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The dependence of the average L -shell fluorescence and Auger yields on the initial vacancy distribution is shown
to be small. By contrast, the average electron yield pertaining to both Auger and Coster-Kronig transitions is shown
to display a strong dependence. Numerical examples are given on the basis of Krause’s evaluation of subshell
radiative and radiationless yields. Average yields are calculated for widely differing vacancy distributions and are
intercompared graphically for 40 <Z < 100 in the case of the fluorescence and Auger yields, and 12 <Z <100 in the
case of the electron yield. Average fluorescence and Auger yields are found to differ by less than 7% from the
respective L ; subshell yields in most cases of inner-shell ionization.

INTRODUCTION

When ionization occurs in an inner shell other
than the K shell, vacancies are created in the var-
ious subshells in proportion to the relevant partial
ionization cross sections. The resulting vacancy
distribution then decays by radiative and radiation-
less transitions to less tightly bound shells and
produces an average yield of photons and elec-
trons. These average yields are important in
many uses of inner-shell ionization phenomena,
and hence their dependence on the initial vacancy
distribution is a question of primary concern.

It has been noted before! that on the basis of
theoretical calculations, the average L-shell fluor-
escence yield showed only a weak dependence on
the initial vacancy distribution. However, this re-
sult has not been generally accepted, presumably
because different calculations predicted different
values of the average yield, and because experi-
mental determinations were not accurate enough
to establish a clear trend.'?

In this paper, it is shown that the average fluo-
rescence yield shows, indeed, a very weak depen-
dence on the initial vacancy distribution. Using a
recent evaluation® of the L-subshell fluorescence,
Coster-Kronig, and Auger yields, the average
fluorescence yield is calculated for the case of
photoionization, and thelimits are established
within which the average yield can vary. Corres-
ponding results are given for the average Auger
yield and for the average electron yield.

THE AVERAGE FLUORESCENCE YIELD

In the usual definition the average L-shell fluor-
escence yield is given by

W=N, v, +N,v,+Nyvg, 1

where N, +N,+N;=1, and N,, N,, and N, are the
fractional numbers of initial vacancies in the L,
L,, and L, subshells. The v,, i=1,2,3, are the
effective subshell fluorescence yields

V1="-’1+°"2f1,2+ws(fx,3+fi,s+f1,zfz,3)’ @)
V= Wa+ wsf 5, (3)
Vg=Ws, (4)

in terms of the fluorescence yields w,, the Coster-
Kronig yields f,, »» and the intrashell radiative
yield fi ;.* The limits of the @ values can be given
immediately for the extreme distributions N,/N,/
N,=1/0/0; 0/1/0; and 0/0/1. ‘Then @ becomes
identical with w,, v,, and v,, respectively; and
w for any arbitrary distribution must lie with-
in the boundaries given by v,. Numerical @ values
are presented in Table I for the extreme distribu-
tions and for photoionization.® It can be seen that
only small variations in w are possible because
v,®v, =V, =w, numerically. For example, w var-
ies by less than 2% for the distributions X/Y/Z
=0.16/0.33/0.51 and 0.50/0.24/0.26 that are cre-
ated® by photoionization just above the L, edge and
just below the K edge, respectively. Numerical
values of v, for all elements can be found in Ref.
3, and values of w calculated for the case of pho-
toionization are presented in Ref. 5 for every
fourth element of the periodic table.

In Fig. 1, the values of v,, v,, and w are plotted
relative to w, for the elements in the range 40<Z
<100. Throughout the range the yield @ is seen
to deviate from v, by only a few percent and from
w; by no more than 7%. Noting that most modes of
inner-shell ionization lead to vacancies in each
subshell, the average fluorescence yield can gen-
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TABLE L Average L-shell fluorescence yield @ for
the initial vacancy distributions N{/N;/N3=1/0/0; 0/1/0;
0/0/1; and X/Y/Z which is created in photoionization
(ELy <hv<Ey). Note the identity of @ with vy, v,, and wg
for the extreme cases given.

wg w

Yy Va
z 1/0/0 0/1/0 0/0/1 x/Y/z
2Ge 0.0142 0.0137 0.0150 0.0144
48cq 0.0575 0.0647 0.0560 0.0586
84Gd 0.160 0.181 0.155 0.163
OHg 0.345 0.387 0.333 0.352
%2y 0.503 0.549 0.489 0.513

erally be given by w=1.02 v, or w=1.05 w, to a
very good approximation for all Z = 45.
No values are given for the low Z elements,
Z <40, because of the greater uncertainties in the
individual fluorescence and Coster-Kronig yields,
w, and f, ,, and their sensitivity to chemical ef-
fects.® However, it should be noted that v, is
much greater than wy near Z =19 due to the relative
importance of the intrashell radiative yield f] ;.
The uncertainties in the relative v, and @ values
can be estimated from the uncertainties given in
Ref. 3 for the individual yields. If the uncertain-
ties in w, and f, , were assumed to be uncorrelated,
the uncertainties in the relative v, and ® values
would range from 15% at Z =40 to 5% at Z =100.
However, since a strong correlation exists between
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FIG. 1. The percent deviation of 1y, vy, and ® from
the Lg-subshell fluorescence yield ws. The average
yield @ is calculated for the case of photoionization
(Egy <hv<Ey); vy corresponds to an initial vacancy
di/st;'ibution Ny/Ny/N3=1/0/0, vy to 0/1/0, and wy to
0/0/1. N

the different w; and f, ,,° a more realistic estimate
leads to uncertainties ranging from 5% at Z =40
to less than 2% toward Z =100.

