PHYSICAL REVIEW B VOLUME 60, NUMBER 24 15 DECEMBER 1999-II

Role of spectator decay and final-state mixing in resonant photoemission of La metal
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It is shown that the La p photoemissiolPE) spectra consist of a superposition of two final states reflecting
predominantly $°4f° and 5°4f* character. In contrast to Lad3spectra, the #'-derived component appears
at the high-binding-energy side of thé%derived emission due to a weaker interaction between the photohole
and the 4 electron. This splitting into two components is crucial for the quantitative understanding of the
resonant behavior of thepbstates at the d—4f excitation threshold. In addition to the participator decay
channel usually considered for the description of the resonant PE, a spectator decay channel must be taken into
account that leads particularly to an enhancement of teodiginating emission. The contributions of the
spectator transitions are particularly important in the range of the so-called preresonances, e.§R aatte
3D, excitation threshold4.S0163-18209)03647-4

[. INTRODUCTION that are usually characterized by higher transition probabili-
ties than those of other autoionization events. Considering
During the last twenty years resonant photoemis$Ri  the multiplet structures in the intermediate and final states,
has been developed to a powerful tool for the investigatiorhowever, the participator channels in certain cases could be
of the electronic structure of solidsThis method takes ad- suppressed by selection rules, and spectator processes be-
vantage of a resonant variation of the photoionization crossome important.
section that takes place if the photon energy is tuned across In the present paper we discuss possible consequences of
certain core-level excitation thresholds. The underlyingthe above consideration for the simplest model system avail-
mechanism is frequently described as a Fano resonanéle, namely La metal. As a free atom, La reveals a trivalent
caused by a coupling of the direct PE channel with anothed,Xe]4f°(5d6s)* configuration. In the condensed phasd,
indirect channel that is realized by a core excitation into ahybridization may result in configuration mixing. However,
discrete intermediate state and subsequent autoionizatiosince the 4 configuration lies about 5 eV above the Fermi
Closely above the excitation threshold, a constructive interenergy Eg) 13 the 4f' admixtures to the ground state are
ference of these channels leads to an increase of the photoegligibly small and do not affect the ground-state proper-
ionization cross section, while somewhat below the thresholdies. Upon core-level PE, thef# configuration becomes en-
a destructive interference results in a strong suppression @frgetically lowered with respect to thé%state due to inter-
electron emission. action with the photohole and configuration mixing
This phenomenon is due to the existence of localized inincreases. As a consequence, two different PE final states
termediate states. Thus, the resonant PE is particularly applbecome accessible, labeléd and ¢*. Both contain 4° and
cable to transition metafs,rare earths(RE’'s),®>’ and  4f! admixtures, but in the? final state the 4° component
actinide$® Best studied is the di—4f resonance of RE’s, is dominant, whereas for the! state the situation is re-
where a 4l electron is excited from adf%f"(5d6s)* initial ~ versed. This scenario is well known from the La PE
state to form a 4°4f""1(5d6s)* intermediate state. Auto- studies, where thep! signal appears as a shoulder at the
ionization leads to emission of af4 5p, 5s core or a low-binding-energy(BE) side of the¢® emission* As we
(5d6s) valence electroft® For the decay mechanisms, usu- will show in the present contribution, a similar situation is
ally only participator processes are considered, where at leaatso encountered for thgyscore-level PE spectra. In contrast
one 4f electron(two in case of 4 emission is involved®~*?  to the 3 case, however, the! state is found at the high-BE
The latter is justified, because the participator channels regside of the¢® emission due to a weaker interaction between
resent Coster-Kronig or even super-Coster-Kronig processgshotohole and # electron. At the 4—4f excitation thresh-
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old, participator decays of thedd4f! intermediate states 841 836 831
predominantly contribute t@° final states and are respon- . .
sible for the giant enhancement of thp Bmission intensity PE Lametal | 3
1 [

at the P, resonance. Spectator processes, on the other hand, ]
mainly result ing! final states and significantly influence the o

e .. = Af 5
emission behavior in the range of the so-called preresonances g - P

3p, and 3D, where transition rates of participator processes
are strongly reduced.

