
92

91
1.17 m 
(99.84%)

6.70 h 

βmax   2195

βav     786.3

βmax   1247

βav     196.6
γ 1001(0.8%)

766.4 (0.3%)

γ 131(18.0%)

946.6 (13.4%)

90

89
21.77 y 

(1.38%)

21.77 y 
(98.62%)

α   (keV) βmax   (keV)

βav     (keV)

α 4953(48%)

 4941(40%)

βmax   44.8

βav     9.9
γ 100(~0.01%) γ No γ-rays

88

87

86

85

1.5 s 1.5 s
56 s

(93.6%)

56 s
(93.6%)

α   6002 

(100.0%)

βmax   N/A

βav     N/A

α   6208 

(97.0%)

βmax   1566

βav     547
γ No γ-rays γ No γ-rays γ No γ-rays γ No γ-rays

84
3.10 m 
(99.98%)

3.10 m 
(0.02%)

1.78 ms
(99.999%)

1.78 ms
(2.3x 10-4%)

α   6002 

(100.0%)

βmax   260

βav     73

α   7526 

(99.9%)

α   7087 

βmax   715

βav     

γ No γ-rays γ No γ-rays γ   438.9 (0.06%) γ No γ-rays

83
19.9 m 
(0.021%)

19.9 m 
(99.98%)

2.14 m 
(99.724%)

2.14 m 
(0.276%)

60.6 m 
(35.94%)

60.6 m 
(64.06%)

α 5452(54%)

5516 (39%)

βmax   3272

βav     642.2

α 6750(84%)

 640016%)

βmax   574

βav     172.9

α 6051(70%)

 6090(27%)

βmax   2254

βav     774.3
γ No γ-rays γ 609.3 (46.1%)

1764.5 (15.4%)

γ 351.1 (13%) γ No γ-rays γ 39.3 (1.1%)

2881(0.3%)

γ 727.3 (7%)

1620 (1.5%)

82
22.3 y 

(1.9x 10-6%)

22.3 y 
(100.00%)

α   3792 βmax   63.5

βav     6.2
γ No γ-rays γ 46.5 (4.3%)

81

80

Uranium Series Actinium Series Thorium Series

U-238 U-234 U-235

At-219

Bi-215

7.6 m

Th-234 Th-230 Th-231 Th-227 Th-232 Th-228

γ   84.37 (1.22%)

γ   216.0 (0.254%)

Symbol, Mass N0 Ac-227 Ac-228

1.91 y 

Ra-224Ra-226 Ra-223 Ra-228

5.75 y 3.66 d 
Kα1 88.47 keV (46.3%)

Kα2 85.43 keV (28.1%)

Kβ1 100.1 keV (10.6%)

Kβ2 99.43 keV (5.6%)

α   4784 (94.5%)

α   4601 (5.6%)
α - out α   5716 (52.6%)

α   5607 (25.7%)

α   5423 (72.2%)

α   5340 (27.2%)

γ   63.29 (4.8%)

γ   92.38 (2.8%)

Protactinium 3.276x104y 
Kα1 95.86 keV (45.9%)

Kα2 92.28 keV (28.3%)

Kβ1 108.4 keV (10.7%)

Kβ2 107.6 keV (5.6%)

α   5014 (25.4%)

α   4951 (22.8%)

γ   27.36 (10.3%)

γ   300.1 (2.46%)

6.15 h 
Kα1 90.89 keV (46.1%)

Kα2 87.68 keV (28.2%)

Kβ1 102.8 keV (10.7%)

Kβ2 102.1 keV (5.6%)

βmax   2069

βav     352.5

γ   keV and (intensity) γ   911.2 (25.8%)

γ   969.0 (15.8%)

Uranium 4.468x10
9
y 2.455x10

5
y 7.03x10

8
y 

Kα1 98.43 keV (45.8%)

Kα2 94.65 keV (28.3%)

Kβ1 111.3 keV (10.7%)

Kβ2 110.4 keV (5.6%)

α   4198 (79.0%)

α   4151 (20.9%)

α   4775 (71.4%)

α   4722 (28.4%)

α   4398 (55.0%)

α   4366 (17.0%)

γ   49.55 (0.064%)

γ   113.5 (0.010%)

γ   53.20 (0.123%)

γ   120.9 (0.034%)

γ   185.7 (57.2%)

γ   143.8 (11.0%)

Pa-234m Pa-234 Pa-231

Thorium 24.1 d 7.538x104y 25.52 h 18.72 d 1.41x1010y 

Actinium Half-Life

Kα1 93.35 keV (46.0%)

Kα2 89.96 keV (28.2%)

Kβ1 105.6 keV (10.7%)

Kβ2 104.8 keV (5.6%)

βmax   199.1

βav     45.8

α   4687 (76.3%)

α   4621 (23.4%) β - out
βmax   389.5

βav     77.9

α   6038 (24.2%)

α   5977 (23.5%)

α   4012 (78.2%)

α   3947 (21.7%)

