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Features of the Auger resonant Raman effect in experimental spectra
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The influence of the photon bandwidth on the line shapes of the resonant Auger electron spectra has been
studied. The observed features have been explained as due to the Auger resonant Raman effect, which has been
extended to cover the cases of nonmonochromatic excitation. Changes in the line shapes and also several
specific effects, connected with detuned excitation, have been demonstrated by experimental examples,
matched with model calculations. The lifetime interference phenomenon, appearing in the decay of several
close-lying resonance states to the same final state, is regarded together with the influence of the limited photon
bandwidth. Special attention is paid to the problems of data handBif50-294®6)02505-3

PACS numbdps): 32.80.Hd, 32.70.Jz

[. INTRODUCTION cover analogous features in other spectra. Also, the practical
formulas for resonant Auger line shapes and intensities are

The Auger resonant Raman effect and some of its consgprovided as a starting point for proper data handling of the
quences have become well known through recent theoreticapectra influenced by ARRE. Special attention is paid to the
and experimenta| StUdié$—1];|. The Auger resonant Raman hazards connected with the use of the traditional data han-
effect (ARRE) was first observed in the x-ray energy rangedling methods. The ARRE features are also compared with
[1], but recently also in the vacuum ultravioletuv) range the effect of lifetime interference arising if the Auger transi-
[3,4] thanks to rapid improvements in the experimental pholions from several close-lying resonance states reach the
ton and electron energy resolutions. The most outstandin§ame final stat12—14. These two effects can often occur
consequence of ARRE is that if a resonance state is excitd@gether and manifest themselves in a rather similar way in
by a very narrow photon band, then the linewidths in thethe electron spectra.

Auger electron spectrum can be much narrower than the life-

time width of the core-excited resonance state. This has Il. EXPERIMENT

made possible a great improvement in high-resolution reso-

nant Auger spectroscopy, with very promising future pros- The spectra have been measured at the Finnish beamline
pects. Excitation with nearly monochromatic radiation also(BL 51) at the MAX-I storage ring in Lund, Swedé¢5,1§.
allows one to observe a linear disperion of the kinetic energyynchrotron radiation in the photon energy range 60—-600
of the resonant Auger electron line with photon energyeV, obtained from a short-period undulator, is monochroma-
which is usually taken as a fingerprint of ARRE,3,4. tized by a modified SX-700 plane grating monochromator

In this paper the term ARRE is extended to cover a broad17]. The beamline is equipped with a differential pumping
variety of effects, observable in the electron spectra, whegection that reduces the pressure by five orders of magnitude
the monochromaticity of the excitation is not stringent, butbetween the experimental station and the monochromator.
the photon bandwidth is comparable with the lifetime width. The spectra were recorded with a hemispherical sector elec-
ARRE affects line energies, intensities, and line shapes in thison analyze 18], mounted in the pseudomagic angle rela-
resonant Auger spectra in a quite specific way in such casetive to the electric vector of the photon beam. Electrons were
It can even lead to astonishing results such as double-pedRtarded to constant pass energy of 10 eV by using a lens
structures, as demonstrated in our previous sfudy. The  system before the analyzer, which gave electron energy reso-
aim of this paper is to give an overview of the typical ARRE lution less than 50 meV. The electron spectra were recorded
features that appear in the resonant Auger spectra undgging different monochromator’s exit slit widths, thus vary-
usual conditions of a high-resolution experiment in the vuving the width of the photon band.
photon energy range. A number of spectra were recorded
under various experimental conditions, thus allowing one to Ill. THEORY
specify the regions where the observed effects are most pro- '
nounced. The experimental data are compared with the cal- The theoretical basis of ARRE, as observed in electron
culations, based on a statistical model given by Armen andpectra, is the radiationless resonant Raman scatt@RiR§)
Wang [10], with the parameters adjusted to represent thaheory, which has been developed in a number of extensive
given experimental conditions. studies(see Refs[8,9] and references thergirin the follow-

