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Disclaimer

This report was prepared as an account of work sponsored by
an agency of the United States Government. Neither the United
States Government nor any agency thereof, nor any of their em-
ployees, nor any of their contractors, subcontractors, or their em-
ployees, make any warranty, express or implied, or assume any
legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process dis-
closed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, pro-
cess, or service by trade name, trademark, manufacturer, or oth-
erwise, does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government
or any agency, contractor, or subcontractor thereof. The views
and opinions of authors expressed herein do not necessarily state
or reflect those of the United States Government or any agency,
contractor, or subcontractor thereof.



Introduction

This booklet serves as a quick reference for gamma-
rays produced following the decay of long-lived
radionuclides. Table | is based on the 2023 Edition of
the Nuclear Wallet Cards combined with September
2023 data from the Evaluated Nuclear Structure Data
File (ENSDF). Table Il and Ill make use of data solely
from ENSDF (September 2023 version).

Explanation of Table |

All nuclides with T1/2 longer than 1 hour are included.
Those with Ti2 shorter than 1 hour are decay
products of the long-lived radioactive chains given on
page 107.

Nuclide (A,EL): Nuclides are listed by increasing
atomic number (Z) and within a given element,
ordered by increasing mass number (A). Long-lived
excited states are indicated with the symbol, “m”, “n”
following the mass number, for example *®"Tb

corresponds to the first isomer in 1°Th.



Half-life, T1/2: Value is given followed by the unit (s:
second, m: minute, h: hour, d: day, y: year).
The uncertainty follows the unit and is given in italics.

Decay Mode: The radiation branch is given, a, B,
e+, ¢, IT, and SF.

Major Gamma Radiation (Ey,ly): The gamma-ray
energies emitted in the decay are given in keV. A
maximum of 10 gamma-rays with an intensity larger
than 2% are provided.

Explanation of Table Il

Table Il provides the gamma-ray energies, ordered by
increasing gamma-ray energy, and their associated
parent. Only gamma-rays with intensities larger than
2% are included. Note that only immediate parents
are listed.



Explanation of Table IlI

Table Il provides the alpha energies, ordered by
increasing alpha energy, and their associated parent.
Only alpha radiations with intensities larger than 5%
are included and only immediate parents are listed.
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A El Ty)» Decay Mode E, (keV) I,>2%

807.86 5.9

1297.09 67.0
43 Sc 3891 h 12 e+p*+ 372.9 22.5
44 Sc 4.0420 h 24 e+pt 1157.022 99.9
44m  Sc 58.62h 9 e+p*

IT 271.251 86.7
46 Sc 83.808d 29 B 889.277 100.0
1120.545  100.0
47 Sc 3.3491d 6 B 159.381 68.3
48  Sc 4371 h 8 B 175.361 7.5
983.526 100.0
1037.522  97.5

1212880 24
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4 T 591y 38 € 67.8679 93.0

78.3234 96.8

45 Ti 184.8 m 5 e+p*

8 vV 15.974 d 2 e+ 944.129 7.9
983.525 100.0
1312.105  98.2

2240.396 2.3
49 \% 330d 15 €
50 Voo268x107y 11 E+f5+ 1553.77 99.3
48 Cr 21.56 h 3 B 112.31 96.0
308.24 100.0
51  Cr 27.7004 d 22 ¢ 320.0824 9.9
52 Mn 5591d & e+ 744.233 90.0
848.18 3.3
935.544 94.5
1246.278 4.2
1333.649 B
1434.092 100.0
53 Mn 3.62x10°y 88 ¢
54 Mn 312.10d 4 e+pt 834.848 100.0
56 Mn 2.5788 h 2 g 846.7638 98.8

1810.726  26.9

2113.002 142
52 Fe 8273h 9  e+p* 168.688  99.2
55 Fe 27558y 1) =



A El Ty)» Decay Mode E, (keV) I,>2%

59 Fe 44.495d 9 B 192.343 3.1
1099.245 56.5
1291.590  43.2

60 Fe 2609x10%y 38 (3 58.603 2.1
55  Co 1753 h 2 e+pt 4772 20.2
931.1 75.0
1316.6 7.1
1370.0 2.9
1408.5 16.9
56  Co 77.236d 26 e+p* 846.770 99.9
1037.843  14.0
1238.288  66.5
1360.212 4.3
1771.357 154
2015215 3.0
2034791 7.8
2598.500  17.0
3202.029 3.2
3253503 7.9
57 Co 271.80 d 3 5 14.4129 9.2
122.06065  85.6
136.47356  10.7
58  Co 70.883d 22  e+f* 810.7593  99.4
58m  Co 8.856 h 23 IT
5
60  Co 52711y 10§ 1173.228  99.8
1332.492  100.0
61 Co 1.650 h & 53 67.412 84.7
917.5 3.6
56 Ni 6.081d 15 e+p*+ 158.38 98.8
269.50 36.5
480.44 36.5
749.95 49.5
811.85 86.0
1561.80 14.0
57 Ni 35.60 h 6 e+B*+ 127.164 16.7
1377.63 81.7
1757.55 5.8
1919.52 12.3

59 Ni 81x10'y 9 4Pt
63 Ni 1008y 12 63



A El T/ Decay Mode E, (keV) I,>2%
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93.311 1

184.577 4
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1039.220 3
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A El Ti)2 Decay Mode E, (keV) 1,>2%
79 Se 327x10°y 29
75 Br 96.7m 13 e+pT 141.19
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A El Ti)2 Decay Mode E, (keV) I1,>2%
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A El Ty)2 Decay Mode E, (keV) 1,>2%
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A El T/ Decay Mode E, (keV) I,>2%

87 Zr 1.68 h 1 e+pt 1227 2.8
88 Zr 83.4d 3 € 392.87 97.3
89 Zr 78.364 h 15 e+ 909.15 99.0
93 Zr 1.61x10° y & 3
95 Zr 64.032d 6 B 724.192 44.3
756.725 54.4
97 Zr 16.749 h 8 B 355.40 2.1
507.64 5.0
743.36 93.1
1147.97 2.6
8 Nb  203h7  etB* 1127 21
1627.2 3.5
1833.4 B4
2572.3 2.7
3092.7 3.0
89m Nb 66 m 2 e+pt 507.4 81.2
588.0 95.6
769.6 6.2
90 Nb 14.60 h 5 e+pt 132.716 4.1
141.178 66.8
1129.224 92.7
1611.76 2.4
2186.242 18.0
2318.959 82.0
91 Nb  6.8x10%y 13 e+
9lm Nb 60.86 d 22 e+3*+ 1204.67 2.0
1T
92 Nb 34Tx107y 24 ctB 561.1 9.8
934.5 74.3
92m  Nb 10.12d 2 e+p* 034.44 99.2
93m  Nb 16.12y 12 1T
94 Nb 2.038x10*y 39 § 702.65 99.8
871.091 99.8
95  Nb 34991 d 10 B 765.803 99.8
95m Nb 3.61d3 ? 204.1161 2.3
T 235.690 24.8
96 Nb 23.35h 5 B 241.377 3449
460.040 26.6
480.705 5.8
568.871 58.0

719.562 6.8



A El Ty)» Decay Mode E, (keV) I,>2%

778.224 96.4
810.330 11.1
849.929 20.4

1091.349 485
1200231 20.0

97 Nb 72.1m 4 63 657.94 98.2
90 Mo 5560 9 e+pT 42.70 2.2
122.370 64.2
162.93 6.0
203.13 6.4
257.34 774
323.20 6.3
445.37 6.0
941.5 535
1271.3 4.1
93 Mo 40x10°y 8 ¢
93m Mo 6.85d 7 e+pT
IT 263.049 57.4
684.693 99.9
1477.138 99.1
99 Mo 65.936 h 9 B 181.068 6.0
739.500 12.2
777.921 4.3
93  Tec 278 h 5 e+pt 1362.94 66.2
1477.14 8.7
1520.28 244
94 Te 293 m 1 e+p*+ 449.2 3.3
532.1 24
702.67 99.6
849.74 95.7
871.05 99.9
916.10 7.6
1592.1 2.2
95  Te 19.258 h 26 e+pT 765.789 93.8
1073.71 3.7
95m  Tec 61.94d 7 e+pt 204.117 63.2
582.082 30.0
786.198 8.7
820.624 4.7
835.149 26.6
1039.264 2.8



A El T2 Decay Mode E, (keV) I,>2%
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A El Ty)s Decay Mode E, (keV) I,>2%
353.05 34.5
442.8 2.2
528.24 37.9
618.13 4.2
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A El Ty)s Decay Mode E, (keV) I,>2%
319 231 16 9
106m  Rh 131 m 2 B 429.4 13.2
450.8 24.2
511.7 85.5
616.1 20.2
717.2 28.9
748.5 19.3
825.0 13.6
1046.7 30.4
1127.7
1529.4
100 Pd 3.63d9 € 32.66
42.08
74.78
84.00
126.15
101 Pd 847h 6 e+pt 24.46
269.67
296.29
565.98
590.44
1289.05
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103 Pd 17.000 d 33
107 Pd 6.50x10°y 30
109 Pd 13.437h 13
111m Pd 5.565 h 12

88.0336 3
70.44 7
391.3 5
575.0 3
580.00 2
632.8 3.
694.2 2.
3
2
3
2
8
1
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IT 172.18
112 Pd 21.027 h 19 B 18.5
103 Ag 65.8 m 6 e+pT 118.74
148.20
243.96
266.86
531.92
742.11 2
1007.08 3
1155.27 3.
1273.83 9



A El Ty)s Decay Mode E, (keV) I,>2%
104  Ag 69.3m 9 e+B*+ 555 8 92 6
740.5 7.2
767.6 65.8
785.7 9.5
857.9 10.4
923.3 7.0
925.9 12!5
941.6 2
1341.8 7
1526.6 7
106 Ag 41.29d 7 e+pt 64.072 1
280.54 3
319.24 4
331.58 4
344.61 4
392.73 2
443.44 1
644.63 1
650.78 2
1088.05 3
106m Ag 828d 2 e+pt 406.182 1
429.646 1
450.976 2
511.85 8
616.17 2
T17.34 2
748.36 2
824.69 1
1045.83 2
1527.65 1
108m  Ag 4359y 37 e+ 433.937 9
614.276 8
722.907 9
1T 79.131 6
110m Ag 249.86 d 5 B 657.7600 9,
677.6217 1
687.0091 6
706.6760 1
763.9424 2
818.0244 7
884.6781 T
937.485 3
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537h 5

6.52h 2

461.98 d 31
8.04x10% y 5
13.80y 16

5340 h 4
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2503 h &
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2.8048 d 1
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4.485h 4
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41541 4
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Decay Mode E, (keV)
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650.0
11485
1622.3
461.80
581.93
584.21
641.68
657.750
677.6
707.40
884.667
937.478
997.16
657.75
2129.40
171.28
245.35
391.698
558.43
725.24
190.27

336.241
158.6
315.302

255.134
391.698
156.02
158.56
23.875

N

==
Do

wo

20000 3 DD N 2 YOI - OB S 00 i 1D s 00 STRD s B0 1
O ~] U= O Ut

T P RO RO Gy g—rgooivo o

=)

2%



A El Ty)s Decay Mode E., (keV) I >2%

125 Sn 9.634 d 15 6 822 48
915.55
1067.10
1089.15

126 Sn 1.98x10°y 6 [ 23.280
64.281
86.938
87.567

127 Sn 210h 3 53 438.2
490.9
805.9
823.1
824.7
859.5
979.2
1095.6
1114.3
2003.4

116m  Sb 60.4m 6 e+pt 99.802

135.511
407.351
436.666
542.867
844.001
972.573
1072.373 255
1293.557 100.0

ot

TS CILIO Y U1 = ~I00 S = 00 U1 LO00 N O i O e
D

005000000 0, PO 5 5= Sioteim P oy oo o @\]P—‘VO

117 Sb 280 h 1 e+ 158.562 85.9
118m  Sb 5.01h 3 e+f3* 40.8 30.0
253.678 98.9
1050.69 96.9
1091.51 3.6
1229.65 99.9
119 Sb 382h 3 € 23.870 16.5
120m  Sh 5.76 d 2 B
122 Sb 269413 d 32 e+B*
53 564.24 70.7
692.65 3.8
124 Sb 60209d 10 f 602.7260  97.8
(458520 7.4
713.776 2.3
722.782 10.8



