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Natural Background Gamma-ray Spectrum

— List of Gamma-rays Ordered in Energy from Natural Radionueclides —
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A quick index to 7 -rays and X-rays from natural radionuclides is presented. In
the list, v -rays are arranged in order of increasing energy. The list also contains 7 -
rays from radioactive nuclides produced in a germanium detector and its surrounding
materials by interaction with cosmic neutrons, as well as direct 7 -rays from
interaction with the neutrons. Artificial radioactive nuclides emitting 7 -rays with
same or near energy value as that of the natural 7 -rays and X-rays are also listed. In
appendix, 7 -ray spectra from a rock, uranium ore, thorium, monazite and uraninite
and also background spectra obtained with germanium detectors placed in iron or lead
shield have been given. The list is designed for use in Y -ray spectroscopy under the
conditions of highly natural background, such as in-situ environmental radiation

monitoring or low-level activity measurements, with a germanium detector.
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1. Introduction

In in-situ gamma-ray measurements for environmental radiation monitoring or
in gamma-ray measurements for low-level radioactive samples, spectral lines from
background gamma-rays may mask weak lines of gamma-rays emitted from artificial
radioactive nuclides. Although germanium detectors have excellent energy-resolution,
it is very difficult to identify such weak lines in a gamma-ray spectrum. This list is
designed as a convenient tool to identify background gamma-rays, while identifying
weak gamma-rays from artificial radionuclides, in a gamma-ray spectrum obtained
with a germanium detector.

Background peaks observed in a gamma-ray spectrum are not only those formed
by gamma-rays from natural radioactive nuclides, but also from radioactive nuclides
produced in the detector and its surrounding materials by interaction with the cosmic
radiation, as well as from direct interaction with the cosmic radiation.!) 2) 3) 4) These
gamma-rays are listed together with characteristic X-rays following the decay of
natural radionuclides in the table.

Artificial radioactive nuclides to emit a v -ray with same or near energy value as
that of the listed v - and X-ray are also given in the same line of the table. Selection of
these corresponding artificial nuclides is based on a list of strong gamma-rays from
radioactive nuclide provided by authors, previously.5) ¢)

Furthermore, v -ray spectra obtained from a rock, uranium ore, thorium,
monazite, and uraninite with a germanium detector, and also background spectra
obtained by shielded detectors with iron or lead have been shown in appendix B.

Authors wish to use this table not only in environmental radiation monitoring,

but also in field of research on natural radioactivity.

2. Data source

All energies and their intensities of v -rays given in this table are those retrieved
from Evaluated Nuclear Structure Data File (ENSDF, file as September 1997)
maintained by National Nuclear Data Center at Brookhaven National Laboratory,
USA, on behalf of the International Network for Nuclear Structure and Decay Data
evaluation.”)

Energies of characteristic X-rays are those from Table of Isotopes. 8)

3. Gamma-ray emitters and interactions
Gamma-rays listed are those from radionuclides and interactions as follows.

3.1 Natural radionuclides (see Appendix A.)



3.2

3.3

3.4
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Nuclides belong to the thorium, 4n, series.
Nuclides belong to the uranium, 4n+2, series.
Nuclides belong to the actinium, 4n+3, series.
Natural radionuclide not belong to any natural series:
40K (EC,B87)
80V (EC,87)
138La (EC,87)
176Lu( B )
Nuclides produced by the cosmic radiation in terrestrial environment:
"Be (EC)
22Na (EC)
28A1 (B _)
Nuclides produced by radiative capture and inelastic scattering with the cosmic
neutrons in germanium crystal.
imGe (IT)
7mGe (IT)
®mGe (IT,B7)
"mGe (IT,B7)
Reaction products from(n, a) , (n,p), (n,2n), (n,xnyp), and (p,xnyp) reactions are
not listed.
Reaction and inelastic scattering:
'H(n, 7)
9F(n,n’ 7)
56.57Fe(n,n’ 7)
56Fe(n, 7)
63,66Cu(n,n’ 7)
63.65Cu(n, 7)
70,72,74.76Ge(n,n’ 7)
70.73Ge(n, 7)
110,111,112,13,114Cd(n,n’ 7)
13Cd(n, 7)
116,117,118,1208n (n,n’ 7 )
115.117,1198n (n, 7 )
204Pb(n, 7)

206,207.208Ph(n,n’ 7 )
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List of gamma-rays from natural radionuclides

Explanation of the table.
1. Col.1 “Energy”

Energy of gamma-rays and X-rays in keV, except for 691.43 keV, that is the
transition energy. Gamma-rays at 2103.5 and 1592.5 keV are single and double escape
peak of the 2614.53 keV 7 -ray, respectively. See section 3 for energy values of X-rays.
2. Col.2 “Intensity”

Photons per 100 decays of the parent nuclides in equilibrium with its daughter
nuclides. For nuclide to belong to no any decay chain, photons per 100 decays of the
nuclide in col. 3.

3 Col.3 “Nuclide”

Parent nuclide emitting the 7 -ray of col.1 unless otherwise noted. The nuclide is
indicated with a chemical symbol and a mass number. The letter “m” after the mass
number means that the nuclide is an isomer. The letter before the chemical symbol
means:

a: belongs to actinium series

t: belongs to thorium series

u: belongs to uranium series

c¢: produced by interaction with cosmic neutrons or the target nuclide in that
interaction.

x: not nuclide, but the characteristic X-ray is given. For example, Bi Kal is K a1

X-raysof Bi. Kbl, La, Lb, and Lg are as follows:

Kbl1: K§B1+tKBs X-ray
La: Lai+tLa: X-ray
Lb: LB1+LB215 X-ray
Lg: L 71 X-ray
Values of energies of these X-rays are those obtained by a weighted average of each
components.
4 Col. 4 "Decay mode”
Mode of decay of nuclide or type of interaction emitting 7 -rays in col. 1.
Symbols using in this column:
A a decay
B-: B decay
EC: Electron capture and 8+ decay
IT: Isomeric decay
NN: (m,n'7)
NG: (n,7)
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5 Col. 5 "Half life”
Half-life of the nuclide in c0l.3. Units and their symbols using in this column:

US: Microsecond

MS: Millisecond

S: Second
M: Minute
H: Hour
D: Day

Y: Year

6 Col. 6 “Relational artificial radionuclides”

Artificial radionuclides emitting the 7 -ray with energy value equal or near to
that in col.1 are listed. The nuclides are shown with a chemical symbol and a mass
number. The letter “m” after the mass number indicates that the nuclide is the isomer,
and “m1” for the first (low energy) isomer and “m2” for the second isomer. Symbol
“gm” indicates that the artificial nuclide has two decay modes, ground-state decay and
metastable state decay, and emits their 7 -ray corresponding to one in col.1.

7 Other symbols using in the table.
= Approximately equal to
> QGreater or equal to
< Less than or equal to

--  Not reported, or reported in ENSDF but not given here
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Energy 4.4 ~ 15.5 (keV)

11.435 D |Hf-181

‘Fm-251 'Er-169
tAt-200m2 | At-200m1

'Eu-154m ‘Mo-101
'Po-204

1La-133
3.276E+4 Y 'Ca- 45
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Energy  15.5 ~ 31.5 (keV)

1Sh-126m1 t Ag-113m
H 'Np-235 !
3.276E+4 Y | Bu-1522;La-136m

x Palg
al -235
a Pa-231
u Th-234

L 3
'Sn-126 'Hf-166 ‘Dy-151
1T1-198m2:5n-126 'Yb-157 :(Ge- 7lm
\Pd-116 | | :
a Fr-223 iSb—llQ ESn—llQm EHf—172 ERu—103m

'Sb-122m 'Hf-166 'Hg-185m
'TI-201 (Pu-237 !Am-241
\Pu-241

EEr—154 EAu—194m1

M |Ir-194ml}Er-156

N
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1Fm-251
1Rh-104m

'Ce-144 W -176 ‘'Au-194m2:Cs-117
‘Pu-243 Es-251 Fm-255 ¢
‘Pu-235 !Lu-166ml}Es-254 !
'Rh-117 Pd-117m :
iPa-229 !Bk-246 :Ir-194ml!

SRR

‘Dy-157m !Ho-164m ! !

‘Ta-173 'Ir-185 !Yb-164 :Ho-155

iTa-169 }Au-193m }Ho-162m ;Tm-159

1Pu-239 Rh-105 iXe-142 :Tc- 95m
Ir-190m2.6d-162 1r-194m1:Lu-165
\§~‘ ¥ 3 S5 o § ?‘Q 9

e

R R
'Au-181 ‘Mo- 99 !Fm-2 u-155
'Zn- 62 'Yb-164 Nb- 94m !Ce-144
1Zr- 84 1Ag-115m ;Hf-184
\Bk-248m 1Fm-252 iTb-153
iPu-243 10s-191 Ir-191 £5Q§§172m

0.052 ' ! '
9. 0E-03 ' '
6. 0E-03 1Es-254 1S5n-126 | i
0.058 1Pu-237 Am-241 Bk-250 |Fm-254
iMo-102 1Cf-250

1Ge- 66
'Fm-251

Nd-152
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Energy 46.3 ~ 59.6 (keV)

'Lu-181 W -166 1Cs-122ml
3.276E+4 Y ‘Nd-154 !Se- 72 iMo-104
'Sm-153m !Cs-147 Hf-164
"W -183m {Re-183 !
‘Rb- 78

4.468E+9 Y , 1 Pu-235
iDy-151 !Se- 68
'Tr-173n !Tb-156ml
' Au-199
' Au-181

'Pu-239
3.276E+4 Y W -171

1Sn-106

1La-132m
10. 64 Er-157

18.72 D ‘La-148
703. 8E+6 Y 'Tn-165
3.276E+4 Y ‘Eu-157

‘Ba-148

1Pu-241 'In-121 !Ga- 74m
1Zn- 74 La-136m }Ho-159 !
EIr—192m1: E E

‘Dy-165m ‘Ho-162m 'Am-241 Fm-255
1Gd-159  Dy-159  !Lu-163 Cs-124m

Mo-108 iCe-127 iFu-255 iNp-235



63.2
63.29
63.65
63.81
63. 86

65.42
6.2
66.4

0.055
4.84
0.05

0.077
6. 1E-03
7.3E-03

6. 5E-03
2.8E-05
9.7E-03

7. 0E-03

a Ac-227
u Pa-234
a Th-227

|a Pa-231

18.72

3.276E+4 Y
703. 8E+6 Y

11.435 D
24.10 D
3.276E+4 Y
14.05E+9 Y
25.52  H

7.538E+4 Y

B
i

{Ba-123
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Energy

'Er-172
Pd-111 !Rn-208
Pt-200 1Am-245
Au-200m :In-121m
Hg-183 1Cd- 98

'Ge- 75m
'Pd-103

I -119
Co- 65
Tm-155m

'Sn-130m
'Po-208
'Bu-157

tAu-187
'Te-121
1Ba-145
1Ba-127

'Re-182m
'Re-182
{HE-172

59.6 ~

'Ga- 74m
'Ho-160m1
1Es-255

1Sn-130m

iHE-172

"Mo-108
‘Ti- 44

‘Mo-104
1Pd-119
Pd-111m

W -177
=

SRR

71.9

'Ag-111m
‘Er-160
'Fn-255

‘Mo-107
1Ge- 75

'Eu-159
1Sr-102
{Ru-109

1Ta-173
HE-172

(keV)