γ   67.67 (0.38%) γ   25.65 (14.5%)

γ   84.22 (6.6%)

γ   236.0 (12.3%)

γ   50.13 (8%)

γ   63.83 (0.26%)

γ   140.86 (0.021%)

Radium 1.60x10
3
y 11.435 d 

γ   549.8 (0.114%)

Rn-222 Rn-218 Rn-219 Rn-220

βmax   39.6

βav     7.2

α   5685 (94.9%)

α   5449 (5.1%)

γ   186.2 (3.6%) γ   269.5 (13.7%)

γ   154.2 (5.6%)

γ   13.52 (1.6%)

γ   16.2 (0.72%)

γ   241.0 (4.1%)

γ   292.7 (0.0062%)

Fr-223

Francium 21.8 m

α   6819 (79.4%)

α   6553 (12.9%)

α   6288 (99.89%)

α   5747 (0.11%)

γ   511.0 (0.064%)

Radon 3.82 d 35 ms 3.96 s 55.6 s 

At-215

0.10 ms

Kα1 86.11 keV (46.4%)

Kα2 83.23 keV (28.1%)

Kβ1 97.47 keV (10.6%)

Kβ2 96.82 keV (5.6%)

βmax   1099

βav     361.7

γ   50.1 (34.0%)

γ   79.7 (8.7%)

Kα1 81.52 keV (46.6%)

Kα2 78.95 keV (28.0%)

Kβ1 92.32 keV (10.6%)

Kβ2 91.73 keV (5.6%)

Po-218 Po-214 Po-210

Kα1 83.79 keV (46.5%)

Kα2 81.07 keV (28.0%)

Kβ1 94.87 keV (10.6%)

Kβ2 94.25 keV (5.6%)

α   5490 (99.92%)

α   4987 (0.078%)

α   7129 (99.9%)

Po-215 Po-211

γ   609.3 (0.12%) γ   271.2 (10.8%)

γ   401.8 (6.4%)

α   8025 (99.95%)

α   7610 (0.05%)

γ   404.854 (0.05%)

At-218

Astatine

Po-216 Po-212

Polonium 164.3 µs 138.4 d 0.516 s 0.145 s 
Kα1 79.29 keV (46.6%)

Kα2 76.86 keV (27.8%)

Kβ1 89.81 keV (10.6%)

Kβ2 89.26 keV (5.6%)

α   7687 (100.0%) α   5304 (100.0%) α   7594 (98.9%)

α   7024 (0.5%)

α   6778 (100%) α   8784 (100%)

γ   799.7 (0.01%) γ   803.1 (1.21x10-3%) γ   897.8 (0.519%)

γ   569.7 (0.546%)

γ   804.9 (0.0019%) γ   549.8 (0.114%)

0.299 µs 

Pb-208

Lead 2.68 m 
STABLE

36.1 m 

Bismuth 5.013 d 
Kα1 77.11 keV (46.8%)

Kα2 74.82 keV (27.8%)

Kβ1 87.35 keV (10.7%)

Kβ2 86.83 keV (5.6%)

βmax   1162

βav     390.1

γ No γ-rays

Pb-214 Pb-210

βmax   790

βav     249

γ   293.56 (23.8%)

γ   271.228 (1.95%)

Kα1 74.97 keV (46.8%)

Kα2 72.81 keV (27.8%)

Kβ1 84.94 keV (10.7%)

Kβ2 84.45 keV (5.6%)

βmax   1024.0

βav     222.0

βmax   1372

βav      448.6

Pb-206 Pb-211 Pb-207 Pb-212

γ   404.9 (4.3%)

γ   832.0 (3.6%)

Bi-214 Bi-210 Bi-211

Tl-210 Tl-206 Tl-207 Tl-208

STABLE

10.6 h 

Bi-212

STABLE

Thallium 1.30 m 4.202 m 4.774 m 3.053 m 

βmax   573.8

βav     101.7

γ   351.9 (37.6%)

γ   295.2 (19.3%)

Kα1 72.87 keV (46.9%)

Kα2 70.83 keV (27.7%)

Kβ1 82.57 keV (10.7%)

Kβ2 82.12 keV (5.6%)

βmax   4386

βav     1763

βmax   1532.3

βav     538.86

βmax   1431

βav     492.5

βmax   1803.3

βav     557.8

γ   238.6 (43.4%)

γ   300.1 (3.28%)

Kα1 70.82 keV (46.9%)

Kα2 68.90 keV (27.7%)

Kβ1 80.25 keV (10.7%)

Kβ2 79.82 keV (5.6%)

βmax   1308

βav     449.5

γ   304.896(26.0%)

γ   

γ   799.6(98.96%)

γ   

γ   803(0.005%)γ   γ   897.8 (0.263%) γ   2614.5 (99.75%)

γ   583.2 (84.5%)

Hg-206

Mercury 8.32 m

Redesigned by Matthew Wiggins
Data from Laboratoire National Henri Becquerel