A krypton resonant Auger spectrum was chosen as a tegstg, we shall restate briefly the main results of the radiation-
object and the spectra were recorded, systematically varyinigss RRS theory for the case of nonmonochromatic excita-
the energy and width of the exciting photon band. The analytion in a statistical form[10], directly applicable in the
sis of these spectra provides the first experimental demoranalysis of provided experimental examples. The given
stration of several ARRE features predicted by the modeimodel is restricted to only one involved resonance state and
calculationg 10]. The provided examples should help to dis- also neglects direct scattering amplitudes.
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very different, then the distributioR(e,) is governed by the

i P narrower one. This useful property means, for example, that
i the excitation with a very narrow photon band eliminates the
lifetime broadening from the observed resonance Auger
spectrum. On the other hand, if the photon band is so broad
that it can be taken as a constant over the lifetime width, then
P(ep) has the Lorentzian shapg(? w—f w; ,I';). Many ex-

] perimantal situations fall in between these extrema and then

E the analysis of the spectra is more complicated.

Bt It is essential to notice that the distributi®{e,) is cen-
tered at the nominal resonance Auger electron eneggy
only if Zw. equalshw;, that is, if the exciting photon band
is tuned exactly to the resonance. If the excitation is detuned

ground state from the resonance, then the maximum of the electron en-
ergy distribution is shifted away frona,g. The shift is a
FIG. 1. Schematic representation of the photoexcitation and Aufunction of the photon energy detuning, defined as
ger decay processes, with photon bardel) ( lifetime broadening
(L;), and Auger electron distributiorP) shown. A=ho~fo;. ©)

The radiationless RRS theory handles the resonant phot§:92in the two extreme cases can be stated. Under the exci-
excitation and the Auger decay as a single scattering evef@tion with a very broad photon barR(e,) shows no dis-
from an initial state, consisting of an incoming photon andPersive behavior against the detunifig whereas the mono-

the atom in its ground state, to a final state — an ejecte&hromaﬂc excitation results in a strictly linear dispersion of
Auger electron and singly ionized atom. The core-excitedfA 29aiNstA,
intermediate resonance state acts, from a statistical point of
view, as a bandpass filter selecting the photons with suitable

energy to participate in the scattering process. Such filtering The total probability for exciting a resonance state and

selects the photons with enerfiy around the nominal reso- emitting an Auger electron can be obtained as
nance energyiw;, in the range limited by the Lorentzian

lifetime broadening of the resonance staté,(%w o
—#w;,T;) with a width T'; (see Fig. 1 Absorption of a |(A):f0 P(ea)dea, ®
photon% w yields an Auger electron with kinetic energy

a4

Ep= EAOJFA. (4)

en=fw—Eg, 1) or, using Eq.(2),

whereEg; is the binding energy of the singly ionized atomic [(A)oc J'wq)(ﬁw—ﬁwc TpLi(io—fiw; I')do. (6)
final state. The probability for absorbing a phothw and 0
ejecting an electron with energy, is determined by the - o o
Lorentzian distributionL;(Aw—#w;,T;). It is, naturally, T_he_total probabllltyi_(A) (Whl_ch is related to the line inten-
highest at the nominal resonance enefigy, , at which an sity in the spec_trum|s a function of photo_n energy c_letunlng
Auger electon with nominal energsy, is ejected. It is as- and has a profile governed by broaQer distribution in(By. _
sumed throughout this paper that the final state is stable, 1h€ observed resonant Auger line shapes are not given
against further decay and has negligible width. This is glireéctly by P(ex), but are broadened by the spectrometer
common case for the vuv-range excitations, where the finafunctionG(e,I'g) of the electron spectrometer. The observed
state vacancies are usually created in the valence orbitals. lin€ shapes are the convolutions

In practice, the exciting radiation is not monochromatic, "
but the photons form a band with energy Qistribution pobs(f):f G(e—€n,T'g)P(€a)dep. (7)
®(hwo—fo,I'y), centered atiw, and having widthl,. 0

The Auger electron energy distribution is given by . ] ]
The convolution complicates the observation of the ARRE

P(ep)x®(hw—tfiwe,I'p)Li(ho—tfiw;,T}). (2) features by changing the line shapes and shifting peak
maxima of asymmetric lines.