%

'Nd-156
1Xe-118
Md-255
5[r—195m

'Mo-108
1Se- 75

'Pa-229
‘Dy-165m
v Ir-189m2

1Ta-185
1Sn-130
{Es-250 |
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Energy 72.7 ~ 83.7 (keV)

Po-199m !Ra-230 :Ba-148 U -230 1Ac-226
703.8E+6 Y |Nd-154 Lu-171 |Pm-145 Xe-122 |Pr-145
Se- 68 1Xe-120 |Pr-152 |Au-181 IRn-210
3.276E+4 Y i i i i
25.52 H i '

3.276E+4 Y |Yb-158
1.9116 Y |Ba-147 10s-191m
Ho-161 :
9

Ir-177 'Sm-153 1Gd-153 :Sm-159 'Ru- 94
Pu-246 Cs-147 !Pm-148m W -172 iHg-186
Pu-156 !Lu-171 !Zn- 76 ! :

Sb-122m !Pu-147 !Eu-147 !Re-177 !Pt-200
Tm-174 iLu-174 !Lu-174m Mo-105 :Sm-143m2

H |Ba-142 'Ba-125 !Yb-159
Hg-189gm!Yb-161 Ti- 44 | '
Ru-111 |Eu-159 {Pb-190 1om-155
Ho-170m iTm—17O ELu—172 EHf—166

Hg Kbl 1 Xe-140 1Ce-144
‘Ir-193m !Ag-101 1Cs-130m
a Pb-211 iTm-166 {Ho-166m ;Th-162 Ho-162m
Fn-255 EMo—lOl 1 Xe-133

‘Yb-176m 'Lu-176m 'U -231 'Tm-176
'Sn-131gm!Yb-166 !Ru-112 !0s-194
‘Pt-191 10s-191 Ir-191ml;

Tc-105 U -240 Pr-135 1Hg-188
Cs-130m iCr- 56 Tc- 94 INd-153




a Th-231
x Fr Kal

85.8 5.8E-03
86.11 -

87.02 0.019 |u Th-234

a Pb-211

Lu-176

a Th-231
x Th Ka2
a Th-227

5. 4E-04
D4
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Energy

Te-114 'Se- 73m
In-109 !Fr-212
Lu-170
Ir-194ml Re-177
Ir-189m2:

(Cs-121
‘Rb- 81m
‘Th-233

1 Am-242m1
'MO

Ir-177
Ce-133
Pd-109
Sb-113

83.8 ~

'Pd-100
"W -176

‘Fr-224

‘Ir-179
1Eu-155
1Am-243

1Th-223
1 Tm-155

'Kr~ 75

'Eu-152m2!

Ar- 32 'In-120m2:!Ce-147

Bi-198m1:Fr-227 INd-134

Rb-101

Ga- 67
Rb- 91
Te-116 !Ir-181

'Lu-180

Ho-164n W -189

94.9

'Pu-243
U -231

“To-161

1Cs-136
'Gd-155m
EAs— 69

'Th-233
' Tm-155m

{Tb-156m2

‘Au-181

‘Te-114

.
'HE-180)

' Cm-245

(keV)

"Mo-108
"Th-155
'Th-160

'Ag-109m
‘Ru-110
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Energy 95. ~ 105.2 (keV)

a Pb-211 'Pa-228 'Ha-258 :!Ir-189 :Ta-172

al -235 'Xe-121 La-136m Eu-159 !Se- 79m

x Pa Kal . ‘ : h

a Pa-231 N - 19 1Pd-113 1Xe-119 1Yb-176m
(Fm-257 ,

u Pa-234 ‘Rh-117 'Pd-117m !'Th-223
x Fr Kbl : ' '

a Pb-211 'Cd-102 'Ir-185 !
x Rn Kb2 1Gd-153  Ir-179 |Fr-212
a Th-231 \Ra-232  Nb- 99 Nb- 99m

'Pu-237 'Am-241
'Re-183 !Fm-254
'Re-186m ! Am-244

'Sp-158 W -176

iGe- 79 INA-136 ‘Ho-159
Xe-141 iLu-173 (Cd-12In

'Np-235
'Es-252 (Lu-166 !Lu-166m2!Lu-166ml
a Th-227 Ir-181 ' !
x Ac Kbl : : '
a Pa-231 1 Te-107 | :

Ho-170 1Ta-180 1Pt-200 :Pu-241
‘Lu-165 ! : :

'Tn-122m1:Te-121m 1Ba-144 !Ho-155
iRn-227  1At-209 !Te-112  Np-236m
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23

1Tr-194n2:Te-132

Pd- 98 1(Cs-125
Cr- 59 1Zn- 72
Ir-194mliCr- 48
(s-138m 1Au-193

Pt-189 'Nd-13%m
Pu-241 'Mo- 93m
Hf-182m }Nd-149
Sm-159 10s-183
Rh-101 iRe-183m

{Eu-152m]
1Pm-156

'Lu-177n

1Yb-157
{Br- 77m

1 Th-158m
1Pd-115

‘Pt-184m
\Br- 75
‘Lu-168
1 Tm-161

*Nd-139
U -229
Hi-182

1Eu-141n
iNd-138
Xe-117

118.1

Hf-177ml

‘Lu-181
Kr- 77

‘Ho-160m2
1Ta-185
1Re-183
iDy-165m

‘Ra-213m
'Fr-225
1La-129

1Ru-109
{Rh-113

Gd-143m

(keV)

'Lu-184
‘W -185m
1 Te-105
' Pm-157

'Ra-213

\Dy-149m

1Sm-139m

Ru-110
1Cs-145

10s-183m

&

Ba-123

'Ag-123
Nd-151

tAm-243

S
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Energy 120.3 ~ 134.4 (keV)

703.8E+6 Y |Sr- 98 !Zn- 78 'Ac-223 ‘'Dy-165m !Kr- 75
'Tb-147 'Y - 81 !Pw-153 :Ir-184
Re-179 1Zr-103 {Ba-123 Fr-210
JHE-170  1Au-200m (Fe- 61
iNd-147 1Hf-177m2,In-128m

'Y - 99 'Eu-152ml!Eu-152

'Pu-152 Er-174 !Am-242m]’

‘W -185m iMn- 57 Co- 57 'Hf-164
1Sn-106 ETa—186 EMo— 90 |Er-173

M ‘Ta-168 'Y - 81
3.276E+4 Y 1Am-239 WFr-220  1Xe-127w
18.72 D 1Pb-202m ! H
7.538E+4 Y ; : :
25.52 H 1 Tm-162m 1Hg-180

'Nd-138 10s-196 1Zr-103
‘Rh- 94 ! '
‘Ru-114 1Sr-101  {Lu-177m
1Au-194m2, Tc-109
1Te-137 U -232
10

S

'Sr- 85m (Pd-119 Bk-251
‘W -189 !Pt-197m !Pa-228
1Au-197m iHg-197m {Pr-150
Er-174 1Ce-134 1Yb-169
\Re-182 10s-182 1Yb-163

U -229
1Xe-121
1Hf-163
iRe-171




136.55
136.75

137.23
137. 23

143.78
143.87
144.1

144.23
144, 39

= 0.012
4.2E-03

4. 7E-05
4. 3E-05

0.05
<4.0E-03
0.121

1. 3606

u Pa-234

u Pa-234m

¢ Ge- 75m

u Pa-234m
u Pa-234

S

t Ac-228
u Pb-214
a Th-227

u Pa-234
u Th-230
a Fr-223
a Ra-223

a Pa1231

5
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S

Energy

134.6 ~

'Ru- 92 Nb- 87m

'Zr- 87m 'Ir-197gm

1Au-201  1Ac-229
1Hg-190
'Sb—116m '

1Pd-114  1Tb-141
iCm-249 |
Hf-171  1Po-204
+Au-194m2 } Au-200m

10s-193
'Ru-110
1Cd-100
1At-210

‘Hg-192
'Tm-164m
1 Th-147
iFr-220

‘Br- 75
'Rn-227

'Pt-189
1Sm-155

'Tm-159
INd-136
i Bk-244

‘Pt-182 'Hg-192
‘Hf-179m2 ! Pm-146
'Ac-229 1Pa-229
Y - 96 1Y - 96m
Sr- 77 Kr- 72

147.4 (keV)

'Hg-188 Sr- 79
'An-242m1 'Kr- 94
'T1-201 ‘Te-136

'Fn-257

Tr-186m
tHg-190

‘Es-252
1HE-173
1Bi-208m
1Th-223

‘Hf-184
'Ge- 75m
\Fr-225
EIr—189m2

1Ac-224
1 Au-200m

1Cf-246
'Ti- 44
1Cm-239
1 Tm-161
Tc-111

:Eu-155
'Re-186m
'Bk-243
1Ta-182m2
HE-171



u Pa-234

Pa-234
Ge- 77n

a Ac-227
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Energy

'Fr-225
'Sm-158
1Sn-130
1Nb-105

Pa-232

'At-205
‘Hg-190

1Ir-192m2

'Au-181
tGe- 77m
1Ir-174m

‘Sr- 77

Sm-134  1Au-183
Y - 97ml!Fr-206
0s-170 Kr- 77
W -190 Ir-172m
Hf-163 1Ba-145

1Zr-103
!Nd-131
1Yb-164
WU -237
1\ Th-149

149.8 ~

‘Ra-221
Te-131m

'Pd-118
'Er-174
' -228
'Re-182
'Np-240

1Ac-226
'Pt-184
'Y - 81
10s-174
Ir-185

'Nb-100
1Cs-121
'Rh-113

'Yb-158

'Re-184m
'Yb-163
1As- 77
1Sr- 77
Pr-149

166.4

'Nd-136
1Te-131

10d-104

*Tm-155m

MT1-197
‘Re-182m
1Es-251

1 ~230
‘Rb- 79

227
{Hg-199m

1Tc-105
'Ba-128
1Cs-117

py-240

"Th-155
‘Fr-220
‘Pr-131
‘Rn-227
1Ce-134

‘Ba-136m
iLa-145
'Rh-115
HE-170
1 Pu-236

(keV)

W 175
'Gd-149

1Sh-111
'Au-182

1Cd-115m
Bi-196m2

WVo- 47
10s-172

*Hf-175
‘Xe-114
1Se- 77m
Y - 97m2
‘Ta-183

tXe-131m
‘Pr-152
1Xe-142
‘Ac-224
iCm-241




JAERI—Data/Code 98—008

Energy 166.5 ~ 182.6 (keV)

Ho-158m2!Au-189m !Ac-224
u Pa-234m M |Au-191 !Hg-189gm!Pr-151
At-210 1Ge- 67 Rb- 97
Kr- 94 '
a Th-227 D |Ba-147 1Au-201

