i@ﬁﬂ#~ébmﬁummatc(%ﬁmalgmﬁtiﬁmzwﬂg¢

88Y AKX, JLW—KERLI, IORIRN 20X 21 DERTRTLHICSY
PRAEBRMBICICHAIRDT ENTE I, RZF 18D cENUIr ¥ ML LTWET EH
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5, 2% 280 ~500keV, 500~ 1400keV, 1400~2740keVD 3HBICHT . £h
Zhx O XTEHE, TORKREN 19IGR L1, ZORKRIZHEN LU,
ChSOMBEMEBDO - KOREGEHEHIC A2 2R, A (5), (8), (9), (10)
E3NBOX B) KLV BEARAIEED 12 2K 10IGR LI, LBD 12 HBEER LD
RKEVHOBZODIT, MEMBENZNHTH S, LED X2 BELRKEVHDNRFDIT,
46Sc D 889keV DEMBTNTWVAL LEELEHRBRIZIIOND OfEHES LIC W edTHb,
12 AR EOTIE, X (), 1)L 32H LK (5) OMTRERL L, F12, K19~
21 4R 7i . 3B LLRENLETNLE STV S, 3D LbDICEIEEXSHE L, R (9
(3400 keV LUITTHOBETWALDIILEDLDN S, Thik, BHEMICI, 10XE2777LT
WELbOABEALI, LBELEZHTRORKNLGRESERMRE ZTHENN 20, M 21 ICER
THRUI, 1100keVUTFRRAUDDMBE 7 57 LTHLL SR bDTHS, ik, 1400
keVLIEOMBRIFL LKA L TWEEBEbO s bbbt d, M 22 RTLEHICE—loge
737 TRBOLEHRTHS.  2100keVEIETIZloge BERT, TOLUFTRERDLS
KRBT, ZHERBOZOBAIHEMHNLOOT, LEOHMBIGEOICIE S X D ck %
KR ERD 12, K 20 Ti3 46Sc D 889keV & 22Na D 12 75 keV#H v v R ORI EEHs i #8 5>
SENTHY, K21 TR, 46Sc D 1121 keVHTiICEFN, BULEMSAHSN B,
CHOLTRDIBRESGEHBROBERLR  ROLDICLTRY 1, BERROBMELFKHAZE L
FHBEECHY | FEBEEQEERFERLCHITREVEALL, EWThOEERBOR N
BhEA i, TORMKMBEL 01, RKDBH v ~RI A VF -ICBT 2REBEL e 2THT,
TDFHEBE

6:

n d e
1:

THRDOEINE, CTUEERBEORAN 75, 01 BRIDRMKBELHERA LI, 0/ d¢i
BEOLH T LTERDIz, A0)ARDa-1,a0.,a1 (L e DEKTEbDENSE, TDa-1., a0,
a1 20X CRAL, ¢4 ¢f OBKTEL., ¢ TRES LI, EERBEONKITHEEL i
EFTNE, KB H v VF —DOHEFEE D

52— Zn' (ae

—)% 0i?2
i=1 ¢

LhB, Fhi, BRUHEOEEGA = 02+ 82 THEZOLNZ, c OREPDEHBORE
HEDREDHG ICT 2700, LRELEROIEAICOVTRESE, HHERE, 20 2 FA
anehi 23 m L1,
CORBBHELMDAD S DA WET 572051, [ 24 1CHT Debertinet al 2 &

Gehrke et al,G)OD bDE K8 L7, Debertin et al,&Gehrke et al. 0Dz L LTED,
FBELEROLOEIEC BT S, C DM, REBOFE AL XCLsbOLHRENE,
1. RIEDEBROBL S . FREOSZBERELECEAL TV 0L IDIKIH-T
N3,
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5. EBRERLVE

B, EERBICIOBEISDUTORETRET A LM TEl, RIFITRN/Z X
S, ChEABLTREDEHBRR 20, M212KD1c, COMBICIER/OEIT 0D,
H&® 7 2 =800 T, QIEEABERETIBHADLXEL7 77 LTEELLHDTHS, C
ORIEHEHMBAERAL TELOBEON ¥ < BRENBEAL XD 1., IRBELELHROB HshE il
BN 18IAONB L HICHEBICISUIEmERL TS,

