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SOME USEFUL TABLES FOR NUCLEAR SPECTROSCOPY 

IN TRANSMERCUR Y GROUP OF ELEMENTS: 

ELECTRON BINDING-ENERGIES, X-RAY ENERGIES, AUGER 

ELECTRON ENERGIES AND FLUORESCENT YIELDS 

Earl K. Hyde 
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University of California, Berkeley, California 

J'May 'l.,: 19·61 

TABLE 1: BINDING ENERGIES OF ELECTRONS IN ELEMENTS 80-104 
(Prepared with assistance of H. M. Blann) 

Gamma ray transition energies are frequently determined by 

measurement of the energy of conversion electrons. In order to calculate 

the energy of the transition from such data, it is necessary to know the 

energies required to remove electrons from the various shells and sub- shells 

of the atom in which the conversion occurs. We present here a table of 

electron energies for the elements 80-104. The term critical X-ray 

absorption energie's is also applied to these energy values since the 

absorption of an X-ray as a function of its energy undergoes a sharp 

increase as its energy just exceeds the value required to remove an electron 

from the atom. 

HILL, CHURCH, AND MIHELICH
1 

correlated data published to 1952 

and constructed a useful table of these critical X-ray absorption energies 

for elements 3 to 100. In· our table we have used the HILL, CHURCH, AND 

' 
MIHELICH values for mercury (80), thallium (81), lead (82), bismuth (83), 

and thorium (90). Two choices of K-energies are given for the elements 

above 'iridium in the HILL, CHURCH, AND MIHELICH tables based on two 

discrepant values for the K-energy of uranium. Later work by several 
1. R. D. H1ll, E. L. Church, and J. W. Mihelich, Review. Sci. Inst. 23, 

523 (1952); also reprinted as Appendix VI in "Beta and Gamma Spectros
copy," edited by Ka:L Siegbahn, North Holland Publishing Company, 
Amsterdam, 19 55. 
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authors 3• 6 has clearly established that the values based on a uranium 

2 
K-electron energy of ll5. 591 kev are the more accurate, In our table we 

. _ _/ 4 5 
have used the values of MERRILL ' for the L, M, N, and 0 electron 

energies of uranium ( 9 2), neptunium ( 9 3), plutonium {94), and americium 

(95) with the exception that the NVI and NVII values are taken from HILL, 

CHURCH, AND MIHELICH. l The K-value for plutonium is taken to be 

121. 76 kev by combining the KLI binding energy difference reported by 

EWAN, GEIGER, GRAHAM, AND MACKENZIE6 with the LI binding energy 

4 
of 2 3. 095 reported by MERRILL , All other values in our table were 

obtained by interpolation or extrapolation of linear plots of the square roots 

of the appropriate energy values, Uncertainty in the final digit or pair of 

digits is indic~ted by raised numerals. 

2. Y. Cauchois, J. Phys. et Radium~· ll3, 1952. 

3. J. M.· Hollander, W. Smith, and J. W, Mihelich, Phys. Rev, 102, 740 
(1956). 

4. J. J. Merrill, Ph. D. Thesis, "Precision Measurement of X-Ray Spectra 
with Application to the L X-Ray Spectra of Uranium, Neptunium, 
Plutonium, and Americium," California Institute of Technology (1960). 

5, J. J. Merrill and J. W. M. DuMond, "Precision Measurement of the 
L X-Ray Spectra of Uranium and Plutonium, 11 Phy s, Rev. llO, 79 (1958). 

6. Ewan, Geiger, Graham, and MacKenzie, Phys, Rev. 116, 950 (1959). 
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TABLE l. ELECTRON BINDING ENERGIES 
.·· ·FOR·ELEM.ENTS 80 - '104 -(IN KEV) '-· 