=3.6E-03 |a Th-227 '
0.032 |u Pb-214 ! '
8.1E-04 [u Pa-234 H |Mo- 88 Tb-153 }Au-181
0s-183m iNd-151 ,Au-194m2:5n-123m

Ir-195m {Ba-144
Eu-160 1Gd-141
a U -235 703.8E+6 Y |In-131m2;
a Fr-223 21.8 M JHf-182m ;Pb-198
a Th-227 18.72 '

Fu-140m !Gd-140 W -173 ' Au-196m2
MS |Cn-245 iGe- 7lm As- 71 Si- 36
Te-111 1 ~132m iNd-151 'P0-203

. e Jlaa138
4.1E-03 D |Tc-107
Pm-151 'T -131
0.047 |a Ra-223 11.435 D |Es-254m ‘Nd-137m {Pm-137
Ir-187

t B1-212 ' *Hg-195
‘Cm-249 'Nd-155
'Ba-127 !Pu-233 !
u Pb-214 iTe-116 Hf-184 10s-175
ngu—ZOOm Au-187




a Th-231
t Ac-228

u Pa-234m
u Pa

u Pa-234
cF-19

JAERI—Data/Code 98—008

703.8E+6 Y

7,538

Energy

'La-146m
'Bi-206
1Te-101
Ho-168
Ag-117m

H0-

'Th-149
1Xe-141
1Cm-239
Sr- 81

'Eu-139
‘Tm-161
1Ba-141

'Sn-130
'Sm-137
1Pt-179
EH0—157

'Sm-157
1Tm-159
+T1-190m
1Cs-119

183.5 ~

‘Rb- 82m

1
1

‘Rh-101m
i Tm-168
iRe-175

‘Br- 91
'Sp-134
‘Pt-182

10s-173
r-187
1Au~193
1Re-184m
‘Au-196m2

'Fr-222
In-114m2

'Dy-168
'Ho-151
‘Lu-170
1Sb-128m
| om

197.9

1Pt-177

'Rh-101
Au-181
{Dy-155

'Ac-226
‘Pt-199
‘Au-187

U -228
'Lu-159
‘W -185m
\Pm-157
1Yb-161

(keV)

'Nd-139

r-177
‘Ho-166
'Cu- 67

"Ru-113

gGe— 7%m

'Ce-134
‘Pt-188
1In-103
‘Ho-157
Xe-125

Hg-185gm!Hg-188
‘Tn-114ml1!Sm-157

1Au-187
1Ge- 65
\Rh-111

'Fr-230
'Ga- 63
1Ce-134
1 Ir-174
' 09

1Kr- 81m
1Fr-225
1Gd-140

'Hf-179m2
‘Hg-185gm

‘Fr-225

|g_
'Nd-147

Th-160




4.9E-03

0.042
2.7E-03

0.03
85.54
1.08
6. 1E-03

0.194
0.013
0.146

206.11 0.206

209.25 3.89

0.064

2.5E-05

a Pa-231

al -235
a Ra-223

a Th-227
Lu-176
al -235
Th-227

a Th-227
a Fr-223
a Th-227

a Th-227

t Ac-228

t T1-208

a Fr-223

JAERI—Data/Code 98—008

B-

3.276E+4 Y

703.8E+6 Y
11.435

18.72
3.78E10
703. 8E+6
18.72

D

H |1r-189m2:Lu-177m

Energy

(Gd-141m
Se- 75
Cs-147

Zr- 87m
0s-192m
In-103

Pt-197m
Ba-129m

Nd-135
Tc- 95m
Fr-227
Bi-203m

Fr-222

Ho-158m2!Ta-174

Au-181

Ag-119

198.8 ~

1Ce-147
1Pm-135
1 Tm-159
iZn— 76

'Th-141
'Pu-237
tHo-153m
Cu- 73
Nd-138

'Er-161
‘Hg-197m
Lu-176m
1Ho-155

'Au-198m !Lu-177m
'Te- 95 ¢
‘Ho-158m2 {Mo-103
1Gd-143 1Cs-117

Cs-130m !Th-226
1Po-199
1Ac-223
ELu—177

1Au-185

215.2

'Ge- 75
'T1-198m2
1Cs-145
EEr—l73

'Pt-187
1Ta-176
‘Rn-224
Y - 90m

Hf-177m1

'Ag-117m
tIn-107

'Ru-109
1Pr-131
10s-196
EHf—l77ml

'Hg_181 !

'Th-164
+Ir-195m
S - 40
{Es-254m

Lu-178m

Ta-178ml !
Kr- 73
Gd-163
Ba-129

HE-177m2
1Lu-179

'Rb- 93

'Ru- 92 ‘W -179m
'Ta-172 'Au-183
yHf-179m1:Lu-177m

(keV)

iIr—195m
1At-206

1Se- 68

'Rn-223
‘Mn- 61
1Hg-195m
ETa-177

'Hf-178m2

'Y - 08
‘Ra-219
HE-177ml




t Ac-228

u Pa-234

JAERI—Data/Code 98—008

6.70
703. 8E+6
3.96
6.70

Tm-162m
Ir-172m
T1-194m
Np-239

Lu-177m

Sr- 85m

Energy

'Rb- 84m
'Au-189
'T1-191m

e 79

‘Lu-177m

+ Au-200m

S S

‘T -121
1Cd-115
1 Xe-119
Pd-114

215.9 ~

ERu— 97
1Fr-224

1T1-206

He-139
‘o165
‘Br_ 74

1Ac-231
1Fr-222
:Cs-117
1Au-189

'Mo-102
'Sn-106
tHg-191
iPb-194
i Te-105

'Ru-113

Lu-166
1Cm-243
\Pu-237

1 Je-
'Rh-111
iCe-143

iCe_145

233.6 (keV)

'Yb-160
'Ac-223

' Re-184

'Th-158

‘Dy-153
'Sm-134
'Rb- 03

‘Re-182
W 189

U -230
1Pd-118

Fr-225
1Au-189

‘Hg-186 'Fr-212
Lu-166m2 ' Lu-166m1
i 53

Lu-168

I - o,
'Yb-157  'Cm-247
Ba-146 iIr-181

' Pn-154n |Cs-143




JAERI—Data/Code 98—008

Energy 233.6 ~ 249.6 (keV)

6.70  H |Br- 71 Nd-137m !Tc-101 ‘Rh-10lm 'Kr- 74
Er-155 !0s-185 ! : :

21.8 M [T -134m iNp-233 !Pb-197m !Bi-197 Kr- 90

18.72 D |Yb-163 !Zr- 83 !Cs-12lm !Te-114 !Er-155

7.538E+4 Y |Th-224 '

u Pa-234m | B- |1.17 ! : !

a Th-231 B- ]25.52 H |Sn-108 :Yb-155 ‘Hg-184 W -171
Rn-211 Hf-179m2:Sm-135 |Hg-189gm

a Th-231 B- ]25.52 H }Fe- 51 1[Au-187 (Er-171 iDy-146m
Mn- 61 Ho-167 i0s-181m 1Po-199m

Lu-163 !Tm-176 '0s-172 :Ir-183 !Pb-196
Pm-151 !Po-201 !Re-176 !Bi-202 !Ho-155
Nd-149 ! : ! :
H |Hg-187gm!Pb-202m !Lu-181 Tm-164m 'Mo-108
y |T 'T] Hg-191 iAm-245 iCf-249

9.0E-03 |a Pa-231 3.276E+4 Y |Fr-222 ETh—226 'T1-195
8.4E-04 |a Th-231 25.52 H JLu-184 'Se- 87
Cs-134 10s-181
0.048 |a Pa-231 3.276E+4 Y |Zr- 86 Tm-165

a Ra-223 11.435 D |Pm-152 !Pm-152ml1:Eu-152 !Ru-112 !Ce-131
Re-189 Ir-189 Ru-109 {Bi-200 !

u Pa-234 6.70 H [Bi-200m1;At-210 ‘

¢ Cd-111 Ag-111m iAg-111 1Cd-111lm ;In-111 INd-135

a Pa-231 |3.276E+4 Y |Pm-133 iGe- 66 iSm-155 1Sr- 79 1(Cs-147

0

'Tm-148 ' T1-206m :T1-199 T1-195

'Re-182 ! ! !

Te-123m Pd-115 Cd-125m {Zr-103

:B1-198m]1;Pt-187 1Xe-116 |Tm-159

iEu-154 :Tb—154m2:Tb—l54mliI -123
% iy

S g




JAERI—Data/Code 98—008

Energy 249.6 ~ 266.4 (keV)

Hf-177ml ‘Mo-105 ‘Xe-135 'As- 77
Ag-113m | ! :
Nd-133 iDy-167 1Tm-167  {Rn-211
Hg-185gm.C1- 39 | ‘
Ru-111 1Zr-104 1Xe-142 1Pb-192

‘Tn-127m 1Sh-127  iHg-19]
'Yb-158 Hg-191m ! :
To-159 | : :
iCf-249 [Re-184 !Re-184m iTa-184
] 1 9 1 55 IP

‘Ir-185 !Rn-221 '
'Ce-137m 'Rb- 77 'Cm-243
1Eu-149 Pd-113 yHE-177m2

' {Bu-136

u Pa-234 . 'Ca- 50
'Pb-200
1Tm-148
503—196

iCs-119 'Pb-108
3. 276E+4 'T]1-198nl iCd-126

{0d-115

Fr-223 'Po-209 'Pu-135m !0s-181m

Th-227 'Cs-117 'Ru-113  1Sw-157

Ac-228 ' Cu-244 'Cs-143  1Zn- 79
'Cd-113m ‘Np-231  'Ag-123
1 (] 1 160




JAERI—Data/Code 98—008

Energy 267.1 ~ 282.9 (keV)

Ho-158m2|Zr- 85 ‘Tm-167 'Ho-156
1r-178 1Cf-249 ' :

Te-135 1Cs-129 1Ag-103 1Y - 93
(d-115 iTe-111 | ‘

HE-171 !
a Ra-223 . i 'Pb-192 iCe-148 'Ba-146

t Ac-228 . 1Cf-251 ‘Po-204 Am-246m

‘Kr- 76 1Ce-131 !Au-191
‘Fm-253  Pm-133  }Gd-143m ;I -134m
»om-143  1Ba-124 Pt-184m {Po-201m
iRb- 89 ETC—IOS : EL

26.8 M
1.17 M
6.70 H
703.8E+6 Y
703. 8E+6 Y

Rh-107 tNp-239 iCm-243  tAu-191
Rh-115 U -229 : :