RICEBEEHRICET 5 88Y & 207Bi ORERREENENER]L] KR I12IERT, WER
ERBEOBETL KL TV B, BEDORDHOME LT 207Bi D 569keV 7> v ROB
BERIBICHRT, CHIIRILKRIICRLIO0CoDEELBLEAFTH A, COHEAIH
HHRMBORZELSIN TS, HEHETHILoRBE LRINZOBBOBREITINII,
RICREN TV BEBEEHROEEMIT, AERKRAETEE LALFEYTHL, RETTOAE
e bhbhOKREE LETHT. 88Y Tid Schotzig et alP diz—K LTV 325,
Ardisson et al 2 ©FnIZAE L, 207BiTI Rao et al 2 DREEO TN AR HEE
PBENTH D . Jardine ™ £ o—Fiz k1>,

F7, EBICBOTRIE L 56Co, 110mAg | 133Bg , 134Cg, 152Ey, 154Eu, 192[r ©
HYeBARI L EENEOR 25 ~R3NRT, 372, TORBEER 14 ~K201CRT, &
WH = BIImE0S D UTTRET AT ENTE, CASOBEER . KOK 13 LAKNLE
HETRot, LoL, 2O OMBRASEELIDIC, Y LHROMEIIEBEHIAZ LS,
Fl 2, 6CoD84TkeV #<#HT034%, 2276keVT—53%, 152Eu ® 1408keV
T023% DRIEAT -7, 56Co D 2276keVH v vROBMENADKE A - 12DF,
BOART —F e HUy=BDIDTHD, 58, 152Eu & 1¥4Eu TREFHELABERICE
LI OXBOY LHROMEGIT o720 BlAE, FOAXXIZ, 152Eud 1408 keV # v v K
T012% . 1S4Eu D 1274 keVH v <RT003% TH- 1,

CRHODrHOBRAEIT. BEDTO3~05% THd, ChnE L EDILEBRKT 51/
B, OEDPDLRAMAED BN v 7REAPERBFOEMGEBOMEZD L NS TTNL
LD DMK BE DMA KD 2, 56Co 110mAg, 134Cs Hifasi L /- 56 Fe , 110Cd, 134Ba © 5
DDURLIEDOTHEBELALBE L0422 E 21 WURT, RFEBEFOHEMNBER, R
OMMEBCLAPERFROERBEI I BERELHI LD TH S, COKRIL, 6Fe &
110Cqd D 658keV L X T—HOBEEL LT HI2TNNBEHSN LY, @EOHED 2 ENOD
WHENTH B, 372, CO5S5DPDBEADTHOLEMOEH2032 % ThHb, £hik, bad
NOBAEDEREZDELUH BB IToNIEEZLSEIEAD,

ODOONOBEREIMOADHEELET 5125, 56Co, 110mAg 133Ba , 134Cg, 152Eu
2T, b DhDELSDTHERIZ~RI6ICLHLI, ChSDORTIH, EnFhOBlE
BOH < REEOMHELL HHLIBBILLTH B, 12721, BN Y BEBOI, B8
BEAHNBT AL, —DODOH Vo RBEL 100 WHRILT L2 EOREDIHDICERKNNLT
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NENLL, BOAT Y ROBEONTHBEALT LT, FHENLBBENALT, TOHEMAER LD
ICERA D L U,

£ 14 IGRT X510 56Co OREME E 4 3 T ORFMA T UL, Katou? o2 sim &
Vs, B Y TBTRARDTNTOE D0k 5, Hautala etal 2> OFEIZREDRL b0
DHICEEDMBELOTONED SN L, WO DR CIIFMBTLIN TRV DOTERLC &
FOh SISO, BEDRMKA TN HTHSD, Gehrke 5DMEIZN 3255 bh5 LD
i, 3KDH /=R THITHLTROIENHRELBLATINT VS, Meyer DHIIH DT b H
FO-KLTWE, K 32 Ti3, 1038keV & 2530keVicBNT, BICESITDHNKEL,
1038keViZa v 7 b YOBICHY, xv 7759 v FOER s> L, 2035keVe
2599keVIIBAE S » v RN B8Y D 1836 keV & 24 Na D 2754keVORIICH 0 . HEREHRE
EHICNWETATHE, brbhit, CORNICIOND D 2319keVAKIFEICERL TWHEDT,
EHEENFEVDTRIELA SD, 58Co 2 T2 Debertin & OREEREHILODT, EANI
5 b b Ol & BT & 150,

£ 150 110mAg T3, bhbh O Gehrke 5% DL BEOBET L —K LTLB05,
Debertin 52 D& (2885 keV & 1384 keV KB THFNA SN S, £7-, Meyer DI
BTENTNEHD0E L, LoL, B0H Y < BOFH TE b 72K 33 Tid Debertin 5 0
1384keV , Meyer 1505 keV A%, I —HLTWL3,

