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ABSTRACT 

A1 Ks-excited L2, 3MM and L2, 3 MV Auger-electron spectra of  Ca have been measured 
in ultrahigh vacuum from a metallic sample evaporated onto an Ag substrate. An interpret- 
ation of  the spectra is made by applying a line-fitting procedure. The lineshape and the 
solid-state--free-atom kinetic-energy shift are also studied. The extrinsic loss structure in 
the L2, 3 MM Auger-electron emission is found to be similar to that in 2p photoelectron 
emission. Spin--density-functional (SDF) calculations for the singularity index describing 
the intrinsic lineshape give a value of ~ 0.35 for both processes. Thus the experimental 
2P3/2 photoelectron line broadened from 1.2 to ~ 5 eV FWHM has been used as a stan- 
dard line in the line fitting of  the L2, 3 MM transitions. The term splitting of  the 
L2, 3 M2, 3 M2, 3 transition is larger than in the corresponding free-atom spectrum. This 
result is also supported by the SDF calculations. The L2, 3 Ms, 3 V spectrum is anomal- 
ously sharp, probably both because of  the structure of  the local density of  states at the 
site of  the core-ionized atom and because of  differences in the transition probabilities 
into the different parts of  the band. The experimental solid-state shift is 20.3 eV for the 
L2, 3M2, 3M2, 3:1D transition, and the binding-energy shifts are 8.3 and 6.1 eV for the 2p 
and 3p levels, respectively. The SDF shifts for the above transitions are 19.9 (configur- 
ational average), 9.4 and 8.0eV, consecutively, in agreement with the experimental 
values. The calculations also show a localized d-type (atomic-like) structure for the 
screening of the initial- and final-state core hole(s). This is the origin of  the large values of  
both the singularity index and the solid-state shift. 

INTRODUCTION 

Comparisons between the vapour-phase and solid-state Auger-electron 
spectra of metals have shown that inner-shell transitions can often be 
described quite accurately by an atomic model, the relative energies and 
intensities of the lines being the same in the spectra of both phases. Only line 
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broadening and extra-atomic relaxation shifts are found in the solid-state 
spectra of  metals such as Mg, Zn and Cd [1] .  The intensity ratio between 
the Auger groups may differ because of  changes in the Coster--Kronig 
transition probabil i ty on going from the vapour t o  the solid phase, as in the 
case of  Zn. The above metals have a closed, free-atom-like outer-shell elec- 
tronic configuration, which makes theoretical interpretation of  the spectra 
straightforward. On the other  hand, small differences have been observed 
between the free-atom and solid-state spectra of  elements having an open 
outer-shell configuration, e.g., Ag [2] and In [3] .  The coupling of two 
Auger holes with an open outer  shell causes a noticeable term-splitting 
in the free-atom spectrum, while in the solid-state spectrum the splitting 
effects disappear and it is more probable that  the spectrum can be inter- 
preted according to  two-hole coupling. 

The alkaline earths Ca, Sr and Ba form an interesting group of  elements 
in the Periodic Table, since they  have a closed outer-shell configuration 
also in the  atomic ground state, bu t  have the next neighbouring element 
with a d-type orbital in the ground state. In fact, atomic calculations show 
that  the d character is significant and increases along the series Ca, Sr and 
Ba [4] .  For these elements in the solid phase, the  d admixture near the 
Fermi level is considerable [5] .  Thus the electronic structure of  the alkaline 
earths exhibits some features characteristic of  the neighbouring series of  
transition elements. Various spectroscopic methods have been used widely 
to investigate the electronic structures of  these metals, bo th  in the vapour 
and the solid phase. All these studies show that  the appearance of  d charac- 
ter has real effects on the spectra. The photoabsorpt ion  spectrum [6] and 
the low-energy electron spectrum [7, 8] of  Ca vapour have been studied 
recently. The Ca + auto-ionizing spectrum has also been analyzed in detail 
[8] .  UV He (II)-excited photoelect ron spectra have been measured [9] ,  bu t  
only a few inner-shell spectra of  Ca in the vapour phase have been studied: 
to date, the electron-excited 3p Auger doublets  [10] and the electron- 
excited LMM Auger spectra [11] have been measured. On the other  hand, 
the photoelect ron spectra of  metallic Ca interpreted in some detail very 
recently [12] show high intrinsic loss structure as well as an extraordinarily 
large 3pln,3n spin--orbit  splitting. The surface electronic structure of  Ca 
metal has been studied using X-ray-induced photoemission,  and the results 
show considerable narrowing of  the bandwidth as compared to the bulk 
value [13] .  

