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Role of spectator decay and final-state mixing in resonant photoemission of La metal
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It is shown that the La 5p photoemission~PE! spectra consist of a superposition of two final states reflecting
predominantly 5p54 f 0 and 5p54 f 1 character. In contrast to La 3d spectra, the 4f 1-derived component appears
at the high-binding-energy side of the 4f 0-derived emission due to a weaker interaction between the photohole
and the 4f electron. This splitting into two components is crucial for the quantitative understanding of the
resonant behavior of the 5p states at the 4d→4 f 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 the 4f 1 originating emission. The contributions of the
spectator transitions are particularly important in the range of the so-called preresonances, e.g., at the3P1 and
3D1 excitation thresholds.@S0163-1829~99!03647-4#
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I. INTRODUCTION

During the last twenty years resonant photoemission~PE!
has been developed to a powerful tool for the investigat
of the electronic structure of solids.1 This method takes ad
vantage of a resonant variation of the photoionization cr
section that takes place if the photon energy is tuned ac
certain core-level excitation thresholds. The underly
mechanism is frequently described as a Fano reson
caused by a coupling of the direct PE channel with anoth
indirect channel that is realized by a core excitation into
discrete intermediate state and subsequent autoioniza
Closely above the excitation threshold, a constructive in
ference of these channels leads to an increase of the ph
ionization cross section, while somewhat below the thresh
a destructive interference results in a strong suppressio
electron emission.

This phenomenon is due to the existence of localized
termediate states. Thus, the resonant PE is particularly a
cable to transition metals,2 rare earths ~RE’s!,3–7 and
actinides.8 Best studied is the 4d→4 f resonance of RE’s
where a 4d electron is excited from a 4d104 f n(5d6s)x initial
state to form a 4d94 f n11(5d6s)x intermediate state. Auto
ionization leads to emission of a 4f , 5p, 5s core or a
(5d6s) valence electron.6,9 For the decay mechanisms, us
ally only participator processes are considered, where at l
one 4f electron~two in case of 4f emission! is involved.10–12

The latter is justified, because the participator channels
resent Coster-Kronig or even super-Coster-Kronig proce
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that are usually characterized by higher transition probab
ties than those of other autoionization events. Conside
the multiplet structures in the intermediate and final sta
however, the participator channels in certain cases could
suppressed by selection rules, and spectator processe
come important.

In the present paper we discuss possible consequenc
the above consideration for the simplest model system av
able, namely La metal. As a free atom, La reveals a trival
@Xe#4 f 0(5d6s)3 configuration. In the condensed phase,f d
hybridization may result in configuration mixing. Howeve
since the 4f 1 configuration lies about 5 eV above the Ferm
energy (EF),13 the 4f 1 admixtures to the ground state a
negligibly small and do not affect the ground-state prop
ties. Upon core-level PE, the 4f 1 configuration becomes en
ergetically lowered with respect to the 4f 0 state due to inter-
action with the photohole and configuration mixin
increases. As a consequence, two different PE final st
become accessible, labeledf0 andf1. Both contain 4f 0 and
4 f 1 admixtures, but in thef0 final state the 4f 0 component
is dominant, whereas for thef1 state the situation is re
versed. This scenario is well known from the La 3d PE
studies, where thef1 signal appears as a shoulder at t
low-binding-energy~BE! side of thef0 emission.14 As we
will show in the present contribution, a similar situation
also encountered for the 5p core-level PE spectra. In contra
to the 3d case, however, thef1 state is found at the high-BE
side of thef0 emission due to a weaker interaction betwe
photohole and 4f electron. At the 4d→4 f excitation thresh-
16 435 ©1999 The American Physical Society
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old, participator decays of the 4d94 f 1 intermediate states
predominantly contribute tof0 final states and are respon
sible for the giant enhancement of the 5p emission intensity
at the 1P1 resonance. Spectator processes, on the other h
mainly result inf1 final states and significantly influence th
emission behavior in the range of the so-called preresona
3P1 and 3D1, where transition rates of participator process
are strongly reduced.

II. EXPERIMENTAL DETAILS

Films of La metal were thermally evaporated from
Knudsen cell onto a polycrystalline Cu substrate. The eva
ration rate~4 Å /min! and the thickness of the deposited film
~about 200 Å! were calibrated by means of quartz microb
ances. Possible contaminations were controlled by mon
ing the PE responses in the energy regions of the O 1s and C
1s core levels as well as by valence-band PE measurem
The base pressure during the measurements was al
lower than 1310210 mbar. PE and x-ray absorption spe
troscopy ~XAS! experiments in the region of the La 4d
→4 f excitation threshold were performed at the SX700
beamline of the Berliner Elektronenspeicherring fu¨r Syn-
chrotronstrahlung BESSY I using a rotatable hemispher
electron energy analyzer~ARIES-VSW!. All PE spectra
were taken at normal emission geometry with an overall s
tem resolution of'150 meV~full width at half maximum,
FWHM!. XAS measurements were performed in a par
electron yield mode by acquisition of 2-eV kinetic ener
electrons.

