
A first principles calculation of the KLV Auger profiles of simple metals

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1991 J. Phys.: Condens. Matter 3 641

(http://iopscience.iop.org/0953-8984/3/6/002)

Download details:

IP Address: 171.66.16.151

The article was downloaded on 11/05/2010 at 07:05

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/3/6
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


1. Phys.: Condens. Matter3(1991)641453. Printedin the UK 

A first principles calculation of the KLV Auger profiles 
of simple metals 

P S Fowlest, J E Inglesfield$ and P Weightinant 
t Department of Physics and Surface Science Research Centre, University of Liverpool, 
Liverpool L693BX, UK 
1 Department of Physics, Catholic University of Nijmegen, Toemooiveld, 
6525 ED Nijmegen. Netherlands 

Received 16 July 1990 

AbstraQ. We model the local electronicstructure around acore-ionizedsite inasimple metal 
self-consistently using an embedding technique. We consider the local densities of stales of 
Na, Mg and AI and calculate from first principles KLV Auger profiles. The success of this 
approach is assessed by comparison with experiment and with approximations which may 
be used to simplify the calculation. The agreement with experiment is on the whole good 
although some discrepancy arises for the case of W . , V  lineshapes. 

1. Introduction 

Auger spectroscopy can yield valuable information on the local electronic structure of 
metals [I-31. In simple metals it has been used to determine the orbital character of the 
local valence charge in the ground state and of the screening charge around core-ionized 
sites, it has been used to check the accuracy of calculations of the local density of states 
in the ground state andcore-ionized states and to show up changes in these local densities 
of states brought about by alloying with other simple metals and with d band metals [ l ,  

As a result of several recent studies [4-131 it is well established that for simple metals 
with wide bands of s and p valence character, Auger spectroscopy obeys the final state 
rule [5,7,14, U]. Consequently, in the case of core-core-valence (ccv) transitions it 
should be possible to use the Auger profile to gain an insight into the nature of the 
distortion of the local density of states (DOS) produced by the final state core hole. 
Unfortunately, it is not completely clear how this information can best be extractedfrom 
the experimental Auger lineshape. A central question is now closely the spectral profiles 
of ccv transitions reflect the local DOS in the final core-ionized state and how much they 
are influenced by matrix element effects. If the energy dependence of the Auger matrix 
elements is small enough it is useful to decouple these into contributions from transition 
rates for final states of particular orbital character and contributions from the local DOS. 
This approximation yields an expression of the form, 

2,41. 

AccvV)  = ~ M C C V ~  I2Ds(E) + /Mccv ,  I2Dp(E) (1) 
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where Mwv, is an energy-independent matrix element involving a final state of orbital 
character I and &(E) is the corresponding angular decoupled density of states. This 
approximation is often made 14.11, 131 since it  provides a considerable simplification 
when constructing a model for the Auger profile. 

In this paper we determine the local DOS, self-consistently, for core-ionizedNa, Mg 
and AI, using a simple embedding [16] scheme, and calculate the KLV Auger profiles 
of these metals from first principles starting from Fermi's golden rule. Using these 
calculations and comparison with experimental data we assess the relative importance 
of the different contributions to the Auger profile and in particular the validity of the 
approximationsleading to(1). Wealsostudy thespatial dependenceofthe Augermatrix 
elements, which enables us to determine the extent of the local electronic structure of 
simple metals probed by ccv Auger processes. 