The further analysis of ARRE features in vuv-range resonant
Auger spectra.is based on E@). (Hayg X rays can gxcite_ IV. PHOTON BANDS
deep core orbitals and then an additional convolution with
the lifetime broadening of the unstable final state must be Itis of crucial importance to find out the distribution func-
performed in order to obtain the Auger electron energy distion ®(hw—7%w.,I'y) for the exciting photon band before
tribution.) starting the analysis of the observed ARRE features. The

It is worthwhile to point out some apparent consequencephoton band can be determined from separate measurements
of Eq. (2) before proceeding to the experimental examplesor from the electron spectrum to be analyzed. The photoelec-
The right-hand side of Eq2) is a simple product of two tron lines from the direct ionization of the valence orbitals
distribution functions and consequently, if their widths areare also present in the electron spectra, often close to the
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g FIG. 2. Part of the Kr 8535p—4p 25p
> resonant Auger spectrum, excited using various
% exit slit widths of the monochromator. For details
E see text.
58.1 58.2 58.3 58.4 58.5 58.6 58.7 58.8

Kinetic energy (eV)

Auger electron lines. The photoelectron line shape in thelhe exciting photon bands, as well as the lifetime broaden-
spectrum is given by the photon baWe(%w—fiw:,I'p), ing and the spectrometer function, are also shown in Fig. 2.
convoluted with the spectrometer functidd(e,I'g). Our  The photon band was tuned exactly to the nominal resonance
spectrometer functiotshown in Fig. 2 has the full width at  energy w.=%w;, A=0) in all cases. The kinetic energy
half max!mum(F\_NHM) I'y=46 meV and_has _been taken as range of Fig. 2 covers the transitions d;?z,l5p
a Gaussian profile. If the photon bandwidtl is not much . 4p~2('D)5p(2D 2p,) at 58.32 eV and .15
smaller thanT'y, then a reliable estimate fo(%iw piz 1 P oo 282 : 5/2°P
—fiwe,I',) can be obtained by deconvoluting the photoelec-—4P “("D)SP(“Fsj2,72,°P32) around 58.6 eV. Calcula-
tron line with the spectrometer function. tions [19] indicate that the peak at 5832 eV
A plane grating monochromator with only one, the exitiS composed mainly of the transitons to the
slit, was used in our experiment. In such a monochromato#p‘2(1D)5p(2D3,2,5,2) states, which lie very close in energy
design the photon band is formed as a convolution of the exitseparated by 15 mey whereas the transitions to the
slit contribution to the total widtha rectangular function  4p~2('D)5p(?P,,,) state are much less intense. This peak is

with several other contributions, which can be approximategherefore the most suitable, although not ideal, for studying
by a single Gaussian function. The spectrometer function ighe ARRE line-shape features.

