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The L2 3-M45M45 Auger-electron spectra of the metallic elements 47Ag to 5lSb have been mea-

sured. The spectra are analyzed within the framework of Hartree-Fock differential self-consistent-
field (hSCF} calculations in which correlation and relativistic energy shifts have been included, us-

ing j-j coupbng for the initial state and intermediate coupling for the final state. It is found that
structure on the low-energy side of the L3-M4 5M4 5 spectrum, previously interpreted as due to the

L3M4 5 M4 5M4 5M4 5 multiple-hole excitations following the L l-L3M4 5 Coster-Kronig decay pro-
cess, is also present in the L2-M4 5M4 5 spectrum. Electron energy-loss spectroscopy data show that
the structure in fact corresponds to plasmon satellites. The L3M4 5-M4 5M4 5M4 5 satellites are re-

vealed in 47Ag and 48Cd by an anomalous value of the intensity ratio of the L3-M45M4 5 and L2-
M45M45 groups. The L2 3 level widths of the elements 47Ag to 5lSb are determined from a simula-

tion of the experimental spectra using our theoretical results.

I. INTRODUCTION

Satellites appearing in x-ray emission spectroscopy
(XES), x-ray photoelectron spectroscopy (XPS), and
Auger-electron spectroscopy (AES) measurements provide
useful information about the dynainics of multiple-hole
excitations associated with the initial single-hole excita-
tion. The theoretical analysis of the satellite structure is
generally very complicated because of the presence of one
or more extra holes. However, a qualitative analysis may
provide sufficient knowledge about the presence or ab-
sence of particular decay channels for the initial single-
hole state. This may be obtained from the observation of
changes in satellite intensities as the excitation energy is
driven above or below the initial single-hole ionization en-

ergy threshold, by changing the environment (e.g., from
fre: atoms to metals), or by examining changes as a func-
tion of the atomic number. An increase {or a decrease) in
the XPS spectrum linewidth provides direct evidence for
the opening (or closing) of decay channels. If such direct
evidence is not available, the XES and AES satellite mea-
surements can also contribute sufficient information (see
Refs. l —4 for experimental and theoretical work in this
respect). A good example is the extensive experimental
and theoretical work carried out on the L23 XPS,- the
L7 i-M4 5M4 s AES and the L2 i XES spectra of the ele-
ments 29Cu to 32Ge. ' These spectra show that
L2 L3M45 Coster-Kro-nig (CK) processes are forbidden
in atomic Cu and Zn, but are allowed in metallic Cu and
Zn due to the atom-solid CK energy shift. This is directly
confirmed by a decrease of the Lz XPS linewidth when
going from the metal to the free atom. ' ' Furthermore,
this is indirectly confirmed by a decrease in the free atom
of the satellite intensities in the L& M45M4, AES spec--

tra ' ' and in the Lai 2 (L3-M& 4) XES spectra' "due to
the closing of the Li L3M4 &-M-4 &M4 &

cascade. Theoret-
ically, this is confirmed for the atomic case by b,SCF cal-
culations of the atomic L2-L3M4, 5 CK energy' ' and for
the solid-state case both by a semiempirical calculation of
the solid-state L2 LsM45 C-K energy' and by recent
atom-solid CK energy-shift calculations.

The absence or presence of particular CK decay chan-
nels can also be studied systematically by increasing the
atomic number. Such an approach has shown that the
Li-LiM4s CK decay channels are forbidden when we
reach atomic and metallic 5oSn. The Li XPS spectra of
the elements neighboring Sn, which would provide direct
evidence for the closing of the L~-L3M45 CK decay
channels, are not available so far. Nevertheless, the LI33 4

( L i M3 p ) XES spectra do indicate the closing of the
L i L3M4 5 CK decay channels at Sn since the L i

linewidths determined from the LP34 XES spe:tra show
a drop at Sn. A sharp drop has also been observed at Sn
for the ratio of the Lai satellite intensity to the total La&
(L3 M5 ) x-ray emission intensity measured with 2.5-MeV
proton bombardment. ' ' An intensity increase was ob-
served in the satellite region of the A.g La i XES spectrum
as the energy of the primary excitation was increased
above the Ll ionization energy. ' ' This La& XES satel-
lite was interpreted as due to the L&-L3M4 5 M/5M/5
cascade which closes at Sn. ' ' The L3-M45M45 AES
spectra of the elements in the vicinity of Sn are also ex-

pected to show a variation in satellite intensity due to the
closing or opening of the Li-L3M45-M& &M45M4 &