P S Fo d e s  et a/ 

2. Experimental details 

The magnesium KL,V and KL2.3V Auger spectra were excited by AIK, x-rays and 
measured using a modified AEI ES200 electron spectrometer fitted with a nine chan- 
neltronmultidetector [17J. The experiments were performed inavacuum of Torr 
and the sample was mechanically scraped every 2.5 hours so that contamination levels 
of oxygen and carbon. determined from photoelectron cross sections 1181 and escape 
depths [19], amounted to 1 0 . 1  and <0.2 monolayers respectively. The KLVspectra of 
pure Mg has been measured many times and the results of our experiments (figure 1) 
are in good agreement with those of previous studies [S, 11,12,20]. Figure 1 shows the 
region of the electron spectrum of Mg to high kinetic energy of the KLL spectra. The 
first feature is the well known [21,22] plasmon gain peak which accompanies the intense 
KL2,3L2,3: 'D, component which occurs at a lower energy than the spectral region shown 
in the figure. In order of increasing kinetic energy the spectrum next shows two photo- 
electron peaks: the C Is peak arising from residual contamination and the Mg 2p internal 
photoemission peak excited by fluorescence x-rays from the Mg specimen. The next 
feature is the double peaked KL,V Auger transition which is the principal interest of 

1160 1200 1210 1220 1210 1240 1250 1260 Figure 1. The region of the Mg photoelectron 
specrrum containingthe KLV Auger transitions. Klnetlc Energ). (eV) 
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this study. To higher kinetic energy are three plasmon loss lines which accompany the 
intense Kb,,V Auger feature. The spectral profile of the Kb,,V transition also has two 
componentsbut thelow kineticenergycomponent ismuch wcakerthanthat in theKLIV 
profile and can only be discerned as a shoulder on the low kinetic energy side of the 
spectral profile. 

The Mg KL.,V profile provides a suitable test of the model to be developed later 
since it displays a marked difference in shape from that of the valence band measured 
using photoemission. Since it is our intention to  calculate the Auger profile of the KLIV 
transition it is clearly important to allow for the influence on the measured shape of the 
KL,V spectrum of the fourth and fifth plasmon losses accompanying the higher energy 
Kb,,V transition. Fortunately we are able to deduce the contribution from these pro- 
cesses by scaling and matching the appropriate spectral region of the first and second 
plasmons with the third plasmon and continuing the spectrum under the KLIV profile. 
This continuation of the plasmon spectrum is shown by the dots in figure 1. It will later 
be added to the calculated spectral profile of the KLIV transition when this is compared 
with experiment. The spectrum of the KLIV transition also includes a backgrougd of 
scattered electrons which it is difficult to estimate but the intensity of which is expected 
to vary smoothly with energy. The measured KLV profiles also include contributions 
from instrumental and lifetime broadeningprocesses. The instrumental broadening [23] 
contribution is well represented by a Gaussian of 0.5 eV full width at half maximum 
(FWHM) and the lifetime broadenings of the K and L shell core levels have been deter- 
mined by XPS [23,24]. 

3. Theoretical details 

We treat the core-ionized atom as an impurity within the host material and relate the 
host andimpurity using the embedding technique. Our approach neglects bandstructure 
effects, the host being considered to be free-electron-like with the correct Fermi energy 
and mean charge density for the system being considered. The valence wavefunctions in 
the impurity region are matched across the Wigner-Seitz radius onto the wavefunctions 
within the host. Matching is achieved implicitly, in the embedding method, by adding 
an embedding potential onto the Hamiltonian of the finite-sized impurity region, which 
may then be treated in isolation. The impurity potential itself is found self-consistently 
within the Wigner-Seitz radius from the impurity charge density by solving Poisson's 
equation for the electrostatic (Hartree) contribution and adding a local density exchange 
correlation term within the Hedin-Lundqvist approximation [E], Rather than cal- 
culating the individual valence wavefunctions explicitly, we calculate the Green 
function, defined as: 

vi(r)lu:(r') G(r ,  r'; E )  = E ; - €  ' 

This is expanded in terms of basis functions, x(r). within the impurity region: 