also supposed to be a Gaussian, so that the photoelectron line
can be fitted with a convolution of rectangular and Gaussiarn . . e :
functions. The photon bands were obtaingd by deconvolutin and having a width much Iarge_r than the_llfetlme width .Of
such fit curves with the spectrometer function. The resultdN® résonant state. The Auger line shape is now determined
for the monochromator’s exit slit widths of 150 and 400 a@lmost solely byLi(f o —%w;,T';) in Eq. (2), which must be
um can be seen in Fig. 2. The photon band determined wit§onvoluted by the spectrometer functi@e,I’y) to fit the
the exit slit width of 50um is considerably narrower than €Xperimental data points. The line shape is well described by
the spectrometer function and the described deconvolutiod Voigt profile and only a weak discrepancy far at the
procedure is rather unreliable. Thus an independent estimate@rentzian tail at the low kinetic energy side indicates the
for ®(hw—fwc,I'p) has been used in this cagdso shown influence of the limited width of the photon band.
in Fig. 2. The middle spectrum has been recorded with a photon
The FWHM'’s of the photon bands in Fig. 2 are 26, 100,band of a width nearly equal to the lifetime width. In this
and 280 meV for 50-, 150-, and 4Q0m exit slit widths, case no approximations can be made and the Auger electron
respectively. In comparison of these bandwidths with theenergy distribution is properly given only by E@) [and the
lifetime broadening of the resonant stal§=83 meV, one observed line shape by E¢7)]. The line shape is rather
can see that the casBg<T';, I';=I";, andl',>T'; are cov-  broad at the peak maximum, but decreases rapidly at the
ered, allowing one to trace the ARRE features in these thregjls, so that the line actually resembles a Gaussian profile.
different regions. Such a “tail cutoff” of the Lorentzian is typical for ARRE in
The photon bands of our SX-700 monochroma}tor.are aCthe photon bandwidth rangé,=T'; and is due to the multi-
companied by a weak tail at low-energy sfdd], which is a plication of the two distribution functions in Eq2). The
very specific feature and is therefore, for the sake of genera¢e is especially pronounced in our spectrum, because the
ality, not included in our S|mul_at|ons. The neglect of Fh|s tall Qoton band has relatively sharp edges, but is, on the other
Mmay cause some discrepancies between the experiment aﬁ nd, somewhat veiled by the instrumental broadening of the

The uppermost spectrum in Fig. 2 is excited by a photon

calculations.
spectrometer.
V. LINE NARROWING AND TAIL CUTOEE The lowest spectrum in Fig. 2 has been excited by the
IN THE AUGER ELECTRON SPECTRA narrowest photon band, which practically determines the Au-

ger electron distribution in Eq2), so that the observed line
Figure 2 presents three Krd’g,%Sp—>4p*25p resonant shapes can be approximated by a convolution of the photon
Auger spectra, excited with photon bands of different width.band with G(e,I'g). In this spectrum, the Auger line is
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clearly narrower than the lifetime broadening, even after be-

ing broadened by the spectrometer function. This is the

ARRE feature with the greatest practical importance, as it

allows one to improve the electron energy resolution and

separate very fine details and energy splittings in the reso-
nant Auger spectra. Some deviations of the calculated curve
from the measured spectrum are probably due to the fact that
the real shape of the spectrometer function differs somewhat
from the Gaussian profile.

The physically correct line shapes for the Auger spectra in
Fig. 2 are provided by Eqg$l) and(7). In many cases, how-
ever, some analytical functions with several adjustable pa-
rameters(like Voigt or pseudo-Voigt profilgsmay be flex-
ible enough to give a good fit to the spectrum. The minor
deviations that arise when using such profiles are not critical

Intensity (arb. units)

+5 meV

when studying single well-separated peaks, although some of c
the parameters, e.g., Gaussian and Lorentzian widths in the
Voigt profile, have lost their physical meaning. But the use
of such line profiles can lead to severe errors, if applied to

-40 meV
studying heavily overlapping structures with largely varying
peak intensitiegsuch as the higher kinetic energy structure .
in Fig. 2.
-85 meV
VI. EFFECTS OF PHOTON ENERGY DETUNING
A. Auger line dispersion and line-shape distortions 581 58.2 58.3 58.4 58.5
The energies of the emitted Auger electrons shift in the ' Kinetic energy (eV)