K LI Lu LIII MI Mil Mill MIV Mv 

.•. 80 Hg 83.106 *14.84 -*14. 21- *12.27 *3.56 *3.28 *2.85 *2.38 *2.29 

81 T1 85.517 15.3
44 14,695 12.653 3.701 3.413 2,951 2.480 2.384 

•• 88.o01 15.861 15.2°0 . 13.033 3.B52 3.'55$ 3.067 2.584 2.482 82 Pb 

83 Bi 90.521 16.386 15.7°9 13.417 4.000 3. 695 3.177 2.688 2.578 

84 Po *93.2
1 *1\:>.93 *16. 2° *13.80: *4.15 *3.84 

*3.29 *2.79 *2.68 

85 At *95.8
4 *17.4$ *16.q8 *14.21 *4.l *4.o0 . *3.41 *2.9° *2.78 

86 Em *98.5
2 *18 o5 *17 .33 *14.61 *4.48 *4.15 -l<-3. 53 1 *3.0 ' *2.88 

87 Fr *101. 23 *18.63 *17.89 *15 .o2 *4.64 
*4.31 *3.66 *3.13 *2.99 

88 Ra *103. 98 *19.2'3 *18.9-7 *15.44 *4.81 *4.47 *3.78 *3.24 *3.09 

89 Ac *106.76 *19.8·4 *l9.o'1 *15.89 *4.99 *4.64 *3.91 *3.3
6 *3.20 

90 Th 109.630 20.452 . 19.673 16.2 78 50163 4.810 4.025 3.469 3.310 

91 Pa .*112 .6° · *21.11 *20.29 *16.71 *5.36 *5.00 *4 16 *3.60 *3.43 

92 u 115.591 21.757 20.948 17.167 5.549 5.183 4.303 3.728 
3.55

2 

93 Np *118.66 22.414 21.596 17.606 5.724 
5.354 4.422 3.847 3.666 

94 Pu 121.76 23.095 22.263 18.053 5.914 5.54° 4.555 3.969 3.77
4 

95 Am t124. 9 23.792 22.943 18.503 6.114 5.73° 4.687 4.092 3.886 

96 Cm t128. 1 t24. 5° ·. t23 .62 ' t18.96 t6.25 t5.87 t4.86 t4.22 t4.o0 

97 Bk t131. 3 t25,2° t24.3° tl9.45 t6.45 t6.o5 t5o02 t4.35 t4ol4 

98 Cf tl34. 5 t25.9° t25.05 tl9.92 t6.66 2 t6.2. t5.15 t4.49 t4.26 

99 E t137. 8 t26.63 t25.75 t20 .42 t6.84 t6.4° t5.3° t4 62 t4.41 

.• 100 Fm t141. 1 t27 .35 t26.47 t2o.88 t7.02 t6.6° t5.48 t4.75 t4.54 

101 Mv t145. 5 t28.11 t27 .. 2 1 t21.3 4 t7.24 8 t6.7 . t5.62 t4.88 t4.67 

102 tl47. 9 t28.84 t27.98 ~21.85 t7.42 t6.97 t5.78 t5.04 t4,8° 

103Lw tl51. 4 t29.64 t28.73 t22.37 t7.64 t7.18 t5.95 t5.17 t4.93 

104 tl24.9 t30.42 t22.48 t22.85 t7.84 t7.37 t6.1° t2.34 t5.08 

* Interpolated 
t Extrapolated 
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TABLE 1. ELECTRON BINDING ENERGIES 
F.OR ELEMENTS 8:0 -iJO~ (,IN KE:V) ( continue;d}, 

NI Nil NIII NIV NV NVI NVII 

80 Hg * .799 * .677 -*' . 5 72 * .376 * .358 * .1oo * .096 \1 

81 T1 .842 .717 .605 . 403 .381 .118 114 

82 Pb .893 . 760 .642 .437 .414 .143 .136 

83 Bi .938 .805 .676 .464 .440 .162 .156 

84 Po * .990 * 848 * .. 712 * .493 * .468 * .181 * .176 

85 At *1.04 * .895 * .748 * .526 * .497 * .202 * .. 195 

86 Em *1.09 * .943 * .787 * .558 * .529 * .224 * .217 

87 Fr *1.14 * .992 * .826 * .591 * .561 * .246 * .240 

88 Ra *1.20 *1.04 * .867 * .627 * .593 * .. 2 70 * .264 

89 Ac *1.25 *1.10 * .908 * .663 * .627 * .296 * .288 

90 Th 1.306 1.147 .944 .692 .656 .322 .315 

91 Pa *1.37 *1.21 *1.00 * .738 * .700 * .353 * .343 

92 u 1.441 1.273 l.o45 .781 
.739 .387 .375 

93 Np 1.49° 1.318 - 1.076 .812 .768 

94 Pu 1.555 1.371 1.114 .846 
.79

8 

95 Am 1.617 1.429 1.154 .879 .827 

96 em n.68 tl.46 tL19 t .912 t .856 

97 Bk tl.74 tl.51 t1.23 t .948 t 888 

98 Cf tl.81 tl.5 7 tl,2 7 t .980 t .918 

99 E tl.88 tl.62 tl.3° tl.02 t .949 

100 Fm tL95 tl.69 tl.35 tl.o6 t .986 

101 Mv t2.02 tl.74 t1.38 tl.o9 tl.02 

t2.o7 tl.8° t1,42 tl,13 t1.o5 '" 102 

103 Lw t2.16 tl.85 tl.46 tl.l7 tl.09 

104 t2.22 tl.91 tl.5° tl.21 tl.l2 

* Interpolated 
t Extrapolated 
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TABLE 1. ELECTRON BINDING ENERGIES 

·FOR ELEMENTS_80 ,·. 104 .(.IN KEV) .\ (.continueQ.) 

OI on 0
III 0

IV ov 

80 * .116 8· 
~ Hg .0 ( .063) 

81 Tl .126 t .o99(.072) 
.. .148 .110(.087) ( .022) 82 Pb t 

83 Bi .157 .119 .092 ( .024) 

84 Po * .171 * 135 * .111 *(.029) 

85 At * .185 * .147 * .118 *( .035) 
86 Em * .200 * .161 * 125 . *( .041) 

87 Fr * .215 * .175 * .132 *( .047) 

88 Ra * .232 * .190 * .140 *( .054) 

89 Ac * .249 * .204 * .148 .*( .062) 

90 Th .266 .212 .156 ( .069) 

91 Pa * .294 * 0237 * ol75 ( .082) 

92 u .322 .26° .195 .lo6 .097 

93 Np .34° o275 .196 olo8 .098 

94 Pu .36° .292 .202 o113 .103 

95 Am ~378 .309 .2o7 .116 .105 

96 Cm t .398 t .313 

97 Bk t .420 t .331 

98 Cf t .441 t .353 

99 E t .462 

,.. 100 Fm t .484 

101 Mv t .506 
-~J 

102 

103 

'104 

* Interpolated 
t Extrapolated 
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TABLE 2.· K AND L X-RAY ENERGIES 'FOR ELEMENTS 81 - 104 