G(r, r'; E )  = G,(E)x,(r)x: (.'I. (3) 
1.1 

We find it convenient to  use as basis functions q E  and il,r, at each 1; u ~ , ~ ~  is the solution 
of the radial Schrodinger equation within the impurity atomic cell at a fixed energy E ' ,  
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and I& is its energy derivative. These basis functions are entirely analogous to the 
functions entering the linear muflin tin orbital (LMTO) bandstructure method and are 
ideal for this localized impurity problem. From the Green function we are able to find ' 
the local DOS, defined as: 

P S Fowles et a1 

u(r, E )  = E l  - E,)Ivt(r)12 (4) 

this is the charge density of states at a particular energy E.  Comparing this result with 
(2) we see that: 

u(r, E )  = (1/z) Im C(r, r; E + i&). (5) 
The charge density itself may be found by integrating q(r ,  E )  over occupied states, and 
then we proceed to self-consistency. 

Once the Green function is known we proceed by calculating the Auger line shape 
from first principles, starting from Fermi's golden rule: 

where A,  ci, ct, v represent the Auger, initial state core hole, final state core hole and 
valence electrons respectively. In the expression above, the matrix-element-square 
term may be written [ZG] as: 

(7) ( M i : c i : c c , v )  = z [ l D ~ : e ~ : e t ; v  1' -k ~EA:C;;C~V 1' - R ~ ( D A ; ~ ~ : ~ ~ ; ~ E A ~ ~ ~ ; ~ ~ ; " ) ]  

where the direct and exchange integrals are defined by: 

ez 
D A : e i ; c f ; v  = 1 6 . 1  6.2 q:,(rl)vc,(rt)  l r ,  - r 2 ,  v"(r2)YX(r2) (8) 

(9) 
e* 

EA:c,:s,:v = 1 6 . 1  dr2 v: , ( r l )vv(r , l  l r 1  - r 2 1  vcf(r2)v:(rz). 

Here we have averaged over the spins of the initial core hole and summed over other 
spins. Following Feibelman and McGuire [26] we separate D and E into radial and 
angular integrals: 

where s4 is an angular integral and the radial matrix elements 9 and % are given by: 

(13) 
r: 

E K ( ~ A , L ~ ' ~ ~ , , L ; E )  = drl dr2 v ~ , ( r l ) q " ( r ~ ) ~ v A ( r z ) y ~ , ( ~ z ) .  
r ,  

Evaluating the angular integrals we obtain expressions for the KLIV and KL2,,V 
transitions in terms of the radial matrix elements. Hence for KL,V transitions, which 



Then, using the expression for GI, the Ith angular momentum component from equation 
(2), this becomes 

where G( is considered over the occupied valence levels up to the Fermi edge. Now we 
may write G, in the separable form 

1 
-1m Gl(r, r'; E) = uL(r)u,(r')S:,j(E) (18) 

L . i  n 



= C S ~ : : ( E ) a D a : i ( l A , O , O , l A ; E ) a o : i ( ~ A , O , 0 , ~ * ; E )  (20) 
L j  

where the subscripts iandjdenote that the valence wavefunctions t)" have been replaced 
in the expressionsfor the radial matrix elements, (equations (12) and (13)), by the basis 
functions U< and U,. Thus equations (14) and (15) may be written as 

P(E)  = 4x x $;$(E + E<, - E<,)  K21, + 1) 
IA.1.j 

x at hi(/^, 090, [A ; E P t j ( 1 A  3 070, [ A  ; E )  

for Kb,3V.  
In addition to the Green function we need to know the core and Auger electron 

wavefunctions. The core wavefunctions are evaluated inside the muffin-tin using the 
Dirac equations with our self-consistent potential. The Auger electron energy is deter- 
mined by the &function in (6) ,  and at each energy the radial Schrodinger equation is 
integrated outwards numerically up to the Wigner-Seitz radius, where matching onto 
the free electron states determines the energy normalization [27]. 