Nd-155 Pd-116 }Ag-11lm |Te-129 Nd-152
Cs-129 : : i

La-133 :Zn;;79 Lu-167 1Au-197m

'0s-193

\Sr- 85m 1 In-122m2:1 123
1Eu-149 1Zn- 78




a Bi-215
a Rn-219
u Pa-234
a Ra-223

JAERI—Data/Code 98—008

3.276E+4 Y
18.72 D

18.72 D
3.276E+4 Y

11.435 D

703.8E+6 Y

Energy

Au-186
Pu-237
Ho-163m
Sm-136

Ir-197gm

283.6 ~

Cu- 61
'Thb-152m !
1Gd-161 1Ra-227
ELa—128 EPb—ZOSm

Re-182
1 Xe-142

‘Er-148

! 00
1Gd-159
1Dy-149m
ECf-ZSl

I r-195m
‘Dy-166
‘Ho-172

‘Ir-192ml1r-192
1Pr-135 'Tm-165
Re-179  {Rh-115
1 Ir-186
1 Th-22

'Gd-149
'Pt-181
1Sr-100  {Pm-133
1Tm-153  1Eu-139
1Tm-163  1Sm-158

+Sn-110

300.0 (keV)

‘Tn-148

'Pd-118
Ac-223

‘T]-184
'Rn-208

16d-163

'Sm-136
1Cs-127

{Np-243

iGe— 3lm
1Sh-127
1Ba-143

'Pb-198
‘W -188

'Au-192
1Te-112
1Xe-139
EEr—lSlm

'Np-233
‘Pb-187m
‘U -240

'In-132
Kr- 79
1 Xe-116




JAERI—Data/Code 98—008

A
B-

A
B-

703.8E+6 Y
3.276E+4 Y

703. 8E+6
25.52

703. 8E+6
25.52

Energy

Ru- 95
Pm-144
Ph-196
Pr-138m
Lu-163

301.7 ~

tAg-124
‘Au-190
'Gd-162
‘Rh-107
Np-240)

'Ba-140 !Kr- 85m

IT1-190m
"Re-170

1Cs-147
16d-159

10s-175 '0s-196
‘Au-192
Ye-142 1T1-197
iNp-241  Re-179

1Ge- 80 [Er-158
‘Rh-101m |At-205
Hi-177m2 | Fr-212
:Ta-166 ECm—251

'Sn-117m
‘Pr-147

Se- 68
‘Er-161

“Tu-164m tHo-145
1In-129m |

1Au-192
iCe-131m

'Pt-189

'Pm-133
‘Lu-163

'Pd-103

319.2

'T1-196m

'Rn-206

10s-192m

1Xe-133
iPr-133

Zn- 62

'Rh-115
' Th-225

Fe- 64
‘Hi-173
1Po-206
EPt-187

'Ce-146
1Ac-229

'Sr— 79

(keV)

Pr-148

1Pd-116
1Ba-133
1Ce-132

'Sn-130m
'In-114m2

i

'Pa-230

"To-155m
0

tYb-152
1Pt-199

'Ru-103




JAERI—Data/Code 98—008

Energy  320.1 ~ 338.3 (keV)

‘Tr-195m 'Zr- 84 'Ra-221

Xe-119  'Ho-158¢m ‘T -119
'Pu-237 !Re-183m ‘Cs-121m
‘Np-233 ' Am-237

3.93  |a Ra- . . 'Pd-117 'Ir-194m2:Sr- 79 Cd-121

<6. 56-03 . ‘Th-146m] 'Ru- 97 ‘Cs-138m 'Sp-158
'‘Rn-206 'Pm-135m !Lu-168 !Dy-146

t Ac-228 6.15 H :

a Th-227 18.72 D 'Ag-115 Dy-157
'T1-191m !Nd-149

a Pa-231 3.276E+4 Y 'Y -102  Hf-177m2
'Ru-112 iSb-114

‘Ba-126 !Gd-151 !Rn-224
1Ir-194  11r-194m2;Au-194
1Y - 96 Er-155 !La-140
\Pt-183m Au-185

'T1-201m Y -100 Pb-201 !Sc- 51
‘Pb-187 Ag-105 !In-131ml!Hg-191m
Pr-134m | H :
1Au-185 1Sn-125 (Hf-180m
1Sb-113  1Rh-101m :Rh-114

1 (1e- o jie- VND-
a Th-227 '‘Rh-101 !
334.78| < 0.034 |u Bi-214 1Hg-187gm;Xe-142 Fe- 59
T1-18%m (Fr-208 (Tm-158
1Pm-134m iPt-185gm:Pb-202m iPt-181




JAERI—Data/Code 98—008

Energy 339.8 ~ 357.9 (keV)

Ir-194m2! H : !

Re-182 'Yb-180 !Cu- 59 :Ag-113 Hf-182m
Co- 57 W -174 Sm-140 (Ho-145 1Er-163
Yb-157 : ‘ :

Co- 65 iPm-151 1Th-236 Mo-108 Ir-189m2

'Sn-104
1Cd- 99
1 Tb-150m
A

'‘Nd-153 'Pm-133 1Po-207 Rb- 91

‘Hf-181 1Cm-247 Mn- 52 Er-150

iTe-103 -1Ce-133 1Zn- 74 |Bi-202
Tm-167 Pt-197m iHo-154m
1 Th-154m2 1Hg-186

' o La- 1 '
iRe-174 'Hg-186 Cd-121 :Es-250

'Sp-135 !Eu-149 'Rn-208 Xe-122
‘Re-172 Re-172m 'Bk-245 'Rb- 79

'Yb-179
'Re-178

iEr—156

'Rn-205 W -174
‘Tn-116m1:Zr- 97 !Rb- 76
‘La-145 1Cs-121 Ir-196m

“Tb-156 1r-195m :Pu-243




JAERI—Data/Code 98—008

3.276E+4 Y

<2.6E-04

0.045
0.043

Energy

Ce-147

‘Er-155

'Dy-147m
‘In-107
1Sr- 97
Pb-194

1Ir-190

tGd-163
1Ag-110
‘Hg-19%m
10s-192m
‘Ag-111m

'La-145
1Es-252
‘Fe- 53

359.3 ~ 380.

'Rh-104
'Fm-251

Lu-152

'Yb-155 Dy~
'Rh-114m ‘La-

‘Ba-147 'W -
'Ir-189m2! Ir-
. Rn-208 Pb-
1Bk-245 1Cd-
(Au-200 TI1-

Pn-1
'Tm-157
‘Hg-191m

'Pm-136m !Re-
'Ag-123  'At-
1T1-186m2;Ce-
Ir-192 EAg—

1Bi-204

W -
HE-
EIr—

(keV)

‘Lu-158
'Au-181

Se 71
1 1r-195m

165 'Sm-158
123 'Po-199m

174 'Zn- 60
195m !T{-193m
198 W -172
126 {Ho-153
200 Lu-166

173 'Pm-136
200gm!

147  Ru-107
111 EBr- 73

174
166
197gm; Ir-172m




JAERI—Data/Code 98—008

Energy 382. ~ 399.6 (keV)

Bi-195gm!Y - 87m :Bk-245
Es-253 Sr- 83 Hg-180
Pt-188 1Sr- 83 Y - 94
Pd- 95m 1Tm-176 [Au-180

1 4P 1 Am-240

t Ac-228 6.15 H 1Ta-184 }Rn-209
1Pt-185gm;Dy-146

3.276E+4 Y 1Bk-245 |
6.70 H «Tm-157

10s-
Pb-197m 'Hg-195m
Pa-232 | .

As— 81 Au-202

1Au-191  iNd-136
11.435 D 1 T1-198m1 { Au-187

1 Ir-194m2Pr-138m
3.276E+4 Y Mo-108  iLu-163

‘Rb- 77 'Au-196 !Pb-187 'Se- 73m
Ir-196m !Cu- 67 (Ga- 67 !Ru- 91
1Ir-182  (Eu-141m ;Eu-141 |Tm-175

‘Pn-135p 'Pb-195m 'Sp-157

Y - 97m2!In-117 ! t

K -43 Mo- 87 !'Pm-132 !Dy-150 !Lu-168
Re-190 |Re-190m ;Ir-190 |Al- 29 P - 29
La-144 (Kr- 79 Rb- 79 Pb-198 |Pa-230
Hf-183 Hf-164 1Bi-206




JAERI—Data/Code 98—008

Energy 401.1 ~ 426.9 (keV)

'Ac-234  Ge- 75m
'Lu-165 !Se- 75
'Bi-196 !Lu-168

Te-103 iBa-124

t Ra-224 1Er-151m iSm-141

K - 43 15n-128
a Pb-211 iNd-139  1Hg-180
a At-215 : _ ._,:,

‘Hg-193m 'Am-237 Bk-245 '0s-196

‘Ra-227 'Xe-135 !Te-114 'Y - 81

iTc-112 1Sm-137 Rn-209 {Tm-159

1Bk-245 1(Cs-138m iCs-138 {Pt-197m
\E

iHg-197 157 1Pr-134

'Ho-166m 'Co- 54m !0s-
'In-130m] ‘Ho-150m

tLu-177m }Pu-239 1Au-191 iSr- 79
‘Rn-208 Pm-133 1Er-151m Ta-184
Pm-148m :Sr- 80 :Cs-121m Pb-192

u Pa-234 'Ba-148 'Yb-164 !Cm-251 :Si- 33
+Hg-185gm; ' :

t Ac-228 tGe~ 77 iT1-190 T1-190m ;In-107
5Dy—146m :'Ho—146 'Xe-122  Tm-149

‘Rh- 97m :Rh- 97 :Gd-146 'Bi-196m2
'Y - 83m !Hg-184 !Tb-163 !'Mn- 61
1Bi-202 iCm-251 Tb-156 {Cd-119m
‘Er-155 Rb- 99 1T1-192gm;Tc-108
1Ce-132  Ho-162m .Si- 36 Ti- 45




JAERI—Data/Code 98—008

Energy  427. ~  452.7 (keV)

‘Tb-151 Tb-154m2:Rn-208 !Ru-109
3.276E+4 Y 'Ge- 64 !'Pm-133 Ir-187 !
36.1 M 'Cs-121 !Pt-187 ! !
6.70 H Tb-163 | 5 5

t i 1 5 :Re
1Ag-121 Sr- 92 1 1r-189m2
1(m-241 Pd-115  1Ga- 76
1Ba-143 | i

1om-145 iRe-190 1Eu-136gm

'Ce-131 'Sb-131
‘Eu-141m !Ag-108m !Ag-108
1Dy-153 1Cd-117 iRh-108
1Po-200 1Hg-189gm;Xe-138
iRe-171 1Te-134 iRe-183

