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Abstract. The theoretical, experimental and analytical methods for the calculation of average M-
shell fluorescence yield ( Mω ) of different elements are very important because of the large number 
of their applications in various areas of physical chemistry and medical research. In this paper, the 
bulk of the average M-shell fluorescence yield measurements reported in the literature, covering the 
period 1955 to 2005 are interpolated by using an analytical function to deduce the empirical average 
M-shell fluorescence yield in the atomic range of 70≤Z≤92. The results were compared with the 
theoretical and fitted values reported by other authors. Reasonable agreement was typically obtained 
between our result and other works. 

Keywords: average M-shell fluorescence yield, weighted- and unweighted-mean values.  
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INTRODUCTION 

Several attempts were made, for measuring and calculating the average M-shell 
fluorescence yields for a wide range of elements. McGuire [1] were used the 
calculated Auger, Coster-Kronig, super Coster-Kronig, and radiative transition rates to 
compute atomic M-shell Auger, Coster-Kronig, and fluorescence yields for elements 
in the range 20≤Z≤90. Öz et al.  [2] calculated the  average M shell fluorescence yields 
and the total M-shell x-ray fluorescence (MXRF) cross section at 6 keV for elements 
with 29≤Z≤100. In this paper our research group performs fittings with analytical 
functions based on the available experimental data to derive the empirical average M 
shell fluorescence yields for elements with 70≤Z≤92. The experimental data were 
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taken from different sources published from 1955 to 2005. Finally, the obtained results 
were presented in a tabular form and were compared with theoretical and fitted works. 

CALCULATION OF AVERAGE M SHELL FLUORESCENCE 
YIELD 

Several attempts have been made to fit experimentally the average  M-shell 
fluorescence yields by empirical formulas. In 1955 Burhop [3] interpolated the 
available experimental data  using the formula 49 131071 Z.ωM . Hubbell et al. 
[4] have proposed the relation 49 1310291 Z.ωM to determine the average  M-
shell fluorescence yields in the range 19≤Z≤100.   Based on these formulae, the bulk 
of the average M-shell fluorescence yield measurements for elements from 70Yb  to 
92U reported in the literature [5-19], covering the period 1955 to 2005 are used to 
calculate the empirical Mω . First, the quantity 4

exp 13ZωM
 and plotted them vs the 

atomic number Z  for all element in the range 70≤Z≤92. The data are presented in 
Figure 1 (dots) as a function of the atomic number Z. The analytical function used for 
the interpolation is the following expression: 

                                                        A
Z
ωM

4
exp

13
                                                            

(1) 
To determine the constant A  we calculate the average of the quantities 

4
exp 13ZωM

 for all elements from 70Yb  to 92U, finally we deduced the value of A  as: 
91041.1A The average value of A is shown in Figure 1. To deduce empirical Mω  

we used the relation: 
                                                 49

exp 1310411 Z.ωM                                                
(2) 

Second, depending on the famous formula 3

0

411
n

n
n

/ Zbωω , we derived a second 

formula to deduce the empirical average M-shell fluorescence yields. We calculated 
the quantities 41

expexp 1 /
M-M- ω/ω and plotted them vs the atomic number Z. The data 

41
expexp 1 /

M-M- ω/ω  are presented in Figure 2  (dots) as a function of the atomic number 
Z. The analytical function used for the fitting is the following polynomial:   
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(3) 
Figure 2 shows the fitting results according to the equation (3).  To deduce the 

empirical average M-shell fluorescence yields of elements in the range 70≤Z≤92 for 
the second method we used the expression:

                                                    
 

                                               zfzfω empM
44 1                                              
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RESULTS AND DESCUSSION 

The calculated empirical average M-shell fluorescence yields according to the 
different methods mentioned before (formulae  (1) and (3)) in the atomic range 
70≤Z≤92 have been tabulated in Table 1. In the same table we presented the 
theoretical calculation of McGuire [1] and the fitted values of Öz et al. [2] and 
Hubbell et al. [20].  
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FIGURE 1. Distribution of the experimental 
average M-shell fluorescence yields 

4
exp 13ZωM

 as a function of atomic 
number Z. The average value of the constant 

A  are also shown. 