The kinetic energy of the electrons emitted in the Auger process depends upon the 
binding energy of the core holes in the initial and final states. In our calculations these 
quantities were determined from the eigenvalues obtained for the appropriate orbitals, 
by solving the Dirac equations for the relaxed core-ionized final state, within our 
embedding scheme. By Koopman's theorem we equate these eigenvalues with the core- 
hole binding energies. Unfortunately the local density approximation is known to 
underestimate the binding energy of atomic core hole states ['?A] and the use of 
Koopman's theorem is also known to be inaccurate for deep holes due to relaxation 
effects 1291. Hence our calculations of the Auger electron kinetic energies do not agree 
with experiment. Our results for the ground state binding energies El,, E&, EZP1,2 and 
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E2p3i2 are 1248.7 eV, 75.1 eV, 42.7 eV and 42.2 eV respectively. These results under- 
estimate the experimental values [30] by 54.3 eV, 13.5 eV and -7 eV respectively. Our 
theoretical results for core binding energies give Auger energies of 1179.6eV and 
1212.8 eV for the Fermi edge of the KLIV and KLsV transitions respectively. In order 
to compare our theoretical profiles with the experimental results we introduce shifts 
of 34.8 eV and 40.5 eV into our theoretical energy scale for the KLIV and KJ&3V 
respectively in order to line up the two sets of spectra at the Fermi level. 

The use of the embedding technique with our atomic basis functions, U, and i,, 
offers two advantages. Firstly, the charge density is easily evaluated, requiring only an 
integration of the Green function. Thus by integrating q(r ,  E )  over occupied states and 
up to the Wigner-Seitz radius we obtain local valence configurations in the ground state 
and around a core-ionized site in Mg of 3sl.03p1.0 and 3~ ' .~3p ' .~  respectively. Secondly, it 
is easy to study the consequences of simplifying the expression for the Auger transition 
in a manner similar to (1). If the energy of the Auger electron is assumed to be a constant 
lying within the allowed energy range then the expression becomes considerably less 
complex since radial and energy dependent parts separate, reducing by a large factor 
the time required for the calculation. Providing the Auger electron wavefunction does 
not vary greatly through the band this approximation should yield results in good 
agreement with those of the full calculation. This approach is more rigorous than (1) 
since the only approximation is that the Auger wavefunction is kept constant whereas 
(1) assumes that the matrixelement is independent of the variation with energyof both 
the valence and Auger wavefunctions. As the range over which the Auger electron 
energy may vary is strictly limited, the transition rate information obtained from this 
calculation should give a good approximation to the full calculation. In section 4 we 
assess the usefulness of this simplified approach. 

In principle it  is necessary to evaluate the integrals in (12) and (13) over all space. 
Of course the localized core states limit the range of integration in the exchange term, 
but in the direct term there is no obvious cut off. However it is completely satisfactory 
to integrate only up to the Wigner-Seitz radius, since we find that truncating the integral 
at this radius introduces negligible errors. 

4. Results and discussion 

In comparing the calculated and experimental Auger profiles we begin with the angular 
decomposed local DOS within the neutral Wigner-Seitz sphere for the ground state 
(figure 2(a)) and for a core-ionized site (figure 2(6)). It can be clearly seen that the core- 
hole distorts the shape of the local s DOS, shown by the dashed curve, but leaves the 
shape of the local p DOS, shown by the dot-dashed curve, unchanged. This behaviour is 
in accordance with the results of previous studies [5-131. Figure 2(c) and 2(d) show the 
calculated KLIV and &,3V profiles respectively obtained from evaluating equations 
(21) and (22). A comparison of figure 2(b) and 2(c) shows the extent to which the 
contributions of the locals and p DOS to the Auger profile are modified by matrix element 
effects. As this comparison shows, the calculated KLIV Auger profile (full curve figure 
2(c)) is very similar to the shape of the total DOS around a core-ionized site (full curve 
figure 2(b)). However the matrix elements radically change the energy dependence of 
therelativecontributionsofthe localsandpoossto the Auger profile fromthat expected 
on the basis of the local DOS alone. Figure 2(e) illustrates the KLIV profile calculated 
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-6 -4 -2 
Binding Energy (eV) 