Il. EXPERIMENTAL DETAILS

Films of La metal were thermally evaporated from a
Knudsen cell onto a polycrystalline Cu substrate. The evapo-
ration rate(4 A /min) and the thickness of the deposited films
(about 200 A were calibrated by means of quartz microbal-
ances. Possible contaminations were controlled by monitor-
ing the PE responses in the energy regions of thes@rid C
1s core levels as well as by valence-band PE measurements.
The base pressure during the measurements was always
lower than 1x 10~ mbar. PE and x-ray absorption spec-
troscopy (XAS) experiments in the region of the Lad4
—4f excitation threshold were performed at the SX700/II
beamline of the Berliner Elektronenspeicherring fBiyn-
chrotronstrahlung BESSY | using a rotatable hemispherical
electron energy analyzefARIES-VSW). All PE spectra
were taken at normal emission geometry with an overall sys-
tem resolution of~150 meV (full width at half maximum,
FWHM). XAS measurement; yv_ere performeq in. a partialperimental pointstaken ath w=100 eV and 1486.6 e\Ref. 14,
electron yield mode by acquisition of 2-eV kinetic energy respectively. Results of least-squares fit analyses applying a simple
electrons. formulation of single-impurity Anderson mod@Ref. 16 are shown

underneath the experimental curv&ght panel Lowering of the
IIl. FINAL-STATE MIXING 4f! state due to the Coulomb interactibh, with a 3d and a
. core hole(dashed curvgsThe solid curve denotes thd 4position

Many-body effects in PE core-level spectra of RE systems g nole is presentinset Radial distributions of charge densities
have successfully been described in the framework of &t the a4, 4f, and 5 electrons.
single-impurity Anderson modé?. For La, a rather simple
formulation presented by Imer and Wauillotidnay be ap-  |q,.BE side of theg® component for 8 emission, while it
plied: Only two basis states,f4 and 4f*, are considered at is expected on the high-BE side fop&mission. '
binding energies of 0 and, respectively. A hybridization Nonresonant PE spectra of the Ld< and La % core
parameterd describes the electron hopping between valencey, ais are shown in the left panel of Fig. 1. The Lds3
band andf orbitals that leads to configurationally mixed spectrum reveals the well-known splitting inte and ¢
states¢® and ¢*. Upon creation of a core hole, thé4basis 4 stated? The La g spectrum is characterized by a
state becomes energetically lowered by the Coulomb intergominant doublet structure that stems from the spin-orbit-
action, U (see right panel in Fig.)1 The core-level PE (it 5pA %) and a4 components. Closer inspec-
spectrum then consists of two components, a doininant'sign:ﬁ n, however, reveals a second doublet component that is
at energyE, originating from the¢" state and ap” contri-  ghited with respect to the main lines by about 2.1 eV toward
bution at energy higher BE and may be attributed to final statgSGp*) with

, 1 predominantly p°4f! character. Both the®and the B PE
4A spectra may be described consistently within a least-squares
(e—Uqo)? fit analysis usinge=5.2 eV andA=0.7 eV. The respective
U;. obtained from DFT(see abovewere taken as starting fit
The magnitude ofJ;, depends on the charge distribution of parameters. Then, energy positions and relative intensities
the core hole with respect to thef #rbital: For a 2l hole,  were calculated within the Imer-Wuilloud approa®htor
the charge density lies mainly inside thé ghell (inset in  the line shapes, Lorentzians convoluted with Gaussians to
Fig. 1), and the effective Coulomb interaction estimatedaccount for the finite experimental resolution were assumed.
from density-functional theoryDFT) amounts toU;.~9.5  They were superimposed by an integral background approxi-
eV.}" For a 5 hole, on the other hand, a large fraction of themating inelastic electron scattering. Surface effécigere
charge density lies outside thef 4hell, and a valudJ;, neglected for the sake of simplicity. In the course of the
~2.5 eV is obtained. Taking=>5.2 eV from inverse PE fitting we arrive atU;,=8.6 eV and 3.6 eV for the® and
datd® we arrive at the resu[Eq. (1)] that independent of the 5p holes, respectively, in fair agreement with the DFT val-
special choice ofA the ¢! component is found on the ues. For the final states with gp5hole this results in an
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FIG. 1. Left panel 5p and 3s, PE spectrdlines through ex-

E1:E0+(8_Ufc) 1+ (1)
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As it is usual in literatur®1®?°we use the notations for
multiplet components of free 4 ions, although the va-
lence electrons are considered to be involved into the decay
processes. Note that due to the intermediate coupling the
3P,, 3D, and P, states differ from puré S states. Solid-
state hybridization effects in the intermediate states are ne-
glected, because they are small as compared to multiplet
splitting as it is evident from the good agreement of the XAS
data with results of atomic calculatiofis.