133Ba % F4 Schotziget al.” Gehrke et al® O & BT IT, £ 16 IKRT LD iC
SEREC K LT3, Meyer "Offi 613 13mEOBEICH 5, 134 BT S, Schotzig
et al.(PTB) Dffild, bhbhofis L ~H LT3, fedGehrke & & Meyer Dff (122
AOBBENTIIH L0, FHNTHLEDLEARLTIVS,

£ 17 O 134Cs DA, 1038 keV 7~ v 4K = Debertin et al? DL k2 Fhid
mwo1%8MV®fnm,ﬁgm%mtww¢Ut£§fumumtﬁbnéoMwa7@ﬁ
it Hise et al ) Li3eAdZ ¥, BEORATORDNOME K LTS, LHL, K
15 KA SNDL DI, 134Cs D 1000 keV LLED 3 KD ¥ 7B TIE 1 %FeE OFHL
HENDHB, 1168keV E1365keVICEI 30T, # AT — FH Y 2ROV LB ROBE
Ly FRIFEETH S, D3 70 —7OHUCBY LR OMEIC DN TRAN TS,
T, 20TREY LBRORBMIEDI DT EEDNS,

1wEufdﬁlSm&?&iKDwamlaaﬁ)t&ﬁﬁfx<4ﬂbfwéoGwme
et al @ L e T, IS 20% LUF O DT HFNOEETHS, Debertin®® off
11 . Debertin et al.®) &< S~NBMEDPNE D, DILDOULDEED—HIF L B0, CAEE
IR IC L0 20 B iC A AT L, AlE L 724K % Debertin 3B FEH LD TH
Bo ICHVHEENEEINT A LHBEINNL NEICT KRS VD TIRIED S D b
Meyer’ OffibHE 0k —H LT, BHEOK 36 0 152Eu(2, 411 keVE 1086 keV
ABE, L -RLTWVA, 1086keVOBMS IO, CDELIC1090keVH0 , £DEA
DL TD ARMAH S, 56Co D 1038keVE 134Cs D 1038 keV & & i 152Eu
1086ke VICHIEEDOESIEF O BAENC &b, T OMEOBR B EMB DR D CRIEHH 5
CEERLTA, L L, 411keV £ 1086 keV TIREBICHOLHNDFE L Debertin et
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al, DEIIBEOBBHT—HRL TS,

154 By DA, & 19 RT & 5 Riedinger et al 220z, BEsA X 005, £ 0 R
T—HBLTWV3, IEu KEIHEDORWVAIELSISODTHAEHENT S0,

% 20 ©192]r T2, Gehrke 30) b 485keV LIFTTELS —HLTLAH:, 489keV LILT
BXEEFAMBBEDSND, $7- . Prasad et al >V DEEBESAEV HICTHEXE L,
1921 r TRAICHEBOBHOBIENISODT, +3 1S HBNT &1L,

Pto LS, BENB LB b S [dahod Gehrke 5 & 56Co, 110mAg, 133By, 152Ey
2T, PTB ®Debertin & &3 88Y, 110mAg  133Bg, 134Cs, IS2EuiZ 2 CHEET %
CEDTEI, TORELTEDHNIEL, Gehrtke SDEE 6Co DIKTHTELEThdHY
152Bu 0 411keV THT0BHON B, OBNT Vv RTIF, REOBEAT KL T3,
Debertin SO & E, 88Y D B89B keV, 110mAg D 1384keV, 134Cs 1038 keV, 152Ey
D444keV D4 AREB X BEOBBT—RLTW5S, 8Y OoFhiZ45 A0@HTHY,
152Ey D444 keVid, D36 TRROTHICHSOBRELARZ T A% 18 TIREEDHHEN
THbd, BOD2XSHL o BN, Fhizd B EXENHDTIREY, Gehrke o D &L HE
LiciEW A v =#i3 24 K, Debertin S EHKETXbDIT 28 X, €05 bEHELBZITT
NTWEDIR, ENENAEKE2EKTH 7, REZOF 7 ROMUEEOKE I LOME S
HAH5LIICL, TOMUYHEBILDNT 12 2Rz, bhvbh DL Gehrke SO EDETIR
X2 =945 (HHE 20) %, Debertin SOMHEEDETIT 22 =587 (BHE23) %2 Z 1,

zhi, bh b DO & Gehrke 5B LU Debertins D & NH Y BTIIL—HLTT
WahEkmaIhs,

wiC, AEOHEMEEOAEE LS, BEI-00BBEL KkM -, IFEBREHOERE, B
aic k-t EREY'Y 20, MERKRICHE-T, 56Co, 88Y, 110mAg , 133Ba, 134Cs ,
207BIILDVTRDIKEREEK 22 KT,
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6. *& i