To our knowledge, Auger spectra of  metallic Ca have not  ye t  been dis- 
cussed in the literature. The purpose of  this paper is therefore to deal 
with these spectra. Although possible atomic features of  the Auger spectra 
are masked in the metallic state, an a t tempt  is made to analyze the compo- 
nents of  the L2,3M2.3M2.3 Auger spectrum. The conduction-electron response 
to  Auger-electron emission and the Auger-electron kinetic-energy shift 
be tween the free a tom and the metal are discussed, and the experimental 
results compared with calculations made using the spin--density-functional 
(SDF) method.  Furthermore,  the calculated photoelectron kinetic-energy 
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Fig. 1. Experimental L2,3MM and L2,3 MV Auger spectra of Ca metal (points), together 
with the background intensity including solid-state effects (first method;see text)(solid 
curve) and the secondary-electron contribution (dashed curve). 

shifts are compared to available experimental values [10]. The intrinsic 
lineshape of  the Auger spectra is predicted successfully from the calculated 
structure of  the screening. 

EXPERIMENTAL 

The measurements were made using a VG ESCA3 electron spectrometer 
and A1 K s  radiation to excite the Auger spectra. During the measurements 
the analyzer was operated with a slit width of  4 mm and with a constant 
pass energy of 20 eV. This implies in the XPS mode a resolution of  ~ 1 eV 
measured at the Fermi edge for Auo 

Samples were prepared by evaporating Ca films in the instrument vacuum 
onto Ag substrate. In order to decrease vaporization the samples were kept 
at a temperature of ~ -  100°C during the measurements. The strongest 
photoelectron lines of oxygen and silver were monitored continuously and 
the evaporation was repeated when signals from oxygen or the substrate 
material were observed. The energy calibration of the spectra was based on 
a binding-energy value of  83.8 eV for the Au 4f?z2 photoelectron line. The 
vacuum in the spectrometer during the measurements was better than 
10 -s Pa. 

RESULTS AND DATA HANDLING 

The L2,3MM and L2, 3MVAuger-electron spectra (Fig. 1) show very strong 
solid-state effects which cause an increase in intensity with respect to the 
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Fig: 2. Decomposition of the background-subtracted L2, 3 M M  Auger spectrum into Voigt- 
function components with FWHM 2.3 eV. See Table 1 for identification of lines. 

line intensity at the low-energy side. This makes the decomposi t ion of  the 
Auger spectra into individual lines ambiguous in the absence of  any assump- 
tions concerning the lineshape or  background, which is commonly  represented 
by a smoothly  varying intensity superimposed on the actual line structure. 
In the present case we have applied two methods to treat the Auger spectra. 

In the first method,  all solid-state effects associated with the lineshape 
are included in the background and subtracted out  under the assumption 
that  the background at a certain energy increases with decreasing energy 
proport ionally to  the  intensity and that each increment at tenuates expo- 
nentially to lower energies. This method has been applied previously to the 
Auger spectrum of Cd, for example [1] .  Line fitting of  Voigt functions 
(FWHM 2.3 eV) to the spectrum corrected by  this method  is presented in 
Fig. 2. The line-fitting procedure is based on a linearized method of  least 
squares [14] also used previously as a standard method [2, 3].  The relative 
energies and intensities of  the line components  are shown in Table 1. 

The second method  is based on finding the lineshape for the Auger- 
electron emission including all solid-state effects. These solid-state effects 
are usually divided into intrinsic and extrinsic parts, the former describing 
the conduction-electron response to the core hole and the latter including 
the loss processes experienced by  the emit ted electrons during transport  
to the surface. The extrinsic-loss structure can be expected to be quite 
similar in bo th  photoelect ron and Auger-electron emission. The intrinsic 
contributions in these processes are included within the Doniach--Sunji~ 
(DS) lineshape [15] ,  and according to our SDF calculations these lineshapes 
should be the same for both  processes (see next  Section). Thus, as a first 
approximation,  the experimental 2p 1/2. 3/2 photoelectron line measured using 
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TABLE 1 
EXPERIMENTAL ABSOLUTE ENERGIES (eV), RELATIVE ENERGIES (eV)AND 
INTENSITIES (ARBITRARY UNITS) OF L2, 3 MM TRANSITIONS 