As it is also evident from the XAS spectrum, the excita-
tion probabilities and lifetimes of the individual intermediate
states are rather different. Related differences will also be
present for the autoionization decay probabilities of the in-
termediate 4°4f! states. Due to the substantial overlap of
the 4d and 4f wave functions the singletP; intermediate
state reveals a large Auger transition rate for the participator
decay leading to a j54f° final-state configuration. On the
other hand, for a participator decay of the triplet states the
direct transition (4—4d;5p— el; hereel denotes a state of
the outgoing electron with energy and orbital momentum
I) is spin-flip forbidden inLS coupling and is essentially
suppressed in a weak intermediate coupling, while the ex-
change transition (p—4d;4f—e€l) has a low probability
caused by relatively small overlap of thel 4nd 5 wave
functions. Thus, it may be expected that for the triplet inter-
mediate states a spectator process involving valedosléc-

FIG. 2. On-resonance PE spectimes through experimental trons (50— 4d;5d— €l or 5d—4d;5p—el) could have a
points taken upon excitation into th&P,, °Dy, and ‘P, interme-  probability of the same order of magnitude as that of the
diate states witthw=97 eV, 101 eV, and 117 eV, respectively. participator process. Therefore, it should be taken into ac-
Corresponding off-resonance spectthick lines were taken at  cqynt for an accurate description of the line shape of reso-
hw=96.5 eV, 100.5 eV, and 112 eV. AII_ spectra_are normalized Ohant PE spectra. The spectator process results ipséfé
photon flux. Results of a least-squares flt_anglys_ls are shown undef o state configuration and may lead, therefore, to resonant
neath the La p spectrum taken upon excitation into the; reso- A ibution in L PE t
nance. Inset shows a XAS spectrum recorded at the:4f exci- enhan_cement of thefa contribution in La P - spectra.
tation threshold. An important role of the valencedbelectrons in the decay

processes has already been assumed for the interpretation of
the La 5 resonant PE spectra of Lg&’ In this paper, how-
ever, solely a coincidence in energy positions of the
N, =0, sV Auger-like deexcitation of the @’4f! intermedi-
ate state and thepbPE signal upon excitation into théD
resonance has been concluded. In the present model of
mixed final states both participator and spectator processes
will contribute at all resonance energies [#°) and |¢*)
according to the values of the coefficiemts. Note that the
energy separation of the mixg@®) and |¢?) final states
(2.1 eV is close to the value of the spin-orbit splitting of the
5p core level(2.5 eV). Consequently, the by, peak from
the| o) final state will overlap in part thefs,, peak related
to the| ¢°) final state. Spectral structures induced by specta-
tor decays are expected to be broader than those originating

At the La 4d—4f excitation threshold, three different from participator transitions, since in the former case in ad-
intermediate states can be populafeas it can be seen from dition to the lifetime of the core hole, also the width of the
the XAS spectrum shown in the inset of Fig. 2: The mainoccupied part of the & valence band has to be accounted
peak of the XAS spectrum at 117-eV photon energy correfor.
sponds to &P, state and is the only one that can be reached
by a dipole transition from théS, ground state of L&', if
LS coupling is assumed. Considering intermediate coupling, L o )
also 3P, and 3D, states may be populated, leading to the T.he contrlbutlons of the individual final states to the spec-
preresonances at 97 eV and 101 eV photon energies, respdf@! intensity of resonant PE may be summed up as
tively. The excitation threshold for transitions into con-
tinuum states is given by the Laldbinding energy of 102
ev.
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energy separation of the componeAtS=E; —E;=2.1 eV.
The related mixed final stateg)') are expressed by linear
combinations of the atomic configurations|f°)
=|5p°4f95d*) and|f!)=|5p°4fi5d*"1),

|y =ciol f%) +ciafh), =01 )

with mixing coefficients coo=c1;=0.94 and ci= —Cq,
=0.35.

IV. RESONANT PHOTOEMISSION

A. Qualitative considerations

B. Theoretical model and details of calculations

2
l(ew)=5 2 [(TIPshotEg-E), (3
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where fw is the incident photon energy is the kinetic TABLE I. Auger transition amplitude¥, and related branching
energy of the photoelectrofg) is the ground state, ar{d)  ratios in L& for the participator decay of the intermediate states
is the final state of the system with the related energigs (considering intermediate couplinonto final states with outgoind
andE;, respectively. Correspondence to the notations useglectron.

before is established via the relatioff$=|¢')|el) and E;