cas-
cade. The L&-M4sM45 AES spectrum of metallic Ag
has been measured with this point in mind. ' A structure
on the low-energy side of the main peak was observed and
interpreted as a satellite resulting from the
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I.) -L 3M4 5-M4 gMg 5M4 g cascade.
In this paper, we report on the first systematic study of

the L, 2 3-Mc 5M4 5 AES spectra in metallic &7Ag to 5&Sb in
order to elucidate the origin of this structure. After a
brief description of the experimental conditions (Sec. II),
an analysis of the Auger spectra is presented (Sec. III).
Energy (Sec. III A) and intensity (Sec. III 8) calculations
are discussed. Placing the emphasis on satellite struc-
tures, we compare the results of our theoretical model
with experiment (Sec. III C). The energies of the
L3M4 5-M4 zM& 5M& 5 Auger satellite transitions are cal-
culated and the existence of such satellites is discussed in
Sec. IIID. Finally, the I.2 3 level widths we have deter-
mined from our experiments are given and compared with
other available data (Sec. III E). Conclusions are drawn in
Sec. IV.

II. EXPERIMENTAL

The Auger spectra induced by the 14-kV bremsstrah-
lung emitted by an Al anode were analyzed using the elec-
tron optics (electrostatic retarding lens and hemispherical
analyzer) of an AEI ES 200 B spectrometer operated at a
resolving power of —1500. Spectroscopically pure foils
mechanically scraped under vacuum were used as sam-
ples. The spectra reported here were obtained from sam-

ples for which the oxygen and carbon contamination was
estimated to be less than a few percent of a monolayer.
The energy scale was calibrated in the following way: a
gold sample suitably biased using a 0.005% stabilized
high-voltage supply was used to produce photoelectrons
of known energies in the range of interest; the exact value
of the bias was measured by feeding the high voltage to a
precision digital voltmeter through a calibrated voltage di-
vider; a value of 83.8 eV was taken for the binding energy
of the Au 4f7qz level us& for the calibration.

The energy losses suffered by the Auger electrons on
their way out to the vacuum strongly influence the shape
of high-energy Auger spectra. In order to be able to make
a detailed comparison between the experimental Auger
spectra and those predicted by our calculations, a
knowledge of the electron energy-loss data for each sam-

ple was needed. This was accomplished by bombarding
the sample with monochromatic electrons having an ener-

gy close to that of the Auger electrons and by studying
the energy spectra of the reflected electrons. These were
found to be in good agreement with previously reported
spectra.

A. 1.2 3-M4 5M4 q Auger energies in the metals

The holes involved in the I.23-M4qM45 Auger pro-
cesses are localized on a core atomic site. Thus the atom-
ic approach is relevant for an analysis of the spectra.
First of all, we calculate the atomic Auger energy. One of
the simple ways to calculate approximately the atomic
Auger energy is the Hartree-Fock (HF) b,SCF method.
One calculates the total energy of the initial single-hole
state and that of the final double-hole state within the HF
scheme. It is known that the HF ASCF method often

gives good agreement (to within —1 eV) with the experi-
mental atomic ionization energy. This does not necessari-
ly mean that the HF ESCF provides the accurate atomic
ionization energy. One should take into consideration the
following points at least when one performs the ESCF
calculations and compares them with experiment.

(1) The calculation of the total energy often involves
numerical inaccuracy which tends to cancel out when we
obtain the b SCF results.

(2) The HF scheme completely neglects the correlation.
When the initial- and final-state correlations are almost
the same, the discrepancy between the experiment and the
HF ASCF result is quite small and is interpreted, when

~
E(expt) ( &

~

E(lNCF) ~, as the ground-state correlation,
which is of the order of 1 eV. The HF ESCF scheme de-
scribes only the monopole relaxation [i.e., radial redistri-
bution of the surrounding electron clouds to the sudden
creation of a hole (or holes)]. When the angular (non-
radial) distortion of the system is involved, e.g., dipole re-
laxation, the b SCF energy exceeds appreciably the experi-
mental energy (-2—3 eV, sometimes as much as 10 eV).
This kind of relaxation has to be treated in a perturbative
way. The perturbative treatment by a HF scheme general-

ly very much improves the results, although it often tends
to be nonsystematic in a strict sense when one tries to take
into account the higher-order terms.