Line Absolute Relative energy Relative 
energy  Intensity 
(+ 0.4eV) Exp. (+ Theor. Exp. (+ 

O.2 eV) O.5 ) 

L2,3M2,3M2,3 
1 L3 : 1S 291.8 
2 L2 : 1S -}- L3 : 1D 295.8 
3 L 2 : I D + L 3 : 3 P  299.4 

3p 4 L2 : 303.4 

L2,3M1M2,3 
5 L3 : 1p 273.6 
6 L3:3p 280 

- 4 . 0  - 3 . 5  3.3 
0.0 0.0 11.8 
3.6 2.4 10.9 
7.6 6.1 1.7 

the same instrument,  after subtracting (stripping) the contribution due to 
the 2pl/2 component  using an intensity ratio of  1 :2 ,  is a reasonably good 
standard line for the L2, 3 M2,3 M2,3 Auger-electron spectrum. Because the 2p 
photoelectron and Auger-electron spectra are wi th in  different kinetic-energy 
regions, they have different secondary-electron backgrounds. The shape of 
the background obeys approximately lIE 2 law, since fast electrons pro- 
duce secondaries mainly by small-angle Coulomb scattering [16]. The 
secondaries can be separated from the above-mentioned extrinsic processes 
and their contribution is presented in Fig. 1. Taking this correction into 
account,  the curve in Fig. 3 was f i t ted to the experimental spectrum with 
four components  within the L2,3M2,3M2,3 region, using the stripped photo- 
electron line broadened from 1.2 to ~ 5 eV FWHM. The relative energies and 
intensities obtained for the components  are within the same limits of accuracy 
as in the first method (Table 1). 

The L2,3M1 M2,3 transition was also treated by this curve-fitting procedure 
and the absolute energies obtained for the components  are also presented in 
Table 1. The L2,3MIM1 transition has a very low intensity [17] and seems 
to overlap other spectral structures in the region of  250 eV. The L2,3M2,3 V 
transition creates the second hole in the valence band; hence its decompo- 
sition into line components  is not  straightforward. 

SPIN--DENSITY-FUNCTIONAL CALCULATIONS 

The density-functional formalism in spin-polarized form was applied for 
self-consistent-field ab initio calculations of the electron structure of a Ca 
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Fig. 3. Decomposit ion of  the L2,a M M  Auger spectrum into line components  with FWHM 
5 eV (solid-state effects included). The secondary-electron scattering intensity is rep- 
resented by the dashed line. 

atom and the conduction electrons around it. Results for other elements 
and a description of the calculations have been given elsewhere [18]. The 
program code we have employed here is essentially the same as that  used 
previously by Nieminen and Puska [19] in kinetic-energy shift calculations 
for several elements. A detailed description may be found in their paper. 
Therefore only the application and the results for Ca are given here. 

The atom-in-jellium vacancy model [19] is adopted for a metal atom. The 
conduction electrons are regarded as a free-electron gas modified by scat- 
tering in the screened potential of  the nucleus, in the approximation of  
spherical symmetry  of  both the core and the conduction-electron states. 
Both of these states are worked out in the same spin-dependent one-electron 
effective potential,  where the exchange and correlation contribution is 
estimated by means of the local-density interpolation formulae given in ref. 
20. In addition to the solid-state calculations, the corresponding free-atom 
results are needed to evaluate the shift values. The kinetic-energy shift of 
a photoelectron or Auger electron is obtained simply as the difference 
between the metallic and free-atom transition energies, which are both  
differences between the corresponding final and initial states [18, 19].  
Thus a single shift value requires four separate SCF calculations: two for a 
free atom, and two for an a tom in jellium. 

Because the Ca a tom has closed electron shells both  as a free atom and as 
an ion in a metallic lattice, there are only two possible spin--hole com- 
binations for the double-hole final state of  the Auger transition: either spins 
parallel or spins opposite. These combinations can be interpreted in the LS 
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T A B L E  2 

E X P E R I M E N T A L  A N D  C A L C U L A T E D  F R E E - A T O M - - M E T A L  K I N E T I C - E N E R G Y  
SHIFTS (eV) A N D  S I N G U L A R I T Y  INDICES a 

Exp.  L2,3M2,3M2,3 :ID Calc. L2,3M2,3M2,3 Exp.  a Calc. 