III. FINAL-STATE MIXING

Many-body effects in PE core-level spectra of RE syste
have successfully been described in the framework o
single-impurity Anderson model.15 For La, a rather simple
formulation presented by Imer and Wuilloud16 may be ap-
plied: Only two basis states, 4f 0 and 4f 1, are considered a
binding energies of 0 and«, respectively. A hybridization
parameterD describes the electron hopping between vale
band andf orbitals that leads to configurationally mixe
statesf0 andf1. Upon creation of a core hole, the 4f 1 basis
state becomes energetically lowered by the Coulomb in
action, U f c ~see right panel in Fig. 1!. The core-level PE
spectrum then consists of two components, a dominant si
at energyE0 originating from thef0 state and af1 contri-
bution at energy

E15E01~«2U f c!S 11
4D2

~«2U f c!
2D 1/2

. ~1!

The magnitude ofU f c depends on the charge distribution
the core hole with respect to the 4f orbital: For a 3d hole,
the charge density lies mainly inside the 4f shell ~inset in
Fig. 1!, and the effective Coulomb interaction estimat
from density-functional theory~DFT! amounts toU f c'9.5
eV.17 For a 5p hole, on the other hand, a large fraction of t
charge density lies outside the 4f shell, and a valueU f c
'2.5 eV is obtained. Taking«55.2 eV from inverse PE
data13 we arrive at the result@Eq. ~1!# that independent of the
special choice ofD the f1 component is found on the
nd,
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low-BE side of thef0 component for 3d emission, while it
is expected on the high-BE side for 5p emission.

Nonresonant PE spectra of the La 3d5/2 and La 5p core
levels are shown in the left panel of Fig. 1. The La 3d5/2
spectrum reveals the well-known splitting intof0 and f1

final states.14 The La 5p spectrum is characterized by
dominant doublet structure that stems from the spin-or
split 5p1/2(f

0) and 5p3/2(f
0) components. Closer inspec

tion, however, reveals a second doublet component tha
shifted with respect to the main lines by about 2.1 eV towa
higher BE and may be attributed to final states 5p5(f1) with
predominantly 5p54 f 1 character. Both the 3d and the 5p PE
spectra may be described consistently within a least-squ
fit analysis using«55.2 eV andD50.7 eV. The respective
U f c obtained from DFT~see above! were taken as starting fi
parameters. Then, energy positions and relative intens
were calculated within the Imer-Wuilloud approach.16 For
the line shapes, Lorentzians convoluted with Gaussian
account for the finite experimental resolution were assum
They were superimposed by an integral background appr
mating inelastic electron scattering. Surface effects18 were
neglected for the sake of simplicity. In the course of t
fitting we arrive atU f c58.6 eV and 3.6 eV for the 3d and
5p holes, respectively, in fair agreement with the DFT v
ues. For the final states with a 5p hole this results in an

FIG. 1. Left panel: 5p and 3d5/2 PE spectra~lines through ex-
perimental points! taken at\v5100 eV and 1486.6 eV~Ref. 14!,
respectively. Results of least-squares fit analyses applying a sim
formulation of single-impurity Anderson model~Ref. 16! are shown
underneath the experimental curves.Right panel: Lowering of the
4 f 1 state due to the Coulomb interactionU f c with a 3d and a 5p
core hole~dashed curves!. The solid curve denotes the 4f 1 position
if no hole is present.Inset: Radial distributions of charge densitie
of the 3d, 4f , and 5p electrons.
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energy separation of the componentsDE5E12E052.1 eV.
The related mixed final statesuf i& are expressed by linea
combinations of the atomic configurationsu f 0&
5u5p54 f 05dx& and u f 1&5u5p54 f 15dx21&,

uf i&5ci0u f 0&1ci1u f 1&, i 50,1 ~2!

with mixing coefficients c005c1150.94 and c1052c01
50.35.