kinetic energy scale when the photon band is detuned from
the nominal resonance energy. The dispersion varies from FIG. 3. Kr 3d5;5p—4p~%(*D)5p(’D3p,s3 lines in the Auger
linear [Eq. (4)] to constant, depending on the width of the Spectra, recc_)rded with the photon band detuned from exact reso-
photon band. In the following, the d{,%Sp nz_incg(detunmg shown for each spectrunMonochromator’s exit
—4p~(*D)5p(®Dyy59) lines in the Auger spectra, re- SHtWidth setto 150um.
corded with variable photon energy detunidg are ana-
lyzed. Two series of spectra have been recorded, using dif-
ferent photon bandwidtHd",=100 meV(exit slit width 150 This is the situation for the spectra in Fig. 3, recorded
um), see Fig. 3, an@,=26 meV (50 um), see Fig. 4 The  with the 100-meV photon ban@l50 um slit width). The
photon bands were shown in Fig. 2. The peaks are normaphoton energy detuning is marked next to each spectrum.
ized to the same intensity for better visualization in Figs. 3Figure 3 also shows the calculated line profiles at the given
and 4, although the actual differencies in the intensities areetuning values. To fit the experimental spectrum, the calcu-
large (as discussed in Sec. VI)B lated electron energy distributiofEq. (2)] have been con-
We prefer to use the Auger electron mean energy rathevoluted with the spectrometer functi¢iq. (7)]. Slight ad-
than the peak maximum position for the description the peakustments 5 meV) of the kinetic energies of calculated
location, as it can be evaluated more accurately and its deprofiles was needed to obtain a better fit, due to the limited
termination does not require any preliminary assumptiongccuracy of the method for determining the photon energy
about the Auger line shape. Also, the convolution with thedetuning. Apart from obvious line shifts, asymmetrical line
symmetrical spectrometer function does not alter the meashapes can be observed. The asymmetry is the strongest at
energy of a peak, even if it is asymmetrical, although thethe detuningsA==*T";,. The asymmetric tail appears at the
peak maximum shifts in such a case. The mean energidsigh kinetic energy side if the photon band is tuned above
from model calculations using ER) are therefore directly the resonance and at the low kinetic energy side if it is tuned
comparable with the experimental data. below the resonance. At smaller and larger detuning values
The photon energy detuninyy can be roughly estimated the asymmetry disappears gradually. At very large detunings
from the monochromator’s readings, but can be determine¢hot shown in Fig. Bthe Auger line profile approaches that
also using the kinetic energy of the photoelectron linespf the photon band. The development of asymmetry in line
which shift linearly with A. It has been assumed that the shapes is reflected also in the linewidths, which are the
kinetic energy scale did not shift when recording one seriesmallest at exact tuning and largest for the most asymmetric
of spectra, which could introduce a systematic error wherprofiles.
determiningA. The other factors affecting the accuracy of The asymmetry is easily observable in Fig. 3, but can be
the values ofA are the statistical error in determining the harder to detect in the spectra with complex structure, where
kinetic energies of the photolines and, most importantly, dt can strongly alter the apparent intensity ratios of close-
systematic error from locating the resonance maximuniying peaks, if these are fitted by symmetric profiles. For
fhw;, as the reference from which the detuning is measuredexample, in the structure around 58.6 eV in Fig. 2, a 50-meV

1. Photon bandwidth and lifetime width comparable
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FIG. 4. Same as Fig. 3, but the exit slit width set to /&h. 3. Spectra from two close-lying resonance states

If the photon band is tuned in between two close-lying
photon energy detuning leads to errors up to 50% in théesonance states so that both are excited simultaneously, then
branching ratios of the main peaks if symmetric line shapehe Auger electron spectrum consists of two different sets of
are used. line shapes, with opposite asymmetries and dispersive char-

The mean energies of the Auger electrons, determine@cteristics. Furthermore, if these twor morg resonance
from the experiment, are shown in Fig. 5 as a function ofStates decay into the same final state, then the limited photon
A. The solid curve is provided by model calculations, usingbandmdth is not the only cause of line shifts and line-shape