bbbz, 279keV 05 2754keVOFBTH v~ BROBEOHEAELRSL, ¥l 0H
MITH5 1 %OEBEI+NHTEEN05% OREICHKII LIz, CORMELHERXIIEHES b
DT, DODONWORHEFBEAFE->TE5R 0SSP REOHUEIIHEMBESICIT O LNTX
BTHIHIe PNONBERLLIOIBHBEOS VEERRL ZHIBLLRABTH TRV,
AEBIE LI T 20OBBORMEEOME YR b b BAIET 2EA# 21, 05 % OHE
TRUSHEORELTO T ENTE S, .
SHRICEINIIBEII279keV LITE 2754keVLIEDRIETH S, 279keVEITF 100
keVAESI TRARCOBBEOMEAT O C EMFETE 50, 100keV LIT & 2754 keVL
LA TIE  ERETEERENZSNLODOT, BE I BUTOBFEMERIERCEO2HLL
1A,
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Table 1. Evaluated values of calibration gamma rays
and observed strengthes of standard sources.
Gamma-ray Intensity Source strength
Nuclide Half-life energy per decay (Bq)
(keV) (7) Hiroshima Nagoya
UNa 15.03 h 2754.0 99.8758 + 0.0034
1368.6 99.9922 + 0.0010
Nb 14.6 h 2319.1 81.76 +0.21
1129.1 94.19 + 0.09
88y 106.61+0.02 d 1836.1 99.24 1 0.07 31752 + 109 27745t 97
41411 + 138 34977 ¢ 119
37253 £ 126 34910 + 118
39497 + 133 39595 + 133
: 36765 + 124 39414 + 132
2Mn 5.67d 1434.3 99.9931 + 0.0007
935.5 94.89 +0.03
8%Co 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
2Na 2.602:0,002 y 1274.5 99.94 + 0,02 27339+ 68 26996 + 67
29762 £t 74 27450 + 68
25365+ 63 27891 + 69
24604 + 61 23047 + 58
26700 66 21679 + 54
4t5¢ 83.82 $0.03d 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 + 71
$4Min 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 t 154 45331 + 159
134Cs 2.062£0.005 y 795.8 85:52 +0.05 46702 + 240 57309 + 293
604 .7 97.64 + 0.06 51438 + 263 52879 + 271
40178 + 207 41720 + 215
48426 + 248 54808 + 281
51495 + 264 44433 + 228
108Mp . 127y 722.9 100.00 a)
614 .3 99,88 10.04a)
4340 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
23Hg 46.68 10,11 d 279.2 81.48 10,08 48333 ¢ 161 56661 + 185
45764 t 154 45420 t 153
45817 + 154 44632 t 151
44611 t 151 36276 + 128
47628 + 159 45945t 155

a) Relative intensity.
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Table 2. 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 10,04
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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Table 3. Errors of the standard sources

Nuclide Systematic error Statistical error
(%) (%)
Hiroshima Nagoya
*’Na 0,246 0.021 0.021
#Sc 0.214 0.042 0.044
**Nin 0.324 0.070 0.072
Co 0.201 0.042 0.042
8sr 0.496 0.046 0.045
88y 0.315 0.084 0.085
134Cs 0.481 0.168 0.168
g 0.307 0.065 0.067
Table 4. Specifications of Ge(Li) detectors
Item 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
FWHWNV: at 1332 keV 2.0 keV 2.0 keV
Peak/Compton rate 1 51
Efficiency compared . 10.4 % 10.1 %

with 76mm ¢ X 76mm Nal(T1)




Table 5. Test of counting loss.

Ratio of counting rates of 889 keV to 1332 keV

peaks with and without strong 835 keV gamma-ray counting rates.

Gamma-ray True time Live time Peak areas Area ratio
source of CA 54010 16g 0Co 889.3/1332.5
(s) (s) 834.8 keV 889.3 keV 1332 .5 keV
465c-1
7200 7122 0 30078 + 84 27471 £ 75 1.095+ 0,004
80Co-1
465c-1
60Co-1 7200 7032 322390 £ 255 29734 + 83 27146 + 75 1.095+ 0,004

59\Vin-1~4

9618 W-I1d3V[



Table 6. Combination of sources and number of measurements for efficiency calibration.