Figure2.ThecalculdtedprofilesofMgfor(o) the 
local DOS of the ground state. ( b )  the local 00s of 
acore-ioniredsite.(c)rhc KL,VAugertransition. 
(dlthe KL,,,VAuger transitionand(e) the KL,V 
Auger transition calculated using wavefunctions 
obtained from the ground state potential In each 
figure the full curve shows either the total DOS or 
the total Auger profile while the contributions 
from s and p valence stales are shown by the 
dashed and chain curves respectively. In these 
figures the local DOS are expressed in au while the 
vansition ratesfor KL,V and Kb,,V transitions 
are expressed in IO-4 au and IO-’ au respectively. 

using wavefunctions derived from the potential for the ground state configuration. The 
influence of the core hole on the KLtV Auger profile can be clearly seen by a comparison 
of figures 2(c) and 2(e). 

In order to compare with experiment we convolute the calculated KL,V profile 
(figure 2(c)) with the instrumental contribution and with a Lorentzian of FWHM 0.81 eV 
to represent the lifetime broadening contribution from the core levels [U. 241. We also 
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Figure 3. The full curves are the experimental 
profiles for Mg KL,V (0)  and KL.,V ( b )  Auger 
transitions. The dashedcurvesare the theoretical 
profilesobtained byconvoluting theresultsshown 
in figure 2 with lifetime and experimental broad- 
ening contributions as described in the text. The 
linear backgrounds and, in (a) the plasmon con- 
tributions are shown by the lower cun'es. 

add the plasmon loss contribution discussed earlier and a smooth linear background. 
The two background contributions are shown separately by the lower curves in figure 
3(a).  This yields the dashed curve in figure 3(a) which may be compared with the 
experimental spectrum shown in the same figure. The equivalent comparison between 
theexperimentalandtheoreticalKL,,Vprofileisshowninfigure3(b) where the lifetime 
broadening contributed by the core holes is a Lorentzian of FWHM 0.38 eV [23,24]. Of 
course the underlying contributions of the valences and p DOS to the calculated KL,V 
and &,,V profiles are identical, the difference between the two is caused by matrix 
element effects. The calculated profile is in very good agreement with experiment for 
the KLIV transition though it slightly overestimates the sharpness of the contribution 
from the s local DOS at high binding energy. The discrepancy between theory and 
experiment at the bottom of the band is more serious for the KL2,,V transition where 
the calculation appears to overestimate both the sharpness and the intensity of the 
contribution from the s local DOS. The high binding energy region of both spectra is 
susceptible to inaccuracy in the assumed form of the background contribution from 
energy loss processes and it is possible that the small discrepancy in the KL,V case can 
be attributed to this. However, it seems unlikely that the uncertainty in the background 
contributions could explain all the discrepancy for the KL,.,V case where the broadening 
of the experimental spectrum appears to be greater than would be expected from the 
0.38 eV contributions of the K and L,3 linewidths alone. 

It is unlikely that the discrepancy between theory and experiment at the bottom of 
the band arises from our neglect of band structure effects since this might be expected 
to have a comparable effect on the spectral profiles of both transitions. It is possible that 
the discrepancy might be removed by a more accurate treatment of the wavefunction of 
the outgoing Auger electron since this could result in a shift in the balance of s and p 
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contributions to thespectra. Analternativepossibilityisthat thediscrepancyarisesfrom 
the lifetime broadening of the single particle states within the valence band. These may 
decay by Auger and other processes and the deeper the hole state in the valence band 
the shorter will be its lifetime so that there will be greater broadening at the bottom of 
the band where the discrepancy lies. Lansberg’s calculations [31] indicate that such 
broadening is of the order of 1 eV and lifetime broadening of this order has also been 
observed for localized valence holes in a number of d band metals and alloys (see [32] 
and references therein). A lifetime broadeningof about 1 eV would be enough to remove 
the discrepency between theory and experiment for the Kb, ,V profile. Of course such 
final state lifetime broadening will also contribute to the KL,V profile though it  may be 
that the need to invoke such a contribution is hidden in this spectrum by the larger 
lifetime broadening (0.81 eV) contributed by the core levels. 