3p-2(tt) 3p-2(t~) Con- 
figur- 
at ional  
average 

2p 3p2p 3p 

AE = , ~ n  
- - E k i n  20.3 20.9 19.2 19.9 8.3 6.1 9.4 8.0 

a 0.3--0.4 0.40 0.31 0.35 0.34 0.36 

a F r o m  refs. 10 and 37. 

coupling scheme, and the configurational average can be defined [18]. An 
Auger-electron kinetic-energy shift of 19.9eV is obtained for the configura- 
tional average. The photoelectron kinetic-energy shifts are 9.4 eV for the 2p 
and 8.0 eV for the 3p level. The kinetic energies of electrons emitted from 
a metallic sample are referred to the Fermi level, whereas the corresponding 
free-atom values refer to the vacuum level. To correct for this difference, we 
have used 2.87 eV [21] for the work function of Ca metal. The corrected 
shift values are shown with the corresponding experimental values in Table 2. 

In order to demonstrate the screening response to the Auger transition, 
the total change in the radial charge density and its screening-charge contri- 
bution are presented in Fig. 4. The change in density of states for the Auger 
transition, shown in Fig. 5, consists purely of d-type conduction electrons, 
which are seen to be localized in energy. The screening is also totally spin- 
polarized, being of only one spin: opposite to the hole spin. Hence the 
screening charge mimics an occupied atomic 3d orbital. Therefore the 
excited-atom model should also be valid for the energy-shift evaluation. 
Atomic Hartree--Fock and corresponding SDF excited-atom calculations yield 
18.1 and 24.5 eV, respectively, supporting the idea of localized d-electron 
screening. A similar spin-polarized d-type screening is localized during the 
formation of the initial-state 2p hole [18]. 

The many-body response of the conduction electrons to the core hole 
created is known to be responsible for the asymmetry of photoelectron 
lines from metal samples [15, 22, 23]. Theoretically, the asymmetry has 
been explained by Mahan [24a] and by Nozi~res and De Dominicis [24b] 
as arising from electron-hole excitations near the Fermi level. In the approxi- 
mation of spherical symmetry, the latter authors described this effect on the 
lineshape by a singularity index ~, which is obtained from the conduction- 
electron scattering phase shifts in the core-hole potential. The DS line [15] 
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Fig. 4. Calculated total change in radial charge density (nr 2 ) for Auger transition with 
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Fig. 5. Calculated change in local density of states for the L 2, 3 M2, 3 M2,3 Auger transition 
(solid curve) (also essentially the d t + d~ contribution), together with the majority-spin 
d-component for both final states (dashed curve). 

is a Lorentzian line incorporating the singular electron-hole energy distri- 
bution by convolution. Density-functional calculations for the photoelectron 
lineshapes of simple metals have been presented previously [25].  However, 
the screening of  a core hole in Ca requires a spin-polarized treatment [18].  
The observed asymmetric lineshapes of  the KL2 L3 : i D Auger lines from Mg 
and Na [26] have also been calculated in terms of  the singularity index 
[18].  Our calculated values for the Ca photoelectron and Auger lines are 
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given in Table 2. The large values obtained for a result f rom the spin polar- 
ization of  the screening: our spin-symmetric estimates, comparable to those 
of  ref. 25, are only of  the order of  0.1, and are clearly incompatible with the 
experimental measurements.  The spin-symmetric value of  a can be regarded 
as a lower limit to the spin-polarized value (see ref. 18 for more details). 

DISCUSSION 

The background-subtract ion method gives highly symmetric lines, as 
can be seen in Fig. 2. The reason is the exponential  at tenuation factor in 
the subtraction procedure,  which removes most  of  the line asymmetry.  The 
loss-peak structure, however,  remains in the spectrum. The optimal linewidth 
(2.3 eV) found by  line fitting using the first method has a clear connec- 
t ion with the linewidth in the second method,  in which the proper total  
width is ~ 5eV.  If the singularity index (0.35) calculated in the pre- 
vious Section is used, the Lorentzian contr ibut ion in the proper DS line turns 
out  to  be ~ 2.5 eV, which is in good agreement with the above value of  
2.3 eV. The latter value includes an instrumental contr ibut ion of  ~ 1 eV. 
The experimental 2p photoelectron linewidth is ~" 0.7 eV [27] .  Thus the 
observed width of  the L2, 3M2.3M2, 3 Auger lines indicates large final-state 
broadening. A level width greater than 1 eV has been reported for the 3p 
photoelect ron line of  Ca metal, but  the value was disturbed by  sample- 
preparation effects [27] .  On the other  hand, the  Auger spectrum may con- 
sist of  many overlapping lines impossible to separate by  line fitting. There- 
fore, the width values have to be considered with caution, and should not  
be taken too  literally. However,  the intensity distribution within the spec- 
t rum can be considered on the basis of  the selected number  of  lines. 