Since in most modes of innershell ionization an
initial vacancy distribution is created that is not
drastically different from the distributions pro-
duced by photoionization, it is of interest to com-
pare the present @ values with available experi-
mental data,’ 2 obtained under widely differing
conditions. The comparison displayed in Fig. 2
shows a satisfactory agreement between the cal-
culated curve and the measurements of w. On the
basis of the results summarized in Fig. 1, the
scatter in the measurements of the average fluor-
escence yields must be attributed by and large to
experimental inaccuracies rather than to the in-
fluence of the initial vacancy distribution.
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FIG. 2. Comparison of the average fluorescence yield
o calculated in this work with experimental data taken
from Refs. 1 and 2.
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TABLE II. Average L-shell Auger yield @, for dif-
ferent vacancy distributions; @; 4, @, 4, and ag are
identical with @, for Ny/N,/N3=1/0/0; 0/1/0; and 0/0/1.

4,4 dz,4 ag @,?

z 1/0/0 0/1/0 0/0/1 Xx/Y/z
0zn 0.988 0.989 0.988 0.988
45Rh 0.954 0.950 0.954 0.953
SONd 0.872 0.857 0.875 0.870
OHg 0.658 0.613 0.667 0.648
%Am 0.470 0.422 0.474 0.456

2 For vacancy distributions created by photoionization
(E L1 < hv<E K)'

THE AVERAGE AUGER YIELD

In complete analogy to the average fluorescence
yield, the average Auger yield (see Table II) is
given by

a,=N,a, ,+N,a, ,+Nya, ,, 5)

where the effective L-subshell Auger yields are
given by

al,A=a1+azf1,2v+as(f1,3+f{,3+f1.zfz.s); (6)
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FIG. 3. The percent deviation of @, ,, @y, 4, and Ty
rf_rom the Ls-subshell Auger yield ag. The average yield
a, is calculated for the case of photoionization
(Epy <hv<Ey); &4 , pertains to an initial vacancy dis-
tr/ib}ltion N1/Ny/N3=1/0/0, @, 4 to 0/1/0, and a to
0/0/1.

TABLE III. Average L-shell electron yield @ for ex-
treme initial vacancy distributions and for photoioniza-
tion at two energies. The oy, @,, and ag values are
identical with the @ values for the initial vacancy dis-
tributions Ny/N,/N3=1/0/0; 0/1/0; and 0/0/1, respec-
tively.

a, a, ag a? ab
z 1/0/0 0/1/0 0/0/1 X/Y/z X'/V/Z

¥zZn  1.825 1.015 0.989 1.16 1.46
4Rh  1.665 1.100 0.950 1.11 1.37
60Nd 1.392 1.009 0.857 1.01 1.18
& 1.361 0.733 0.613  0.81 1.02
%Am  1.072 0.625 0.422  0.64 0.79

2 Distribution for kv~ Er,; X/Y/Z~0.16/0.33/0.51.
b pigtribution for v ™ Eyx; X' /Y’ /Z’ %0.50/0.24/0.26.

@y 4 =0,+0a5f; 5, 7
Q3 4 =03, (8)

in terms of the subshell Auger yields a, and the
Coster-Kronig yields f, ,.

The values of @, , and @, , are plotted in Fig. 3
relative to the L; subshell yield a,. Also plotted
is the average yield @, which was calculated for
the representative case of photoionization. The
uncertainties in the relative values of a, ,, @, ,,
and @, are estimated to range from less than 1%
at Z <50 to about 2% at Z =100.

THE AVERAGE ELECTRON YIELD

Following the definitions of average fluorescence
and Auger yields, the average electron yield for
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FIG. 4. The average electron yields for the extreme
initial vacancy distributions indicated. These yields
pertain to Auger and Coster-Kronig electrons; @ and
@, can be interpreted as the effective electron yields of
the Ly and L, subshells.
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all radiationless transitions can be written as
a=N,a,+N,a,+N;a,, 9)

where the effective electron yields o ; are given by

@y =0y 4+f1,2 +f1,3+/1,22, 35 (10)
Ay =0y 4+f3 3, (11)
as =a3,A=a3’ (12)

in terms of the effective Auger yields a, , and the
Coster-Kronig yields f; ,. The average electron
yield includes both the Auger electrons and the
Coster-Kronig electrons. As a rule, the Coster-
Kronig electrons form a group of slow electrons
and the Auger electrons form a group of faster
electrons. Because Coster-Kronig yields f, ,
contribute heavily, «, is much greater than either
a, or ag, up to almost twice a; at low Z. As a
consequence the average electron yield @ depends
markedly on the initial vacancy distribution. In
contrast to the average fluorescence and Auger
yields, the average electron yield is much greater
for photoionization at high energies than for pho-
toionization at low energies. Numerical values

of a for photoionization at kv = E;, and hv=E, are
given in Table IOI; values of a,, a@,, and a, which
correspond to extreme vacancy distributions are
plotted in Fig. 4 for all elements.

CONCLUSIONS

Using reliable values for the radiative and ra-
diationless yields of the individual L subshells,
the average fluorescence yield and the average
Auger yield were shown to be insensitive to the
initial vacancy distribution. These average yields
can be equated with the L, subshell yields w, and
a; in most practical applications without incurring
a large error. By contrast, the average electron
yield shows a strong dependence on the vacancy
distribution and requires a detailed evaluation for
each case.

Because the general trends of the various yields
of the M subshells are similar to those of the L
subshells, the conclusions of this work may rea-
sonably be transferred to the M shell. Specifical-
ly, we might expect that in the high-Z range the
average fluorescence and Auger yields can be re-
placed by the M, subshell yields w, and a, to a
good approximation regardless of the initial vacan-
cy distribution. However, the average electron
yield is expected to display an even stronger de-
pendence on the initial vacancy distribution be-
cause of the profusion of Coster-Kronig transi-
tions in the M shell.
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