Tran-
sition X-ray Tl Pb Bi Po At Em Fr Ra 

KLII Ka2 70.82 72.80- 74.81 76.98 79 ."06 81.19 -83.34 85.51 

KLIII Kal 72.86 74.92 77.10 79.40 81.63 83.91 86.21 88.54 

KMII K~l 82.10 84.44 86.83 89.37 91.84 94.37 96.92 99.51 .. 
KMIII K~3 82.57 84.93 86.34 89.92 92.43 94.99 97.57 100.20 

KNII K~2 84.80 87.24 89.72 92.36 94.94 97.58 100.18 102.94 

KNIII K~2 84.91 87.36 89.85 92.50 95.09 97.73 100.34 103.11 

LI~I L~4 11.93 12.30 12.69 13.09 13.48 13.90 14.32 14.76 

LI~II L~3 12.39 12.79 13.21 13.64 14.07 14.52 14.97 15.55 

LIN II Ly 2 14.63 15 .].0 15.58 16.08 16.58 17.11 17.64 18.19 

LIN III Ly 3 14.74 15.22 15.71 16.22 16.63 17.27 17.80 18.36 

LIOII Ly4 16.27 16.80 17.34 17.90 18.46 19.05 

LI0III . . _ Ly4 16.29 16 .. 82 17.36 17.93 18.50 19.09 

LIIML LT] 10.99 11.35 11.71 12.0$ 12.4} 12.85 13.25 13.66 

LIINI Ly 5 13.85 14.31 14.77 15.24 15.74 16.24 16.75 17.27 

LII0I LYs 14.57 15.05 15.55 16.06 15.59 17.13 17.67 18.24 

LIIMIV L~l 12.22 12.62 13.02 13.44 13.88 14.32 14.76 15.23 

LIINIV Lyl 14.29 14.76 15.25 15.74 16.25 16.77 17.30 17.84 

LII0IV Ly6 15.18 15.69 16.20 16.75 17.29 17.84 18.42 

LIII~ L£ 8.95 9.18 9.42 9.66 9.90 10.13 10.38 10.63 

LIIINI L~6 11.81 12.14 12.48 12.82 13.17 13.52 13.88 14.24 

LIII0I L~7 12.53 12.89 13.26 13.64 14.03 14.41 14.81 15.21 

LIIIM:tV Lex2 10.17 10.45 10.73 11.02 11.31 11.60 11.89 12.20 

LIII~ Lexl 10.27 10.55 10.84 11.13 11.43 11.73 12.03 12.35 

LIIINIV L~l5 12.25 12.60 12.95 13.32 13.68 14.05 14.43 14.81 

LIIINV L~2 12.27 12.62 12.98 13.34 13.71 14.08 14.46 14.85 

LIII0IV ,V L~5 13.01 13.39 13.78 14.18 14.57 14.97 15.39 

LI~V L~lO 12.86 13.28 13.70 14.14 14.58 15.04 1~.50 15.99 

LI~ L~9 12.96 13.38 13.81 14.25 14.70 15.17 15.9~ 16 .1~· 

LIII~I Lt 9.24 9.48 9.72 9.97 10.21 10.46 10.7]! 10.97 
'0:-

LIIIMIII Ls 9.70 9·97 10.24 10.51 10.80 11.08 11.36 11.66 

This table prepared with the assistance of H.M. Blann. 
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TABLE 2. K AND LX-RAY ENERGIES FOR ELEMENTS 81~104 (cont1d) 

Tran-
sition X- ray 

KLII Ka2 

KLIII Kal 

~I Kl\ 

~II Kf33 

KNII Kf32 

KNIII Kf32 

LIMII Lf34 

LI~II Lf33 

LINII Ly 2 

LINIII Ly 3 

LIOII Ly4 

LIOIII Ly4 

LII~ LTl 

LIINI Ly 5 

LIIOI Ly8 

LII~V Lf3l 

LIINIV Lyl 

LIIOIV Ly6 

LIII~ r,£ 

LIIINI Lf36 

~II0I Lf37 

LIII~V I.cx2 

LIIIMy I.cxl 

LIIINIV Lf315 

LIIINV Lf32 

LIII0IV,V Lf35 

lr~v Lf3lo 

LIMy Lf39 

LIIIMII Lt 

LIIIMIII Ls 

Ac Th Pa u 

87.69 89.96-/ 92.31 94.64 

90.90 93.35 95.89 98.43 
102.12 104.82 107.60 110.41 

102.85 105.61 108~44 111.29 

105.66 108.48 111.39 114.32 

105.85 108.68 111.60 114.55 

15.29' 15.64 16.11 16.58 

15.93 16.43 16.95 17.46 
18.74 . 19.31 

18.9:3 19.51 

19 .6~ 20.24 
19.69 20.30 
l4.Q~ 14.51 

17.8 2 18.37 
18.8'2 

l5.7<l
l8.41 

19,01 
l0.8q 

14.61 
15.'611 

12.;50 

12.69 
15.:20 

15.23 
15 .. 8() 

16.!+§ 
16.6~ 

ll. 2_"2 

11.95 

19.41 
16.20 

18.98 
19.60 
11.12 

14.97 
16.01 

12.81 

12.97 

15.59 
15.62 
16.21 

16.98 

17.14 
11.47 

12.25 

19.90 
20.11 

20.87 

20.93 
14.93 
18.92 
20.00 

16.69 

19.55 

11.35 

15.34 
16.42 

13.11 

13.28 

15.97 
16.01 

16.63 

17.51 
17.68 
11.71 

12.55 

20.49 

20.72 

21.51 

21.57 
15.40 

19.51 
20.62 

17.22 
20.16 

20.85 
11.62 

15.73 
16.84 

13.44 

13.62 
16.38 
16.43 

17.07 
18.03 
18.21 

11.99 
12.86 

Np Pu ~Am 

97.06 99.50 102.0 

101.05 103.71 106.4 

113.31 116.22 119.2 
114 . 24 ll 7 . 20 120 . 2 

117.34 120.39 123.5 
117.58 120.65 123.8 
17.06 17.56 18.06 

17.99 18.54 19.10 

21.09 21.73 22.36 

21. 33 21.99 22; 64 
22.13 22.81 23.48 

22.21 

15.88 
20.11 

21.26 

17.75 
20.79 
21.49 

11.89 
l6.Q2 

22.90 

16.35 
. 20.70 

21.90 
18.29 
21.41 

22.15 
12.14 

16.49 

23.58 
16.83 

21.32 
22.56 

18.85 
22.06 
22.82 

12.39 
16.88 

17.27 . 17.69 18.12 
13.76 14.08 14.41 

13.94 
16.80 
16.84 

17.51 
18.56 
18.74 
12.26 

13.19 

14.28 

17.20 

17.25 

17.95 
19.03 

19.33 
12.51 

13.49 

14.61 

17.62 

17.67 
18.39 
19.70 

19.90 
12.77 
13.81 

Cm. 