125

126

127

128

129

El

Sb

Sh

Sh

Sh

Sh

Ty/2

27577y 8

123d 1

3.84d 3

9.05h 4

440h 2

Decay Mode E, (keV) I,>2%

20

1368.157
1690.971
2090.930
35.489
176.314
427.874
463.365
600.597
606.713
635.950
296.5
414.7

544.56

2.6
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A El Ty)» Decay Mode E, (keV) I,>2%
654.28
682.77
761.12
812.97
914.96
966.78

— LN

116 Te 249h 4 e+pT 93.7

9T

117 Te 62 m 1 e+p* 719.7

SO oo iR R TSR P s

SO DY 0000 NI O e Lo
o Co

118  Te 6.00d 2 3
119 Te 16.05h &5 e+pt 64—’1.01

— =

119m  Te 4.69d 4 e+B* 153.59

[=r

—

121 Te 19.27d 8 e+B*+ 507.591

=

121m  Te 164.7d 5 e+pt 1102.149

o ot

IT
123m  Te 119.3d 1 1T
125m  Te 5740d 15 IT 35.504
5
B

,_
1S
=
%o
N
HN
S1G0 0010 B = e D N1E LI ST I O e 1 00
WP LN P oo RI oo

127 Te 9.35h 6

127m  Te 106.1d 7

129 Te 69.5 m 4 53 27.81 16.3
459.60 7.7



A El Ty)2 Decay Mode E, (keV) 1,>2%
129m Te 3348 d 13 ? 695.88 3.0
T

131m  Te 32.86 h 39 63 102.06
200.63
240.93
334.27
773.67
782.49
793.75
852.21
1125.46
1206.60

OO [oe}

B OWRS bW

132 Te 3.204d 18 B 49.72
228.16
120 1 81.7m 2 e+B*+ 560.4

oo

121 1 212h 1 e+pt 212.20

w

123 1 132229 h 14 e+p* 159.00
124 1 41760 d 3 e+f* 602.73

)
&
=3
g
e
RS 0RO
’_‘MQNP‘HP@%O‘J;U.@@V‘

v koo

125 1 503 c .
126 1 1203d 5 e+p 666331 329
3 388.633 356

129 1 1.613x107y 18 (& 39.578 75
130 1 12.36 h 1 B 417.932 34.2

11.
131 1 8.0247d 15 [ 80.185 2.6
284.305 6.1



A El Ty)» Decay Mode E, (keV) I
364 489
636.989

22839 h 17 B 505.79

2%

e
A

132

—
—_Two

o o

132m I 1.387h 15 B 175.0

o owvw o

1298223
135 1 655h3 @ 546.557
836.804
1038.760
1124.00
1131.511
1260.409
1457.56
1678.027
1706.459
1791.196
122 Xe 20.1h 1 € 148.612
350.065
123 Xe  2050h 1  e+B* 1489

-

o=

125 Xe 16.96 h 6 e+B* 54.968
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A El Ty)s Decay Mode E, (keV) I,>2%

127 Xe 36.344 d 5 € 14 252 43
172.132
202.860
374.991

129m  Xe 8.88d 2 1T 39.57¢
196.56

|3V
S IS
SCESEN]

131m  Xe 11.931d 16 IT

133 Xe 5.2474d 5 5] 80.9979

133m  Xe 2.191d 26 IT 233.221

135 Xe 9.168 h 7 53 249.794
608.185

127 Cs 6.25h 10 e+ 124.70
287.16
411.95
462.31
587.01

129 Cs 3213 h 10 e+B* 39.578
318.180
371.918
411.490
548.945

© = o=

WNWNWHEUIQWHNO =W =IO
W

BN SR Np= 2o

131 Cs 9.688 d 4 €
132 Cs 6480 d 6 e+p? 667.714 9

134 Cs 206562y 49 6 563246 8
569331 1
604721 9
705864 8
801.953 8
1365185 3

€
134m  Cs 2.912h 2 IT 127.502 1
135 Cs  1.33x10°y 19
136 Cs 13.01d 5 B 66.881

818.514
1048.073



A El Ty)» Decay Mode E, (keV) I,>2%
1235.362 20.0

137 Cs 30.007 y 23 B 661.657 85.1

126 Ba 98.6 m 15 e+pT 217.9 4.1
233.6 19.7
241.0 6.0
257.6 7.6
281.2 3.1
328.3 2.1
489.3 2.9
681.8 44
993.4 2.4
1293.0 3.7

128 Ba 243d 5 € 273.44 14.5

129 Ba 223 h 10 e+pt 129.14 5.5
214.30 13.4
220.83 8.5
554.0 2.9

129m Ba 2142h 8 e+

131  Ba 11.52d 1 e+B*+ 123.804 29.8
133.617 2.2
216.088 20.4
239.621 2.5
249.435 3.0
373.256 14.4
486.507 2.2
496.321 48.0

133 Ba 10.5358 y 42« 53.1622 2.1
79.6142 2.6
80.9979 33.0
276.3989 7.2

302.8508 183
356.0129  62.0

383.8485 8.9
133m Ba 38.87h 7 IT 275.925 17.7
135m  Ba 2812h 6 1T 268.218 16.0
139 Ba 8289 m 14 53 165.8575  23.7
140 Ba 12.7526d 14 § 29.966 14.1
162.660 6.2
304.849 43
423.722 3.1
537.261 24.4



132

133
135
137
138

140

141
142

132

El
La

La
La
La
La

La

La

Ce

Ty/2
458 h 9

389h 8
18.95h 18
6.0x10"y 20
1.028x 10" y 11

40284 h 3

393h 3
91.8 m &

3.51h 11

Decay Mode E, (keV) I,>2%

e+pt

B

464.55
515.78
540.363
567.14
663.07
899.32
1031.70
1604.03
1909.91
2102.84
278.835

1435.795
788.742
328.762
432.493
487.021
751.637
815.772
867.846
919.550
925.189
1596.21
2521.40
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133

133m

134
135

137
137Tm

139
141
143

144
137
138m

El

Ce

Ce

Ce
Ce

Ce
Ce

Ce
Ce
Ce

Ce
Pr
Pr

Ti/2
97 m 4

5.326 h 11

911h 3
3480 h 3

13764 d 2
32.504 d 11
33.037h 8

284.886 d 50
128h 3
203h 2

Decay Mode E, (keV) I,>2%

e+p*+

e+

T
©

gl

W
+

23

esyeng)

3

e+B+
e+3*

329.64
451.44
76.9
97.261
557.7
58.39
87.939
130.803
346.39
432.55
477.22
510.36
689.48
784.55
1500.41

206.50
265.56
300.07
518.05
572.26
577.09
606.76
783.59
828.38
871.35

254.29
165.8575
145.4433
57.356
231.550
293.266
350.619
490.368
664.571
721.929
133.515

302.7
354.2

2.3
2.2
15.9
45.5
114
19.3

5.2
18.0
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139
142

143

145

138
139m

140
141
144
147

149

143
144

El

Pr
Pr

Pr
Pr
Nd
Nd

Nd
Nd
Nd
Nd

Nd

Pm
Pm

Pm

3.37d 2
249 h 3
2.29x10% y 16
11.12d 7

1.728 h 2

265 d 7
363 d 14

177y 4

Decay Mode E, (keV)
390.9

B

€

g

e+p*
Pt

IT

€
e+p*+

o
o

e+B*+

&

€

e+p*

547.5
788.9
1038.0

91.1050
531.012
114.314
155.873
211.309
240.220
267.693
270.166
326.554
423.553
540.509
654.831
741.98
476.78
618.01
696.49
724

L,>2%
59

52
100.0
101.0

3.7
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A El Ty)s Decay Mode E, (keV) I,>2%

o
146 Pm 553y b 3 TAT24 117
€ 453.83 42.5

735.90 15.0
147 Pm 262344y 22 §
148 Pm 5.368d 7 6 550.27 22.0
914.85 11.5
1465.12 22.2
148m Pm 4129d 11 B 288.11 12.6
414.07 18.7
501.26 6.8
550.27
599.74
611.26
629.97
725.70
915.33
1013.81

©
b
©o

O N e N
Wi

149 Pm 53.08h & B 285.95

150 Pm 2698 h 15 B 333.92
406.51
71222
831.85
859.95
876.41
1165.77
1193.87
1324.51
1736.40

151 Pm 2840 h 4 B 100.02
104.84
167.75
177.16
240.09
275.21
340.08
344.90
445.68
71772

ot oo o (=}
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142 Sm 7248 m 4 e+pt
145 Sm 340d 3 3 61.2265
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A El Ty)2 Decay Mode E, (keV) 1,>2%
146 Sm 6.8x107y 7
147 Sm  1.068x10" y 7
148 Sm  6.8x10® y 10
151  Sm 946y 6
153 Sm 46.283 h 2 69.67300
103.18012
22.6

38.1

W OW®R R R

156  Sm 94h 2

145  Eu 5.93d 3 e+B* 542.57

146 Eu 4.61d 3 e+ 430.386 47
633.083 35.7
634.137 448
665.424 10.3
702.099
703.089
T47.159
1058.71
1297.028
1533.711

147 Eu 241d6 € 121.220
197.299
601.450
677.516
798.729
856.929
933.005
955.832
1077.043

—

000N O UTII BY ST D L0 00
oo oom»-ovq;oooo!“ic,»—@@\wo
—

— o

o
148 Eu 54.4d 4 e+ 414.028
414.057

—

30



149

150

150m

151
152

152m

152n
154

El

Eu

Eu

Eu

Eu
Eu

Eu

Eu
Eu

Ti/2

93.1d 4

366y 7

128 h 1

46x108 y 12
13517y 9

9.3116 h 13

95.8 m 4
85911y 36

Decay Mode E, (keV) I

e+

e+pt

e+p?

e+pt

ir
B+

31

550.284
553.231
571.962
611.293
629.987
725.673
869.891
1033.986

22.5002
277.089
327.526
333.971
439.401
505.521
584.274
737.455
748.057
751.068
1049.043
1343.777
333.9
406.5

121.7817
244.6974
443.9606
867.380
964.057
1085.837
1112.076
1408.013
344.2785
411.1165
778.9045
121.77
841.63
963.38
344.29
89.849

>2%
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146

147

El

Eu

Eu

Gd

Gd

Ty/2

1742y 8
15.16 d 2

1518 h 3

4827d 9

38.06 h 12

123 0706

404

Decay Mode E, (keV) 1,>2%
&2

e+p*+

e+pt

247.9290
591.755
723.3014
756.8020
873.1834
996.29
1004.76
1274.429
86.5463
105.3087
88 97

6.9
5.0
20.1
4.5
12.1
10.5
18.0
34.8
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A El Ty)s Decay Mode E, (keV) I,>2%

148  Gd 86.9y 39 o

149  Gd 9.28d 9 e+B*+ 149.730 484
272.320 3.2
298.633 27.9
346.650 23.7
516.550 2.7
534.294 3.1
748.604 8.3
788.875 7.3
938.616 24

QR R

150 Gd  1.79x10°y 8
151 Gd 124.5d 9 € 21.517
153.60
174.70
243.29

cwo
[exNenl NoNo ]

o

152 Gd  1.08x10%y 8 o

153 Gd 2404d 9 € 69.67300
97.43100
103.18012

159  Gd 18479 h 4 B 58.0000
363.5430

147 Tb 1.64h & e+B*+ 119.73
139.89
347.65
546.96
554.65
694.54
1152.53
1627.91
1947.58
2680.77

= 00 OO

oo Nvon" "t NO N
o 0o

WO WL WS LI

148 Th 60 m 1 e+f*

149 Th  412h2  ept 164.98
187.22
352.24
38857
464.85
652.12
817.1
85343
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152

153

El

Th

Th

Th

Th

Th

Ti/2

3.48h 16

17.609 1 14

17480 9

234 d 1

21.50 h 36

Decay Mode E, (keV) I,>2%

o
e+B*+

e+pt

o
e+pt

e+p*

e+

861.86
1175.4

496.242
511
569.083
638.050
650.36

731.227

271.09
344.2785
411.1165
586.27
764.89
778.9045
974.05
1109.20
1299.140
41.56
82.86
102.255
109.758
170.42
212.00
249.55
123.07
123.07

7.6
3.3

14.6
449
2.5

72.0
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A El Ty)s Decay Mode E., (keV) 1,>2%

123.07 2953
225.94 26.8
247.94 8.8
247.94 22.1
346.70 69.1
426.78 17.3
540.18 19.6
1419.81 46.2