3.276E+4 Y

1.781 M5 \Pt-184m }Au-193
11.435 D ‘ ;

19.9 M E E

+Sh-127 Xe-121 1T1-189m

Te-109 'In-118m1 ! La-146m
‘Rb- 81 : '
{As— 79 'B

'Hg-187gm!Cu- 73 !Cs-114 !Zn- 63
tAg-100 1Tm-159 1Th-235 ‘Hg-180
Nb- 88m jRu- 92 |Sr- 85m ;Rh-106m
Nb- 99m 1Ag-106m iKr- 85m (T1-189




u Pa-234
u Pb-214

t Ac-228

u Bi-214
t Ac-228

t Ac-228

u Bi-214
t Ac-228

a IF'r-223

JAERI—Data/Code 98—008

Energy

'Fm-251
1Eu-139
La-131
\Pm-146

10s-177
1on-111
Ra-230

'Pr-136
'"Tm-173
1Cs-147

1Bi-200ml

452.9 ~ 477.6

r-172m
'Y~ 99
‘Br- 78

'Pn-137
W -173
'Eu-136gm

‘Hg-185¢m!Fr-210
‘As- 85 iXe-119
Hg-187gm!Sr-101

'Y _“84m 1Tc-105 Cs-138

'Pt-185gmiRa-220 'Pr-133

1Tc-108
tAr- 32

Ru-109  Mo-106
iCe-147 {Re-171

Tr-197gmiMo-103  1Fr-208
'Hg-187gm'Te-121 'Ni- 69

Ge- 66

R

'Tm-150
‘Eu-157
{Rh-102
\Pd- 97

1Cs-130m

[} r_

*In-118ml
‘Pt-199 !Lu-163
‘Rh-102m |
iNd-153  1Ac-223

(keV)

‘Lu-163
Xe-125
1La-143




u Bi-21

t Ac-228

JAERI—Data/Code 98—008

Energy

\Fn-251
1Ce-133
'Pr-147
Tr-188

'Bi-200
‘Te- 96m

I -138 !
Hg-189gm:S - 39
At-200gm:0s-192m
Np-231 1Y - 87

1Dy-168
'Gd-141m
1Pm-136m
EPm-136

1Gd-149
1Pd-103
1Eu-139
1 Rn-206

478. ~

'Pn-140
'Re-179

' Au-191

‘Fm-251

'Sr— 08

+Th-235

1Cd-115m

Y- 92
i Ta-171

1Rh-108

500.4 (keV)

‘Ho-154m 'At-206
'Nb-104gm’Mo-108

‘Pr-135
Kr- 92
iNa- 33

'Cd-115m
'Cs-119
1Sm-136

‘Sr- 99
1At-203  1Ag-118
1At-200gm, Ga- 73
ERa—219 EPa—238

*1r-189m2:Cs-145
1Cd-115 K - 45
‘Rh- 94 }Ho-152m

11G: '

‘Tb-150m 'Y
*Ir-197gm!Sb-132m
1Cs-122m2:Cs-122
ERh—lOBm 1Sb-115




a Pa-231

u Bi-214
a Pb-211

u Pa-234

ul -234
t Ac-228

u Pa-234m
a Pa—231\

annihi

u Pa-234

a Fr-223

a Th-227

u Pa-234m
a U -235

a Bi

t Ac-228
u Pa-234
t Ac-228

JAERI—Data/Code 98—008

3.276E+4 Y

19.9 M
36. 1 M

2.455E+5 Y

6.15 H
1.17 M
3. 276E+4 Y

21.8 M
18.72 D
1.17 M
703.8E+6 Y

M

Energy

‘Hf-180m
‘Re-178
'Nd-135

501.4 ~

1Te-103
HIE-170

1Bi-192gm.Pa-238

Pb-196

Nd-137

1 In-107

'Am-240
‘Sm-139
‘Rn-227

«0s-190m

Tb-151m
'La-145

'Bu-150
\Pp-137

‘Ta-177
\1Pr-142

EIr-197gm:Tb—165

+Rh-106
Dy-153

iAt—208

'Au-202
‘Pr-154
+Pm-138m
1Pb-194
i T1-189

'Ag-106

1Pu-233
\Pr-137

‘La-147
T

'Hf-163
1As- 77
1Au-201
1Ag-117m
1 Th-151m

524.6 (keV)

Au-186

1r-190m2;Re-190m

'Ho-154m
11 -123

10s-132
oo 62

tAc-230
10s-192m

‘Rh-106m
'Sn-104

Rb- 83

‘Br- 77
tAs- 81
10s-196
1P0-206 Pr-148m




JAERI—Data/Code 98—008

Energy 526.0 ~ 547.6 (keV)

'Hg-187gm!Pd-111n *Hg-195m
'Cs-125 !Gd-141m !Lu-166ml
'Sh-128 I -128 Xe-135m
iHo-151  11r-197gm{Au-185

'Po-201 ‘Tc-104 :Ca- 47
'V - 53 'Nd-147 !
1Sm-137 iTc-101 | Tw-167
1At-203 1 Tm-155 Fr-212
Ho-171 iPb-202

a Th-227 18.72 D 'Eu-136gm:Cs-143
N - 18 1Hf-163

a Pa-231 3.276E+4 Y yBi-210m 1Y - 85m
1 -130m 31 -130

a Rn-219 . Ta-171 Np-236m !Pu-240 :¥e-132m :Se- 81
Xe-142 ! . . ,

u Pb-214 . Rh-116m {Am-244 Nb-103 |Sw-141m ;I -123
Re-183m :Cd-105 IRh-113 [Ag-124 :Th-165
T1-200m . '

‘Ho-170m !In-106
‘Mo- 93m !Rh-112

u Bi-214 . ‘Tr-197gm!Ge- 79m
1S {Pt-199

a Fr-223 'Sb-109 'Pt-189 T -118 'At-209
'Te-114 'As- 78 ((Cs-148 'Bi-200
a Pb-211 W -172 1r-189m2;Po-199 !Dy-165




JAERI—Data/Code 98—008

Energy 548.7 ~ 572.1 (keV)

Kr- 92 Pt-184 !Zn- 62 :Th-164
Rb- 81m Cs-129 Ar- 45 Zr-102
Sn-132  Nb- 97 (m-249 (H{-173
W -189 iPm—148 EEu~148

'Ge- 69 1Sr- 80 'Ho-153m
iT1-184 iTh-141 !Br- 82

Np-240m “Th-147
‘Fr_227 ‘Cd-126

iCs-146 'Rh-114m 'Re-190m
1Ge- 77 \Tb-144m ‘Re-168
iTm-159  1Eu-149 T1-195 iIn-114
Ag-114  1Gd-140 iRe-190m iPu-233

t Ac-228 . 'Am-238  'Cm-242 'Y - 92
{Cs-141 'Nb- 95 !Rb- 78
'Bi-198ml {Lu-163 !Cm-251
u Pa-234 . ' ' E

ESe: 81

‘[a-132n !La-132 ‘Rh-107
Ag- 99  Pm-149 Te-115 iRe-171

4.77 M 1Pb-207m 'Bi-207 'At-202 'Yb-161
‘Mn- 57 'Ho-154 !Po-212m 'Co- 57
0.516 S ' : : '
7.538E+4 Y EHO—154m 1B1-205 EMn— 59 1(Cs-143




JAERI—Data/Code 98—008

Energy

Ce-135
Ce-131m
Ce-147
Dy-145m
Rb

2.455E+5 Y
19.9 M |Pb-194
Tc- 95m

3.276E+4 Y {Cd-100

‘Rh-110
‘W -168
1Sb-126
1Sr- 81
i1Lu-181
iE

572.7 ~

‘Mo- 93m
Te-121
tZn- 69m

230

'Lu-160gm!
'Nd-133m
I -116
:6a- 68
B

'Fr-230
‘T -140
'Au-192

'Hg-195
‘Br- 77
1Tm-156

EGa— 80

‘T -138
'Sn-125m
16d-141m

'Nd-135
'Au-183
1Tm-166
5Ce—13lm

‘As- 84
‘Pr-147
1B1-202

In-110
Tr-172m
{Pn-135

'Re-183m
'K - 47
505—196

'As- 67

iLu-181

'Dy-153
1Zr- 99
1 -121
ETa—l69

596.9

'Se- 73m
1 T1-197
1Hg-191m
i T1-2

Mg- 22
'Pn-144

EPm—135m

1Cd-126
‘Kr- 89
‘Eu-152

(keV)

U -242
'Hg-193m
'Hf-178m2

'Pd-111

1Cu- 68
1Ba-127
iTe-136
1 Au-200

iFe— 63

' Au-183

ITh-141
T -130
‘Eu~-152m1

'Rh-111
‘Pm-134m
WY - 80




JAERI—Data/Code 98—008

Energy  598.5 ~ 620. (keV)

Dy-157 i T1-186mliRn-227 1Au-190
1Eu-141  }Pb-190 iCe-131 |
I =121 Tm-166 [Rh- 98m ;Pd- 96
Dy-167 Fr-230 | i
Bi-192gmiZr-102 :Gd-141m 1Hg-195

2137 ' -120m 1 -120
'La-148 'Pb-202m ‘Te-131
Zr- 97 Y - 99 1Pd-109
'Sh-124m1 T -12

Eu-141 !Eu-141m !0s-192m
Kr- 79 ‘'Fu-158 !In-112
Hf-177m21Au-183 Tc- 91m
Sb-125 1Ce-135 I Mg- 28
T1-186m1iPt-189 (Pb-195m

u Bi-214 'Rn-218

a Ra-223 ! ' '

a Pb-211 1Er-148 :In-120m2!1 -132m

t Ac-228 Pt-184m {Ru-103 (Pm-132
iT1-196m 1T1-196

tAg-124  tAu-201 T -128 :(Cs-128
\Br- 78 JAs- 78 Pr-135 ;Au-182
I -132m (Ir-189m2}Y - 99 1Tm-158

EAt—206 EGd—142

‘In-112 !Pb-187m
‘Th-141 !Ac-226
¢Po-200 [Rh- 99m
J -133 Pm-144




u Th-230
t Ac-228

Th-227

Fr-223
Th-227
Pa-234
U -234
Pa-234m

a Ra-223

JAERI—Data/Code 98—008

Energy  620. ~ 641. (keV)

7.538E+4 Y |Nb- 8 !Ba-131 !
6.15 H }Zn- 71m !Nb-104gm!:Rn-205 |Dy-148
Rn-208 Y - 98m (Zr- 86 Np-242m

Mo-103 1Au-187 | .
D |P 1L '

43 1Rn-22

21.8 M |Pa-238
18.72 D

6.70 H |Ho-150m
2.455E+5 Y |Ir-178
1.17 M |Er-159

Y - 86m ' '
6.70 H |Tc-102 Ta-163 'Tb-140 {Zn- 75
Rh-102 {Rh-102m Ag-119  |Lu-174m
Mn- 61 Te-127m 15b-128 1Te-116
6.15 H |At-205 1Ho-169 10s-196 Bi-201

Re-190 1Pm-134  1Au-189
Ce-137 H : .