FIGURE 2. Distribution of the experimental 
values of the M-shell fluorescence yields  

41
expexp 1 /

M-M- ω/ω   as a function of 
atomic number Z. The curve is the fitting 

according to formula (3) 
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TABLE 1. Present empirical average M shell fluorescence yields Mω  compared to the theoretical 
calculation of McGuire [1] and the fitted values of Öz et al. [2] and Hubbell et al. [20]. 

                 Fitted    Theoretical  Empirical (this work)  
 

Hubbell et al. [20] Öz et al. [2]  McGuire [1]  
 Formula (3) Formula (1) Z 

0.0136 
0.0146 
0.0156 
0.0167 
0.0179 
0.0191 
0.0203 
0.0216 
0.0230 
0.0245 
0.0260 
0.0275 
0.0292 
0.0310 
0.0328 
0.0347 
0.0366 
0.0387 
0.0408 
0.0430 
0.0453 
0.0477 
0.0502 

0.0159 
0.0173 
0.0186 
0.0201 
0.0213 
0.0226 
0.0239 
0.0251 
0.0264 
0.0276 
0.0289 
0.0303 
0.0317 
0.0332 
0.0348 
0.0366 
0.0385 
0.0407 
0.0431 
0.0458 
0.0486 
0.0522 
0.0560 

0.0154 
0.0169 
0.0186 
0.0208 
0.0211 
0.0221 
0.0234 
0.0236 
0.0247 
0.0270 
0.0288 
0.0305 
0.0320 
0.0334 
0.0344 
0.0357 
0.0374 
0.0404 
0.0442 
0.0488 
0.0543 

- 
- 

0.0145 
0.0153 
0.0161 
0.0171 
0.0183 
0.0195 
0.0209 
0.0223 
0.0239 
0.0256 
0.0274 
0.0293 
0.0312 
0.0333 
0.0353 
0.0374 
0.0396 
0.0417 
0.0437 
0.0457 
0.0476 
0.0493 
0.0508 

0.0149 
0.0160 
0.0171 
0.0183 
0.0195 
0.0208 
0.0222 
0.0237 
0.0252 
0.0268 
0.0284 
0.0301 
0.0320 
0.0339 
0.0358 
0.0379 
0.0400 
0.0423 
0.0446 
0.0470 
0.0496 
0.0522 
0.0549 

70Yb 
71Lu 
72Hf 
73Ta 
74W 
75Re 
76Os 
77Ir 
78Pt 

79Au 
80Hg 
81Tl 
82Pb 
83Bi 
84Po 
85At 
86Rn 
87Fr 
88Ra 
89Ac 
90Th 
91Pa 
92U 
 
 

To display our calculation graphically Figure 3 shows the empirical calculation 
(using formulae  (1) and (3))  normalized to their corresponding theoretical 
calculations of McGuire [1] and the fitted values of Öz et al. [2] and Hubbell et al [3]  
have been evaluated as a function of the atomic number Z. Despite the quite different 
procedures have been followed to calculate the average M-shell fluorescence yields, 
the obtained results are generally agree with the theoretical and fitted values in all the 
range of atomic number 70≤Z≤92 for the two methods (formulae  (1) and (3)). The 
argument in the formula (1) is within the range 0.12% to 12.14% for McGuire [1], 
0.07% to 9.08% for Öz et al. [2] and 9.06% to 9.62% for Hubbell et al. [20]. For the 
formula (3), the deviation is within the range 0% to 10.49% for McGuire [1], 0.30% to 
13.07% for Öz et al. [2]  and 0% to 11.04% for Hubbell et al. [20]. It is noted from the 
above discussion that the present results can be used for analytical applications and 
more experimental and empirical determinations are needed to give more insights for 
the full knowledge of the average M-shell fluorescence yields. 
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FIGURE 3. The empirical calculation (using formulae  (1) and (3))  normalized to their corresponding 
theoretical calculations of  McGuire [1] and the fitted values of Öz et al. [2] and Hubbell et al [3] as  

function of the atomic number Z. 
 