154m Tb 9.994 h 89 e+pt 123.07 30.3
247.94 22.1
518.04 6.1
540.18 19.6
649.44 11.0
676.55 3.2
692.41 3.3
873.21 9.2
996.24 8.6
1004.73 11.0

IT

154n  Tb 227h5 B 123.07 43.2
141.33 7.3
225.94 26.8
247.94 78.8
346.70 69.1
426.78 17.3
649.44 8.6
992.92 16.2
1004.73 7.1
1419.81 46.2

IT

155 Tb 532d6 € 86.55 32.0
105.318 25.1
148.64 2.6
161.29 2.8
163.28 4.4
180.08 74
262.27 5.3

156 Tb 5.35d 10 e+B* 88.97 17.7
199.19 40.9
356.38 13.6
422.34 8.0

534.29 66.6



A El Ty)2 Decay Mode E, (keV) 1,>2%
1065 11 10.
1154.07 1
1159.03 7
1222.44 3
1421.67 1

156m  Th 2440 10 1T 49.630 7

156n  Th 52h 2 e+

IT

157  Th Ty 7 €

158 Th 180y 11 e+pt 79.513
181.944
780.183
944.189
962.126
1107.626

5 08.918

160 Th 723d 2 B 86.7877
197.0341
215.6452
298.5783
879.378
962.311
966.166
1177.954
1271.873
1312.14

161 Th 6.958 d &5 B 25.65135
48.91533
74.56669

152 Dy 2.38h 2 e+pt 256.93

o

153 Dy 6.42h 12 e+pt 80.723
99.659
147.560
213.754
244.249
254.259
274.673
274.673

— [} (S S o
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NONL G T O 50 R w2
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190000 1 Lo
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154 Dy 28x10°y 15
155 Dy  992h1f  e+f 184.564

e
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157
159
165
166
160m

161

162m

163
166
166m

167

El

Dy
Dy
Dy
Dy
Ho

Ho
Ho

Ho
Ho
Ho

Ty/2

8.14h /

1453d 14
2331 h 4
81.63h 17
4980 7

248h 5
67.1m &

4570 y 25
26.808 I 8
1132.6 v 39

2.968 h 36

Decay Mode E, (keV)

oo e

226.918
664.173
905.515
999.68
1089.8
1090.0
1155.47
326.336
58.0
94.700
82.470

25.655
103.05
80.67
184.99
282.86
937.17
1220.04
38.34
57.74

80.576
80.574
184.4113
280.464
410.949

w

SO Y SRSy
o ROOWin o
= o

o= OO

O

FoEPPoohnRNELanONG
1

1O 00 00 T D U1 i RO €O U1 = UTUTEO = I ~T = O



160
161

163
165
169
171

172

163

El
Er

Er
Er

Er
Er

Er

Er

Tm

Tm

Ty/2
226 h 6

2858 h 9
321h 3

75.0 m 4
10.36 h 4
9.39d 2
7516 h 2

493h 3

1.810h &

30.06 h &

Decay Mode E, (keV) I

eHpt

e+pt

71.903
248.580
386.82
7.133
211.15
314.77
592.6
826.6

111.621
116.656
124.017
295.901
308.291
59.692
68.107
127.805
383.501
407.338
446.025
610.062
69.229
104.320
239.585
241.305
299.667
471.330
1265.116
1374.34
1397.52
1434.45
47.155
54.415
218.859
242917
296.119
297.369
346.933
460.263
806.372
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A El Ty)s Decay Mode E, (keV) I,>2%
118—1 45 3 0
166 Tm 770h 3 e+pt 80.585 11.
184.405 16.
691.250 75
705.333 11.
778.814 1
785.904
1176.704
1273.540
2052.36
2079.53
167 Tm 9.28d 4 € 57.0723
207.801
168  Tm 93.1d 2 e+p* 79.804
184.295
198.251
447.515
631.705
720.392
741.355
815.989
821.162
829.948

= O =
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v ORI 00 gy NOT5 OO =
cowiy T oo w

DO~ Ol = O N T = b e O

170 Tm 1284 d 3 84.25474

RO SR

171 Tm 701.5d 33
172 Tm 63.6h 2

)

78.750
181.520
1093.59
1387.093
1465.86
1529.64
1608.37
398.9
461.4

173 Tm 8.24h 8

DR E TGOS
o

oo oou

=

164 Yb 75.8m 17
166 Yb 56.7 h 1
169 Yb 32.015d 9

82.29 15.6
63.01 2.2
63.12044  43.
93.61447 2.6
109.77924  17.
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A El Ty)s Decay Mode E, (keV) I,>2%
130 52293 11 4
177.21307  22.3
197.95675  35.9
307.73586  10.0
175 Yb 41615 d 30 B 113.805 3.9
282.522 6.1
396.329 1332
177 Yb 1.911h 8 B 121.6211 3.0
150.399 18.0
1080.204 5.1
1241.8 3.1
178 Yb T4m 3 B
169 Lu 34.06 h 5 e+ 87.377
191.217
889.753
960.622
1184.875
1449.74
1466.84
170 Lu 201d 2 e+pT 84.262
985.10
1003.20
1054.28
1138.65
1225.65
1280.25
1364.60
2041.88
2126.11
171 Lu 825d 2 e+p? 19.394
66.731
72.380
75.889
667.422
689.286
739.793
780.711
839.961
853.091
172 Lu 6.702d 17 e+B*+ 78.7426
90.6440
181.525
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A El Ty)s Decay Mode E, (keV) I,>2%
203 433
697.300
810.064
900.724
912.079
1002.74
1093.63

173 Lu 137y 1 € 78.63
100.724
171.393
272.105

174 Lu 33ly s e+pT 76.468
1241.847

174m  Lu 142d 2 1T 44.683
67.058

[\SRereR=

o

N o !“@mf_‘.’\)i\')g‘.o‘;’iao
i oo

NS OO NG O R S O

€
176 Lu 3.714x10"y 19 @ 88.34
201.83
306.78
176m  Lu 3.675h 6 B 88.361

177 Lu 6.6472d 16 112.9498
208.3662
177m  Lu 160.35d 28 [ 112.9498
128.5027
153.2842
204.1050
208.3662
228.4838
281.7868
327.6829
378.5036
418.5388
IT 121.6211
147.1637
171.8574
218.1038
268.7847
319.0210
367.4174
413.6637
179 Lu 459h 6 B 214.33
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A El Ty)» Decay Mode E, (keV) I,>2%

170  Hf 16.01 h 15 € 47.80
98.55
120.19
164.71
208.1
481.3
501.6
540.7
572.9
620.7
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CRPLaP IR Egumw® PP LRGNNSR T wo
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ot

171 Hf 1
172 Hf 1

=
Lode
@ @
+

e

T

23.9331
67.35

81.7513
114.061
125.812
173 Hf 23.6h 1 e+ 123.675
134.965
139.635
162.010
296.974
306.568
311.239

=000 O = 00— N s CTRD

174 Hf  7.0x10%y 12 o

175  Hf 70.67d 19 € 89.36 24
343.40 84.0

178n  Hf 3ly 1 IT 88.873 63.9
93.193 17.6
213.434 80.7
216.668 64.9
257.645 16.7
325.560 94.1

426.360 96.6
454.048 16.6
495.013 70.1
574.219 88.6
1790 Hf 24.86 d 20 IT 122.70 27.7
146.15 27.0
169.78 194
192.66 21.5
236.48 18.8

268.85 11.2



A El Ty)s Decay Mode E, (keV) I,>2%
315 93 20 ®)
362.55 39.6
409.72 21.5
453.59 67.8
180m Hf

ot
ot

528 h 16 ?
T 57.538 48.0
93.324 16.5
215.426 81.6
332.274 94.1
443.162 81.7
500.697 14.2
181 Hf 4239d 6 53 133.021 43.3
136.260 5.8
345.93
482.18
182 Hf  8.90x10°y 9 B 114.32
156.09
270.408
182m  Hf 61.5m 15 B 59.1
97.8
114.3
143.2
146.8
171.5

183  Hf 1.019h 3 B 73.160
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184 Hf 412h 5 63 414
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173

174

175

176

177
178
179
180

182

El

Ta

Ta

Ta

Ta

Ta
Ta

Ta

Ty/2

3.14h 13

1.08h 3

10.5h 2

8.08h 7

56.56 h 6
241h 7
1815y 30
8.154h 6

114.80 d 11

Decay Mode E, (keV)
181.0

e+

e+

Pt

e+p?

344.9
69.70
90.3
160.4
172.2
180.6
1208.2
91.00
206.50
1205.92
81.5
104.3
125.9
125.9
207.4
266.9
348.5
436.4
857.7
1793.1
88.35
201.84
710.50
1159.30
1190.22
1224.96
1584.02
1696.55
1823.70
2832.00
112.9498

93.324
67.74970
100.10595
152.42991
222.1085
229.3207
264.0740
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A El Ty)2 Decay Mode E, (keV) 1,>2%
1121.290 35.2
1189.040 16.5
1221.395
1231.004

183 Ta 51d1 B 46.4838
52.5952
99.0793
107.9310
161.3439
162.3211
244.263
246.059
313.276
353.989

184 Ta 87h 1 63 111.192
215.34
252.85
318.04
384.28
414.01
536.71
792.07
903.29
920.93
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176 W 25h 1
177 W 132m 2

® @

+3* 70.45
115.05
115.65
186.2
186.42
417.16
426.98
611.8
1014.9
1036.4
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178 W 216d 3
180 W 1.59x10%y &5
181 W 120.96 d 2
185 W 749d 4
187 W 2380 h &
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72.002 13.6
134.247 10.4
479.53 26.6



A El Ty)s Decay Mode E, (keV) I,>2%
551.55 6.1
618.37 7.6
685.81 33.2
77287 5.0

188 W 69.77d 5 B

181  Re 19.95 h 37 B 65.0
109.9
360.7
365.5
639.0
661.8

wr oo

182 Re 6421 4 e+p* 67.75
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182m  Re 14.14 h 38 e+f*
183 Re 70.0d 14 € 46.484
52.596
99.080
107.933
109.731
162.330
208.812
291.723
184 Re 3543d 16 e+ 111.2174
252.845
792.067
894.760
903.282
184m Re 168 d 6 IT 104.7395
g 111.2174
161.269
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A El Ty)s Decay Mode E, (keV) I,>2%
216.547 9.5

252.845
318.008
384.250
536.674
792.067
903.282
920.933
137.15

—
j=1
oo
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186 Re 3.71847d 4/
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=) ¥

186m  Re ~2200000 y 40.350

59.009

SOt oo mwmLn
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187 Re 4.12x10"y 11

188 Re 17.004 h 2
189  Re 242h 4

155.044
216.69
219.40
245.09
190m  Re 33h 2 B 186.68
361.09

371.24

397.36

407.22

518.55

557.95

569.30

605.14

673.10

IT 119.12

181  Os 106 m & e+pt 118.01
167.23

(&3

B
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182 Os 22.04h 16 € 55.50
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A El Ty)s Decay Mode E, (keV) I,>2%
510 04

183  Os 13.0h & e+pt 114.43
167.85

236.41

381.74

851.46

183m  Os 99h 3 e+pt 484.49
1034.68
1101.93
1107.93

N E DI QWO Uk
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wtho = =

IT
184 Os  1.12x10%y 23
185  Os 9295d 9

™ Q

646.116
717.424
874.813
880.523
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186 Os 20x10¥y 11 «

189m  Os 581 h 11 1T

191 Os 15.00 d 4 B 129.431

191m  Os 13.12h 7 IT

193 Os 29.830h 18 § 73.029
138.92
460.541

194 Os 60y 2 3 43.119

184 Ir 3.09h 3 e+pT 119.79
263.98
390.36
493.0
539.69
841.33
961.26
1044.55
1105.28
2063.0

185 Ir 14.4h 1 e+pt 374

o
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A El Ty)s Decay Mode E, (keV) I,>2%
1738 4 2 4
1828.8 10.1

186 1Ir 16.64 h 3 e+ 137.14 17.2
137.15 41.7
296.90 62.8
296.93 6.4
434.84
630.32
767.46
773.24
773.28
087.03

186m Ir 1.87h 4 e+ 137.14
296.93
630.32
712.57
767.46
773.24
987.03
1617.21
1754.4
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187 Ir 10.5 h
188 Ir 415 h