Eq. (2) and scanning the photon band,=100 me\} across ﬂjs;_ortio.nst. (f)ne must atlﬁot tt?]ke ilnt(i account thg. ?ffgcs. of
the Lorentzian lifetime distributionI{;=83 me\). Figure 5 etime interterence, so that the electron energy distrioution

displays a clear deviation from linear dispersion, as predicte('is

by Armen and Wan@10]. The deviation is the largegibout

20 meV) at the detuning\ = =80 meV, coinciding with the M;oMj

region of the largest asymmetry. P(ep)*®(ho—twe,T'p)| > oo +iT72 (8)

2. Photon bandwidth smaller than the lifetime width N .
whereM;, andMy; are the transition matrix elements for the

The spectra in Fig. 4, recorded using a narrdiy 26 hotoexcitation and Auger decay, respectively. The square of
meV) photon band, possess the same principal features as thgs sum of the complex scattering amplitudes over the inter-
spectra in Fig. 3. In this bandwidth region, however, thesgnediate resonance states in E8). is not just a sum of two
features become more subtle and hard to observe. For €Korentzian functions as would emerge using E—Z’), but is
ample, no difference from the linear dispersion of the mearmodified by interference terms, which become important if
energy of Auger electrons with the detuning can be obthe separation of the resonance states is of the order of their
served. This result agrees well with calculations, which showifetime width. The lifetime interference is well known in
that the largest deviation is less thar2 meV (as compared molecular systems, arising from the transitions from adjacent
to =20 meV in the previous cagsewhich is beyond the vibrational levels, but can be found also in the atomic tran-
experimental accuracy. Thus, the approximatiop<I, sitions from different electronic statéstate interference in
leading to Eq.(4), holds well, althoughl', is only about Ref. [13]). Here we present both effects, ARREs con-
three times smaller thal; . The line shapes in Fig. 4 should nected to limited photon bandwidtland lifetime interfer-
also display slight asymmetries, in analogy with Fig. 3, but itence, together, but also show their individual contributions.
is hardly observable, as the asymmetry is largely eliminated’heir separation is rather formal, as the nonradiative RRS
by the spectrometer broadening. theory, developed in its full extent, includes both effects. The
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FIG. 7. Total intensity of Kr  835p

2 08 —4p~2(*D)5p(?Dap5) Auger lines as a function of photon en-
;06- ergy detuning. Experimental data at %0m (O) and 150 um
e (®) monochromator exit slit widths are plotted together with the
% results of model calculationsolid lines.
504
= Decreasing the photon bandwidth would shift the two peaks
021 together and finally merge them into a single peak.
Thus, ARRE and the interference effect, although very
0.0 similar in appearance, add up in spectrdm, but nearly
0 025 05 075 1 126 15 cancel each other in spectru@). In reality, the interplay
Kinetic energy (eV) between them is much more unpredictable, depending on

many factors. The contribution from ARRE would increase

FIG. 6. Modeled spectrum of Auger decay from two adjacentrapidly when using narrower photon bands and the interfer-
resonance states to a single final sté&and (b) show the calcu-  ence effect would dominate, if the resonance states were
lated results for 0° and 180° phase shifts, respectively. Dotte¢|gser to each other. But both effects should be taken into

curves: interference excluded, constant photon band; dashed CUVegcount often when analyzing an experimental spectrum
interference included, constant photon band; solid curves: interfer-

ence included, photon band taken as Gaussian with 800 meV
FWHM. B. Intensity decrease

The most easily observable property of the spectra excited
parameters for the calculated spectra have been chosen arbiith the detuned photon band is the strongly reduced inten-
trarily, so that a good visualization of the studied effects issity of the resonant Auger electron lines. This can change the
obtained. overall appearance of the electron spectrum, as the resonance