104.5 

109.1 

122.2 

123.2 
126.6 

126.9 
18.63 

19.64 

23.04 

23.31 
24.19 

·11 .37 

21.94 

23.22 
19.40 

22.71 

12.71 

17.28 

18.56 
14.74 
14.96 

18.05 
18.10 

20.28 

20.50 

13.09 
14.10 
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TABLE 2o K AND LX-RAY ENERGIES FOR ELEMENTS 81-104 ( cont 'd) 
Tran-
sition X-ray Bk Cf E Fm Mv 102 103 104 

KLII Ka2 107o0 109 0 5---· 112.0 114o6 117 o3 119o9 122.7 125o4 "" 
KLIII Ka1 111.9 114.6 117o4 120o 2 123o 2 126oO 129o0 132o0 

~I Ki31 125 0 2 128.3 131.4 134.5 137·7 14o.9 144.2 147o5 

~II Ki33 126.3 129.4 132.5 135.6 138.9 142.1 145~4 148o8 

KJ'i!II Ki32 129.8 132.9 136.2 139.4 142.8 146.1 149.6 153.0 

KJ'i!III Ki32 130.1 133.2 136 ·5 139.7 143.1 146.5 149.9 153.4 

LIMII Li34 19.15 19.68 20.23 20.75 21.33 21.87 22.46 23.05 

LI~II Li33 20.18 20.75 21.33 21.87 22.49 23.06 23.69 24.32 

LIN II Ly 2 23.69 24.33 25.01 25.66 26.37 27.04 27.79 28.51 

LIN III Ly3 23.97 24.63 25.33 26.oo 26.73 27.42 28.18 28.92 

LI0II Ly4 24.87 25.55 

LI0III Ly4 

LII~ V1 17.85 18.39 18.91 19.45 19.97 20.56 21.09 21.64 

LIINI Ly 5 22.56 23.24 23.87 24.52 25.19 25.91 26.57 27.26 

LII0I Ly8 23.88 24.61 25.29 25.99 26.70 

LIIMIV Li31 19.95 20.56 21.13 21.72 22.33 22.94 23.56 24.14 

~INIV Ly1 23.35 24.07 24.73 25.41 26.12 26.85 27.56 28.27 

LII0IV Ly6 

LIIIMI r,.t 13.00 13.26 13.58 13.86 14.10 14.43 14.73 15.01. 

LIIINI Li36 17.71 18.11 18.54 18.93 19.32 19.78 20.21 20.63 

LIII0I Li37 19.03 19.48 19.96 20.40 20.83 

LIII~V Ia2 15.10 15.43 15.80 16.13 16.46 16.81 17.20 17.51 

LrrrMv Ia1 15.31 15.66. 16.01 16.34 16.67 17.05 17.44 17.77 

LIIINIV Li315 18.50 18.94 19.40 19.82 20.25 20.72 21.20 21.64 

LIIINV Li32 18.56 19.00 19.47 19.89 20.32 20.80 21.28 21';73 
L III0IV,V Li35 
~MIV Li310 20.85 21.41 22.01 22.60 23.23 23.80 24.47 25.08 ~ 

LI~ Li39 21.06 21.64 22.22 22.81 23.44 24.04 24.71 25.34 

LIIIMII Lt 13.40 13.70 14.02 14. B8 14.56 14.88 15.19 15.48 >;.. 

LIIIMIII Ls 14.43 14.77 15.12 15.4o 15.72 16.07 16.42 16.75 
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Notes on Table 2: 

All values computed fr.om electron energies given in Table l. 

See footnotes of that table for references to original data. This 
table prepared by H. M. Blann. 

2. Some modern reports which present direct experimental information 

on heavy element X-ray energies include the following. 

J. J. Merrill and J. W. M. DuMond, "Precision Measurement 
of the L X-ray Spectra of Uranium and Plutonium, 11 Phys. Rev. 
no, 79 (1958). 

J. J. Merrill, "Precision Measurement of X-ray Spectra 
with Application to the L X-ray Spectra of Uranium, Neptunium, 
Plutonium and Americium, 11 Ph, D. Thesis, California 
Institute of Technology, 1960. 

Cauchois, Manescu and LeBerquier, Compt. Rend. 239, 1780 (1954). 

G. L. Rogosa and W. F. Peed, 11 L X-ray Energies of Np, Pu, 
and Am, 11 Phys. Rev. 101, 591 (1956). 

H. Clal:!son, z. Physik 101, 499 (1936). 

Y. Cauchois, 11 Les Niveaux D 1Energie des Atomes Lourds_, 11 

J. Phys. Rad. ~· 113 (1952). 

G. W. Barton, H. P. Robinson, and I. Perlman, 11 The L X-ray 
Spectra from Decay of Transuranium Elements, 11 Phys. Rev. 81, 
208 (]951). 

Jaffe, Passell, Br'2.'':ife, and Perlman, "Gamma and X-Radiation 
in the Decay of Am , 11 Phys. Rev. 97, 142 (1955), 

P. P. Day, "Electromagnetic Spectrum of Am
241

, 11 Phys. Rev. 
97, 689 (1955). 

R. W. Hoff et al. , "Radioactive Decay of the Isomers of 
Americium-242, 11 Phys. Rev. 100, 1403 (1955). 
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TABLES 3- 11. AUGER ELECTRON ENERGIES OF THE ELEMENTS 81- 103 

When a radioactive ato:rp decays by orbital electron capture or by the 
"'·-.-:r' 

internal conversion process vacancies are produced in the inner atomic 

shells which are filled again by electrons from outer shells. The energy 
<. 

which results from this process is carried away by an X-ray quantum or is 

transferred to one of the outer electrons which is ejected from the atom. 

1 2 3 
Such an electron is called an Auger. ~lectron. ' • The competition 

between X-ray and Auger electron emission is similar to the competition 

between photon and conversion electron emission in a gamma transition. 

The fraction of the number of primary vacancies of a certain shell leading 

to'the emission of X- rays is called the fluorescence yield, w. This quantity 

is discussed in the text accompanying Tablesll-12;TheAuger yield, :is, 

defined as the number of vacancies leading to the emission of Auger electrons. 

A large number of discreteAuger electron lines result from 
; 

vacancies in a given shell. The designation of these lines is made by a 

nomenclature which can be illustrated by an example: The KL
1

L
11 

electron 

re:fersiDan.cel:ect•ron ejected from the Lll-shell by the energy released when 

an L
1
-electron drops into a vacancy in the K- shell. The energy of the Auger 

electrons cannot be calculated exactly by a simple use of the binding energies 

of the neutral atom because the electron in the outer orbit of an ionized atom 

has somewhat more energy than a comparable electron in the neutral atom. 