& e
@ @ —
+

+p

+p* 155.044
478.00
633.03
634.97
829.47
1209.80
1715.67
2059.65
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189 Ir 132d1 € 69.52
190 Ir 11.78 d 10 e+p? 186.68
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A El Ty)2 Decay Mode E, (keV) 1,>2%
557.95 28.5
569.30 27.0
605.14 37.8
190m  1Ir 1.120 h 3 1T
190n  1Ir 3.087h 12 e+ 186.7 64.2
361.2 86.7
502.5 89.4
616.5
1T 36.184
135.348
73.826 d 11 B 295.95650
308.45507
316.50618

9

2

3

192 2
2

8

468.06885 4
4

8

5

3

3

—
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588.5810
604.41105
612.46215
€ 205.79430

484.5751

192n I 241y 9 IT

193m Ir 10.54 d 4 IT

194 Ir 1920 h 2 B 293.544
328.467

194m  Ir 171d 11 B 111.7
328.5
338.8
390.8
482.6
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2054 350
195 It 229013 [ 08.83 10.0

195m v 374h 14 B 98.85 10.7
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A El Ty)s Decay Mode E, (keV) I,>2%
684.88 9.8
1T
196m 1Ir 140 h 2 53 103.3 1
355.9 9
3)5 5 9

185 Pt 70.9 m 24

=
gl

186 Pt 2.08h 5

122215
=

=
gl

187 Pt 235h 3

@

106.44
110.06
186.25
201.68
247.61
285.07
304.72
629.44
709.04
819.16
188 Pt 102d 2 e+pt 140.35
187.59
195.05
381.43
423.34
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189 Pt 10.89 h 11 e+p*+ 94.34
113.82
141.18
243.50
300.51
317.65
544.91
568.85
607.60
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A El Ty)s Decay Mode E, (keV) I,>2%
721.38 7.9

190 Pt 4.90x10Yy 11 o

191 Pt 2.860 d 20 e+pt 82.398
96.517
129.400
172.19
351.17

TSI OO Lo o Lo
B 00 00 i s O = 00

w

193 Pt 50y 6 €
193m Pt 433 d
195m Pt 4.010d

197 Pt 198915h 19 77.35 170
197m Pt 9541 m 18 ? 279 24
T

200 Pt 126 h & 53

202 Pt 44h 15 B

191  Au 318h 6 e+

192 Au 494h 9 e+p* 295.95650 22
308.45507 3.5
316.50618  59.
582.70 2.7
612.4621 4.4
1422.91 3.4
1723.00 3.5

1832.83 2.8

1921.05 2.8

2237.3 47

193 Au 17.65h 15 e+p*

194 Au 38.06 h 23 e+pt 293.549
328.470
645.164
948.323
1104.056
1175.360
1468.904
1887.030
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A El Ty)s Decay Mode E, (keV) I,>2%

1024.273 2.1
2043719 3.8
195 Au 186.01d 6 5 98.857 11.2
195m  Au 305d 2 1T 261.75 68.7
196  Au 6.156 d 11 e+pt 333.03 22.9
355.73 87.0
g 426.10 6.6
196n  Au 9.607 h 34 IT 147.81 43.5
168.37 7.8
188.27 30.0
285.49 44
316.19 3.0
198 Au  2.69469 d 25 ? 411.80205  95.6
198m  Au 2.28d 2 T 97.21 68.8
180.31 49.5
204.10 38.6
214.89 77.3
333.82 17.8
199  Au 3.135d 8 63 158.37851  40.0
208.20481 8.7
200m  Au 187h 5 63 181.18 54.1
255.87 72.4
367.942 79.3
497.77 81.8

579.300 82.4
759.50 74.6
904.23 8.8
IT 332.82 2.2
192 Hg 4.85h 20 € 157.2 7.2
186.4 3.4
274.8 51.8
306.5 5
193 Hg 380 h 15 e+ 218.07 2
258.00 8
381.60 1
580.97 4
789.21 4.
3
1
3
7
2

e

827.81
861.11
1080.7
1118.84
1276.38
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A El Ty)» Decay Mode E, (keV) I,>2%
193m Hg 111h5 e+pt
T

194 Hg 45x10y5 e
195 Hg  1068h16 e+ 61.46 6
585.13 2
779.80 7.
195m Hg 416h 2 Bt 261.75 313
387.87 2
560.27 7

IT
197 Hg  6496h7  etpt 77.351 187
197m Hg 238204  et+p 130.2 3.2
279.0 70.9
IT 133.98 33.
203 Hg 46612d11 [ 279.1952
195 Tl 115h 4 Bt 37.09

o wt

[N}

196 TI 1.84h 3 3+ 4257

oo

196m  TI 141h 2 e+p* 222.9
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197

198

198m

199

El

Tl

Tl

Tl

Tl

Tl

Ty/2

2.83h /

53h &

1.87h 3

742h 8

26.1h 1

Decay Mode E, (keV)
695.4

1T
e+pt

e+

e+

eHpt

e+pt

723.5
133.99

1411.34
411.8

1832.6
2040.2
226.2
411.8
4418
489.6
519.2
587.2
636.7
259.6
282.8
158.359
208.20
247.26
284.09
455.46
144.639
367.942
579.300
661.36
828.27
1205.7
1225.44
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A El Ty)» Decay Mode E, (keV) I,>2%
1273 43
1363.2
1514.90
201 Tl 3.0421d 15 € 135.34
167.43
202 Tl 12471 d 6 € 439.510
204 Tl 3783y 7 e+p*+

LO»—A[\')JAC»JOJ

¥
A4
4.1
.6
0.0
1.5

206 TI1 4202m 13 B
207 T 477 m 1 B
208 TI 3.053 m 3 B 277.371
510.77
583.187
860.557
2614.511
210 TI 1.30m 3 B 296
799.6
860
1070
1110
1210

oo O oo

198  Pb 24h1 e+ 1734

[SAF S}

199 Pb 90 m 10 e+ 353.39
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A El Ty)» Decay Mode E, (keV) I,>2%
1749.70

200  Pb 21.5h 4 € 142.28
147.63
235.62
257.19
268.36
450.56

201  Pb 9.33h 3 e+p* 331.15
361.25
405.96
584.60
692.41
767.26
826.26
907.67
945.96

—

SO Lo GO N O =T Lo i i G0 Lo D
~

Lk~ a® o vt Piow

202 Pb  525x10*y 28 ¢

202m  Pb 3.54h 2 e+ 389.94
459.72
490.47

IT 422.12

657.49
786.99
960.70

203 Pb 51.93h 2 € 279.1952
401.320

204m  Pb 66.9m 1 IT 374.76
899.15
911.74

(0O 000 00 K LI 00 O O D
O L OO0 oo
[T CI R SIS PR ]

205 Pb  1.70x107y 9
209 Pb 3.235h &
210 Pb 2220y 17
211 Pb  36.1648m 15
212 Pb 10.628 h 6

214 Pb 27.06 m 7

46.539

404.853
832.01

238.632
300.087
241.995
295.224
351.9320
201 Bi 111 m 4 e+B* 629.1
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=
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A El Ty)s Decay Mode E, (keV) I,>2%
786.4 9.8
818.9
902.0
936.2
990.6
1014.1
1108.1

o o

202 Bi 1.71h 4 e+p? 168.11

=i

o

203 Bi 11.76 h 5 e+B*+ 264.2

[S2N NG

—

ot

204 Bi 11.28h 9 e+pt 289.30

NONDN T

205 Bi 1491d 7 e+3* 549.84
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A El Ty)s Decay Mode E, (keV) I,>2%
70 .45 31
987.66 16.1
1043.75 7.5
1764.30 324
1775.80
1861.70
1903.45
206 Bi 6.243d 3 e+B*+ 183.977
343.51
497.06
516.18
53745
803.10
881.01
895.12
1098.26
1718.70
207 Bi 3122y 17 e+pT 569.698
1063.656
1770.228 6.9
208 Bi  3.680x10° y 40 e+ 2614.5 99.8
209 Bi 2.01x10¥y 8
210  Bi 5012d 5
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Sl SEE SIS CiSk O o

O OWE =N NS
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~©ow
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100 ©

210m Bi  3.14x10°y 15
211 Bi 214m 8
351.07

212 Bi 60.55 m 6 727.330

RXR PR PR

1

6
214  Bi 1971 m 2 609.321 4
768.360 4
934.056 3
1120294 1
1238122 5
1377.669 4
1407.988 2
1729.595 2
1764.491 1
2204.10 4
4

4

w

215 Bi 76m 2 B 271.1
293.5



204

206

El

Po

Po

Po

Ty/2

3.518 h 18

1.79h 11

8.8d 1

580 h 2

Decay Mode E, (keV)
517.5

e+

o
e+pt

o
e+B*+

G0

1104.5
63.185
137.023
270.068
317.016
534.92

212.0
261.0
511.0
599.8
836.8
849.8
872.4
1001.2
1239.1
1551.8

286.410
311.56
338.44
511.36
522.47
807.38
860.93
980.23
1007.15
1032.26

345.32
405.78
T42.72
911.77
992.39
1148.47

L>2%

2.1
3.1
12.3
11.1
31.9
4.9
15.2
8.7
13.2
34.3
27.6
11.0
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A El Ty)s Decay Mode E, (keV) I,>2%
208 Po 2898y 2 e+f*
o

200 Po 1240y 29

+
—
o

210 Po 138.378 d 4
211 Po 0.516s 3

212 Po 295.0 ns 4
214 Po 163.48 pis 4
215 Po 1.781 ms &

216 Po 144.0 ms 6
218  Po 3.097 m 10

RTPRRP®RIRK KRR LR M

207 At 181h &

m
+
<

300.648 1
467.116 7
588.333 1
648.095 4
658.40 6
675.154 6
721.14 6
814.41 4
907.08 6
1115196 4
4
6
6
8
9
5
1
5
1
1

vt o

—

208 At 1.63h & e+pt 177.595
205.40
517.055
660.040
686.527
807.137
845.044
896.66
989.94
1027.662

o
209 At 542h 5 B+ 104.187
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210

211

215
218

219
210
211

219
220
222
224
223

223

El

At

At
At

Rn
Rn

Rn

Rn
Rn
Rn
Fr

Ra

Ti/2

81h4

7216 h 6

37 s 3
12855

56 s 3
2421 4
14.7h 2

3.96s 1

55.6s 1
3.82146 d 16
114m 6
21.99 m 7

11.4352d 10

Decay Mode E, (keV) I,>2%
903.0

1103.4
1170.6

o

e+pt 2453
1181.4
1436.7
14833
15995
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224
225
226
228
230

224
225
226

227
228

229
227

228
229

El

Ra
Ra
Ra
Ra
Ra

Ac

Ac
Ac

Ac

Th

Th
Th

Ti/2

3.6313d 12
14.8d 2
1600y 7
575y 8
93 m 2

2.78h 17
9.9190 d 21
29.37h 12

217725y 26
6.15h 2

62.7m 5
18.6936 d 36

19116 y 10
7908 v 20

Decay Mode E, (keV)

TRRH®R

i3

63

269.463
323.871
338.282
240.986
40.09

186.211

63.0
72.0
202.8
469.7
478.7
131.35
215.75

185.60
253.5

158.05
230.00

209.253
270.245
328.000
338.320
463.004
794.947
911.204
964.766
968.971
1588.20
164.5240
569.30
50.13
235.96
256.23
299.98
329.85
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230
231

232
234

228

229
230

231

232

233

El

Th
Th

Th
Th

Pa

Pa

Pa

Pa

Ti/2

7.540x10% y 30
25.52 h 1

1.407x101 y 23
24.107 d 23

1980 9

155d 5
174d 4

3.274x10 y 21

131d 2

26.975d 13

Decay Mode E, (keV) I,>2%
86.40

®R

G4

193.52
210.853

25.65
84.2140

63.29
92.38
92.80
463.02
911.20

443.74
454.92
508.15
518.54
728.13
898.66
918.50
951.88

27.36
300.066
302.667
150.059
387.884
453.655
472.390
515.607
581.398
819.187
866.760
894.351
969.315
86.591
300.128
311.901

=

44
28

13.7
6.8
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A El Ty)s Decay Mode E, (keV) I ,>
340.477 44
234 Pa 6.671 h 22 3 131.30 18.9
152.71 6.3
227.25 6.0
569.5 8.6
733.39 7.2
880.5 6.5
883.24 10.0
925.0 8.2
926.72 7.6
946.00 14.0
239 Pa 18h5
230 U 2023 d 2 o
231 U 42d1 € 25.65 14.6
84.2140 7.3
o
232 U 68.90 y 28 SF
o
233 U 1.5919x10°y 12 «
234 U 2455x10°y 6 SF
o
235 U 7.040x10%y 10 SF
o 143.765 10.9
163.357 5.1
185.713 5782
205.311 5.0
236 U 2.3430x107y 30 SF
o
237 U 6.752d 5 63 26.3446 24
59.5409 34.5
208.005 21.2
238 U 4.463x10°y 5 SF
o
240 U 14.1h 1 3
234  Np 44d1 e+pt 742.78 B2
786.28 3.2
1193.78 6.0
1237.22 2.3
1391.87 2.2
1435.36 6.3
1527.21 11.1