We may make one further comparison with experiment by considering the intensity 
ratio of the KL,3V:KL,V maxima. We obtain a value of 2.7 for the relative intensity of 
the KL.3V:KL1V maxima from the calculation, which is in quite good agreement with 
the value of 4.0 2 1.0 obtained from experimenr after an estimate of the background 
contribution. 

4.1. Applicarion to Na and A1 

In order to further test our model and to allow comparison with previous work we 
performed similar calculations for two other simple metals, Na and AI, experimental 
KLV spectra for both of which have been published previously [33,34]. Our results for 
the KL,V and K&,3V of Na and AI show similar degrees of agreement with experiment 
to that obtained for Mg. 

4.2, Simplified analysis 

We now consider the consequences of approximating the full expression for the Auger 
spectrum given in equation (21) by fixing the energy of the Auger electron instead of 
allowing this to vary through the valence band. This gives an expression similar to (1) 
but which retains the energy dependence of the valence wavefunctions. This simplified 
expression was evaluated using several values for the Auger energy within the energy 
range permitted by the &function in (6). The results obtained by calculating the 
Mg KL,V lineshape in this way are shown in figure 4 where the full curve is the profile 
obtained using a constant Auger energy appropriate to a final state 0.3 eV below the 
Fermi energy. The transition rate decreases smoothly as the fixed Auger energy is 
reduced and the other curves in figure 4 correspond to final states at 1.7 eV, 3.0 eV, 
4.4 eV, 5.7 eV and 7.1 e V  below the Fermi energy. 

A comparison of these results with the full calculation (figure 2(c)) shows that the 
agreement obtained is dependent on the choice of the Auger electron energy EA 
However, apart from a tendency to overestimate the sharpness of the peak derived from 
the s DOS, the shape of the Auger profile given by the approximate treatment is similar 
to that of the complete first principles calculation. Choosing an Auger electron energy 
in the middle of the range yields a total transition rate that is in error from the full 
calculation by only 7%. 

Our results confirm that both the local DOS and the Auger profile are influenced in a 
similar manner by the screening of the core hole by the valence electrons, though it is 
not clear that the two effects may be simply linked via equation (1). This can be seen 
from the following test of (1). We begin with the local DOS given by the embedding 
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Figure 4. The Mg KL,V Auger profiles obtained 
by fixing the Auger energy. The top curve cor- 
responds to a final state at an energy of 0.3 eV 
below the Fermi energy. Lower curves cor- 
respond 10 final states with energies 1.7eV. 
3.0eV,4.4 eV,5.7 eVand7.1 eVbeiowtheFermi 
energy respectively. The transition rates are 
expressed in au. 
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FigureS.The best approximation totheMg KL,V 
profile(o)obtainedfrommodiiingthelocals-and 
p ~ o s  using R,, and MKLIV,/MKLIYp as free par- 
ameters via equation (1). The MgKL,V profile 
(b),obtained by fixing the Auger electron energy 
i n  the Centre of the band. The full curves show 
the overall profiles while the dashed and chain 
contributions show the individual 5- and p-com- 
ponents. The transition rates are expressed in 
lO-'au. 