Place of Source nuclide Energy range - Number of Number of Number Period
measurement source sets source of runs for each

(keV) positions run

Hiroshima *Mn, %MAg, 2PHg 250 ~ 850 5 4 60 2 h

Mn, %5Sr, 19%™MAg 400 ~ 850 5 4 60 2h

#gc, 5*Mn, ®°Sr, **Cs 500 ~ 1150 5 4 60 2h

22Na, %*Sc, **Mn, *Co 800 ~ 1350 5 4 60 2h

2Mn 700 ~ 1500 4 4 12 2h

2Na, %°Co, %%y 1150 ~ 1850 5 3 45 2h

Nb 800 ~ 2400 4 4 12 2h

24Na, *Co 1300 ~ 2800 2 4 32 lh

Nagoya 20Hg, ®Sr, *Mn 250 ~ 3900 1 4 4 2 h

85Sr, 5*Mn, *Sc, *°Co 500 ~ 1350 1 4 4 2 h

3¢, 88y, 2*Na, ®Co 500 ~ 1350 2 4 8 2 h

t65c, 88y, 22Na, *Co 1100 ~ 1850 4 4 16 2 h

85Sr, 4sc, #y, °Co 500 ~ 1350 4 4 16 2 h

855r, 4sc, 8y, *Co 1100 ~ 1850 1 4 4 2 h

134cs, *Min, ®8Y, Co 500 ~ 1350 5 4 20 2 h

%Na 1300 ~ 2800 4 4 16 2 h

9618 W-133v[
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Table 7. Combination of sources and number of measurements for relative intensities.

Place 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 2 h
%Co 1000 ~ 2700 1 4 36 2 h
%Co 2000 ~ 3650 1 4 36 2h
88y, ®Co, **Mn 800 ~ 1850 5 4 60 2h
207p; 465, 855y 500 ~ 1150 1, 5% 4 60 2h
Nagoya %Co, *Co 600 ~ 1500 1 4 4 20000 s
%6Co, ®Co 1100 ~ 2100 1 4 4 20000 s
%6Co, %°Co 1700 ~ 2700 1 4 4 20000 s
%%Co, *°Co 2500 ~ 3500 1 4 4 20000 s
88y, %63¢, #Na, *°Co 500 ~ 1350 2 4 8 2h
88y, 8%sr, #*Sc, *°Co 500 ~ 1350 4 4 16 2h
88y, 134Cs, 5%Mn, *°Co 500 ~ 1350 5 4 20 2h
207§, *Co 500 ~ 1350 1 4 4 13 h
Hiroshima nomp o 0~ 1000 2 4 48 2h
1omp o 800 ~ 1800 2 4 48 2 h
1omp o 1000 ~ 2000 2 4 48 2h
13ga 0~ 600 4 4 12 2h
YCs 500 ~ 1200 5 4 60 2h
4cg 700 ~ 1400 5 4 24 2h
152my 100 ~ 900 1 4 36 2h
152gy 400 ~ 1200 1 4 36 2h
1%2Ey 800 ~ 1600 1 4 36 2 h
'MEu 100 ~ 900 1 4 36 2h
el ot 400 ~ 1200 1 4 36 2h
MRy 800 ~ 1600 1 4 36 2h
191p 0~ 700 1 4 48 2 h
192y, 550 ~ 1400 1 4 96 2h

a) One source for 297Bi while five sources for *Sc and also for ®Sr.
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Gamma-ray

Efficiencies X 10*

Detector efficiencies measured with standard sources,

—

Efficiency ratio

Nuclide e?lf;g? Hiroshima Nagoya Hiroshima/Nagoya
24N, 2754.0 0.8438 + 0,0028 0.7103 + 0.0024 1.188 + 0.003
Nb 2319.1 1.028 + 0.005
8ty 1836.1 1.296 + 0.005 1,099 + 0.005 1.179 £+ 0,004
2Nin 1434.3 1.659 + 0.006
8Co 1332.5 1.787 +0.005 1.517 + 0.005 1.178 £ 0.003
®2Na, 1274.5 1.859 + 0.005 1,583 + 0,005 1.174 + 0.003
%Co 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
#3c 889.3 2.599 + 0.007 2.203 + 0.010 1.180+ 0.005
*Mn 834.8 2.732 +£0.010 2.324 + 0,009 1,176 + 0,003
34Cg 795.8 2.862 + 0,015 2.437 + 0,013 1.174 + 0,004
108MA o 722.9 3.135 + 0.013
34Cs 604.7 3.733 £ 0,020 3.18 + 0,018 1.173 + 0,004
85Sr 514,0 4.391 +0.029 3.771 £ 0,027 1.165+ 0,008
108M A & 434.0 5.280 + 0,024
20Hg 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 0.002 0.002
Half-life 0.002 0.002
Peak area Tail kl, kZ 0.02 0.02
Counts 0.045~0.116 0.073
Background shape 0.01 ~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 ® means the reduced
¥* value, Xy, ®=x%/v, where v is freedom. The last
expression shows the final efficiency curve, where A