Here, as the dipole relaxation of both initial Li 3 and fi-
nal M45M4s hole states is negligible (this we deduce
from the agreement between the relativistic ASCF results
and the atomic experimental data for a single 2p or 3d
hole level) and since we are not aiming at calculating the
metallic L2 3-Mq 5M4 5 Auger energies with high accura-
cy, we limited ourselves to the HF ASCF calculations.
We correct the ASCF Auger energy by adding the relativ-
istic energy shift and the ground-state correlation energy
shift. For the M4 5M' 5 double-hole energy, the relativis-
tic effect can be obtained as twice the difference between
the Dirac-Hartree-Fock (DHF) and HF eigenvalues for a
single M45 hole, because the energy corrections due to
Breit interaction, vacuum polarization, self-energy, and
quantum-electrodynamic effects are negligible. In the
case of the Lz 3 hole state, as the Breit interaction be-
comes large (-9.5 and -6.9 eV for the L2 and Li hole
states of cadmium ), we use the Dirac-Hartree-Fock-
Slater (DHFS) b,SCF energies calculated by Huang
et al. 6 The ground-state correlation energy shift can be
obtained by comparing the DHFS energies with the
atomic experimental data. For the levels where the atom-
ic data are not available, we estimate the atomic energies
from the solid-state level using the atom-solid energy shift

calculated by Johansson and Martensson, which is
accurate to within 0.5 eV. The atom-solid energy shift

can be expressni as the sum of a chemical shift, of
an energy shift due to configuration change, of an extra-
atomic relaxation shift 5'"', and of the work function.
For core levels, we may consider that 5 and 6'"' are ap-
proximately level independent. Then it can be shown '

that the metallic Auger energy E (referenced with
respect to the Fermi level) can be obtained from the atom-
ic Auger energy E"by

gs ~A+ gAS+ 2gcxt (1)
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In the equivalent core approximation, the extra-atomic re-
laxation shift may be obtained by

(2)

where i denotes the hole and j the screening electron.
Here, for the sake of accuracy and assuming that b;"' is
not affected by the presence of an extra hole, we have
used the 6 obtained in a semiernpirical way by Aksela
et ai. for the 3d5&2 level (typically 7.6 eV for Ag) and
the b'"' obtained from Eq. (1) for the M4s-%45%45
('64) Auger energy (typically 4.5 eV for Ag).

For the elements of interest here (except Cd) the atomic
approach we use to calculate the solid-state Auger ener-

gies should in principle take into account the coupling be-
tween the initial 2p&&2 or 2pi&2 hole state and the final
3d double-hole state with the outermost shell (open
shell) electrons. We performed the DHF ESCF calcula-
tions for the 2pi~2 i~2 and 3d hole levels by using
Grant's code, ' with intermediate coupling and without
configuration interaction. In most cases (particularly for
the 3d holes), the coupling generates many multiplets
which makes the analysis of the spectra difficult. Howev-
er, our results indicate that the inclusion of the coupling
does not change drastically the Auger energies. Moreover,
it should be noted that the coupling between the initial
hole and the final holes with the valence electrons is ex-

pected to be very weak since the XPS spectra give no evi-
dence of multiplet splitting. Thus our present scheme
without coupling is sufficient for the analysis of the
present Auger spectra.
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9. 1.2 3-M4 5M4 5 Auger intensities

As the 1.2 3-M4 5M4 5 Auger processes are localized on
the atomic site, an atomic intensity calculation should be
suitable. We calculate the intensities by using the radial
Auger matrix elements obtained by McGuirei and by as-
suming j-j coupling in the initial state and intermediate
coupling in the final state.

The calculations by McGuire often give quite good
agreement for the Auger decay rates; however, they
overestimate the CK rates by a factor of -2—3. We leave
further detailed discussion of the origin of this discrepan-
cy to the work reported elsewhere by one of us. Here
we will point out that, in general, the Auger decay matrix
elements calculated by the HF scheme are changing slow-

ly with the decay energy in contrast to the CK decay ma-
trix elements which tend to change rapidly vnth the CK
decay energy because the CK energy often falls in the
near-threshold region. Furthermore, the Auger matrix
elements are often rather insensitive to the choice of po-
tential, basis set, etc., in contrast to the CK decay matrix
elements. Thus the use of McGuire's results for an
analysis of the Auger transitions involved here is relevant.
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C. Comparison between theory and experiment

The 1.3-M4 5M4 5 and I.z-M4 sM45 spectra of metallic
&7Ag to 5~Sb are shown in Figs. 1 and 2, respectively. The
spectra of each group have been aligned on the most in-
tense peak ('64). They have also been normalized to the