approach treating the radius over which the integration is performed to determine the 
local DOS, R,.,, as a free parameter. Combining this with the ratio MKLIv,/MKLIVp as a 
second free parameter we can obtain a reasonable fit to the data as far as the overall 
shape is concerned but this approach gives a false indication of the individual con- 
tributions made by the s and p DOS to the overall lineshape, figure 5(a) (compare with 
figure 2(c)). The error arises fiom the assumption made in deriving (1) that the Auger 
matrix elements are independent of the energy of the valence wavefunctions. This can 
be seen from figure 5(6)  where the Auger matrix elements have been calculated in 
the constant Auger energy approximation. The importance of including the energy 
dependence of the valence wavefunctions in the calculation can be seen from figure 6 
which shows that the quantities IM(KL,V,)IZ and IM(KLIV,)12 depend quite strongly on 
the valence energy and that even the ratio IM(KLIV,)IZ/IM(KL,V,)Jz is too dependent 
on the valence energy for (1) to provide an accurate representation of the situation. 
Equation (1) neglects the changes with energy in both the valence and Auger electron 
wavefunctions, whereas the constant energy Auger electron approximation allows the 
valence wavefunctions to vary with energy. As we see by comparing figure 5(6)  with 
the full calculation of figure 2(c), the constant Auger energy approximation describes 
the behaviour of the individual s and p contributions reasonably well, while preserving 
the computational simplicity of (1). 

We now use the constant Auger energy approximation to assess the importance of 
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-6 -4 -2 0 

Figure6. The dot-dashedline is the transition rate 
topvalence statesdivided by thep Dos. thedashed 
line is the transition rate to s valencestatesdivided 
by the s DOS and the full line is the ratio of these 
two quantities. 

Binding Enern (eV) Inregmion Radius (a".) 

Figure 7. The dots show the dependence Of the 
ratio of the peak heights of the E and p con- 
tributions to the calculated Mg KL,V profile on 
the radius of integration. The crosses show the 
variation ofthe total transition rate for these pro- 
cesseson the radius of integration. 

the cut-off radius to which the integrals in (12) and (13) are evaluated. Figure 7 shows 
the total transition rate and the ratio of the peak heights of the s and p local DOS 
contributions as a function of the radius of integration Rent. As can be seen, increasing 
the integration cut-off beyond 1 au does not change either the size or the shape of the 
Auger profile. This is a consequence firstly of the localized core wavefunctions, which 
do not extend beyond -0.5 au and cut off the exchange integral, and secondly of the 
very rapid oscillations in the Auger wavefunction which give rise to cancellation in the 
direct integral outside a range of 1 au. 

4.3. Inadequacy of a square well treatment 

I n  an earlier study [35] of the KL,V spectrum of magnesium the core-ionized site was 
modelled by a simple square well potential within a free electron gas, and local s- and p- 
DOS were used to calculate the Auger profile via the approximationof equation (1). The 
ratio of the matrix elements, MKL,vr/MKL!vp and R,,,, were used as free parameters to 
obtain a fit to experiment. This model yields a profile that compares well with the 
expcrimentalspectra, but thesquarewell required togives-andp-oosin agreement with 
the Augerprofileisstrongenough to pulloffaboundstateandthislatterconsequencewas 
neglected in the analysis. In subsequent investigations we have determined that if the 
depth of the square well is reduced so that a bound state is no longer formed the simple 
model cannot reproduce the experimental profile. We conclude that the square well 
approach is inadequate for the description of the local electronic structure probed by 
ccv transitions in simple metals. 



KLVAugerprofiles of simple metals 

5. Conclusions 
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We have calculated the Auger profiles of ccv processes for Na, Mg and AI from first 
principles using a new and relatively simple treatment of the impurity problem in which 
the local DOS is determined self-consistently from an embedding scheme. Detailed 
comparisons with experimental results for Mgshow that the theory, which neglects hand 
structure effects, gives good agreement for the KL,V transition but overestimate the 
sharpness and intensity of the contribution of the s DOS to the K b s V  profile. 

Anapproximate treatment which allowsfor the variationof the matrixelements with 
the energy of the valence electrons but neglects their dependence on the energy of the 
Auger electron gives quite a good representation of the overall ccv Auger profile and 
its dependence on the locals- and p-DOS. 
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