Concerning the relative energies and intensities of  the main line compo- 
nents, the two methods  applied in the decomposi t ion of  the L2, 3M2, 3M2, 3 
spectrum show surprisingly good agreement. This supports the assumption 
that  the conduction-electron responses in photoelectron and Auger-electron 
emission are similar. With respect to the secondary-electron background, the 
two processes differ because of  the different kinetic energies, bu t  the dif- 
ference in the shape can be estimated and taken into account  as a correction 
(see Fig. 3). Separation of  the spectrum into the individual lines is very 
tedious, because the L2--L  3 splitting is only 3.7 eV, and thus the L2 and L3 
Auger groups overlap. However,  the most  prominent  lines can be inter- 
preted as the 1D and 3p terms of  the L3 group of  the 3p double-hole final 
state. In order to compare the observed term splitting with the corresponding 
a tomic  values, an evaluation was performed for the 3p -2 final state in LS 
coupling. Splittings 1 S _ 1 D  of  "~ 3.5 eV and 1 D _ 3 p  of  ~ 2.4 eV are obtained 
using Slater integrals from Mann's tables [28] .  These values differ markedly 
f rom the present experimental values for Ca metal, which are ~ 4.0 and 
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3.6 eV, respectively. A similar difference be tween the calculated splitting and 
the measured spectral structure has been observed for Zn metal [29] .  In 
the latter case, McGuire [30] explained this difference by  invoking con- 
figurational interaction, which may change both  the relative energies and 
intensities between transitions described by  the one-configurational model. 
Considerable increase of the splitting in the metal spectrum as compared to 
that  in the atomic spectrum is predicted by  the SDF double-hole final-state 
results. The energy difference between the two possible spin combinations 
is twice as large for the metal as for the free atom. This may arise from the 
overlap of  the final-state holes and the spin-polarized screening seen in Fig. 
4. The transition L2, 3M1 V (~ 302 eV) is quite close in energy to L2, 3 M 2 ,  3 " 

M2, 3 (~  297 eV), supporting possible configurational interaction. Further- 
more, the valence shell provides a localized d-type screening. Therefore an 
interaction between (3p -2 ) ID and 3s -1 V -1 of  the same symmetry  might 
be possible. This interaction should decrease the intensity of  the L2, 3M2, 3 - 
M2, 3 : I D  component  with respect to the others, but  the effect  is difficult 
to distinguish because of  the multiple overlapping of the lines. If the L 2, 3 M1 V 
transition is present, its intensity may add to the higher-energy components  
of  the L2,3M2,3M2,3 transition, distorting the spectral structure. Because 
there is not  clear evidence for a significant intensity of  the L2, 3MI V as com- 
pared to the L2, 3M2, 3M2, 3 transition, we have ignored it. 

The Auger spectrum of  metallic Ca does not  exhibit the anomalous 
intensity ratio I(L3M2,3M2, 3)/I(L2M2, 3M2, 3) ~- 1 reported for the free- 
a tom Auger spectrum [31] .  On the contrary,  for Ca metal the intensity 
ratio is probably greater than the statistical ratio of  2. This estimate is 
supported by  the experimental  ratio I(L 3 :ID + L2:1S)//(L3:1S) -~ 3.6 
f rom Table 1. This i s  very close to the theoretical free-atom I(L3 :ID)/ 
I(L3:1 S) value [31] .  Furthermore,  the component  identified as the L 2 : 3 p  
line has lower intensity than the L3:Is  line. One process which could 
decrease the L2 Auger group intensity is the L2L3V-type Coster--Kronig 
transition. However,  the L2--L3 splitting is only 3.7 eV; hence the Coster-- 
Kronig transition becomes energetically possible only with the assistance of  
the strong d-screening of  the core hole. The valence electrons may take part 
at the same time in this transition and screen the core hole, which results in 
difficulties when applying only simple models. In order to  estimate the 
effect  of  screening on the binding energies with and wi thout  the core hole, 
SDF calculations of  the 3p binding energy in the ground state and of  the 
3p -1 state were performed.  Whatever the choice of  the spin of  the electron 
to be ionized with respect to the spin of  the 3p -1 hole, the 3p-electron 
binding energy deviates only slightly f rom that  in the ground state. Thus 
it can be concluded that  the L2L3V Coster--Kronig transition may be 
possible in Ca metal. 