means the graphical correction,

Hiroshima Nagoya
izfficiency curve
2 2
X 2 2
Xy X Xy
~b
ak 362 26 212 21
exp(ac+a, E+a,E%+a,E*a,E) 358 33 55 7.
a,eblE+a2eb2E+a3eb3E 9.0 0.9 7.2 1
a £ Pi (i=1, 2, 3) 21 2.1 5.1 0.
i .
exp(a-,/(E-b)+ay+a,(E-b)) 26 2.2 13 1.
exp{a.,/(E-b)+ag+a,{E-b))+A 9.2 2.8
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Table 11. Relative intensities of *®*Y gamma rays

Gamma-ray

Relative intensities (%)

energy

Present otzi i
(keV) sen Schotulg) Ard1sszoln)
Hiroshima Nagoya Average et al. et al.
898.0 94.3+ 0.3 94.5+ 0.4 94,37+ 0.26 94.9 ¢ 0.5a) 92.0i0,7a)
1836.1 100.0+ 0.3 100,00+ 0.5 100,00+ 0,26 100 100
a) Obtained from intensities per decay
Table 12. Relative intensities of 2'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,.0 + 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 1+ 0.20 78.7 + 4.0 75.5 t2.3

Table 13. Example of error estimate for relative intensity

measurement of **'Bi 569 keV gamma rays

Errors
Item (%)

Hiroshima Nagoya
Efficiency curve 0.366 0.435

Peak area Tail kl' k2 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 6 7)
(keV) Present Katou ) Gehrke ) 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 + 0.3 100 100,00 +1.0 100 - 100

896.6 0.095+ 0.018 0.089 + 0,011 0.077 £ 0.010 0.070 £ 0.005
977.4 1.435+ 0.016 1.386 + 0,015 1.426 + 0,015 1.38 + 0.04 1.440 + 0.015
996.9 0.129+ 0.014 0.17 +0.014 0.112 + 0.006
1037.8 14.14 + 0,05 13.922 £+ 0,116 14.04 + 0.14 13.5 +0.2 14,00 + 0.010
1089.,1 0.05 + 0,03 0.06 +0.02 0.050 £+ 0.010
1140.3 0.131 £ 0,021 0,107 + 0.003 0.117+ 0.013 0.150 £+ 0,010
1160.0 0.095 + 0.014 0.095 + 0.006 0.08 + 0.010 0.100+ 0,010
1175,1 2.241 £+ 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
1335.5 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 4+ 0.03 0.640 + 0.010
1963.8 0.708 + 0.011 0.667 £+ 0,021 0.724 £ 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 £ 0.12 7.64 1+ 0.06 7.89 + 0.07
2113.3 0.364 + 0.007 0.375+ 0.017 0.387 + 0.008 0.34 +£0.02 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
22761 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
20574 0.021 £ 0,006 0.029 + 0.004
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Table 15, Relative intensities of “°mAg gamma rays
Gamma-ray Relative intensities (%)
26 6
energy Present Debertin et al. ) Gehrke et al. Meyer 7
(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 + 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 + 0.4 100,00+ 0.7 100.0 +1.0 100,
676.6 ’ 0.15 + 0.01
677. 6 } 11.09 +0.08 11.31 +0.11 11.2  +0.1
687.0 6.80 + 0.06 6.85 + 0.07 6.83 + 0,05
706.7 17.5+ 0.1 17.67 £ 0.18 17.28 +0.15
708. 3 } 17.66  +£0.10 0.29 +0.02
744.3 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 + 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 1 0,002
11632 0.079 £ 0,007
1164. 9 } 0.079 +0.012 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 + 0.08
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
1592.6 0,0221 + 0.0013 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 (%)
energy 5) 6) 7)
(keV) Present Schotzig 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+ 0.14 29.43 + 0.33 29.76 + 0.30 29.2+0.3
356.0 100,0 + 0.4 100,0 + 0.9 1000 +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 !**Cs gamma rays

Gamma-ray Relative intensities (%)

Fl?:\;)gy Present Hise et al.27)a) Debertin et a1.4) 2) Meyer 7)
563.1 8.57 +0.03 8.59 + 0.05 8.55 +0.12 8.59+ 0.
569.2 15,78 + 0.06 15,82 +0.11 15,76 + 0,23 15.8 + 0.
604.7 100.0 + 0.4 100.00 +0.33 100.0 100.0 + O,
795.8 87.5 + 0.3 87.58 + 0.39 87.4 +0.9 87.5 t 0,
801.8 °.89 +0.03 8.95 + 0.04 8.85 +0.12 8.951+ 0,
1038.4 1.008 + 0.005 1.03li 0.01 1,023+ 0.013 1.02 + 0,
1167.7 1.827 + 0,008 1,850+ 0,027 1.844 + 0,020 1.85+0,
1365.0 3.074 £ 0.013 3.12 +0.04 3.09 +0.03 3.11 £ 0.