Figure 6 shows a modeled Auger electron spectrum of théuger electron lines are usually overlapping with the lines
transitions from two adjacent resonance states Wjth200  from direct photoionization, whose intensity is unaffected by
meV, separated by 400 meV. The spectra are calculated uthe photon energy detunir(gee, e.g., Ref.11]). The inten-
ing Eqg.(8), with the numerator$/;,My in the sum taken as sity of the Auger lines relative to the photoelectron lines
real and with equal absolute values. For parfgJsand (b)  therefore provides a means to determine the intensity de-
the numerators have the same and opposite sign (0° artfease under the detuned excitation — the intensity ratio of
180° phase shift respectively. The dotted curves have beenthe Auger versus photoelectron lines is largest at the exact
calculated by excluding the interference terms in @jand  resonance and decreases as a function of the detuning. The
by taking® as constant, i.e., neglecting also the influence ofrovided method for determining the intensity decrease of
limited photon bandwidtlARRE). The dotted curves in Fig. the Auger lines is applicable, if the participator Auger decay
6 are superpositions of two Lorentzians, reflecting the resochannel that enhances the photoelectron line intensities can
nance states. For the dashed curves, the interference teripg neglected.
were included, but ARRE was still neglected by taking The intensity of an Auger line in the measured spectrum
®=const. The comparison of pandl and (b) shows that IS given by integrating over the Auger peak. Figure 7
the interference depends critically on the phase shift, remowshows the relative intensity of the d3;5p
ing intensity from the central area in paria), but gathering —>4p2(1D)5p(2D3,2,5,2) Auger line as a function of detun-
intensity to the center in panéb). ing. The two sets of the data points correspond to the spectra,

The solid curves have been obtained by including interexcited with the 100-meV-widéfilled dots and 26-meV-
ference terms in Eq8) and adding the influence of the lim- wide (open doty photon bands. The curves in Fig. 7 are
ited photon band by taking as a Gaussian witlf,=800  provided by model calculations using E&). The curves are
meV, centered between the resonances. The comparison sfmmetrical with respect to the exact tuning, so far as the
the dashed and solid curves in pan@sand (b) shows that photon band distributiomP (A w—7%w,I"y) is symmetrical.
ARRE always enhances the central region of the spectrahe curves are convolutions of the photon band and lifetime
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broadening and have the FWHM's of 140 meV =100 shape of the photon band, are valid only as a special case of
meV, I'i=83 meV) and 89 meV [,=26 meV, [';/=83  a narrow photon band. In a wide range of experimental situ-
meV). The latter curve represents quite well the shape andtions, where the photon band is comparable with the life-
width (I";=83 me\) of the Lorentzian lifetime broadening of time width of the resonant state, the electron spectra display
the resonant core-excited state. Thus, a reversed procedwseme quite specific features. The quantitative analysis of
— fitting the experimental intensities with a modeled curvesuch spectra needs these features to be recognized and taken
obtained with a known photon band and varying the lifetimeinto account in the course of data handling. Several effects
width — can be regarded as a method for determining theuch as the tail cutoff, asymmetrical line shages even
lifetime width (as proposed in Ref10]). Note that the spec- peak doubling, and nonlinear energy dispersion may easily
trometer function does not broaden the curves in Fig. 7. lead to untrue interpretations if the traditional data handling
Equation(5) performs an integration over the Auger elec- techniques(e.g., curve fitting with Voigt profilesare ap-
tron energies, eliminating the characteristic line-shape feaplied.
tures of ARRE. The reduced intensity under detuned excita- The spectra recorded with a detuned photon band could
tion is therefore a more general phenomenon and is ndie inevitable when studying close-lying resonance states.
related only to ARRE. The curves in Fig. 7 can be consid-Such spectra may even be produced accidentally with
ered as a special case of a widely employed electron yieldlightly wrong tuning of the monochromator. It is essential to
measurement, which with a suitably selected electron energyecognize the effects caused by the detuning and to not as-
range is known to represent well the absorption spectrunsign them any physical cause other than being purely a result
Here we are, however, able to separate the features assignefdthe interplay with the measurement device. ARRE may
to a specific resonance from the other features in the electramso occur together with the lifetime interference effect, in
spectrum before determining the intensity cufigg. 7). which case a successful interpretation of the experimental
results may require both effects to be taken into account.
VII. CONCLUSIONS
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