A El Ty)» Decay Mode E, (keV) I,>
1558.31 18.5
1570.68 5.0
1601.80 9.0
235 Np 396.1d 12 €
o
236 Np 1.550x10°y 10 «o
€ 104.237 7.3
160.308 31.6
&
236m  Np 225h 4 B
9237 Np 2144x10°y 7 o 20.374 145
86.484 12.2
238 Np 20993d12 B 923.99 2.6
984.45 25.2
1025.87 8.8
1028.53 18.2
239 Np 2.3558 d 31 B 106.123 25.3
209.753 3.4
228.183 10.7
277.599 14.5
334.310 2.1
240 Np 61.9m 2 3 152.7 7.3
448.01 134
554.60 20.9
566.34 27.6
597.40 11.7
600.57 20.0
867.2 8.8
895.8 14.8
973.9 25.9
987.7 7.3
234 Pu 88h 1 €
o
236 Pu 2838y 7  SF
o
237 Pu 45.64 d 4 3 59.5409 3.3
o
238  Pu 877y 1 SF
o
239  Pu 24109y 15 SF
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A El T/ Decay Mode E, (keV) I,>2%
240 Pu 6562y 6 SF

o
241 Pu 14329y 29 (3

o
242 Pu 3.750x10°y 20 SF

o

243 Pu 4.955h 2 B

244  Pu 8.130x10"y 80 SF

o

245 Pu 1054 h 7 B 308.222
327.428
376.676
491.591
560.134
630.102

246 Pu 1084 d 2 B 27.58
43.81
179.94
223.75

RO WYL
=

owwY PTG D
ot o

247  Pu 227d 23
237 Am 73m 1 e+B* 280.23 4
438.4 8
473.5 4.
2
2
1

w

908.8
238  Am 97.4m 15 e+ 357.7

561.0
605.1 7.6

o
239 Am 119h 1 3 209.8

o
240 Am 509h 2 e+fB*+ 888.85 2
987.79 7

o
241 Am 4326y 6 Sk
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A El Ty)» Decay Mode E, (keV) L.>2%

26 3446 2.3
59.5409 35.9
242 Am 16.02h 2 B
€
242m Am 1419y 17 IT
a
243 Am 7345y 14 SF
o 43.53 519
74.66 67.2
244 Am 10.02 h 3 B 99.383 4.6
153.863 16.4
743.971 66.0
897.848 28.0
245 Am 2.047h 8 B 252.8 5.6
238 Cm 22h 4 SF
o
€
239 Cm 25h 4 e+pt 146.4 11.9
188 36.0
o
240 Cm 304 d 37 SF
o
€
241 Cm 328d 2 3 132.413 39
165.049 3.0
205.879 2.7
430.634 4.1
471.805 71.3
o
242 Cm 162.88 d 6 SF
o
243 Cm 29.18 y 12 SF
o 209.753 3.3
228.183 10.6
277.599 14.0
€
244 Cm 18112y 25  SF
o
245 Cm  825x10°y 7 SF
o 133.08 2.8
175.01 9.8

246 Cm 4757y 33 SF
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A El Ty)» Decay Mode E, (keV) I,>2%
o

247 Cm  156x107y 5 o 278.0 3.4
287.5 2.0
402.4 72.0
248 Cm  348x10°y 6 SF
o
249  Cm 64.15m 3 3
250 Cm ~8300 y SF
243 Bk 46h 2 e+pT
o
244 Bk 502h3  e+pt
o
245 Bk 496 d 3 € 252.85 30.6
380.8 2.5
o
246 Bk 180d2  e+pt
247 Bk 1.38x10°y 25 o 84 40.0
265 30.0
248m Bk 23.7h 2 3
€
249 Bk 327.2d 3 SF
o
&
250 Bk 3212h 5 B 989.125 45.0

1028.654 4.9
1031.852  35.6
246 Cf 35.7h 5 SF
247 Cf 311h 3 €
248 Cf 333.5d 28 SE

o
249 Cf 350.7y 20 Sk

o 252.82 26
333.37 148
388.15 66.0
250 Cf 1308y 9  SF
o
251 Cf 808y 43 177.52 17.3
2738 68

252 Cf 2647y 3 SF
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A El Ty)s Decay Mode E, (keV) I,>2%
o

253 Cf 17.78d 7 53
o

254 Cf 60.5d 2 SF

o
255 Cf 85m 18 B

249 Es 1022 m 6 e+ 375.1 3
379.5 40.8
813.2 9.2
o
250  Es 85h 1 e+pt 140.694 4.6
303.41 22.0
349.4 20.1
383.7 13.8
810.2 9.0
828.9 5.5
829.00 72.5
863.2 5.0
989.1 13:3
1031.9 10.6
o
250m  Es 221h 5 e+p*+
251 Es 33h 1 €
o
252  Es 471.7d 19 € 139.03 11.7
785.1 15.4
924.1 2.0
o
253  Es 20.466 d 23 SF
o
254  Es 275.7d 5 SF
o 63 2.0
254m  Es 39.2h 3 E‘F
o
5
B 58418 29
648.69 29.0
688.52 12.5
693.67 24.8
IT

255 Es 39.8d 12 SF
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A El Ty)s Decay Mode E, (keV) I,>2%
a

&
256m  Es 7.6 h B

257 Es 77d2 B

251  Fm 530h 8 e+pt 880.8 2.2

o
252 Fm 25.38h 12 SF
o
253 Fm 3.00d 12 €
o 271.8 2.6
254 Fm 3.240 h 2 SF
o
255 Fm 20.07h 7 SF

256  Fm 157.1m 12 SF
257 Fm 100.5d 2 SF

o 179.4 8.1
241.0 102
256 Md 777w 15  SF
Bt 634.1 6.2
644.0 71
677.3 31
682.1 6.5
692.0 48
13123 22
1326.1 21
1326.1 24
13571 22
13741 25
o
257 Md  552h5  SF
o 325.1 25
3714 11.7
5
258 Md  5152d29 o 711 3.0
276.8 7.7
296.7 21
367.8 381
447.9 13.9

259 Md 1.61h 6 SF
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A El Ty)2 Decay Mode E, (keV) 1,>2%
260 Md 31.8d 5 €
o

©
o

Sk

=
<}



Gamma Ray Energy Table

E(y) (keV) Parent Nuclides
7 TRy
9 EEIGR, SR
1 297
14 Co
16 7n
18 112pq
19 L
21 5iGd
22 1968 m, YE
23 nomg,, 126Gy, 119G}, 172y
24 101pq
25 1617, 161, 21T}, 231Q
2 WY, 2 Ay
o7 1207 281py 246py
29 867y 0B, 257N,
30 2)\[g, 195mpyg
32 100pg
35 125G}, 125mT 125
36 190n ],
37 Sompy 1857, 1957
38 196Gy, 162m o
39 129] 120my, 129C3g
40 627y, L1smg, 186mRe 25R,
41 gy, AR
42 Mo, 10Pd
43 66Ge, ISUHE, 19905, 216py, 213Am
44 iy
45 72Se, 8K
16 183y 18R 210p]
47 165y, 1T0HE
18 11T,
49 13T 156m, 223fy
50 Isampyp 223 27Ty
52 18T, 199,
53 TGa, PAs, ¥Ba
54 125Xe, 157y, 165Tm
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E(y) (keV) Parent Nuclides

5 1M0s

57 l"l.'ice l(}ZmHO l(}'l'Tnl lSﬂme

58 “[)FC‘ l:}ﬁn]cc‘ l:'lUGd l.')UDV

59 12 18mpp 18mR, BT 27y 241 Ay,

60 1y

61 G, 195Hg

63 157y, 169y], 169y}, 204po 280R, 2347}, 234

64 Wag 15y

65 %Ge, 190Sm, 'S1Re

66 B9Cs, ML

67 44Ti. 5100 6|Cu‘ 73Se‘ l74|uLu 172Hf 182Ta 182Re lSZRe
68 PEr

69 lﬁ.‘(sln. lﬁl(Gd. l()lle. 17.‘(’1‘3. IX‘JIT

70 llllnPa 177W : :

71 15SEr, 2%)\d

7 Wspy 1Ty 18T 230R,

73 1SS, 1930

74 100pq, 1091, 161Th, 243 A1

75 Wiy

76 133Q¢e; 4L

77 197py, 197}

78 ZT, TP, Tk,

79 IUSHIAg: 133Ba1 158Tb7 lb7H01 1(,“8'[“,-[]7 223Fr

SO 1311 lf;.")xc l.‘}:ﬂBa l.').")DV lGZmHO Ui(iHO “"jn]HO‘ l(ian]
81 12 17T,

%2 153, 166y 166y}, 191pg

84 W00p g 109, 170y, 170) 231y, 231() 247R)

6 126G 136( 155y 155, 160}, 2297y 233py BTN
87 126Gy, 133m e, 156Gy 109y

8 T2y 109pq 109 156y 156}, 176,y 176m] ) 178npyf 1767,
89 ORK, 170, B2y, HE '
90 172, 17T,

91 57Cu, Ga, M7Nd, '™ Ta

92 2, BT

()3 A'i7Cu ﬁ7Ga UWCd. llﬁTC lﬁ!‘Y‘h l7?§an lX()lI\Hf 18(]Ta
94 lﬁn')Dy, 18“Pt

96 e, 1Pt

97 133(t, 153(3, 182mqf 182mgp 1857, 198mpy
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E(y) (keV) Parent Nuclides

08 132m] 158, 1T0F[f 195], 195m[p 195mpg 1954
99 16mg}, 153Dy 183, 183Re, 2M A
100 BIpm, WLy, %2Ta, ¥2Re, %Ir

102 ™Zn, BmTe, ST

103 6Ky, 1538 m, 15Gd, 161 Ho, 196m]y

104 lpy 163y 175, 18imRe 209A¢ 256N
105 9y, ST

106 7Py, 29Np

107 'STa, 9Re

108 Citgly, ™y

109 193D, 109D, 11Re, MRe

110 187pg

11 1TIRy 184y I8iRe ISimpe 194my,

112 10,9y (E7Avy S vty MG MU V)

113 1B9mN g 175y, 189pg

114 9N, M6, LT2HE, 182, 182y 1830
115 U6, Ty, 1TV

16 MEr

18 18pg 1810

119 17T}, 190mRe 1841

120 I0Rf

191 Timgy T5ge UTRy 182Ey 182mEy, 177y}, 177mpy,
122 57Co, %Mo, 1 Hf

193 181, 154y, 14T}, 54T}, 154T) 154mTy, 154y, LT3[
124 12705, M Er

195 UHf 15T, 1T,

126 pq

127 SNj, 101Rp, 184mC, 12E;

128 1Ly

129 Ky, 05Ry, 129Bg, 1910g, 191pg, 195mpy
130 183m e, 169y, 18205, 197my

131 2iAc, BiPa

132 9ONb, 21Cm

133 181, WCe, SIHE 19Tmg 197T] 2450y,
134 EHE W ' '

135 116mg}, 190n7,. 2017]

136 9Co, PSe, MHY

137 186 1867, 1867, 186myy. 204p

75



E(y) (keV) Parent Nuclides

138 19505

139 TP, 1T ISIEf 252Fg

140 9mT e 18Py 2W0Eg

141 5By, 90Nb, 14T, 189p¢

142 Tl 200py,

143 18ampp 2357

44 Tz, 207 2R

45 7Xe, MiCe

146 TRy, 1T, 182myf 2390y,

147 133y, 17impy 19617y 200p},

148 103y 122Xe 123Xq 15T}

149 qGd

150 YD, 2P

151 Somiy, Smgr

152 182, 197T] 284p, 20N,

153 Hom, 136( 151G, 17Mm]y, 24 A
154 M5Gd, 25Ra

155 1320, M9NQ, 188 Re, 188]y

156 1mgy) 182yf

157 19Hg

158 56N, UTmy UTmgy 117G}, 185], 199 Ay 1997T] 2267
159 e, ",

160 13Ty, 26N

161 155, 183y, 18imR,

162 90\o, M0Ba, 1IHE, 189Ta, 183Re
163 136 155, 2857

164 MO, ITOHE 294

165 88Kr, 139Ba, 139Ce, 1%Sm, #!Cm
167 1lpy, 810g, 8805, 200T]