—Ey=W+ e+ eg(¢'), whereW denotes the work function Final , Intermeadiate state )
andeg(¢') the binding energy. state P, D, P,
The transition matrix element can be expresséd as 5pS ,eds) 0.0333 0.0395 0.2745
v 5p3€dsy —0.0554 —0.0063 0.1227
(f|T|g)=T(e)+> L)TTOr 5p3,edsy2 0.0194 —0.0084 0.3727
e— €, —1 !
r r r Y 0.32 14.21 0.49
V,(€) V(e')T(€")
+— f de’ —, @
e—e—il, e—€'—id

(thick lines, measured below the respective resonant excita-

. . . . .. tions. The % PE signal strongly resonates upon excitation
where the first term is the dipole matrix element descrlblngmto the 1printerm§diate statg yits intensity ir?creases by a

the direct PE, the second term represents a dipole transitioflgCtor of 6 in comparison to the off-resonance spectrum

i ; 3 3 1 P
to the intermediate state( Pl’. Dl,.and Py sta}tes in the taken at 112 eV. The line shape of the on-resonance spec-
case of the d— 4f resonance in Dawith the matrix element . .
trum is nearly unchanged with respect to the off-resonance

Ty, followed by Auger decay to the continuum with the . . ;
- spectrum, and the intensity branching rdt{&ép,,)/1(5ps/,)
matrix element/, (€). The energy dependences\gi(e) and is close to its statistical value of 1:2. In contrast, for the

T(e) are weak and neglected in the restricted energy rangf‘afiplet intermediate states the§, component reveals almost

considered, taking the value at ti®, excitation. Thel’, . : - X
denote the inverse lifetimes. The third term describes a tranr].0 intensity variations, whereas the g, component is con

3 icu-
sition to a state off the energy shéll(e')] followed by a siderably enhanced at bof#?; and 3D, resonances. Particu

3 .
transition to the intermediate stdté(e’)] with a subsequent :?c:%’maatﬂtr?ge D, resonance this component becomes clearly

decay to the on-shell continuum and will be neglected in the ; . . . .
. . X Assuming purd. S intermediate states, the branching ratio
following. Certainly, all matrix elements depend on the par- - S
participator ~ Auger decay  contributions, y

. ; R . f

;uncggr(fdlgal state, but the corresponding indices are Om'tteiIA(5p1,2)/IA(5p3,2), can be obtained with the help of so-
A " . called jj-LS transformation coefficients. In this way, the

Dipole and Auger transition matrix elements have beenvalue3y=1:5,l:1, and 1:2 are found for th&P,, 3D, and

evaluated using outgoing spherical waves and scalarlp o diate stat ivel d outacideel
relativistic atomic wave functions calculated in the crystal "1 Intermediate states, respectively, and outgageiec-
ons. Thus, the intensity branching ratio of thp;p and

potential. To this end, metallic La was simulated by a systen'i;r PE K d sh ok devi
of spherically symmetric potential§overlapping atomic Paj2 resonant = Peaks could show strong_vgnauons evi-
ating from 1:2, if the contribution of the participator Auger

spherey exploiting the Mattheiss constructiéhFor the ex- ; )
change and correlation potential the von Barth—Hedindecay to the resonant PE Is compgrable or higher than the
approximatioR* was used. In the case of the participatorcont”punon of direct PE. For outgoings electrons the re-
process the expressions for the calculations of the Augeipecwe values of age equal to 2:1 and 1:2 for_thgeP_l and

P, states(the pure*D; state cannot decay via this chan-

transition rate inLS coupling for atoms with open shells .
were taken from Ref. 25, whereas for the spectator procediE)- In the present case, Auger processes creating an outgo-
g d electron dominate over Auger decays resulting in an

the corresponding formulas have been derived from thos&'9 ¢ X :
given in Refs. 25 and 26 using Racah algebra. Relaxation qputgoings electron. The ratios of the related matrix elements
the intermediate state orbitals in the potential of tiiehble lie between 2 and 12. It should be noted, that this situation is
was properly taken into account. The number af &lec- opposite to direct PE, where the dipole matrix element for

trons,x=2.2, was taken from DFT ground-state calculations transitions from the p level to continuums states exceeds
using a linear-combination-of-atomic-orbitals populationthe matrix element for transitions tbstates by one order of

analysis. For the intermediate coupling calculation, we havénagn'mde at_the p_hoto_n energies conS|der_ed.
used an expansion of ti®,, 3D,, and P, states in terms The intensity ratios given above are considerably changed