FIG. 1. I.3 M45M45 Auger spectra of the metallic elements

47Ag to 5ISb. The experimental spectrum (dotted curve) is com-
pared with the simulated spectrum (solid line} that can be ob-
tained from the results of our calculations (bars} using electron
energy-loss data.
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FIG. 2. I z-M45M4 q Auger spectra of the metallic elements

47Ag to ~lSb. See caption of Fig. 1 for details.

maximum amplitude of this peak. The energies relative to
the 64 peak and the relative intensities given by our cal-
culations are also given in the figures. It is seen that the
evolution of the splittings observed in the spectra is well
accounted for by our calculations. Theory also explains
well the differences in intensity between the L3 and L2
groups, namely the almost complete disappearance of the
F~ and F2 transitions as well as the greater intensity of

the I'2 transition when going from the L3 to the L2
groups. The absolute Auger energies we have calculated
for the 'Gq peak are about 3 eV smaller than the mea-
sured energies (see Table I).

%'e give also in Table I the DF ASCF solid-state Auger
energies calculated for 4sCd with intermediate coupling
and without configuration interaction using a relativistic
code. 3' The results are in good agreement with experi-
ment. This is mainly due to the proper treatment of the
relativistic effects, i.e., Breit interaction, vacuum polariza-
tion, self-energy, and quantum-electrodynamic correc-
tions. The larger discrepancy between the nonrelativistic
ASCF results with relativistic corrections and experiment
is possibly due to the relativistic corrections introduced in
the present work and to differences in the Coulomb in-
tegrals. Note that the Coulomb integrals used in the rela-
tivistic approach are calculated for the final double-hole
configuration in contrast to those used in the nonrelativis-
tic approach, which are obtained for the neutral ground
state. In principle, one should use the Coulomb integrals
of the neutral ground state in order to treat the relaxation
in the presence of the final double holes in a perturbing
way. But as monopole screening shifts the average final
double-hole energies but not much the term splittings, our
choice of the Gq transition for the comparison is a matter
of convenience.

The importance of relativity and correlation effects in
the L-MM Auger spectra has been recently discussed by
Chen, who performed Dirac-Hartree-Slater calculations
in intermediate coupling with configuration interaction
for selected elements with atomic numbers 18&Z &92.
When corrections for correlation effects are taken into ac-
count, these calculations are in excellent agreement with
the experimental data available. Unfortunately, our re-
sults cannot be compared with those of Chen because the
Auger spectra reported here were not studied by him.

From Table I it is also seen that the semiempirical
solid-state Auger energies obtained by Larkins are 5—6
eV lower than the experimental energies. These differ-
ences seem to be somewhat too large even when we take
into account the uncertainty of experimental binding ener-
gies which besides tends to cancel out in the evaluation of
the Auger energy. We consider that the main cause of
discrepancies is due to the "solid-state correction term"
evaluated by the atomic HF screening model used by Lar-
kins. ' This solid-state correction term corresponds to
the term 25'"' of Eq. (1), as well as to the last two terms
of Eq. (41) in Ref. 28. (Note that the extra-atomic relaxa-
tion defined here and in Ref. 28 is different from the "in-
correct definition" which is usually taken as the total
atom-solid eilei'gy shift minus work fulictlon. ) If we take
the semiempirical extra-atomic relaxation shift obtained
in Ref. 28, we find that the discrepancy between the
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TABLE I. Measured and calculated L23-M45M45 ('64) Auger energies (eV) of the metallic ele-

ments 47Ag to 51Sb. The experimental uncertainty is estimated to be 0.7 eV.

Element
Initial

hole-state
Auger energy

This work Ref. 38 Ref. 38'

L2
L3

2750.3
2578.0

2749.5
2576.7

2746.3
2573.7

2746.6
2574.0

2877. 1

2687.1

2872.8
2876.2'
2683.1

2686.4b

2870.3

2680.8

2873.7

2684.2

49In 3007.1

2799.7
3004.4
2796.5

3000.8
2792.9

3004.1

2796.2

gpSn 3140.1
2912.8

3137.2
2909.7

3133.8
2906.6

3136.9
2909.7

L2
L3

3276.0
3027.8

3272.0
3023.7

3271.1
3022.9

3273.0
3024.8

'%'ith extra-atomic relaxation of Ref. 28.
"From DHF d SCF calculations t',see text),

semiempirical and experimental Auger energies reduces to
1—4 eV (see Table I). The remaining discrepancy could be
due to the uncertainty of the experimental data used in
the semiempirical approach and to the assumption that
the atom-solid Auger energy shift is level independent.