168 52Fe, 19n Ay, 202Bj, 2!'Rn

169 1o

170 1T

171 Uiy 1By, Ty 182mpg

172 Ulmpq 127X 17Ty 195m]y 191pg
173 1pp

174 TAs, lGd

175 18G, 80Gy BR8] 250y,

176 1258h, 136Cs



E(y) (keV) Parent Nuclides

177 BIPm, Y], A, FCE

178 BXe

179 26py, BTFm

180 120G}, 151}, 15T, 173y, 1820, 198mA
181 99\ [o, 18T, 172y 172y, 1847f, 200m Ay
182 %6Ge, 132Ce

183 SmRp, 2005

184 §7Cu, §7Ga, 195Dy, 162mHq, 166m o 16Ty 168y,
185 20pc, WU

186 1Ty 1Ty 190mRe 190[ 190n]; 187py 192fg 226R,
187 9T, 18Py

188 1250 1967y 29Cy

190 G, SIRD, Mm]y,, 1820,

101 27, 1691y, 197py

192 e, MeHf

193 2o

195 185pg, 29A¢

196 SKr, 12mXe

197 HTEy, 10T, 109y

198 R

199 T

200 13imp,

201 16y, 170y, 187Py

202 my 127X 2R,

203 Mo, Tn, 1Lu

204 95mNp, 95mT 156Gy, 17Anpy 198m Ay,
205 190, 28A¢, 29U, 20

206 '5Ce, MTa

207 167Ho, 7Tm, '™ Ta

208 67Ga, 177Ly, 170y, TOHE, 18Re, 199 Ay, 199T], 2370
209 28Ac, #Np, #9Am, >BCm

210 20T

211 TGe, 199Nd, 9 Er, 19]r

219 12lnp 1217 153, 205pg,

213 18Dy, 1TSnf

214 120B, 1797y 198mAy

215 TGe, 97Ru, 10T, 180mpf, 184, 2470
216 181, 1320, ITnff 18mRe 189R,

7



E(y) (keV)
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248

255

Parent Nuclides
79}(1.T IZ(SB_A
lljSTln l77mL11 l!JKHg
lﬂ‘)Rc ’
BE, 1298,
S2Br
1827, 196mp|
26py
182mppp
154y 154},
155y 198mT] 239 A
Y, s

234pa 251Cf
I:QTE‘,, l77mLu7 239Np7 23‘)Am1 243Cm
147Gd. 182Tﬂ. 182Re
2267
85 85 85 143,
smgy 85y Simy | 130
133myY, 1263,

s
223
80Gy 95mN,, 200pt, 27T}
179ngyf. 183()g

s
167
TRy, 1810, 212Ph
1By, 16Ty, 209 A
liilmTe. lr'\‘JNd. lSlP!n ZU‘ZBi 22"\}{a
SJZS!‘7 ”(;be 12“Ba, 1“3Tm. 2[411‘_)1,)7 257Fn]
8GZI. IGSTHI. 181()5. 105’1‘1
627n, 13 Ag, 15X, 151Gd, 1Pt
156Sm, 152y, %Dy, $Ta
11y 189R, 189], 210A¢
183
154y 154, 154}, 154mp, 154, 18Ty 1997
158y
TRy, 1%5Xe, 131Ba, 15T
ZURn
132C9, 151Tb
7()1,(rT 127Sb‘ 184T5l‘ l?%-’ch‘ l?i-’lml:{cY 245A11]‘ 2415]3](Y Z4“Cf
1smg, 2267

s
137 e, 153Dy, 18]

; g
113Gy, 200m Ay

y



E(y) (keV)
256
257
258
259
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
284
285
286
287
288
289
290
291
292
293
294
295

Parent Nuclides

lasz, 227Th

901\/[07 126]3_(17 178“Hf, ‘ZHOPh

lSJ.‘(Hg

198mp] 195p,

Ky, 195m Ay, 195mELg 205p,

105R, 15T},

9Bm\ [, 1820, 18]y

5Ge, TGe, PSe, 82Ta, 23Bj

13500, 247Bk

93y, 1037 17Ty

19N |

IKE“‘B?}, l&(iSn,lT 177lel, l79anv ZOUPb
SbNi, l()ll:)dT 22.‘(Ra

T6Ky, 19m T 1M9INQ, 182Hf, 204pg, 287 ¢
Hmge Ty 12T, 205B; 2Ry, 2BFy
66Ge, 490, 1BLu

170, 136Cs, 1258,

158Dy, 153Dy, 192Hg

133mpB, 151 pyy

Ky, 139Ba, 28Md

Ge, WEW, 25T1, 29Np, 29 Am, 2Cm
133].434, 247Cm

7589, ”met, 1‘)7“1Hg1 ZUKHg‘ l!)STl_ 203Ph
lOSAg, l(iﬁmH[)’ Z.‘(TAH]

77Br‘ uﬁBfL l77mL11

61Cy, 162m], 175y, 198mT

13171997

19y, 18Tpy 1961y

5By, 206pg

1Tl M0y, ZHChin

Usmpy,

2044

PRu, 127Sh, 98ph

1568, 183Re

TBr

Ge, e, 94y, 94Ay, 255B;

190,

171Er 1921r 192Au 214Pb
s s 3
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E(y) (keV) Parent Nuclides

206 101p 126G}, 165y, 1T3[[f, 186, 16T, 186wy, 210] 258\
297 Ga, "Br, % Tm

208 M9 10T

209 19T, 27T

300 6(Ga, 135Ce, 189pt, 19T, 212p}, 207 At 231py. 283py
301 %Ru, 1907

302 18R, 8Smpy 281py

303 1%Ce, PEs

304 smgy 140B, 187pg

306 Ky, 10ImRy, 105k}, 1767y, 173Qf 1925
307 10y

308 0y 1TIgy 192[ 1927 197]] 245py
309 K

311 Ky, 13, 200pg, 233Py

313 185,

314 9T, 125gh, 125Gh, 101y

315 Ky, 1y, 17

316 105R Y, 192, 1924y, 196n 7y,

317 18Py, 2ip,

318 1200, 157y, 184, 184mRe

319 105R, 105 A, 177y, 195m]y

320  Mcr

321 167Ho,

32  ®Rh

323 Mo, **Ra

324 Ru

395 BQa, IR, BN, SO, 257\

326 TAs, 9Nd, ¥Dy

327 M9y, 1Ty, 2Py

398 1263, 107, 1947, 194m. 1947, 2287
320 92Ce, 2TTh

330 1PXe

331 10Ag 2Py

332 180mpf 200m Ay

333 150pyy, 150, 150mpgy 196 Ay, 198m Ay 290f
334 13l 2BINp, ' '

336 Ry, 150, 1],

338 00e, 194m], 206, 23R, 28A¢
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E(y) (keV) Parent Nuclides

339 182mpyf
340 9mRY, 136Cg, 5Py, 298Py

342 Hipg

343 1HE, 200B4

344 1050 170, 191ppy, 92y, 52y, 92T, 182y, 8¢
345 IBLf 207pg

346 183m(e 149G, 14T, 130T, 167, 165y, 197mpy 2023
347 TP

348 15Ty

349 20Es

350 122Xe 13C

351 191py, 21p}, 21B;

352 HIThH

353 PRh, '%Ta, 1%Pb

354 138mpy

355 6K, 977y, 196m]y 1964,

356 13335, 19T

357 238 Am

359 195my,. 191y

360 181Re

361 73Ge, 190mRe 1907, 190n], 201y,
362 S8y, 1Tnpf

363 19Gd

364 1317 195my,

365 I81Re, 195Ph

366 65N, 19p},

367 (e, 17Tm g 200m Ay 200 258 [
370 157Ry, 47Gd

371 1200 190mRe 1907, 257\ [

372 BK, $8Sc

373 61Cu, ¥1Ba

374 127X o, 204mp], 204B;

375 29Es

376 2P

377 TBr

378 80Sy, 17Tmyy

379 29Es

380 sTary 265



E(y) (keV) Parent Nuclides

381 6Ge, $35r, 19905, 18P, 199Hg
382 188pp,

383 lfi.‘(BaY 172EY. 230ES

384 1847y, 18R,

386 Tl 167, 138Fy

387 195mpg 232p,

388 STmgy 8Ty’ 126] 1497}, 2490¢
389 (Y, 22T

390 138mpy 184], 194my

391 Ulmpq Usmp, 113G,

392 887, 105Ag

303 7Ga, 1Ry, 19601y

394 6271

395 oy

306 BK, HGd, YD

397 Ky, 185f, 19mRe 190] 195pY,
398 BT,

400 Mg, ™Se

401 203pp, 29Rn

402 87Kr, #7Cm

403 "7Ho

404 BED)

405 201p, 27pg

406 7')KY, l(](imAAgT IGUPI]'I, l.’)UmEu
407 ll(imsb, 172EI. ISYUmI{c7 l!\(\Ir

409 157y, 1T9npf, 191py

410 157fy, 166mE,

411 127 19 152y, 152, 1987y 1987] 198mp)
412 127g],

413 105 Ry, 177my

414 80Gp, 126G}, MSmpyy, MSEy 48Ry 180Ty
416 Ge

417 13017 177\V

418 83Gy, 102mR 17impy

420 lUZmRh‘ lSJ(imIl,

499 156, 202mpy, 202B;

493 0B, M9\, 185p¢

425 el L0



E(y) (keV)
426
427
429
430
431
432
433
434
436
438
439
441
442
443
445
446
447
448
449

461

469

Parent Nuclides

1097y 134T, 154y 1TSHE 1Ty 1967y,
TRy, 125G],

106mR 10607 g

926y M6Ry 2410,

TBr

0L 133m(e 195m]y
108mp g 197

170, 1867y

16mg}, 175,

9my, 127G 237 Ay
150y, 202T]

198m]

9RL. 2R

86y 1057 g 152y 51T}, 180mpf 20py
Mo, 1?7Sb, 1Pm

SIR}, 100RY, 172Ry

168y 196mpy 258\ [

92y, 20Ny,

Yre

106mR, 100mA g 200p},
TKr, 1%2Ce

15X 6Py, 179y 282Dy
1S 230p,

182ampg 1997

SIRD, 1Pt

129 IS3Ef, 202mpy,
9N, 167Ho, 16T, 1980s
TN T

1270

125G], 2287 228py

132 5, 14T,

2077

102R, 192]

105Ry, 290R,,

TN

163y 2410y

282p,

127G}, 237 A

196mep]



E(y) (keV) Parent Nuclides

474 TEu

475 lUZRh lUZmRh

476 Hpy

477 "Be, ®Co, 1331Ce

478 188 20R,

479 90my 151y, 187\

480 %N, %Nb

481 TR, 19my

482 I81gf 194m],

484 STy 183m()g 192],

486  YBa

487 PEgm, L),

48() 4703‘ l2bBﬂ. lSY&nTl

490 127G 13y, 202mp}
491 2 20py

102 cd

403 i

495 g

496 B1Ba, 10T

497 103Ry,. 200m Ay 20035
499 T As, 1PRu

500 Msowpg

501 Mswppy 1R

502 s

54 By

505 132 150fy,, 196mT|

506 LSwf

507 627n, 977r, $9mNb, 121 Te
508 0pa

510 SR}, 133mCe, 1820 205T]
511 Thngy 106uR], 106m A, 50T}, 205pg, 206p,
514 8381

515 %Y, 2L %P,

516 19Gd, 2B

517 2B, MA

518 IXSCC 154me lgﬂn]RC IQUIr QKOPa
519 e

520 TBr, Rb



E(y) (keV) Parent Nuclides

521 1967,
522 132]206py,

56 sh

527 15Cd

528 “Rh

529 3R], 183, 166m g

531 Wipg 147N

532 9T, 1

534 G, 16T, 21Po

535 S5my”

536 B6(e, 130 180T, 18mRe
537 SIRD, 0By, 206B;

538 0Py

539 ORh, M

540 132] 5 MON (. 14T}, 154my, 1T0ppf
542 lomgp, 15gy

543 Sp

544 129g), 189pg

545 Tpg, 10ImR], 2097t

546 S

547 13$mpy.