A structure presumably due to L2,3M1M2, 3 transitions with 1p and 3p 
components  can just  barely be distinguished above the background and 
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statistical variations of the spectrum (Fig. 1). The experimental term split- 
ting is "~ 7--8 eV (Table 1), whereas atomic calculations give a value of  9 eV 
in LS coupling, slightly overestimating the experimental splitting. This 
tendency has generally been found [32] in connection with the Slater 
integrals from Mann's tables [28].  

The region of  the L2,3MIM 1 transition (Fig. 1) shows a distinct hump, 
which is, however, probably due mostly to a loss structure associated with 
the L2, 3M2, 3M2,3 transition. A similar broad structure has been observed 
in the photoelectron spectrum of Ca metal at a distance of ~ 35 eV from 
the main line toward lower energies [12].  Furthermore,  a broad maximum 
appears in the electron energy-loss spectra of  metals which have a d or 
f shell near the Fermi surface [33, 34].  

The L2,3M2,3V lines appear at a kinetic energy which corresponds 
directly to the L2, 3--3//2, 3 energy difference. The structure is extraordinarily 
sharp, in spite of  the fact that  the second hole is in the valence band. Further- 
more, this transition seems to have significant intensity. There is no simple 
relation between the shape of this spectrum and the valence-electron struc- 
ture of  Ca metal, since the bandwidth for bulk Ca is ~ 3.6 eV [13].  If 
surface effects are excluded, only few explanations exist for this narrow 
shape. The transition-matrix element may differ for different parts of the 
band. Furthermore,  the density of  states is modified around the core- 
ionized Ca atom, as discussed in the preceding Section. The SDF calculations 
show a narrow d-type screening peak in the initial single-hole state localized 
below the Fermi level. This has been discussed in detail in ref. 18. Similarly 
to the L2L 3 V transition discussed above, the valence electrons also may be 
considered to take part simultaneously in the transition and to screen the 
core hole. The change in the density of  states of  core-ionized Ca metal is 
much more drastic than for, e.g., Na, Mg and A1 [18],  whose KLV spectra 
have more band-like features [35]. Concerning the intensity ratio between 
the L 3 and L 2 groups, the L2,3M2,3V transition also indicates a ratio 
larger than 2, because of the low background intensity toward higher energies 
from the main line. 

The solid-state--free-atom kinetic-energy shift is exceptionally large: 
• 1D transition referred to the free-atom ' D- 20.3 eV for the L2, 3M2,3M2, 3 • 

line experimental value (272.7 eV) [11],  which is very close to the Hartree-- 
Fock value. Although accurate determination of the shift is disturbed by 
the change in term splitting, the calculated shift values agree well with the 
experimental  values (Table 2). Because of the localized character of the 
d-type screening, the excited-atom model [36] calculations for the shift 
are also in good agreement with experiment, i.e., the screening charge can 
be considered with reasonable accuracy to occupy the first empty atomic 
orbital. 

The experimental  photoelectron kinetic-energy shifts can be obtained 
from ref. 37 and data for the Ca atom [10]. The energy shifts turn out  to be 
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8.3 eV for 2p and 6.1 eV for 3p photoelectrons. The calculated shift values 
are in satisfactory agreement with experiment (Table 2). Also the thermo- 
chemical model [38] gives a good estimate of 6 .7eV for the core-level 
binding-energy shift. 

In conclusion, we have shown that  the broadened photoelectron lineshape 
can be used as a standard line in curve fitting of  the inner-shell Auger spec- 
t rum of  Ca, since the intrinsic-loss structure described by the Doniach-- 
Y 

Sunjid lineshape according to SDF calculations is the same for both pro- 
cesses and the extrinsic losses can be expected to be similar. Decomposition 
of the L2,3M2,3M2.3 Auger-electron spectrum exhibits term splittings 
larger than the calculated free-atom values. The kinetic Auger and photo- 
electron shifts are large compared to those for the simple metals. Most of  
the features of the spectra are directly related to strong localization of d- 
type screening around core-ionized Ca. The spin--density-functional calcu- 
lations support all of the experimental results. 
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