11.435 D |Y - 96m ‘Rn-207 1Ho-168 I -119
Rh- 96 ECd—117m iGe— 77 ETb—148m

S
6.15 : ‘La-135 Eu-146 ‘Lu-163
6.70 'Pb-203m2:Cm-249 1B - 14
19.9 'Br- 74 T1-192gm!
2.455E+5 Y |Ir-188 !As- 74 !Re-188 ‘Au-187 !Bi-210m
‘Rn-223 1Cd-105 iIn-118ml
Jonl

‘Hg-190 'Nb- 88m !Sn-113 ¢Th-150m
'Hf-177m2Er-151 {T1-191m !Cs-122m2
1Ac-234 Ir-178 1 -117 |Xe-117

Nd-133m ;Cs-116 iBr- 80 [Rh-116m
iRb- 80 iPr-134m Pm-140 (Dy-145m




0.015
4. 3E-04
=b. 0E-03

t Ac-228

JAERI—Data/Code 98—008

Energy

15b-131
1 -131
Cl1- 40
1Po-202

'0s-185
'Cs-141
1Ho-152

643.2 ~ 669.6

'Pa-236 'Np-236m

‘Ru- 93m !Sn-125m

\Rb- 81m iSb-111

La-143 Fr-210
Y

'P - 37 'Eu-156
'Sn-113 11 -133m
'Pd-109 Gd-141m

yTb-152m ,V - 52 Mn- 52
19b-130m iRh-114m iBi-200

15n-109

Pd-117 Zr- 99

Bi-208m 1Ag-122 T1-194m

1Ta-164

'Eu-145
'Rb- 75
EAg—llQ

'Sbh-131
'At-207
1Eu-139
1Cs-143

! Om !Rh

Dy-149  1Yb-179
15b-128 Te-131
EXe—135 )

‘Nb- 97 In-104
‘Mo- 89 1Te-127m
1Ag-118m At-205
iRb- 95 1Ag- 98

0-148m1,T1-200 :Au-200

'‘Dy-146
1Eu-146
1Br- 80

‘Ta-170 Ac-232
'Bi-106 Mg- 31

10s-181m ;At-200gm;La-146

1 Tm-163

As— 80 iZn- 74

(keV)

'Pu-240
'Yb-179
1La-128
1 Te-119

'Au-181
"Th-150

'Zn- 79
'Sh-129

'Yb-161
TAg-119
‘Mn- 50m

*Te-131m
Ar- 34

'Sb-126m]
1Sh-126




JAERI—Data/Code 98—008

Energy 669.7 ~ 695.5 (keV)

'Y - 97m2:Nd-139 tAt-205
'Sh-112  INb- 86 ICn-241
‘Au-181  'Po-200 {Nb- 88

‘Na- 31 'Kr- 87 !Se- 83m !Ho-166
‘Yb-153 !Rn-211 ‘Au-191 T1-197

'Po-199m !Tn-166 §Ga- 78

'Fr-230 :Au-180 ! !

‘Rh- 95 !In-110 !Pr-134m 'Ag-110m
Br- 92 {Th-236 (Mn- 60m {In-107m
1Au-181 1Sn-107 iSb-109 [Eu-152
IX (] ] 1

'T1-190m 'Ho-152m !Sh-129

'Fr206 1Zn- 79 1At-204 'Ho-156
1Sm-141m  tMo- 93m 10s-179 EIr—195m

Rh-110m !Cs-132 !Ir-194m2' !

Mg- 30 !Cd-127 'Rb- 79 iPu-233 [Pr-138

Hf-163 !Pm-152 !Tb-164 iHo-153 !Ac-234

Eu-152 !Es-254m 'Eu-152m1'Au-181 ‘Au-196
' m | ! P

TI-190m ! ! ,

Pb-201 iCo- 57 !Tb-154ml!Tb-154

Sb-122 iAg-112 I -122 'Rb- 78

Xe-119 {Au-185 !Zn- 73 !As- 67
‘Th-142




JAERI—Data/Code 98—008

Energy 697.9 ~ 722.9 (keV)

'Pm-152  !Pm-136m !Pb-195 !In-127m
'Pm-144 'Pr-144 !

u Bi-214 . 1Sb-132  }Sb-132m Rb- 82 Tc-102m
‘Lu-172  1Th-162 iSb-130m In-119
:Rn-207 Pr-148m iPr-148 1Po-201lm

u Bi-214
t Th-228

'Na- 33 'Rb- 80 :

a Pb-211 . 'V - 52 'Mn- 52m 'T1-206m
1Lu-160gm :

u Bl'—214 . : ' :

t TI-208 iHo-166 1 Tm-166 i1Ag-116m

‘7114
{0d-104

Ag-113m

iTm—162m

"Te-134 'Eu-136gm ! Mo-101
‘Na- 27 'Sh-124  iNb- 98m
tAc-232 'Ru-113 !
'Zn- 80 !In-127
'Gd-145n |Pd- 95

‘Tc- 96m Nb- 96 !Ti- 45 !Fr-208

1T1-199m {Pb-199 |Tm-168 ;Au-187
Pt-185gmiPr-150 :iTc-106 1In-103 Cd-119m
Hg-205 iSr- 81 | :




JAERI—Data/Code 98—008

Energy 723.6 ~ 752.8 (keV)

INb- 84 iSe- 71 Ag-108m
‘Rn-223  1Cd-103

{Pd- 96 iRe-177 \T1-196m
Te-115m {Pd-101 {Xe-139
iPb-1 Nd

‘Ho-171 'In-107 Ho-160 !'Pa-230
'T -120m !Tm-160 !Ge- 67 !In-129
iCs-143 : i

1Te-129m 1Au-181 Rn-205 |Tm-148
iAg-100 +T1-190m Pt-184 Th-151

| KU~

Kr- 77

1Hf-183

1Pr-146 1Ac-232
T \Bi-2

a Th-227

u Pa-234m 'Rn-227 Tc-105 !Re-174
iMo- 99 1Ho-148ml;Rh-102
1Pu-235 1Re-170 1In-103

u Bi-214 . 1Lu-164 1Pm-138m :Rh-104m

u Pa-234m ) 'Ta-166 !T1-191m !Pu-238

u Pa-234 . ‘Tb-144 'Tb-144m 'Re-172m
1Sn-130 | i

¢ Ge- 70 1Zr- 97 Nb- 97m
iNd-133m 1Am-244

'Sm-136  1Pb-187m INb- 86
'Lu-164 1Cd-117m 'Eu-150 ‘U -239
'Pr-145 | : :
'Rh-106m ! : ;
'Zn- 76 !Bi-196m2!Pd-115m !T1-194m




JAERI—Data/Code 98—008

Energy  754. ~ 780.5 (keV)

‘Ho-166m 'Al- 31 Bi-204m2!Y - 94
'Zn- 74 'Tb-148m Nd-133 Cs-145
tPm-134 1 -126 }Sb-128m ;Ru- 97
ECe—139m ESm—l43mli :

'Tm-166 :
1Cs-114 1Cm-244
1Au-196 1Au-200m
Rn-227

1Xe-120 ‘Fr-224 :Sr- 83
t T1-208 ‘Fr-211 !In-119 Pr-137 !Pr-134m
1Ag-110m | : H
u Pa-234 B - 13 1Ho-156 iKr- 94 1Eu-145
1Bu-152 1Se- 73 1Cd-121 Ho-160

‘Er-174 :Ca- 47 :Se- 81m !Rh-104
'Pb-201 'Y - 85m !Rn-210 !
iRe-186 !1r-186 !Ag-104 Rh-104m
EEu—142m 1Eu-138 1Re-176 ESi— 35

‘T -132m ‘Xe-132m ‘Cs—-132
1Er-174 iTc- 92 Tbh-14%m
Ir-186m |Ir-186 1Ag-100 U -232

Tn-102 ! ‘Re-174

t Ac-228 . 'Rh- 97 'Ph-195
‘Sbh-111 'Eu-136gm
{Nb- 96 tTc- 96m 1Ho-169

u Pa-234 . i1Te-114 Fr-208 Pm-144 1Pm-155




u Pa-234m
t Ac-228
u Pa-234m

u Pa-234
t Po-216

u Pa-234m
u Pa-234

JAERI—Data/Code

98—008

Energy

'Y - 96
‘Ag-118
\Pr-149
1Te-131m
Y - 80

1As- 67
1At-209
Rh-112
i T1-197
1 Th-150

'Pm-134

i Tb-145m
+Nd-139m

Hi-182m

‘Nd-155
'V - 46m
{Nd-139m

'Ag-106m
'Pr-150
\Ra-219
‘Ag- 99

781.3 ~

Tr-183

'Y - 99
1As— 80
Mn- 50

'Pd-109

'Sm-139
tAu-181
‘Rh-114

\Np-242  :Rh-104
1Au-202

“T1-192gm

1Dy-149

'Po-202
Nb- 98m
1Ta-184

Fr-230  1Te-104

A
'Er-173

‘Er-151m

Br- 88

808.2

(keV)

'Rh-104m

Pu-238
'Pd- 99

'Sn-158

‘Re-184m
1 In-127

S_
“Tm-151m
\Br- 84

'‘Eu-141m !

'Es-252
1Eu-143
1Ga- 68




JAERI—Data/Code 98-—008

Energy 808.4 ~ 834.0

'Gd-145 tAg-118m 'Rh- 96m
'Ge- 65 Ir-197gm!

P - 36 Sr- 96 jAu-180
{Ho-152m iTc- 90m

1Ta-1

‘Rb- 94 Pm-133
'Tn-118m1$Sb-118
'Rh-110 !Tc- 91
tHo-154n !Pu-144

ECm—244
1Cs-136

INi- 67 IEu-160 N - 18
1Tc-100 'Rh-100 !Te-131m
1Sn-127  Hf-182m (Pm-132
‘Rh- 98m iRb- 90m :Gd-143m
on-127  1Ce-137m iRh-106m

1Sh-118 ! :
'Nd-139m 'Rb- 82m
'Se- 81 'T1-200

i

Rb- 90 'Rb- 90m Bi-195gm!
€d-117 !Eu-150m :Pm-150

Lu-166m1 tAg- 99 |Ce-147
R 1 1 1

{(keV)

n-121
‘Nd-139m
'0d-100

'Np-240m

{Ba-136n

‘Po-203
‘Mn- 60m

EAS— 78
1Ce-135




JAERI—Data/Code 98—008

Energy 835.7 ~ 866. (keV)

INb- 95m :Tc- 95m !Pb-195 iCe-137m
1Ir-196m }Zn- 77 Pd-111 Ag-124
‘Nb-104gm.Kr- 87 1Rh-100m |Cu- 59
Pr-137 iDy-149 I -135 [Po-205
iSb-133 iRb- 94 |Fr-224 Bi-199

0.91 'Bk-243 'Rh- 97 'Ra-222 :Bi-195gm
9. 0E-03 . 'Rh-110 0s-183m !Pu-245 ‘Cl- 39
'Cl- 33 !At-204 ! :
7.9E-05 . ‘Pu-152 Ir-186 !Rn-208 !Eu-152ml
5. 6E-04 . 'Bi-199 iZn- 75 iHo-162m iCs-122

Pa-234 Dy-151 ! 1Po-199
'Cs-135m !La-133 !Fr-228
a Fr-223 ‘Ho-158gm!Cs-124 !Bi-196
a Th-227 ' ! :
F

u Pa-234m ‘Nd-154
1In-112  ;Tc-108 ;Tm-158

Pa-234 'Pu-238 1Pb-203m21Y - 80
Ac-228 At-210

a Th-227 iCd-115 I -133 Sb-126
10s-176 1Ta-172 1 -134

u Pa-234 ‘Tm-175  Ag-104

a Fr-223 'Pn-136m 'La-133 ‘Lu-181

a Th-227 1Ge- 81 :