548 827n, 129Cs

549 2B

550 WUSpyy USmpy, 8Ey
551 8Ty é“”At

552 $3Rb

553 808y, M5By

554 2By, MR, 1298, 47Th, 240N
555  liAg

556 'Rk

557 TG, 1330, 190mR e, 190],
558 Hdmpy 195

550 A5, OBr, 17Gd

560 120 195mpgg 245py

561 %2Y, Nb, %SAm

562 194y, 194my,.

563 0By, BiCs, 1T1

564 Wl g



E(y) (keV) Parent Nuclides

565 10ipq

566 20Np

567 28

568 9Nb, 189Pg

560 1310, 180T} 190mRe 190, 202B; 207R; 297 2P,
570 L, g

571 HSEy

572 EC, MR

573 1268, 121Te

574 9Ge, TVHE

575 Himp 198p,

577 1350, 197T]

578 TBr, 202Bi

579 200m Ay 20| 20534

530 Ulmpq 193]y

581 107y, 232py,

582 95mTe 1924y

583 )

584 1opy, 150y, 201p}, 2imEg
585 RREIE;

586 192Th

587 127 151}, 198m)

538 S9mNp, W0R], 192]y, 196mT] 207 A¢
589 808y

590 01pq

591 iEy

592 1Oy

593 K, 1268

595 Timzn, MAs

596 62Zn

597 20Np

599 1B2m MSmpy, 205pg

600 2Ga, 159D, 9my, 20Np
601 2, i gn

602 124g}, 1247

603 127G}, 182y

604 131 192]y

605 e ey AR 25,



E(y) (keV) Parent Nuclides

606 K, 12Ag, 1238h, ¥Ce
607 R

608 1Xe

609 214B4

610 103Ry, 172Ry, 196T]

611 Usmpyy WSEy, 17TW

612 867, 192[y, 19240

613 g, iim

614 108m 7 g 132

616 106mR,, 106mA g 151, 19007,
617 BK, 9mRh, 12Ag

618 9Rh, “4Pm, ¥TW

619 82By, S2mRb, PTEu

620 Tlmyy, 1T0Hf

623 1097y,

626 PRu

627 8oy

628 102R}y, 102mR], 128Gh, 116Te
629 Qa, 2As, USmpyy, USEy, 18Tpy, 21B;
630 182] 1867, 186mp, 245py
631 TGe, 12MRh, 1% Tm

632 Himpq

633 MOy, 88Ty

634 T4As, YRy, 88Ty, 256Md
635 125G, 196 196mp)

636 128G}, 1317 1987] 198mp]
638 10T

639 SIRe

641 H0py, 1207 M2

644 1057, 19T, 256Md

645 80y, 121G], 191 Ay

646 g, FA0)

647 196m

648 207\ 2imEg

649 15tm Y, 1540,

650 105N 109, 150,

652 98, Sy, BTe, 9Th

653 WEy



E(y) (keV) Parent Nuclides

654 125G, 129Gh, 19Nd

656 61Cu

657 T6As, By, 9Nb, U0mAg 110, 10my 202mp}, 202B;
658 207A¢

660 205A¢

661 187(yg, 181Re, 200

663 132

664 180, 1Dy

665 H6Ey

666 126G}, 1267

667 12y 13mp 18205 171y
668 1301

669 1327

670 201B4

671 1321

673 190mRe

674 2R

675 R, 2

676 105y, 154mTY,

677 Homp g 110y TRy 256)\[d
678 21URn

680 BB

681 120Ba

682 129Gh, 256Md

684 93m\[o 19m]y

685 127G, 187y

686 205A¢

687 110mp g 194

688 2impg

689 10GeLy

691 166

692 2RIy, Ty, 2R, 2N
693 196my  254m g

694 A5, Hmpq, 124 MTTY,
695 126G}, 120m 196m]

696 Hpy

697 102mR ], 1268h, 1721

698 82y, $2mRb, 27Sh



E(y) (keV) Parent Nuclides

699 19T,

702 9INb, UTc, "Eu

703 S0y, Wy, 207B

705 166

706 Uomp g

707 Wim

708 1mNq

709 187p,

710 16Ty,

711 16mHq

712 120pyy, 186m]y

713 sp

T4 TGe

7 106mRy,, 106m Ay 151py, 18505
719 96N, U7 e

790 126G}, 168y, 199pt,
791 13, 189pg, 2077
799 108m 7 g 124gG], 124

793 14y, 150Fy, 196mT]
724 9%57r, 15Ru

725 My MSmpy,  H8Ey
797 196my,. 212

728 Z0pa

731 BITH

733 2y

735 H6py

737 B0Ey

738 139mNd

739 BGa, Mo, P, MLy
740 1047y

741 3P, 165 m

7492 1037y 207pg, 234N
743 977y, 125Gh, 1258h, 2 A
744 52Mn

745 BTe

47 WUopy U6Ey

748 106mRy, 1060 Ay 11TmC 190y, 19G
749 N, 91y



E(y) (keV)
751
752
753
754
756
759
761
762
763
764
765
766
767
768
769
772
773
776
T
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796

Parent Nuclides

“ULav U’OEH, 1810S

lljl}mHo

71le]‘ 12?{ShY 12!iI

125G},

957, 154y,

200m A

1296}, 199p},

838Gy, 204p,

1omp g

1527,

PNb, PTe, 17Gd

lU‘ZmRh

XSmY‘ lﬂ-’lAg: lX(iIL lﬁlijr‘ ZUIPh
214p;

S9mN

132) 132mp 187y

18lmp 186], 186], 186my.
S2B;, S2mR},

86y, 99)Mo

96N, BT, 12Eu, 47Gd, 152Th, 166Tm
195 g

138}, 171y

209 ¢

liilmT‘C

12751’)‘ lfL’»Cc. lﬁ.‘(Hf

13301

017G 16Ty 252

95mT, 202mpp, 1Rj 24N
1810

138] 5 138mpy 1493

193

20904

ZUdBi

l&UTb‘ lSr'lTa‘ l&lRE‘ lSr'lmRe
lf{lmTC

287

1340

139mN |
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E(y) (keV) Parent Nuclides

798 HTEn

799 182mpyp 210

801 B0

802 189mNd

803 200134

805 127Gy, 181Re

806 PRu, P Tm

807 47Ca, 2%Po, 284t
809 139mN

810 8o, BNb, 166mHo, 1721y, P0Es
811 %0Ni, 1Eu

812 £, "R, A
813 29Es

814 207

815 MO, 165

817 "Br, “9Th

818 omp g 136C, 201 B
819 IR, 2Ry

820 95me W3R,

821 e

822 100R, 1%°Sn

823 iSn

824 106m g 127G

825 106mRY 2034

326 161y, 201pY,

897 s2pp, S2mRp, WInNQ, 18105, 9Hg
898 A, 135Ce, 20T, 20Rg
829 168y, 1887y 250Fg
830 106m o

831 170, 150pm, 18105
832 211ph

833 56Ga, ?As

834 5Mn, ™?Ga, ¥Kr
835 95mrPe 196m]y

336 135], 205pg

839 SN P

841 152y 1847,

844 116mg},
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E(y) (keV) Parent Nuclides

845 STKy, 208 A¢

846 56Mn, *Co

847 2034

848 52Mn

849 9N, MTe, B¢, 205Pg
851 18308

852 13tmpe

853 9T, 171y

856 1268, 1TEy

857 1047 g 175, 197T]

859 1278, Y0pm

360 UTm, 208T] 20| 206pg,
861 LT 19y

863 20Eg

865 195pt

866 2Ry, 22p,

867 0L, 12Fy, 20Np
869 USEy

871 “Ge, YINb, Y Te, 5Ce
872 IR

873 Py, PmTh

874 10

875 1W05Ry, 193]

876 150pm

879 160,

880 170, B0, 1850, 231pa, B1Fm
881 S4Rb, 20Bi

883 204pg 24Py

884 110mp g 1107y 195
888 78As, 20Am

889 4638¢, 19Lu

893 WEy, YGd

894 ™2Ga, M2La, 13Re, %?Pa
395 20083 200N

396 2035 2087

897 24

898 S8y 230p,

899 123)(e 132La. 204me 20-’1Bi
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E(y) (keV) Parent Nuclides

900 2L

902 201Bj

903 181, 18IRe 18ImRe 200 ¢
904 R

905 15Dy

907 201pp, 077

908 257 Am

909 89Zx

910 139mN(

911 204mpy, 204p; 24 207pg 2VA 28py
912 HomTe 1721y

913 oY

914 129Gh, 18py

915 125G, MSmpy,

916 e

917 61Co

918 204Bi, 20Pa, 28 Am

919 14074,

920 184y 184mR,

023 104 1T 238N

924 292Es

925 91gy 1047g 105 234py
926 231pa

927 202B4

929 WGd

931 trely

033 e, WTEy

034 92y 92N}, 92mN}, 214Rj
935 92Mn

936 9mRh, 201Bj

937 HomA g 10y 162mp o
938 G

041 BMg, OMo, WAg, 28 Am
042 119m, 182mpye

944 By 18T

945 )

946 2Ry, 2Py

047 98y, 2Ry
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E(y) (keV) Parent Nuclides

948 Ay

951 2Py

953 9281, 81Re

054 1321 202

955 WiEy, 810s

960 1697y, 202mpy, 20235
961 ™y

962 By, Ey, 25w
963 12mEy

064 Timg,, 152Fy, 196T] 2287
966 1298, 160Th

968 2BAc

969 232pa

972 116mg},

973 20Np

974 2y

976 Home

979 i, MR

980 206,

082 139mN

983 488, 1By, 201Bi

084 2INp

985 0Ly

087 1867, 186my 203B 240N, 2004
089 126G, 208 7¢ 250B 20Fg
990 2014

992 i 207pg

993 126B5

096 N7, 194y, 19T,
997 M

999 95Dy

1000 181Re

1001 205pg

1002 BT

1003 0Lu

1004 IS4EH. 15-’1me~ 154nTb
1007 gszb. lUSA& 2UGPO
1009 I81Re
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E(y) (keV)
1011
1013
1014
1016
1024
1025
1027
1028
1029
1030
1031
1032
1033
1034
1036
1037
1038
1039
1040
1043
1044
1045
1046
1048
1049
1050
1051
1054
1058
1060
1063
1065
1067
1069
1070
1072

Parent Nuclides

H‘ZL;L l\)rimh.

l‘mell]

177“7‘ ‘ZUlBi

204p,

91gy

2B8Np

208 A4

28N, 290B

N7y

ssmy 129G}

182] 5 290, 250

206p,,

l:’l&Eu‘ 2“3Bi

lYlllm()g

17Ty

43¢, 50Co

135] 138mpy.

66(3q, mTe

204p,

142] 5 205R;

82Bl‘, ﬂZmva lR-’lh.

l(](imAg

lU‘ZmRh lUGmRh

19w, 1360

lS()Eu ’

72Ga, %Ru, 180g)

n7cg

1707 4

HOEy

1810

207§

|17mcd 156Eu |56Tb
y »

IZGSn

l:’l7Gd

ZU)TI

llﬂmsb

9B

s6y



E(y) (keV)
1077
1079
1080
1085
1088
1089
1090
1091
1093
1095
1096
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1112
1114
1115
1118
1120
1121
1124
1125
1126
1127
1129
1130
1131
1135

Parent Nuclides
BGa, ¥Rb, “TEu
156 Ry

177Yb7 lU.‘(Hg

TGe, 2By

lﬂﬁAg

1258, 15Dy

U, 155Dy

96N, 118mg},
12850 172y 172y
T As, 127Sn

PRu

2064

SSYFC

195T1

1830 ()g

lZlm'j[‘e

102R),, 102mR, 209 A
1947, 215B;

1847y

HGe

100RY,, 138, 1890 Qg
ZOlBi

lG'ZTb

21\)T1

lﬂ2mRh. 132Eu
127G,

6N, 77, 207 At
1981

65, 21y

1827, 182R0 182R,
1357

|3|m’:[‘e
%Te, 21 Rn

SSYNbﬁ lU(imRJ]
ZI)AL 7“BY7 ‘)(!Nh
147Gd

1351

199p},
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E(y) (keV)
1136
1138
1142
1147
1148
1152
1153
1154
1155
1157
1159
1165
1170
1173
1175
1176
1177
1178
1181
1184
1185
1189
1190
1193
1200
1201
1204
1205
1206
1208
1209
1210
1211
1212
1216
1220
1221
1222

Parent Nuclides
119mT,
L0l

92g;