In principle. this difference in energy can be calculated bqt the calculation is 

involved and has not been carried out. 

1. A detailed discussion of the Auger process is given by E. H. S. Burho.p, 
"The Auger Effect and Other Radiationless Transitions, 11 Cambridge 
University Press, London (1952). 

2. A brief discussion of Auger electrons from radioactive atoms is given by 
I. Bergstrljm in Chapter XX, Beta and Gamma Ray Spectroscopy, 
K. Siegbahn, Editor, North-Holland Publishing Co., Amsterdam, 1955. 

3. P. Gray discusses the "Auger Effect in the Heaviest ~lements, 11 Phys. Rev, 
101' 1306, 1956. 

... 



,:,. 

-12- UCRL-9642 

4 
BER(JSTROM AND HILL suggest an empirical formula for estimating 

Auger electron energies for practical purposes. They define an effective 

incremental charge D.z on the assumption of a linear increase in binding 

energy with atomic number. 

= Lq(Lp)- (Lq)z 

(Lq)z+l - (Lq)z 

Here L ( L ) refers to the binding energy of the L electron in an atom with 
q p q 

an electron missing from the L shell and (L ) refers to the normal binding 
p q z 

energy for t~e same electron in a neutral atom of charge z. The Auger 

electron energy is then given by 

KL L = (K-L ) - (L ) 
p q p z q z+& 

BERGSTROM AND HILL determined the energies of K Auger lines 

in mercury and from these energies computed D.z values of 0. 55 for the L
1 

and LII shells and of 0. 76 for the LIII shell. Other determinations by other 

authors for heavy elements are summarized in Table 3. There appears to be 

reasonable agreement between the authors quoted. 

Table 4 lists the K-Auger electron energies for the heavy elements 

calculated according to the prescription of BergstrtJm and Hill. The 

binding energies of Table 1 were used to evaluate (K - L ) and (L ) , The p z q z 

D.z values in the term (Lq)z+D.z were chosen in this way, 

&. = 0, 55 for KL
1

L
1 

D.z = 0.55 for KLpLII 

D.z = 0, 76 for KLpLIII 

4. I. BergstrtJm and R. D. Hill, Arkiv ftJr Fysik 8, 21 (1954). 
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To avoid ambiguity in the calculation, the convention is made that 

when the two L-electrons are from different sub-shells the one from the 

lower shell is written first. For example, the KI...;ILIII electron inust be 

identical with the KLIIILI electron and the cbnvention prevents the 

estimation of two slightly different values for the electron energy. 

Some KL M Auger electron energies are also shown in Table 4. 
p q 

5 
MLADJENOVIC and SLA TIS report values of 0. 59, 0. 58, and 0. 61 for the 

M
1

, Mil and Mill subshells in bismuth. In the calculation of the KLM energies 

in our table we have taken t::.z = 0. 6 for all M-subshell electrons. 

In Tables 5 through 9 the limited experimental data on the K Auger 

lines in the heavy elements is compared with the values listed in Table 4. 

It is also useful to know the expected intensity pattern for the 

Auger lines. This knowledge helps in the identification of the lines and in 

the recognition of gamma transition conversion electron lines which fall 

in the Auger electron energy range. Experimental data on intensity 

patterns is summarized in Table 19... 

Very few measurements of L Auger electrons have been reported 

for heavy elements. Sujkowski and SHitis
6 

report measurements of the 

L-Auger electrons of thallium and bismuth. Albridge 
7 

reports some work on 

the L-Auger spectrum of uranium. 

5. M. Mladjenovic and H. Slati.s, Arkiv f. Fysik ~. 41 (1954). 

6. 

7. 

z. Sujkowski and H. Slatis, Arkiv f. Fysik 14, 101 (1958). 

R. G. Albridge, Jr. , University of California Radiation Laboratory 
Report UCRL- 8642, April 1960. 

... 
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TABLE 3. ~2VALUES FOR CALCULATION 
OF AUGER ELECTRON ENERGIES 

Auger 
Line 

KLrLr 

KLILII 

KLI~II 

KL1L1 
KL1LII 

KLILIII 

KL1L1 
KLILII 

KLILIII 

KL1L1 
KL1LII 

KLILIII 

LX2 

0.55 

0. 55 

0. 76 

0. 52 

0. 52 

0. 76 

0. 53 

0. 58 

0. 80 

0. 58 

0. 54 

0. 84 

Authors 

Bergstrom and Hill 

Arkiv f. Fysik ~. 21 (1954). 

Mladjenovic and Slatis 

Arkiv f. Fysik .2_, 41 (1955). 

Zhernovoi et al. 

Soviet Physics JETP 2_, 563 

(1957). 

R. G. Albridge 

UCRL-8642, 1960 
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TABLE 4. K-AUGER ELECTRON ENERGIES (IN KEV) FOR ELEMENTS 80-103 
(Table prepared by James A. Harris) 

Part I. Auger Electrons of Type KL L 
p q_ ... 

Atomic 
No. Element KLILI KLILII KLILIII KLIILII KLIILIII KLfiiLIII 

80 Hg 53.15 53.79 55.71 54.42 56.34 58.28 
81 Tl 54.55 55· 20 57.23 55.85 57.88 59.92 
82 Pb 55.99 56.66 58.82 57.32 59.48 61.64 

83 Bi 57.45 58.14 60.42 58.81 61.10 63.39 
84 Po 59.04 59.75 62.17 60.45 62.87 65.29 
85 At 60.57 61.28 63.85 61.98 64.55 67.12 
86 Rfl.- 62.10 6~.83 65.55 63.55 66.27 68.99 
87 Fr 64.30 64.39 67.26 65.13 68.00 70.87 
88 Ra- 65.19 69.95 68.·99 66.71 69.75 72.78 
89 Ac 66.75 67.52 70.74 68.29 71.51 74.72 
90 Th 68.37 69.16 72.57 69.94 73.35 76.74 
91 Pa 70.02 70.84 74.43 71.66 75.25 78.83 
92 u 71.71 72.53 76.33 73.34 77.14 80.92 