The energy losses suffered by the Auger electron on its
path towards the vacuum have to be taken into account if
a closer comparison between theory and experiment has to
be made. This was done by associating the electron
energy-loss structures corresponding to the element in-
volved to each theoretical line and by summing up the
contributions from the various transitions. Each loss
spectrum was determined by fitting Gaussian-type struc-
tures superimposed on a suitable background to our elec-
tron energy-loss data and by broadening the fit so as to
obtain an elastic peak width close to the 6& linewidth.
The spectra given by this simulation procedure are com-
pared with experiment in Figs. 1 and 2. This comparison
shows that loss processes explain well the structures ob-
served on the low-energy side of the main ('Gq) line in
both the I.3 and L2 spectra. However, in some cases, the
intensity ratio of the loss structures to the elastic peak has
to be slightly decreased when going from the L3 to the Lq
spectrum in order to get an intensity in the low-energy
part of the simulated spectrum in agreement with experi-
ment. This is an indication that extra structures are
present in the low-energy part of the I.3-M4 5M4 5 spe"-
trum (see Sec. III D).

D. 1.3&4. 5-M4 sM& 5M&, A.uger satell&

In order to see approximately in which energy region
the L 3M4 q-M4 5M4 5M4 5 satellites fall, we calculated the
solid-state L3M4 5 Mz 5M' 5M4 5 satelli-te energies for the
elements in which the I.&-L,3M45 CK transition is al-
lowed (Z &50). The atomic satellite energy can be ob-

tained approximately by

E (LM-MMM)~EM~~(ESCF) Error(&—SCF)+&~ & (3)

where E(d SCF) are b,SCF energies (negative) and b,& is
the ground-state correlation energy shift of an M-shell
hole (here we assume that the ground-state correlation en-

ergy is almost level independent and the ground-state
correlation energy of multiple holes is a linear sum of that
of the single holes). We calculate the nonrelativistic HF
L3M4 &-M4 5M4 &M& 5 b SCF energies and make the rela-
tivistic energy shift corrections. The solid-state L3M4 &-

Mq 5M45M4 ~ satellite energy is then deduced from the
atomic one by

E (LM-MMM)~E "(LM MMM)+A-~~~ —krM+p .

(4)

Here EL~ and b,M~~ are the atom-solid energy shift
(referenced to the vacuum level) of the two and three
holes, and P is the work function. We approximate the
atom-solid energy shift of two and three holes by3

~Mwsr ~La (~ 0)+4~'"' . — —

The calculated solid-state satellite energies are given in
Table II.

The I.2 3-M4, &M4, & AES spectra of the metallic ele-
ments Ag to Sb do not show marked structure corre-
sponding to L, 3M4 5-M4 5M& AM& 5 satellites. According
to our calculations, the energy range of the satellite transi-
tions is rather broad (-30 eV). So these transitions may
contribute to the intensity only as a smooth background.
In order to detect its presence we have estimated the in-
tensity ratio I(L3 M45Mq, 5)/I(L2 M45M-45) for each-
element. The values obtained, which are given in Table
II, indicate that unresolved Auger satellite emissions are
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Element

Auger sateBite

ener gy
I (L3 —M4 5M4 5 }

I(L2 —Mg 5M4 g)

~7Ag

48Cd

g9In

soSn

slSb

2540.8—2572. 5

2647.2—2680.0
2757.2—2791.8

2.24(0.20)
2.32(0.15)
2.01(0.20)
1.85(0.20)
2.07(0.15)

present in 47Ag and qsCd since the intensity ratio is
greater than the ratio of the statistical weight of the L3
and Lz levels for these elements. The accuracy ( —10%)
of the intensity ratio is not sufficient however to deter-
mine the exact cutoff atomic number for the L &-L3M4 s

CK process.
Since the intensity variation in the satellite energy

region is not very pronounced, the L j -L3M4 s-
M4 sMg sM4 s cascade 1s weak in the elements 47Ag to
s&Sb in contrast to the case of the Lz-L3M& s-

TABLE II. The Lz3M~5-M45Mq~M&5 Auger satellites in
the metallic elements 47Ag to ~~Sb: calculated energies (eV) for
the elements in which the LI-L3Mq5 CK process is allowed
(Z ~50) and measured intensity ratios of the L3-M~ qM~5 and
L2-Mq5Mqq groups (the estimated errors on these ratios are
given in parentheses) ~