97y

1097, 207pg,
TGN

86y 156y,
156, 156,
10370 195Dy
44g, 130]
156, 176,
150pm

209 ¢

60Co

O] 1917y,
166y
1607},

BRu

21074
e im

176y,

150ppy 234Np
96N, 19571
1201

leNb

l”T&. 200T1
l31mTe

173T&

188y

210

204B4

148G 119mTy
6As, TBr
l(SQmHO
lea. IMR,C. li§2R'C
156Tb
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E(y) (keV) Parent Nuclides
1224 176

1225 170y 2007
1227 817y

1229 118mg},
1230 156y

1231 1827, 182Re
1234 umncq

1235 E40h

1237 24Np

1238 EifQly, 2R
1239 199p, 205po
1240 8As

1241 Y, MLu
1242 156Ey

1246 22Mn

1260 9

1261 9mR Ry

1265 N

1269 195

1271 Mo, 1°Th

1273 IUSAg< XGBTHL 2001
1274 #Na, "*'Eu

1276 1% Hg

1280 0Ly

1289 101pq

1291 e

1203 1Ay, Homgp, 1203,
1297 4TCa, 46Ey

1298 133

1299 1527,

1303 n7cq

1308 As

1312 i8gc, 48y 160, 198T] 236)[q

1316 5 Co, 21071
1317 82By, 82mR,
1324 150pyy

1325 2014

1326 26)\[d, 256Md
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E(y) (keV)
1332
1333
1336
1341
1342
1343
1357
1360
1362
1363
1364
1365
1368
1370
1372
1373
1374
1377
1380
1382
1383
1384
1387
1391
1397
1398
1404
1405
1407
1408
1410
1411
1419
1420
1421
1422
1432
1434

Parent Nuclides
60C

52Mn

Mo

10Rp 104Ag
Mg

150Fy

260Md

%Co

BTe, 1R, 2"Rn
1957 200
L

1310

2iNa, TGe, 121Sb
%Co

Mg

S As

163, 296\ d
STN, 21Bj
By

199pt,

928y

10mp o

u2p g 172y
BN,

163y,

132]

S5my

92y

2144

55C0, 152Ey
PRu

197T]

1547y, 1540,
1987

156},

19204

nmcg
52\, 1% Tm
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E(y) (keV) Parent Nuclides
1435 13T, 195T], 231N

1436 2107t
1447 18T
1449 19T,
1453 10T

1457 =T
1459 PRu

1460 K

1465 W8P, T2 Tm
1466 iy

1468 1A

1470 1SS f

1474 52Br, S2MRb
1477 93m\ [0, BTe

1481 O5Ni
1483 210A¢
1495 196
1500 1800
1502 199p
1505 11omp o
1509 1241
1514 A
1518 150
1520 Bl
1523 120p
1524 2K

1526 Wigg
1527 106mp g 234N
1529 88Ky, 16mRh, 172 Tm

1530 As

1533 Saont
1536 203B4
1545 M2
1551 205pg

1553 Sllv_ muRh l‘niT]
1558 2Np

1561 Ni

1570 ZUNp
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E(y) (keV)
1575
1576
1577
1584
1588
1589
1592
1596
1599
1601
1604
1608
1611
1613
1617
1621
1622
1627
1650
1658
1668
1678
1679
1690
1696
1706
1715
1716
1718
1723
1729
1732
1736
1738
1740
1745
1749
1754

Parent Nuclides
12py

n7cd

238 Ay
176,

28,

Mg

Yre

2(q, M0y
21074

BAND

1321
R
0N

n2p

186m]y

1967

1097,

8N, 47T
2014

U5y 199p,
1857y

1351

203

124g}, 1241
176, 196
1357

188

17T,

200134

G, 1924,
2144

1857

150pm
120G}, 1857,
STKr

38g

19T 199pY,
186m]y.
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E(y) (keV)
1757
1764
1770
1771
1775
1791
1793
1808
1810
1823
1828
1832
1833
1836
1847
1853
1854
1861
1887
1893
1901
1903
1909
1919
1920
1921
1924
1929
1941
1947
1997
2003
2010
2011
2015
2029
2034
2035

Parent Nuclides
9N

2055 214p;
2074

60

20534

135]

175

A1

Mn
176y

15Ty
2w, I
SN

88y

20314

Br

86y

20, 2B}
1940

2034

2L
2051

1821,

5TNi

6y

192Au
1940
R

38g

7y,
UG, 45Ey
127Sn
210

STy, 196T]
%Co

SSKr

560

EETGe

102



E(y) (keV) Parent Nuclides
2040 18]
2041 10Ty
2043 1A
2052 166

2059 S8y
2060 139mNd
2063 ™y

2079 RS
2089 19m

2090 1248h
2096 N, 198y
2102 132La
2106 2Ag
2113 56Mm
2123 sy
2126 MLy
2129 1oy
2172 sy’
2186 PNb
2187 2La
2189 Ga
2195 SSKr
2201 “Ga
2204 214B4
2212 196
2214 18]y
2231 SKr
2237 19240
2240 By
2300 e
2318 ONb
2322 WimGd
2360 210
2375 100Rh
2391 Br
2392 SSKr
2397 M2
2430 207]
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E(y) (keV)
2491
2507
2521
2542
2554
2558
2564
2572
2598
2614
2680
2751
2754
2792
2832
2950
2971
3092
3202
3253
3383
4295

Parent Nuclides

72G3
72Ga
U
1427

20814
, 2PBi
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E(2) (keV),

Alpha Decay Energy Table

E() (keV),

1(2)>20% Parent Nuclides 1(2)>20% Parent Nuclides

3077 2B 5342 6Cm
3947 22T] 5361 #5Cm
4012 22T 5385 26Cm
4151 B8y 5423 28T
4198 28y 5456 28py
4395 25y 5485 2 Am
4445 20y 5489 22Rn
4494 26y 5499 e
4589 2 5531 7Bk
4620 Z0Th 5606 23Ra
4687 20T 5679 »iof
4722 By 5685 2Ra
4771 BINp 5716 23Ra
4774 B4y 5720 20py
4784 20Ra 5756 21T
4788 ZTNp 5762 240m
4824 233 5767 230py
4845 20Th 5785 43Cm
4858 22py 5804 2 Cm
4870 H1Cm 5810 H0f
4883 29pg 5817 By
4902 #2py 5830 5 Ac
4951 21py 5854 »ICt
5013 Blpy 5869 2 AL
5028 Blpy 5888 20y
5123 20py 5977 21T
5156 29py 6030 20Cf
5168 20py 6038 21T
5263 232y 6050 212B;
5275 2 Am 6069 #20m
5304 BB 6112 220m
5320 27 6118 »20f
5340 22 6258 280t

105



E(a) (keV),
1(2)>20% Parent Nuclides

6288 220Rn

6428 B0
6519 BTFm
6622 B4
6632 2R
6633 23
6708 20
6718 28\ d
6750 2R
6763 28N d
6778 ZEED
6819 29Rn
7022 25Fm
7039 22Fm
7192 Ay
7386 215po
7450 22
7686 21po

106



The following radioactive decay chains
occur in nature:

The Thorium Series:
22Th (a)25Ra(F) 28 Ac(3) 25 Th(s) 2'Ra()
22”Rn(0{)2wl—)0(0() 212Pb(ﬁ—)2[2Bi(ﬁ—)212po(a)2081’)b7
ZIZBi(O()ZURTl(B—) ZK)XPb
The Uranium Series:
QBXU(a)Z‘MTh(ﬁ—)Z(}APa(p—)ZﬂU(u) 2:50Th(o<)226Ra(0()
QQZRn(u)ﬂ”PO(ﬁ )ZIXAT (0()21 1Bl(p—)
21-’1P0( )Zl(]Pb(p
Zlﬂpo(a) ”“Pb(rﬂ )214]31(0()21[!’1‘1([5 )
®)
(o

210Ph(3)210Bi (o) 26T (37 2°Pb,
210Ph() 206 Hg ()20 T1(B")25Pb,
210B(3)210Po (o) 00 Ph

The Actinium Series:
T (o) PITh (5 )2 Pa(o) 2 Ac(p )2 Th (o) Ra(a),
zz‘Ac (0)?5Fr(3)*Ra(o)*“Ra(a),
23y (o) 9 At(B7) 2R (o) 5 Po (a),
)
)

297 t(o )2“31 8)25Po ()25 At(a)
2B ()21 Po () 27Pb,
QI)PO( >2Hpb(‘ )OHBI(‘A)QUWI‘IGB’) 207Pb
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Radioactive Nuclides in Nature

Nuclide Ti/2 Decay Mode Major yrays
Z El A
1 H 3 12.322 y g
6 C 14 5686 y B
19 K 40  1.248x10°y [ 1460.8
23 V. 50 2.68x10'7 y e, 1553.8
37 Rb 87 4.967x10' y g
48 Cd 113 8.04x10 y 3
49 In 115  441x10%y 6
57 La 138 1.028x10"y e, [
60 Nd 144 2.29x101 y o
62 Sm 147  1.068x10" y o
148 6.8x10" y o
64 Gd 152 1.08x10" y o
71 Lu 176 3.714x10"°y g 88.3,201.8,306.8
72 Hf 174  7.00x10' y o
75 Re 187  4.12x10"0y -
76 Os 186  2.0x10"y a
78 Pt 190  4.90x10y a
90 Th 232 1.407x10"y a
92 U 235 7.040x10% y o, IT 143.8, 163.4, 185.7, 205.3
238  4.463x10" y a, SF
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List of Elements - Alphabetical

Name
Actinium
Aluminum
Americium
Antimony
Argon
Arsenic
Astatine
Barium
Berkelium
Beryllium
Bismuth
Bohrium
Boron
Bromine
Cadmium
Calcium
Californium
Carbon
Cerium
Cesium
Chlorine
Chromium
Cobalt,
Copernicium
Copper
Curium
Darmstadtium
Dubnium
Dysprosium
Einsteinium
Erbium
Europium
Fermium

Symbol
Ac
Al
Am
Sb
Ar
As
At
Ba
Bk
Be
Bi
Bh
B
Br
Cd
Ca
Ct
C
Ce
Cs
Cl
Cr
Co
Cn
Cu
Cm
Ds
Db
Dy
Es
Er
Eu
Fm

Z
89
13
95
51
18
33
85
56
97
4
83
107
5
35
48
20
98
6
58
55
17
24
27
112
29
96
110
105
66
99
68
63
100

109

Name
Flerovium
Fluorine
Francium
Gadolinium
Gallium
Germanium
Gold
Hafnium
Hassium
Helium
Holmium
Hydrogen
Indium
Todine
Iridium

Iron
Krypton
Lanthanum
Lawrencium
Lead
Lithium
Livermorium
Lutetium
Magnesium
Manganese
Meitnerium
Mendelevium
Mercury
Molybdenum
Moscovium
Neodymium
Neon
Neptunium

Symbol
Fl
F
Fr
Gd
Ga
Ge
Au
Hf
Hs
He
Ho

Lu

Mg
Mn
Mt
Md
Hg

Mo
Mec
Nd
Ne

Np

Z
114

64
31
32
79
72
108

67

49
53
7
26
36
57
103
82

116
71

109
101
80
42
115
60
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Name
Nickel
Nihonium
Niobium
Nitrogen
Nobelium
Oganesson
Osmium
Oxygen
Palladium
Phosphorus
Platinum
Plutonium
Polonium
Potassium
Praseodymium
Promethium
Protactinium
Radium
Radon
Rhenium
Rhodium
Roentgenium
Rubidium
Ruthenium
Rutherfordium
Samarium
Scandium
Seaborgium
Selenium
Silicon

Silver
Sodium
Strontium
Sulfur
Tantalum

Symbol Z

Ni
Nh
Nb
N
No
Og
Os
O
Pd
P
Pt
Pu
Po
K
Pr
Pm
Pa
Ra
Rn
Re
Rh
Rg
Rb
Ru
Rf
Sm
Sc
Sg
Se
Si
Ag
Na
Sr
S
Ta

28
113
41
7
102
118
76
8
46
15
78
94
84
19
59
61
91
88
86
5
45
111
37
44
104
62
21
106
34
14
47
11
38
16
73

110

Name
Technetium
Tellurium
Tennessine
Terbium
Thallium
Thorium
Thulium
Tin
Titanium
Tungsten
Uranium
Vanadium
Xenon
Ytterbium
Yttrium
Zinc
Zirconium

Symbol
Te
Te
Ts
Tb

Z
43
52
117
65
81
90
69
50
22
4
92
23
54
70
39
30
40


