'Th-149 1Ta-164
1Po-136 '

Ag- 98 tPa-238
1Lu-164 1 Te-133m




JAERI—Data/Code 98—008

Energy  866.8 ~ 897.7 (keV)

‘Tr-197gm!Pr-137 1Pa-232
'Eu-156 'Kr- 89 !
'Bi-197 !Np-232 'Eu-152

'Br- 88

Te . .

u Bi-214 . 'Cs-138 !Ge- 69 'Ho-160
'At-205 ! :

t Ac-228 . 'Th-154 Tb-154m] Ho-154

y_

'Sr- 93
a Fr-223 . 'Kr- 92 ‘Pm-150
a Th-227 . :
t Ac-228 . ETm-148

'T1-188ml tHo-170m !Sr- 76 :Zn- 75
iRb- 84 1Sb-132m [Pm-149
1Tb-162 }Th-148m ;Co- 65 Zn- 79
:Cs-122  1Cs-122m2,Eu-141 iEu—141m

a Th-227 . 'Tc-104 !

t Bi-212 i 'Bi-203m 'Po-203
‘Tu-175 'Pa-228

Fr-223




JAERI—Data/Code 98— 008

Energy  897.7 ~ 930.9 (keV)

Th-158 | ' :

Bi-207 |Am-244 Rb- 88 Tm-164m
Cd-107 iCu- 69 i

Sr-100 Cd- 98 1Pa-230 Sn-132
iBi-204 1Sn-130m iLa-132m

Pb-204m

5. 4E-04 , : 'Pp-148 Po-201
0.085 'Pn-132 Pa-228
'As— 70 !Pt-181

-1.7E-06 {In-120m |Tn-152n

Sr- 89 'Y - 80m

Te-121m 'Nd-139m !Pu-235

Pm-154 'Pa-238 !Ge- 67 !Pa-228
Su-141m 1Y - 97m2:Pb-204m Bi-204
Ru-107 1 -133 ‘Tn-172

Pt-179 :Pm-148m !Sn-125 :Ce-137
An-240 : :
Gd-143n {In-103 :Nd-139 Pa-236
€d-123 iHo-162m Bi-198ml!Rb- 76
0 - 22 ‘Fr-2ll

Bi-208m ! !

V -55 Pm-154 :Si- 36
(d-105 {Eu-150m |
(s-125 1Ag-100m iPr-146
A i v

2.3E-05 'Fr-206
0.012 . ‘Zn- 77
1.2E-03
6. 6E-06
0.047




JAERI—Data/Code 98—008

Energy  934.0 ~  970. (keV)

‘Br- 73 'Bi-200 'Sr- 96

'Pr-150 :Sb-116 'In-116

1Ga- 65 iLu-166ml {Rb- 8lm
Re-178 1ob-131

0 - 21

'Ga- 81 'Lu-166ml
a Th-227 . ‘Hg-205 La-123 :In-110 'Ag-110m
1Ga- 82 | | !
u Bi-214 . 1Gd-149  }Ir-194 Lu-170 }As- 81
u Bi-214 1 1r-197gm. ‘

u Pa-234 'Te-119m !Bi-196
u Bi-214 /In-104 1Sb-131
t Ac-228 1Eu-158  1Th-158

ETa—177 ENp—242

3m

yMo— ud 1
tGa- 78 Dy-148 !Sr- 85
Y - 83 Rn-208 [Pa-230
10s-177 Pa-238 |

INd-155 ‘Au-202 T1-202
'Bu-156 'Pt-181 !Lu-169

'Bu-152m1 :Ca 52

'Rn-208 'Eu-152

'Pa-228 Zn- 7lm ‘Zn- 71

vZn- 80 Tm-153 |

:Pr-134 |Tb-160 }Ho-160 iSb-129
1B1-1950m { Pu-240 Nb-103




JAERI—Data/Code 98—008

Energy

1Ta-174
'Y - 92
'Rn-207

971.7 ~

iTe-112
'Nd-136
‘T -119

19b-132m 1Sb-132
1Y ~ 84m 1Tb-152

‘Pu-233
Pr-145

'Cn-251
‘Mo- 93m

{Lu-168m 1Te-119m

‘Np-238
1Lu-170

Rb- 93

‘Lu-166ml
‘Rb- 97

'Sb-115

 Ir-197gm:Lu-170

Na- 25 ‘La-148
'K - 43 1Bi-201
1La-132m 1Ga- 64

Er-151

Eu-152ml
Cd-125
Hg-207
In-106

'Th-154
‘Na- 24
1In-110
EBr— 39

Lu-172
I-119
Sb-117 Cu- 72
Pm-152ml ;
Pm-142

'Tm-148

Es-249

1Th-154m1

‘Tb-147n
1Te-121m

‘Re-174

1Ba-130m !'Pu-233

'Eu-154
Ho-172

1013.5

‘Nb- 98
'Sh-116m

'Se- 71
‘Te-133m

1At-208

'Pu-233
u-17dm

'Eu-154

Te-131
1Ta-175

'Lu-170
'In-117m

(keV)

'Fr-230
1Sh-116

‘Pro134
\Na- 25

'Sb-110
T -139

1Ta-168
1Ir-187

'Sr-101

‘Lu-166
'Pb-104

'Nb- 86
'Ce-137m

1 Tb-154m1Th-154m2

 Tn-129

MTe-105




JAERI—Data/Code 98—008

Energy 1013.8 ~ 1054.1 (keV)

‘In-117m
1Cd-121m

K - 43

‘Ag-102 :Cd-119m 'Ga- 78
'Np-238 !Sn-109 !Au-182 !Sn-111
1Ag-119 Bi-200ml;Sb-133 |
EHo—154 EPb—ZOBmZEEr—148 EFe— 61

t Ac-228 :
u Bi-214 i 1Eu-148

¢ Ge- 70 T -135 'Al- 29 1S - 29
'Ga- 66 !Tc- 95m !
t Ac-228 iDy-149 Na- 29 tAs- 70

t Ac-228 12-128  1Sb-128m 'Tn-121m

La-132m !Rh-102 :Rh-102m (Ni- 57 'Rh-106m
Hg-188 'Ir-196 !Fr-212 :Sr- 99 ‘'Ga- 65
Bi-196m2Bi-196 ;Sc- 52 iLu-160gm!Tm-164m
Tm-176 1Cd-119 !Te-129m 1Ag-106 :Lu-170
In-118ml:Ru- 95 {Ga- 72 1In-118m2:Sb-118




1062. 55
1065. 1
1065. 18

1073.6
1074.71
1078. 62

8.1E-04

4.8E-04
4. 3E-05

1103. 41

1103. 52
1103. 64

t T1-208
=

X

t Ac-228
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Energy

' Am-244m
'Bi-207
1Xe-123
1Lu-174
1Ga- 63

‘Po-203
Tc- 96 'Nb- 96
In-122m1Rb-101
Pm-137 {Pr-136
Xe-123

'Ag- 99
1Ce-143

N

1055. ~

‘Ru-111

‘Lu-183
{Pm-140
'p_ 36

‘Tm-152m
‘Nb-100
Y - 99
iGa- 73
i In-119m

‘Mo- 9lm
'Pa-238

1Ba-127

'Tc-102
1Tc-102m

A

1106.9 (keV)

EIn—128m

‘0 - 20
tAu-190

Te-116

'Nb- 88
iTa-168

‘Tr-182

1Cs-142
1 Tb-156
Cd-117m

‘Bi-198ml
‘Te-116
‘Re-171

‘Br- 82m
1Tc- 95
iTa-172
1La-143
1Eu-1

|Nb_ m
'Ga- 80 !Lu-168m
‘In-127n $An-246m
Ho-153

(Cl- 39 1 -114
'In-118m2!Sb-118m
1Sm-141
1Fr-228 1Sb-132
'Tm-172 1 -118m

'0s-183m
Y - 97
1At-209
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Energy 1109.4 ~ 1165. (keV)

'Bi-201 ,
'Kr- 91 'Th-152
'Ga- 80 :

g
1Ge- 80 1 ‘ H
'Re-176 'Nb- 97 !Sn-129 !Re-180
'Ge- 79m 'Pb-197m :Tc-108 !Nd-131
‘Kr- 90 i0s-181m {Ta-170 Sn-109
Wz 10s-172 P 1

DI= ' ' u-18 1
t TI-208 . 'In-110m {Bi-195gm

u Pa-234 . 'Tc- 96 iNd-141 Nb- 89 Rh-106m
u Pa-234m . 1Ag-106m Rh-106 iSc- 52 1Sn~129m

‘Xe-135m 'Es-250m
‘Ho-162 ¢
Pb-199  1Am-240
5Te~119m 2Lu—168m

'Pm-154 C - 18
‘Mn- 51 !Ce-145
Pt-187

Pr-145 11 -118
Ta-174 1Sb-134m

'Pb-197 Ge- 81
t Ac-228 ‘K - 44 'Sc- 44m 'Sc- 44
1 <130 iSb-128m iRh-102
1Lu-176m :Ta-176
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Energy

'Ce-131
'Ca- 51
'In-128m
1In-123m
: In-120m

'Y - 82
1Te-119
1Cu-~ 69
1Ge- 79
1Nd-131

'In-122m
1Gd-141
‘Ru- 93

'Pb-192

'Po-201
'Ta-173
1Ag-114
'Y -102m
1Zn- 79

'Ho- 162
'Tm-156
tIn-129m
1Au-200
1Rn-208

1167.3 ~

1Sb-132m
‘Se- 87
'Sn-128m
1At-209
11In-120m2

'Cs-142
1Sn-123
'Xe-125
1Cd-121m
11r-194

1:5r-102
1Ge- 83
1Ag-106

1Ag-121

'Ge- 69

1Ir-188
1Ho-157

'] 137
' In-130m2

1T1-200
+Ho-170m
; N9 25 R

'Re-182
'Lu-168
‘Cd-117m
1Cs-136
iTi- 45

1241.2

*Th-152m
'Gd-163
‘Nb- 98m
1Er-149m
1Cs-141

'Cd- 98
1Er-150
1Nd-151
1 Sb-128

‘Xe-135m
‘Np-234
1Rh-106

'Ba-143

'Sbh-131

Zr- 87
1La-134

In-130

1Ta-175
1Cs-141

1Ta-182
tLu-168m
iTb-165
+Pb-190
15b-115

(keV)

‘Pm-134
10s-134
S - 37
i1La-130

‘Pm-150
{Rb- &lm

'Re-182

Lu-170
1 Lu-176m

'Tm-164m
1Gd-142
K - 46
Ga- 80
Rh-104




t Ac-228
t Ac-228
u Pa-234

t Ac-228
u Pa-234
Bi-214
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Energy