M4 sM4 &M4 s cascade for the elements q9Cu to 326e. But
it should be noted that the 3d holes in the elements
around Sn are much more strongly localized on the atom-
ic site than in the case of the elements around 30Zn. The
presence of localized 3d holes can pull the continuum
wave function of the Auger electron inwards. As the
Auger energy of interest here is high, this results in the
reduction of radial integral parts of the L 3M4 5-

M4 sMq sM4 q decay rates. In the case of L, -L3M~ s-
M4sM4 s multiple-hole excitations associated with the
L3-M~ s x-ray emission processes, the dipole matrix ele-
ments are determined by the occupied orbitals (2p3/2 3tf
levels) which may not be infiuenced very much by the
presence of a localized 3d extra hole. This could explain
why the satellites are more clearly visible in the XES than
in the AES spectra. However, further detailed theoretical
and experimental analysis is necessary to provide a more
concrete explanation.

E. L23 level widths

The simulation procedure used to compare theory with
experiment also allows the widths of the L2 3 levels to be
determined. For this determination it was assumed that
the true width G of an Auger line located at the energy E
is related to the observed width G,b, by

G =[G, (E/8) ]'—

TABLE III. Experimental and theoretical L23 level widths (eV) of the metallic elements ~~Ag to
ISb.

Element
Experiment

This work' Others Ref. 49
Theory
Ref. 50 Ref. 51

47Ag

L3

2.22+0.21

2.22+0.21

2.42, 2.06, '
2.20, 2.32+0.25'
2.32, 1.77, '
2.0,~ 2.2, ~

1.9+0.3,~ 2.14+0.25'

2.57

2.12

2.57

2.40

2.32

2.15

2.13+0.21
2.13+0.21

2.15,' 2.39+0.25'
2.10," 2.36~0.25'

2.62
2.50

2.56+0.21

2.56+0.21

2.25, ' 2.2+0.4, '

2.65:
1.95,' 2.1+0.4, '

2.50:

2.72

2.65

L3

2.61+0.21

2.61+0.21

3.17,' 2.1+0.4, '

2.61'
2.05,' 2.65,~

2.47'

2.84

2.75

2.64

2.43

2.67+0.21
2.67+0.21

2.4+0.4, ' 2.64'
2.2+0.4'

'The error on the width of the 'G~ Auger line
is estimated to be 0.20 eV, the error on the M& 5

level width being only 0.05 eV (see Ref. 41).
"Reference 42.
'Reference 43.
Reference 44.

'Reference 4.
Reference 45.

I'Reference 18.
"Reference 46.
'Reference 47.
'Reference 48.
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where R is the resolving power of the spectrometer and G
is the sum of the widths of the levels involved in the tran-
sition. The values so obtained using the M& & level widths
measured by XPS by Martensson and Nyholm ' are given
in Table III. They are also compared in this table with
other experimental values ' " and with theoretical re-
sults. ' For a detailed discussion of the origin of the
various experimental data we refer to the recent work of
Putila-Mantyli et aI. The theoretical results obtained by
McGuire and Chen et al. , ' using, respectively, the basis
set generated by Herman-Skillman and Dirac-Hartree-
Slater V ' potentials, are in good agreement with the
experimental L23 widths. This seems (see, e.g. , Refs.
35—37) to be due to the fact that the L23 holes decay
mostly via Auger processes since, for the same elements,
such a choice of basis sets fails to predict the L

~
widths

which are almost entirely determined by CK processes.

IV. CONCLUSION

We have measured for the first time the L2 3-M4 sMq s

AES spectra of the metallic elements 47Ag to s&Sb. The
energies of the transitions are well accounted for by ESCF
calculations with inclusion of correlation and relativistic

energy shifts. The structures on the low-energy side of
the L3-M45M45 AES spectra previously interpreted as
the L3M45-M45M45M&5 satellites are also observed in
the L2-M4 5M4 5 spectra and correspond to plasmon sa-
teBites, as shown from a simulation based on intensity cal-
culations performed using j-j coupling in the initial one-
hole state and intermediate coupling in the final two-hole
state. The L3 M&-sM&5 AES spectra of 47Ag and qsCd
show an indication of the L3M4 5 M4 5M4 5M4 5

multiple-hole excitations accompanying the L&-L3M$5
CK decay process. But these are less marked than those
accompanying the L2-L3M45 CK processes which are
observed in the L3-M& &M& & AES spectra of the elements
in the neighborhood of 3oZn. The widths of the L2 3 lev-
els have been deduced from our spectra and compared to
other experimental and theoretical determinations.
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