= ——

a) Obtained from intensities per decay
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Table 18, Relative intensities of !3*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 t 0,04 2.11+ 0.05
329.4 0.711 £ 0.014 0.59+ 0.01
344 .3 127.9 + 0.6 128.3 +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
. 443.9 15,06 £+ 0.06 . 14,90+ 0.14 15.00 £ 0.15 14.97 + 0.07 14.8 +0.2
488.7 2.031 1+ 0.015 1.984 + 0.023 1.95+ 0.02
503.5 0.768+ 0,018 0.73 £ 0.01
564.0 2.43 + 0,04 2,36+ 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 2.296 + 0,028 2.21 £ 0.04
688.6 4.20 t 0,04 4.12 + 0.04 4,00t 0,08
719.3 1.67 + 0.03 1.56+ 0.03
764 .8 0.95 + 0.05 0.84 1 0,04
778.8 62.16 +0.22 62.0 £ 0.5 62.6 + 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 0.78+£ 0.01
867.3 20.33 £ 0,10 20.54 + 0,21 19.9 + 0.4
901 .2 0.40 + 0,05 0.44t 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
9640 70.14 + 0.23 70.0 £ O 70.4 1+ 0.7 70.12 £+ 0.19 69.2 t 0.9
1005.1 3,078 + 0.024 3.57 +0.07 3.10+ 0.0l
1085.8 48.15 + 0.16 48.0 + 0. 48.7 + 0.5 48.73t 0.17 46.5 + 0.7
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 t+ 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 + 0,05 7.76 +0.08 7.8 +0.1
1408.0 100.0 + 0.3 100.0 t 0. 100.0 +1.0 100.00+ 0.27 100.0 + 0.3
1457.6 2.391+ 0,029 2.52 t+ 0,09 2.331+0.03
1528.1 1.344 1+ 0.013 1.27+0.03

i

a) Obtained from intensities per decay



Table 19.

Relative intensities of !**Eu gamma rays

JAERI-M 8196

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 + 3.1
756.8 13.18 + 0.07 12.9 +0.6
815.5 1.51 +£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
9041 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
1274.4 100.0 + 0.3 100

1494 .2 2.056+ 0.016 1.88 + 0.09
1596.7 5.238 + 0.026 5.15 +0.26

|




Table 20,
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Relative intensities of !*’Ir gamma rays

Gamma-ray

energy

Relative intensities (%)

(keV) 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 4+ 0.35 35,6 +1.3
308.4 35,84 1+ 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

468.1 57.50 1+ 0.23 58.0 + 0.9 59.7 + 2
484.,6 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 + 00,0024 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 %, ¥ and ce indicate intensities of beta, gamma
and internal conversion transitions, respectively.
Feeding transition Outgoing transition
Energy Relative intensity Energy Relative intensity
(keV) (o) (keV) (%)

'Fe 8468 keV level

1238.3 v 66,06 + 0,21 846,8 ¥ 100.00 + 0.34
ce 0.0076 t 0,0008 ce 0.030 + 0.003

1810.7 v 0.656 + 0,023

2113.3 Y% 0.364 t 0.007

2276.1 v 0.124 + 0,007

2523.8 v 0.068 + 0,011

2598.6 Y% 16.96 t+ 0,06

: ce 0.00051 + 0,00005

3009.7 Y% 1.031 + 0.025

3202 .2 ¥ 3.269 + 0.021

3253.5 0% 8.03 + 0,04

3273.2 0% 1.922 + 0.015

3451 .4 v 0.970 + 0.010

35481 ¥ 0.202 t 0.005

3611.7 Y% 0.0081 + 0.0012

Total 99 .67 + 0,31 100.03 + 0,34

Hocqd  657.8 keV level

2235 0.059 657.8 vy 100.0 + 0.4

818.0 7.76 + 0.04 ce 0.271 £+ 0.010
ce 0.0141 + 0.0014

884 .7 Y% 76.76 + 0.26
ce 0.111 F 0,006

125.7 5y Y 038 4+ 0. Nog

1421.0 ~ 0,039 £ 0.003

1505.0 ~ 13 77 1+ 0.05
ce 0.0068 + 2.0008

1562 .3 ¥ 1 085 + 0.007
ce 0.00024 + 0,00012

1592 .6 Y 9.0221 + 0.Nn013

1629 ¢ Y ) 0061 1 0,011

1777 .4 v 0,0067 + 0.0011

1305, 5 Y 0.0158 + 0.0015

2004 .7 v 0. 0011 + 0,tv02

Total 99.7 + 0.4 100.3 + 0.4
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Table 21, Continued.