CONCLUSION 

The fluorescence yield measurements reported in the literature covering the period 
1955 to 2005 were used to calculate the average M-shell fluorescence yields. A new 
set of average M-shell fluorescence yields were determined using simple methods for 
elements in the atomic region 70≤Z≤92. The deduced empirical fluorescence yields 
according to the different procedures were generally much closer to each other for the 
whole range of atomic number. In addition to the available experimental and 
theoretical average M-shell fluorescence yields, the present values were proposed to 
workers in the field of atomic inner-shell ionization processes. 

 

REFERENCES 

 
1.  E.J. McGuire, Phys. Rev. A 5, 1043-1047 (1972). 
2.  E. Öz et al., X-Ray Spectrometry 28, 198-202 (1999). 
3.  E.S.H. Burhop, J. Physique et le Radium 16, 625-629 (1955). 
4.  J.H. Hubbell. NISTIR 89, 4144 (1989). 
5.  G. Apaydin et al., Radiat. Phys. Chem. 72, 549-554 (2005). 
6.  M. Ertuğrul et al., Nucl. Instr. Meth. B 108, 18-22 (1996). 
7.  R. Durak and Y. Özdemir, Spectrochim. Acta Part B 56, 455-464 (2001).  
8.  S. Puri et al., Nucl. Instr. Meth. B 73,319-323 (1993). 
9.  R.C. Jopson et al., Phys. Rev. 137, 1353-1357 (1965). 
10.  D.V. Rao et al., Radiat. Phys. Chem. 46, 317-320 (1995). 
11.  D.V. Rao et al., Nucl. Instr. Meth. B 108, 227-232 (1996).  
12.  D.V. Rao et al., Radiat. Phys. Chem. 49, 503-504 (1997). 

68 70 72 74 76 78 80 82 84 86 88 90 92 94

0,0

0,5

1,0

1,5

2,0

Z

                        Theoritical                      Fitted
                        McGuire [1]    Öz et al. [2]   Hubbell et al.[20]
Formula (1)                                  
Formula (3)                                  

 

 

M
 / 

(
M

) (th
is 

w
or

k)

020052-5

 05 D
ecem

ber 2024 13:46:08

http://dx.doi.org/10.1103/PhysRevA.5.1043
http://dx.doi.org/10.1002/(SICI)1097-4539(199905/06)28:3%3C198::AID-XRS325%3E3.0.CO;2-6
http://dx.doi.org/10.1051/jphysrad:01955001607062500
http://dx.doi.org/10.1016/j.radphyschem.2004.04.001
http://dx.doi.org/10.1016/0168-583X(95)00856-X
http://dx.doi.org/10.1016/S0584-8547(01)00178-1
http://dx.doi.org/10.1016/0168-583X(93)95745-Q
http://dx.doi.org/10.1103/PhysRev.137.A1353
http://dx.doi.org/10.1016/0969-806X(94)00140-F
http://dx.doi.org/10.1016/0168-583X(95)01054-8
http://dx.doi.org/10.1016/S0969-806X(96)00159-4


 
 

13.  Şahin et al., J. Radioanaly and Nucl. Chem. 261, 415-419 (2004). 
14.  A.A. Konstantinov and T.E. Sazonova, Bull. Acad. USSR (Phys. Ser.) 32, 581 (1982).  
15.  K. Shatendra et al., Physica B&C 124,  279-281 (1984). 
16.  K.S. Mann et al., J. Phys. B 23, 2497-2504 (1990). 
17.  R.R. Garg et al., X-Ray Spectrom. 20,  91-95 (1991). 
18.  M. Hribar et al., Physica B&C 115, 132-136 (1982). 
19.  H. Jaffe et al., Phys. Rev. 97, 142-150 (1955). 
20.  J.H. Hubbell et al., J. Phys. Chem. Ref. Data 23, 339-364 (1994). 

020052-6

 05 D
ecem

ber 2024 13:46:08

http://dx.doi.org/10.1023/B:JRNC.0000034879.46607.a9
http://dx.doi.org/10.1088/0953-4075/23/15/017
http://dx.doi.org/10.1002/xrs.1300200210
http://dx.doi.org/10.1103/PhysRev.97.142
http://dx.doi.org/10.1063/1.555955