‘Lu-174
'Rb- 90m
1Ac-230
1Au-181
Mn- 52

S

'Pt-187
1Te-113
1Sb-112

'Tm-156
1Sb-117
+In-129m
Y - 97

1245.0 ~

To-174
'Sm-143

1Y - 97ml

[ -136
B - 14

'Ga- 81
1Cd-103
1Pb-197
1 Th-154

'Eu-160

'Sh-118m

1Cd-119

1Br- 82
Ho-162

1330.  (keV)

'Po-203
'Sm-142
1As- 84
1Eu-150
Rb- 89

'Eu-156

17r-102
{Dy-148

'Tb-165
1Pd-101
i Tc- 90m

'Sh-114
'Sp-155

1Cd-117

As— 84
1Au-181




1337. 33

1361.2

t Ac-228
u Bi-214

Pa-234

1397.5

1400. 3

JAERI—Data/Code 98—008

H

I-124
Th-164
In-126m
Na- 25

B

39

Energy

ECr— 57
'Ge- 69
{Po-203

:Cu— 68m

‘K- 75
'Sn-127m
'Te-115m
'Sb-134

‘Tm-172
Dy-147m
1Pd-111
1Eu-152m

'Ru- 93m
‘Fe- 53

"Th-142

1337.3 ~

'K - 46
'Pr-138m
1Pd- 95m
ETm—162

ESr— 93
'Re-168

1i1n-122

'Th-165
‘Tn-172

'Y 97

1407.9

'Lu-164

'Cu- 76gm

1Cd-105
N u-178

'Ir-181
'Ga- 82
\Br- 89
\Dy-146

'Kr- 92
'Te- 91
1Au-181

Mo- 93m

(keV)

'Rb- 96
'Sn-123
'Te-119

1Ta-178

'Pr-139
'In-129

‘Ta-174
'Tc-100
1Zr- 97
ENb— 86

'Lu-169

'Rh-100m
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Energy 1409.1 ~ 1501.5

(keV)

Pa-234 . ‘Re-180 ! '

T1-210 . 'T1-197 Na- 26 |Eu-152m!

Pa-234n . As- 70 11 -139  {Ho-150m
ELu—168 iXe—140 ERh— 98m

'Y - 93 1 -139 ‘Hg-183 ‘Lu-166m2
‘Ag- 98 Re-182 :In-109m2'Sr- 94
'Lu-170 H '

1Cu- 69 iTc- 91m 'Rh- 94m
iSi- 33 iTe-114 INb- 98

lPr t 1 t

‘Ar- 43 'Tb-165 !Pm-154m !Pm-154m
VAu-190 1Bi1-207 ‘Ga- 74
0 - 19 '

1.17 M
6.70 H . . . .

6.15 H WRu- 95 JAr- 44 (Lu-166 |Lu-170
1.277E+9 Y ETm—lGO EDy—147m ECI— 40 EAg—lOZm

Mn- 62 'Fu-143

La-143 'Dy-151 !In-110m 'Ag-110
Sb-126m1:Cd-103 (Mo~ 93m }Tc- 93
Lu-166m2:Ga- 78 | '

Ca- 51 iSb-118m ,

1493.6 u Pa-234
1495.91 t Ac-228



1598.

1599. 31
1601.8

u Pa-234
u TI-210
u Bi-214
¢ Pb-204
t Ac-228
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Energy

EKr— 93
‘In-119m

iTc- 94

'La-130
'Ag-106m
'Rh-106m
1As- 78
Er-149m

lr_

‘Cs-146
‘Te-115
1Sm-141
As- 74

1507.3 ~

EGe— 79
'Zr- 89m

T -124

'Tm-160
'Cr- 55
1In-108m
Kr- 89

{Gd-145
+In-108m
'Pr_136

1620.5 (keV)

'Bi-203
‘In-116ml

'Rh-104m 'Ag-104

‘To-172  Cu- 68m
'Sm-140 1V - 52

1Sc- 43 T1-190
'Er-149m !Re-179

'Ba-127 1Sb-112
1Re-170

Tio 42
1Pa-228
«Ca- 50

Lu-165
1Pm-139




u Pa-234
u Bi-214
t Ac-228
u Pa-234m

1679.7

1683.99
1684. 01 t Ac-228

u Pa-234
u Pa-234m
t Ac-228

JAERI—-Data/Code 98—008

Energy

1Ba-129m
iNb- 89

1Eu-150m
Zn- 71
| 22

: m
1Se- 88
1 Ir-186

1Zn- 7
+Cd-105

'T1-196
1Pt-181
1Cd-125
ECd—llQm

1625.0 ~

'Ga- 79
'Dy-149
iRb- 78m

' 14

'Rb- 78m
'Cd-121

'Sr- 93
'F - 23
'Rb- 82

'Th-144

1732.2

1Sb-118
Nb- 98m
WAr- 44

1Si- 27

(keV)
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Energy 1737.7 ~ 1847.4 (keV)

‘Lu-165
'Pm-150

7.1E.04 |t T1-208 105-177 Ca- 68
6.5E-03 |t Ac-228 'Ga— 74 |
= u Bi-214 T -122 ‘Er-149

) L] 9

5

15.4 1Po~-201m tAr- 35 :Cd-119
8. 7E-03 I -137 :
3. 1E-05 Mn—- 58 1Zr- 85 1Xe-138
1. 1E-04 iRe-177 EIn—lBOmlEBe— 11

5

1787.3 'Sm-141m 'Tm-150

1795.1 | 2.1E-03 |t Ac-228 Mn- 50m ‘Al- 29
3.1E-04 {u Pa-234m !
3. 8F-04

.3—236 :R_. 93 R
iBi-197n Tm-151m

A o

Pa-234 'Au-183  'Ac-232

Pa-234m 1Sm-143m2,Zn- 77

WCr- 57

\Rb- 88
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Energy 1849.8 ~  2000.9 (keV)

As- 80 !Tc-100
Rb- 91 € - 17
In-108m Cr- 57
Ga- 72 1Cu- 60
Tb-148 In-129

'Gd-145
ICu- 68
\Pr_144m

Se- 83 ‘'As- 82m 'As- 83 'Na- 26
Te-114 !Cd-105 !Br- 84 !

Br- 84m |Rb- 84 |Ag-119 Ac-232
Mn- 51 EF - 22 1la-142 iTe—114

t Ac-228

5 s o
t Ac-228 . Rb- 78m ;I1r-188
t Ac-228 . Mg- 23 1Eu-140
u Bi-214 .

K-36 ! '
u Pa-234 . Au-181 As- 82 1Sb-110
t Ac-228 . Tb-146wml {Ho-170m iNa- 32

Pa-234 Ac-232




2089.7
2090.
2103. 25

2176.5
2184.8

2192.58

2266.51
2270.

2270.9
2284.3
2287. 65

2390.8

2396.5
2405.1

1. 6E-03

4. 16-04

u Bi-214
u Bi-214
u T1-210
t T1-208

u Bi-214
u Bi-214

u Bi-214

u Bi-214
u T1-210
u Bi-214
u Bi-214
u Bi-214

u Bi-214
u Bi-214
B;

Energy

M [Ac-232

M [Se- 86
Hg-187gm

M JCo- 56

M |Cs-124

M JCu- 62
M |Te-119m
M |Sb-124
M |Cs-140
La-132

M |Co- 63

M |Nb-102m
Y -90

MY - 93

M |La-141
M |In-132
M |Rb- 94
ML -124
M |Sr- 97

53
M |Cd-117m
M |Cs-140
M |Br- 89
Kr- 93
M |Ar- 33

MK - 48
Kr- 88
M |La-142

JAERI—Data/Code 98—008

2010. ~

2430.

‘Rh- 97m !In-120mliSc- 46

1T1-196

1Au-181

1Au-187

I -124
1Au-181
1 In-128

1Eu-156
Lu-170

'Tn-130m1
'Cd-125m

\Cu- 72

‘Fe- 61
"Xe-138

‘As- 84

'Tn-130
1As- 81
1Cd-119m

‘Hg-187gm
'Y - 93

 In-131

'Eu-156
1Cd-105
'Pn-148

1Sn-111
\Dy-147m
1Co- 62

‘Na- 28

‘Kr- 87
Mn- 62

'Lu-166m2

1Cd-121m
1Pr-140

EGa— 74

(keV)

'Bu-143
1Co- 62m

‘Pr-144

'Er-149m
1Cd-105
Br- 86

10 - 19
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Energy 2444.7 ~  3269.7 (keV)

2444.7 8.0E-03 |u Bi-214 B- |19.9 M jGa- 81 ! ! ! '
2447. 86 1.57 u Bi-214 B- [19.9 M : i { :
2459. - u Bi-214 19.9 M |Ti- 53 Ti- 43 1As- 68 [As- 84
2469.4 - u Bi-214 19.9 M |Mg- 32 : Er-149m EK - 36 EPr—138

u Bi-214 f Na- 20 iCl- 34m 'Cd-121m
u Bi-214 . K-52 'Rb-91 I -120
u Bi-214 . Cd-123m Kr- 93 1Er-14%m

'0.025 |u Bi-214
5.56-03 |u Bi-214
2.36-03 |u Bi-214

3000. 8.86-03 |uBi-214 | B- [19.9 M |Br- 87 S - 29 iAr- 35 ! i
3053. 9 0.021 |uBi-214 |B- [|19.9 M : : : !
3081.7 | 4.8E-03 B- [19.9 M |Na- 28 !Rb- 78 !Ca- 49 ! !

T o
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Appendix A. Natural radioactive families
Thorium series (A=4n)
Uranium series (4n+2)

Actinium series (4n+3)

Natural Radioactive Families

Thorium Series

228ThH

saTh 1. 9116y

B decay
ggAc
228, 224Ra
adeca
gsRa 5. 75y 3. 66d y
gFr
A 4
22()Rn
86Rn 55. 65
gsAt
v
216pg
84Po 0. 145s
(64.05%)
2123;
g3Bi 60. 55m
(35, 9%) v
208pb
aPo =2
ZOBT ]
all 3.053m
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Uranium Series

92U
g1Pa
goTh
g9Ac
’
226Ra
aaRa 1 6 X 103y
a7fr
L 4
222Rn
gsRn 3. 8235d
8sAt
‘
(0. 02%) 210p
o
218pg 214pg (RaF)
gaPo 3. 10m 164.3us 138.376d
(99. 98%) \ 4
(99. 979%) W
g, Ty
gaBi 19. 9m 1.3%10°%
0.021%) R
214pb
a2Pb 26. 8m
g1 Tl
goHe
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Actinium Series

92U

9iPa

227Th

s0Th 18. 74d

ggAc

223Ra

ggRa 11. 435d

g7Fr

gsRn

g5At

84aPo

g3Bi

g2Pb

81Tl
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Some examples of natural gamma-ray spectrum

Appendix B.

Rock. Uranium ore, Thorium, Monazite, Uraninite, and
b

Natural background

Gamma-rays from a rock (1)
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Gamma-rays from a rock (2)
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Gamma-rays from a rock (3)
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Gamma-rays from monazite
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Gamma-rays from uraninite
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