93 Np 73.46 74.28 78.30 75.10 79.12 83.11 

94 Pu 75.19 76.03 80.27 76.86 81.10 85.31 

95 Am 76.9 77.8 82.3 78.6 83.1 87.5 
96 Cm 78.7 79.6 84.3 80.5 85.2 89.8 

97 Bk 80.5 81.4 86.3 82.3 87.2 92.0 
98 Cf 82.3 83.2 88.3 84.0 89.1 94.3 

99 E 84.1 85.0 90··4 85.9 91.3 96.6 
100 Fm 86.0 86.9 92.5 87.8 93.4 99.0 
101 Mv 87.9 88.8 94.7 89.7 95.5 101.4 
102 89.8 90.7 96.8 91.5 97.7 103.8 
uu· Lw 91.7 92.6 99.0 93·5 99.9 106.3 
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TABLE 4. K-AUGER ELECTRON ENERGIES (IN KEV) FOR ELEMENTS 80-103 
Part II. Auger Electrons of TYJle KLIMq_ 

, .. Atomic 
No. Element KLI~ ~II KLI~II KLI~V KLI~ 

... 80 Hg 64.21 64.91 65.36 65.83 65.92 
81 Tl 66.53 66.81 67.26 67.73 67.83 
82 Pb 68.20 68.50 69.01 69.49 69.60 

83 Bi 70.05 70.35 70.89 71.39 71.50 
84 Po 72.03 72.34 72.92 73.42 75-51 
85 At 73.95 74.27 74.88 75.39 75.52 
86 Rn 75.89 76.22 76.86 77.39 77.53 
87 Fr 77.86 78.19 78.87 79.40 79.55 
88 Ra 79.83 80.18 80.89 81.44 81.59 
89 Ac 81.83 82.18 82.94 83.49 83.65 
90 Th 83.90 84.26 85.07 85.63 85.80 
91 Pa 86.02 86.57 87.38 87.94 88.11 

92 u 88.18 88.55 89.46 90.03 90. 2l 

93 Np 90.42 90.79 91.75 92.33 92.53 
94 Pu 92.63 93.01 94.02 94.62 94.82 

95 Am 94.9 95.3 96.3 96.9 97.2 
96 Cm 97.2 97.6 98.6 99-3 99-5 
97 Bk 99.5 99.5 101.0 101.7 101.9 
98 Cf 101.8 102.3 103.4 104.0 l04.a 

99 E 104.2 104.6 105.8 106.5 106.7 
100' Fm 106.6 107.0 108.2 108.9 109.1 
101 Mv 109.0 109.7 110.8 111.6 111.8 
102 111.5 112.0 113.2 113.9 114.2 
103 Lw 114.0 114.5 115.7 116.5 116.7 
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TABLE 4. K-AUGER ELECTRON ENERGIES (IN KEV) FOR ELEMENTS 80-103 

Part III. Auger Electrons of Type KLIIMq 

Atomic 
No. Element KLII~ KLIIMII KLII~II KLII~V KLIIMy 

80 Hg.: •. 65.~5 65.5~ 65.99 66.46 66.55 
'-' 

81 T1 67.18 67.46 67.91 68.38 68.48 

82 Pb 68.86 69.16 69.67 70.16 70.26 

83 Bi 70.72 71.03 71.57 72.06 72.17 
84 Po 72.72 73.04 73.62 74.12 74.24 

85 At 74.65 74.97 75.58 76.09 76.22 
86 Rn 76.61 76.94 77.58 78.11 78.24 

87 Fr 78.60 78.93 79.61 80.14 80.29 
88 Ra 80.59 80.94 81.65 82.20 82.35 
89 Ac 82.60 82.95 83.71 84.26 84.42 

90 Th 84.68 85.04 85.85 86.41 86.58 

91 Pa 86.84 87.39 88.20 88.76 88.93 

92 u 88.99 89.36 90.27 90.84 91.·02 

93 Np 91.23 91.60 92.56 93.14 93.33 
94 Pu 93.47 93.85 94.86 95.46 95.66 

95 Am 95.8 96.2 97.2 97.8 98.0 

96 Cm 98.1 98.5 99.5 100.2 100.4 

97 Bk 100.4 100.9 101.0 101.7 101.9 

98 Cf 102.7 103.1 104.2 104.9 105.1 

99 E 105.1 105.5 106.6 107.4 107.6 
100 Em 107.5 107.9 109.1 109.8 110.0 

101 Mv 109.9 110.6 111.7 112.5 112.7 
102 112.4 112.8 114.0 114.8 115.0 

103 Lw 114.9 115.4 116.6 117.4 117.6 
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TABLE 4. K~AUGER ELECTRON ENERGIES (IN KEV) FOR ELEMENTS 80-103 

Part IV. Auger Electrons of Type KLIIIMq 

Atomic ~ ..... ~ ... 

No . Element KLIIIMI KLIII~I KLIII~II KLIII~V KLIIIMy 
... 

80 Hg 64.62 64.91 65.36 65.83 65.92 

81 Tl 69.22 69.50 69.'95 70.42 70.52 
82 Pb 71.03 71.33 71.84 72.32 72.43 

83 Bi 73.01 73.32 73.86 74.35 74.46 

84 Po 75.15 75.46 76.04 76.54 76.66 

85 At 77.22 77.54 78.15 78.66 78.79 
86 Rn 79.33 79.66 80.30 80.83 80.96 

87 Fr 81.47 81.80 82.48 83.01 83.16 

88 Ra 83.62 83.97 84.68 85.23 85.38 

89 Ac 85.81 86.16 86.92 87.47 87.63 

90 Th 88.07 88.43 89.24 89.80 89.97 

91 Pa 90.42 90 ·97 . 91.78 92.34 92.51 

92 u 92.77 93.14 94.05 94.62 94.80 

93 Np 95.22 95 ·59 96.55 97.13 97.32 
94 Pu 97.68 98.06 99.07 99.67 99.86 

95 Am 100.2 100.6 101.6 102.2 102.4 

96 Cm 102.3 103.2 104.2 104.8 105.1 

97 Bk 105.3 105.7 106.7 107.4 107.6 

98 Cf 107.8 108.2 109.3 110.0 110.2 

99 E 110.4 110.9 112.0 112.7 112.9 
100 Fm 113.1 113.5 114.7 115.4 115.6 
101 Mv 115.8 116.5 117.6 118.3 118.5 
102 118.5 119.0 120.2 120.9 121.2 

103 Lw 121.3 121.7 123.0 123.8 124.0 
.. 
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TABLE 5· COMPARISON OF EXPERIMENTAL DATA ON AUGER ELECTRONS IN 
MERCURY WITH VALUES GIVEN IN TABLE 4. 