Feeding transition Outgoing transition
Energy Relative intensity Energy Relative intensity
(keV) (%) (keV) (%)

1%Cqd 1475.8 keV level
603.1 v 0.0042 + 0,0009 818.0 ¥ 7.76 + 0,04
687.0 v 6.80 + 0.06 ce 0.0141 + 0.0014
ce 0.0181 + 0,0023 1475.8 v 4.220 +0.017
744.3 v 5.000 £ 0.027 ce 0.0020 + 0,0003
ce 0.0114 + 0.0013
774.8 v 0.002 + 0,001
957.4 v 0.008 + 0,001
1085.4 0% 0.066 + 0.012
1186.7 v 0.0015 + 0.0005
Total 11.91 + 0,09 11.99 + 0.06
10cd  1542.4 keV level
620.4 v 2.965 + 0,019 884 .7 v 76.76 + 0.26
ce 0.0108 + 0.0015 ce 0.111 + 0,008
677.6 ¥ 11.09 + 0.08
ce 0.032 +0.003
708.3 Y 0.29 + 0.02
937.5 v 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 + 0,006
iigi:z :*Y } o0.079 :o0.012
1251.0 ¥ 0.024 + 0.007
1300.0 ¥ 0.025 + 0,008
1334.4 Y 0.149 + 0.006
1384.3 ¥ 25.66 + 0.08
ce 0.0162 + 0,0018
Total 76.90 + 0.30 76.87 +0.26
13435 604.7 keV level
1454 3 < 0.005 604.7 ¥ 100.0 + 0.4
563.1 ¥ 8.57 + 0,03 ce 0.59 + 0.06
ce 0.068 + 0.003
795.8 v 87.5 + 0.3
ce 0.264 + 0,026
1038.4 ¥ 1.008 + 0.005

' ce 0.00203 + 0.00012

1365.0 v 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, %8y, ''®mpg 133, 13Cg and ®'Bi gamma rays
Gamma rays Gamma rays
Nuclide Energy Intensity Nuclide Energy Intensity
per decay per decay
(keV) (%) (keV) (%)
*Co 486.5 0.061 + 0,010 mp g 706.7 16.70 +0.12
733.6 0.193 + 0,012 708.3
787.8 0.305+ 0.013 7443 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
1175.1 2.239+ 0,014 1163.2
1198.8 0.051 + 0,009 1164.9 0.075 +0.011
1238.3 66.0 +0.3 1251.0 0.023 + 0.007
1272.0 0.025+ 0,008 1300.0 0.024 + 0.008
1335.5 9.130 + 0,006 1334.4 0.141 + 0.005
1360.2 4,262 + 0.022 1384.3 24.25 + 0.4
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 0.6551+ 0.023 1592. 6 0.0209 + 0.0012
1963.8 0.707 + 0.011 1629.7 0.0058 + 0.0010
2015. 4 3,027 + 0.017 1775.4 0.0063 + 0.0010
2034.9 7.77 + 0.04 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 13383 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
215986 16.95 + 0.08
2657.4 0,021 + 0.006 4Cs 5631 8.37 t0.05
569.2 15.40 + 0.08
By 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 8.68 + 0.04
HomAg 365. 4 0.086+ 0.018
387.1 0.07 +0.03 1038.4 0.984 1+ 0.006
396.9 0.06 + 0.03 1167.7 1.783 + 0,010
4468 3,739 + 0,027 1365.0 3.001 +0.017
620, 4 2.803+ 0.019
207 569, 7 97.74 + 0.03
626.3 0.216+ 0,013 897.3 0.119 % 0,012
657.8 94,54 +0.20 1063.6 74.0 + 0.3
2;;’:2 10.48 + 0,09
687.0 6.43 + 0.06
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Fig. 1. Capsule used for the gamma-ray source.
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Fig. 4. Block diagram of the detector system used in Hiroshima.

55cm? End Closed
v-Ray Source Ge(Li) Detector

Spectroscopy

Ve Ve W 1 Preamplifier o
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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