of pureLS states taking the same values of Slater integraléf the intermediate states are _not tr_eated as _pl.‘B’etates. AS
and spin-orbit coupling constants as in Ref. 10. The onlySeen from Table '2 fqr the trlplet |nterm_ed|ate states the .
remaining free parameters in the intensity calculations werdalues palculater(]j |r‘1‘ |nte’r’me(|j|ate cgupllng fare mc_:_reflged n
the inverse lifetimesl’, , of the intermediate states that were comparison to the “pure” values obtained from the

estimated from the linewidths of the corresponding structureganSfprma_tion' However, the branching ra_tic_) for tfie,
in the XAS spectrum. state is still about 1:3. Therefore, the participator channel

alone cannot lead to the seeming enhancement of the

5p,( % component at this resonantsee Fig. 2 For the

3D, state the calculations give a strong increasey dfy a
Figure 2 presents on-resonance PE spectra taken at tfiector of 14. Even larger theoretical valuagp to 36 were

%p,, 3D,, and P, excitation thresholdglines through ex- reported for the latter ratio in Refs. 10 and 20. These devia-

perimental pointsin comparison to off-resonance spectrations can be explained by the low values of the participator

C. Experimental results and discussion



PRB 60 ROLE OF SPECTATOR DECAY AND FINAL-STAE . .. 16 439

TABLE Il. Contributions to the PE intensities in the energy region of the da-4f excitation threshold.
Values are given for final states without mixing. The intensities are normalized to phe direct PE
intensity at the'P; resonance. Note the energy SHfE of the spectator decay contributions.

Direct PE Tail of the Participator decay Spectator decay
Intermediate giant res. ttf final state tof! final state
state P12 OSPzz SP12 SPa2 5P 5Pz 5P 5p3;2
3P, 0.94 1.88 0.45 0.91 0.16 0.39 0.15 0.30
D, 0.88 1.76 0.69 1.38 0.85 0.07 0.47 0.93
P, 0.50 1.00 26.29 53.70 0.15 0.30

Auger transition amplitudes involving thepg), states, which  to this overlap the spectator Auger transitions contribute sig-
are extremely sensitive to rather small variations in the radiahificantly to the enhancement in the region of the 5 ¢°)
matrix elementgnote that the values of the Auger transition component in the PE spectrum taken at e, and °D;
amplitudes, presented in Table I, are consistent with thospreresonances and are to a large part responsible for the
published in Ref. 10 in spite of different potentials and cal-anomalous peak intensity ratid5p;;,)/1(5p3,) observed
culation procedures applied here. A further modification of the spectral intensities is ob-
So far, we can state that consideration of the direct andained by including final-state mixing.
participator channels may provide intensity branching ratios The final results of our calculations are presented in Figs.
strongly deviating from 1:2, but cannot satisfactorily account3 and 4. To simulate the shape of the resonant PE spectra,
for the experimentally observed values. To describe the PBpectral lines were assumed to be Lorentzian with 1.5-eV
spectra in Fig. 2 properly, we have to consider additionaFWHM, except for the spectator transitions, where a larger
contributions to the resonant PE intensity. As can be seeRWHM value of 2.3 eV accounts for théband width. The
from Table I, the probability of a spectator decay at iy comparison of Figs. 2 and 3 shows that the used theoretical
resonance is negligible as compared to that of a participatanodel describes the experimental results rather well. Particu-
decay. For the triplet intermediate states, however, the spetarly, the relative intensities of thepg,»- and Sp5,-derived
tator processes contribute considerably to the resonant PEbmponents in the region of the preresonar(sefid lines in
intensity. Their contributions are of the same order of mag+ig. 3) are reproduced. Moreover, the calculations reveal the
nitude as those of the participator channels in accordancstructure (marked A in Fig. 3 seen as shoulders on the
with the qualitative consideration in Sec. IV A. The effect of high-BE side of the resonant PE spectra and attributed to the
the indirect channels at the resonances can be estimated bp,;, component of the mixedl$!) final states. In the ex-
comparison of the corresponding signals with direct PE in-periment this feature is mostly pronounced at i, pre-
tensities. At the' P, giant resonance, the participator channelresonance, where the contribution from the spectator decay
enhances the PE intensity by a factor of 50. Considering the

effect of the extended tail of th&; resonance on the inten- ' ' ' ' '
sity of the off-resonance signah{¢=112 e\), this factor is D, La5 Res. PE
. . . . P La metal
reduced to about 10 in fair agreement with the experiment (theor.)
(Fig. 2). For the understanding of the PE spectra taken at the
preresonances, we refer to our finding that tipg, % ¢°) and
5pa(#t) components overlap each other energetically. Due
T v T T T b
Res. PE 2
La metal La 5p %
(theor.) =
2
2
2
£
L 1 L 1
25 20 15
) ) Binding Energy (eV)
25 20 15 .
Binding Energy (eV) FIG. 4. Calculated on-resonance spectra at the-4f excita-