Auger Energy Relative Energy 
Line (kev) Intensity (kev) 

KL:r~ 53.18 1 53.15 

KLrLrr 53·79 1.2 53-79 

l<L:ri~I 54-32 ...0.2 54.42 

KLI~II 55.71 0.7 55-71 

~Ilxir 56-35 1.4 56.34 

KLIIILIII 58.27 0.6 58.28 

Bergstrom and R. D. Hill, Arkiv f. Fysik ~' 21 (1954). 
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TABLE 6. COMPARISON OF EXPERIMENTAL VALUES OF AUGER ELECTRONS IN BISMUTH 
WITH TABLE 4 VALUES . 

Source of Data 

Auger .,., 
Line Mladjenovic and Slatis Zhernovoi et. al. 

Energy Relative Energy Re:D.ativ.e Table 4 
(Kev) Intensity (Kev) Intensity 

KLILI 57-466 l.O 57-4158 l.O 57-45 

KLILII 58.186 1.8 58.147 1.72 58.14 

KLIILII 58.783 0.17 58.81 

KLILIII 60.417 l.l ,>60.423 0.91 60.42 

KLIILIII 61:090 1.6 61:070 1.64 61.10 

KLIII1III 63.404 o.8 63.367 o.69 63.39 

KL1M1 i 70.020 0.4 70-05 
c, 

KLIMII )70. 391 0.5 70-35 

KLIIMI 70.761 o.8 70-72 

KLIIMIII 71.553 0.7 71.57 

KLIII~I 73·301 0.7 73-32 

KLIIIMIII 73.873 l.O 73.86 

M. Mladjenovic and H. Slatis, Ark~v f. Fysik ~' 65 {1954). 

A.I. Zhernovoi et. al. , Soviet Physics Jet E' .2_; 563 (J,~57) .: ' '. 

... 
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TABLE 7. COMPARISON OF EXPERIMENTAL VALUES OF K AUGER ELECTRONS IN 
POLONIUM WITH VALUES GIVEN IN TABLE 4. 

En?rgy 
--- -- . --·-····--. ~----- -·· --------------------- --

Auger Lines Hoff Table 4 

KLILI 58.85 59.04 

KL~fii 59·56 59·75 

KirLin 62.00 62.17 

KLIILII 60.18 60.45 

KLIILIII 62.63 62.87 

KLIIILIII 65.12 65.29 

R. Hoff, Unpublished information 
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TABLE 8, COMPARISON OF EXBERIMENTAL VALUES OF K AUGER ELECTRONS IN 
PROTACTINIUM WITH VALUES GIVEN IN TABLE 4 

Hollander et al. Table 4 

Auger Energy Relative Energy 
Line (Kev) Intensit~ (Kev) 

KLILI 70.05 1..0 70.02 

KLILII 70.87 2.0 ' 70.84 

KLILIII 74.45 0.87 74.43 

KLIILIII 75-21 l.l 75.25 

KLIIILIII 78.78 78.83 

KLIMI 85.88 0.1 86.02 

KLI~I 86.29 0.1 86.57 

Hollander, Stephens, Asaro and Perlman "Energy .·Levels of pa231" 
pa,per in publication 1961 . 



TABLE 9, 

Auger 
Line 

KLII:.I 

KLILII 

KLILIII 

KLIILIII 

KLI~ 

KL~II 

KLIMIVt V. 

KLIIMIII .-

KLIII~,II 

KMIMIII ? 
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COMPARISON OF EXPERIMENTAL VALUES OF K-AUGER ELECTRONS IN 
URANIUM WITH VALUES GIVEN IN TABLE 4 

R. G. Albridge UCRL-8642 

Energy Relative 
(Kev) Intensity 

71.69 1.0 

72.54 2.6 

76.29 1.0 

77·13 1.5 

87-96 

88-33 

90.02 

92.95 

Table 3 

Energy 
(Kev) 

71-71 

72-53 

76.33 

77-14 

88.18 

88.55 

90 .03+ 90 .. 21 
90.27 

92.77 + 93.14 



•. 

-24-

Ewan, Geiger, Graham and Mackenzie 
Can. J. Physics 37; 174',(1959)., 

UCRL-9642 
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TABLE 11. RELATIVE INTENSITY OF AUGER ELECTRON LINES: 
EXPERIMENTAL VALUES FOR HEAVY ELEMENTS .. ' 

Auger Z=75 Z=79 Z=80 · Z=80 Z=82 Z=83 Z=84 Z=9l Z=92. ?'.:=94 
Line Ref 1 Ref 2 Ref 3 Ref9 .. · Ref 10 Ref · 4 Ref 5 Ref 6 Ref 7 RefS 

1.0 LO 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 KLILI 

KLILII 

KLitiii 

KLI:(LII 

1.4 L7 1.2 1.68 1.62 1.8 1.9 

1.6 

2 2.6 1.86 

Ll 1.2 0-7 0.85 0.87 1.1 

0.14 0.15 0.2 

1.84 1.80 1.6 

0.9 1.0 o.6 

0.1 

KLIILIII 2.0 

K~UILIII 0 ·95 

KL-'M 
I I 

KLIMII 

KLIMIII 

KLII~ 

0.44 

KLII~II 0.38 

KLII~V 0.32 

KLII~I 0.32 

KLIIIMII 0. 59 

KLIIIMIII 0.60 

0.3 

1.4 

o.8 

0.2 

1.4 

o.6 ·76 0.75 0.8 

0.4 

0.8 

0.1 

0.21 

1.0 

1. J. 0. Newton,Phys. Rev. 117, 1529 (1960). 
2. J. w. Mihelich, PhysicalReview 88,415 (1952). 

0.9 

o.6 

o.6 

1.4 

3· I Bergstrarn,and R. D. Hill ArkivFysik 8, 21 (1954). 