tion threshold(see text Inset demonstrates the effect of coherent
FIG. 3. Calculated on-resonantslid lineg and off-resonance (solid line) and incoherentdashed lingtreatment of the direct and
(dashed linesspectra in the region of th&P; and °D, excitations.  indirect channels in the case of tiB, preresonance.
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channel is maximum. Note also the qualitative agreementicipator decays of the tripletP, and °D, states, where the
between experiment and theory in the behavior of theCoster-Kronig transition is spin-flip forbidden ibS cou-
5ps-originating peak: at’P; the on-resonance intensity is pling (see above as well as the spectator decay processes
to some extent higher than the off-resonance intensity, are even slower than the decay of the; state. From this
3D, the on-resonance and off-resonance signals are almopbint of view, all indirect channels are expected to be inco-
equal. One can state even a quantitative consistency betweagrent with direct PE. For the theoretical results presented
the experimental and theoretical results in the region of th@bove, a coherent superposition of all considered channels
3D, excitation. Some deviations of the calculated from thewas used. By comparison with an incoherent treatment of
experimentally observed intensity ratios could be explainediirect and indirect channels, we have found, however, that
by a possible overestimation df due to finite experimental the influence of the interference terms is not decigisee
resolution and neglect of hybridization effects in the groundinset in Fig. 4. The reason is that different decay channels
and intermediate states. contribute mostly to nonequivalef¢l) states of the outgo-
The individual contributions of spectator channel anding electron (=0 for direct PE,|=2 for participator pro-
final-state mixing are disentangled in Fig. 4. As in Fig. 3,cess|=1,3 for spectator process
solid lines denote theoretical data, where all considered
channels and final-state mixing are accounted for. Dashed
lines represent related results where spectator channel con-
tributions are excluded. Finally, dotted lines show the results We have shown that the Lap5PE spectra consist of a
with only direct PE and participator contributions included superposition of two mixed final states, based A% ° and
and final-state mixing neglected. For thd®; spectrum, 5p°4f! configurations. They reveal different resonant en-
where the contribution of the spectator channel is negligibledhancements across thel4-4f excitation threshold. In con-
(see Table I, the effect of final-state mixing is essential to trast to the case of Sm or Eu, where a different resonant
cause the observed shoulder A. Final-state mixing leads to lsehavior of divalent and trivalent ions is related to non-
certain redistribution of spectral weight betweep;5 and  equivalent 4 occupancies in the intermediate state, La
5ps, related features. For théD; spectrum the effect of metal the phenomenon is caused by the interplay between
spectator transitions exceeds that of the final-state mixingspectator and participator decay processes with the final-state
whereas for thé!P, spectrum the roles of both events in the mixing.
formation of the line shape are approximately equal. Our understanding of the selective resonant enhancements
An important issue to be clarified for the theoretical treat-of different final-state configurations based on the experi-
ment is that of coherence of the direct and indirect processasental data taken for the model case of the Ipasfates can
in resonant PE, i.e., the question as to whether amplitudes @&e extended to more complicated systems. Similar effects are
intensities should be summed up to describe the resonant Rixpected to be relevant for the resonant behavior of other
spectrum. It was demonstrated in Ref. 12 that not only enlight RE’'s and may be responsible for the satellite structures
ergy overlap, but also temporal matching is required for trueobserved in the resonant PE spectra of several Pr and Nd
“resonant PE.” For the d— 4f resonance in Gd, the super- compound€® Analogous phenomena are expected for ac-
Coster-Kronig autoionization of the intermediate state is altinide and transition-metal systems.
most coherent to the directf 4°E. In the case of the Gdpb
core level, however, the authors conclude that the coherency
is lost because the indirect Coster-Kronig process is about
six times slower than the super-Coster-Kronig transition. The This work was supported by the Bundesministerium fu
4d%f! intermediate state in La excludes the super-CosterBildung und Forschun¢BMBF), Project No. 05 SF8 OD14,
Kronig decay channel. Here, the participator decay is and the Deutsche Forschungsgemeinschaft, SFB463 TPB2
Coster-Kronig transition at the giant resonart® . The par- and B4, B11.

V. CONCLUSIONS
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