Ll 1.5 

0.1 

4. M,.' Mladgenovic and H. Slatis, Arkiv F. Fysik 2_, 41 (1955). 
5. M. Mla~enovic and H. Slat±s, Arkiv F. Fysik ~' 65 (1954). 
6. Hollander, Stephens,Asaro and Perlman, unpublished results. 
7· R. G. Albr.~dge UCRL'8642 , 1960. 
8. Ewan,Geiger,Graham and Mackenzie, Can J. Physics 37, 174 (1959). 

0.11 

l.ll 

o.4o 

9· C.J. Heerlander, R. Stockendal and R. K. Gupta, Arkiv F. Fysik 17, 315 (1960). 
10. R. Stockendal, Arkiv F. Fysik !1, 553 ( 1960). -

,.. 



_26_ 
UCRL-9642 

TABLE 1~- 13. FLUORESCENT YIELDS OF ELEMENTS ABOVE Z=80 

The fluorescent yie~_:l:,is defined as the number of X-ray photons 

emitted per electron vacancy produced. The vacancy in the electron shell 

may be the result of a radioactive decay process or the result of bombard-

ment of an atom with external radiation. 

The K-fluorescence yield, ~· is a strong function of Z .:if the whole 

periodic system is considered. Summaries of the Z-dependence are presented 

1 2 3 
by Broyles, Thomas and Haynes , by Gray and by Roos . In the heavy 

element group of elements considered here the K-fluorescence yield is 

nearly constant at a value of 0. 96. Recent experimental values are 

' summarized in Table La. 

In the case of L-shell fluorescent yields there exists the possibility 

of primary vacancies in the L
1

, LII or LIII shells with characteristic 

fluorescent yields for each shell. In only a few cases have these individual 

fluorescent yields been determined. It is more usual to report a mean value 

of wL. It is quite possible that the mean values reported by two experimentalists 

for the same element will differ if the processes giving rise to the primary 

electron vacancies produce a different proportion of LILli and LIII holes. 

Hence in Table 13, which lists literature values of mean L-fluorescent yields, 

the specific experiment is given. 

The data on L-shell fluorescent yields have been discussed in review 

''· articles by Robinson and Fink 4 . 

1. C. D. Broyles, D. A. Thomas and S. K. Haynes, Phys. Rev. 89, 715, 
(1953). 

2. P. R. Gray, Phys. Rev. 101, 1306 (1956). 

3. C. E. Roos, Phys. Rev. 105, 931 (1957). 

4. B. L. Robinson and R. W. Fink, Rev. Mod. Physics 27, 424 (1955) and 
32, ll7 (1960). 
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TABLE Ja.. FLUORESCENT YIELD DETERMINATION FOR Z > 80 

Atomic __ ..,.. K-fluores cence 
Element Number Yield Reference 

Lead 82 0.96 a, d 

Bismuth 83 0.96 b 

Polonium 84 0.94 c 

Uranium 92 0. 97 c 

Neptunium 93 0.94 e 

a. A. H. Wapstra, Ph. D. Thesis, University of Amsterdam (published by 
G. van Saest, Amsterdam, 1953). 

b. M. Mladjenovic and H. SUitis, Arkiv Fysik :i_, 41 (1955). 

c. P. R. Gray, Phys. Rev. 101, 1306 (1956). 

d. Patronis, Braden and Wyly, Phys. Rev. 105, 681 (1957). 
; 

e. Hoffman and Dropesky, Phys. Rev. 109, 1288 (1958). 

K> 
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TABLE 13 0 MEASUREMENTS OF MEAN L-SHELL FLUORESCENT 
YIELDS FOR ELEMENTS ABOVE Z = 80 

Element 

Thallium 

Thallium 

Thallium 

Thallium 

Lead 

Lead 

Bismuth 

Bismuth 

Bismuth 

Bismuth 

Bismuth 

Radium 

Thorium 

Uranium 

Uranium 

Case Investigated 

208 .212 
Tl from a-decay B1 

208 .212 
Tl from a-decay B1 

208 .212 Tl from a-decay B1 

Theoretical calc. 

Fluorescent excitation with 
Mo K X-rays 

Fluorescent excitation of 
Pb withCdl09 K X-rays 

. 212 212 
B1 from decay of Pb 

B · 210 f d R D 1 rom a- ecay a 

Bi210 from a-decay RaD 

. 212 212 
B1 from decay of Pb 

0. 50±0. 02 

0. 36 

0. 32±0. 02 

0. 29 

0.40 

0. 39 

0. 51±0. 03 

0. 41 

0. 38±0. 02 

0.40±.02 

Fluorescent excitation of Bi 0. 40 
with Mo K X,...rays 

220 230 
Ra from a-decay of Th 

Theoretical calc. 

Fluorescent excitation of 
U with Mo K X- rays 

Theoretical calc. 

0.4 

0.45 

0.42 

Reference 

Burde and Cohen, 
Phys. Rev. 104, 
1085 (1956) .. 

Kinsey, Can. J. Res. 
26A, 421 (1948). 

Winkenbach, Z. Physik 
152, 387 (1958). 

Kinsey, Can. J. Res. 
26A, 404 ( 1948). 

Lay, Z. Physik 91, 
533 (19 34). -

Patronis et al., Phys. 
Rev. 105, 681 (1957) . 

Burde and Cohen, 
Phys. Rev. 104, 
1085 (1956). 

Kinsey, Can. J. Res., 
26A, 421 (1948). 

Fink, Phys. Rev. 
106, 271 (1957) . 

Winkenbach, Z. Physik 
152, 387 (1958). 

Lay, Z. Physik 91, 
53 3 ( 19 34). -

Booth et al., Phys. 
Rev. 102, 800 (1957) . 

Kinsey, Can. J. Res. 
26A, 404, (1948). 

Lay, Z. Physik 91, 
533 (19 34). -

Kinsey, Can. J. Physics 
26A, 404 (1948). 
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