IV. RESONANT PHOTOEMISSION

A. Qualitative considerations

At the La 4d→4 f excitation threshold, three differen
intermediate states can be populated19 as it can be seen from
the XAS spectrum shown in the inset of Fig. 2: The ma
peak of the XAS spectrum at 117-eV photon energy co
sponds to a1P1 state and is the only one that can be reach
by a dipole transition from the1S0 ground state of La31, if
LS coupling is assumed. Considering intermediate coupl
also 3P1 and 3D1 states may be populated, leading to t
preresonances at 97 eV and 101 eV photon energies, res
tively. The excitation threshold for transitions into co
tinuum states is given by the La 4d binding energy of 102
eV.

FIG. 2. On-resonance PE spectra~lines through experimenta
points! taken upon excitation into the3P1 , 3D1, and 1P1 interme-
diate states with\v597 eV, 101 eV, and 117 eV, respectivel
Corresponding off-resonance spectra~thick lines! were taken at
\v596.5 eV, 100.5 eV, and 112 eV. All spectra are normalized
photon flux. Results of a least-squares fit analysis are shown un
neath the La 5p spectrum taken upon excitation into the1P1 reso-
nance. Inset shows a XAS spectrum recorded at the 4d→4 f exci-
tation threshold.
-
d

,

ec-

As it is usual in literature10,19,20we use the notations fo
multiplet components of free La31 ions, although the va-
lence electrons are considered to be involved into the de
processes. Note that due to the intermediate coupling
3P1 , 3D1, and 1P1 states differ from pureLS states. Solid-
state hybridization effects in the intermediate states are
glected, because they are small as compared to mult
splitting as it is evident from the good agreement of the XA
data with results of atomic calculations.21

As it is also evident from the XAS spectrum, the excit
tion probabilities and lifetimes of the individual intermedia
states are rather different. Related differences will also
present for the autoionization decay probabilities of the
termediate 4d94 f 1 states. Due to the substantial overlap
the 4d and 4f wave functions the singlet1P1 intermediate
state reveals a large Auger transition rate for the participa
decay leading to a 5p54 f 0 final-state configuration. On the
other hand, for a participator decay of the triplet states
direct transition (4f→4d;5p→e l ; heree l denotes a state o
the outgoing electron with energye and orbital momentum
l ) is spin-flip forbidden inLS coupling and is essentially
suppressed in a weak intermediate coupling, while the
change transition (5p→4d;4 f→e l ) has a low probability
caused by relatively small overlap of the 4d and 5p wave
functions. Thus, it may be expected that for the triplet int
mediate states a spectator process involving valence 5d elec-
trons (5p→4d;5d→e l or 5d→4d;5p→e l ) could have a
probability of the same order of magnitude as that of
participator process. Therefore, it should be taken into
count for an accurate description of the line shape of re
nant PE spectra. The spectator process results in a 5p54 f 1

final-state configuration and may lead, therefore, to reson
enhancement of the 4f 1 contribution in La 5p PE spectra.

An important role of the valence 5d electrons in the decay
processes has already been assumed for the interpretati
the La 5p resonant PE spectra of LaB6.19 In this paper, how-
ever, solely a coincidence in energy positions of t
N4,5O2,3V Auger-like deexcitation of the 4d94 f 1 intermedi-
ate state and the 5p PE signal upon excitation into the3D1
resonance has been concluded. In the present mode
mixed final states both participator and spectator proce
will contribute at all resonance energies touf0& and uf1&
according to the values of the coefficientsci j . Note that the
energy separation of the mixeduf0& and uf1& final states
~2.1 eV! is close to the value of the spin-orbit splitting of th
5p core level~2.5 eV!. Consequently, the 5p3/2 peak from
the uf1& final state will overlap in part the 5p1/2 peak related
to theuf0& final state. Spectral structures induced by spec
tor decays are expected to be broader than those origina
from participator transitions, since in the former case in a
dition to the lifetime of the core hole, also the width of th
occupied part of the 5d valence band has to be account
for.

B. Theoretical model and details of calculations

The contributions of the individual final states to the spe
tral intensity of resonant PE may be summed up as

I ~e,v!5
2p

\ (
f

z^ f uTug& z2d~\v1Eg2Ef !, ~3!

o
er-
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where \v is the incident photon energy,e is the kinetic
energy of the photoelectron,ug& is the ground state, andu f &
is the final state of the system with the related energiesEg
and Ef , respectively. Correspondence to the notations u
before is established via the relationsu f &5uf i&ue l & and Ef
2Eg5W1e1eB(f i), whereW denotes the work function
andeB(f i) the binding energy.

The transition matrix element can be expressed as22

^ f uTug&5T~e!1(
r

F Vr~e!

e2e r2 iG r
T0,r

1
Vr~e!

e2e r2 iG r
E de8

V~e8!T~e8!

e2e82 id
G , ~4!

where the first term is the dipole matrix element describ
the direct PE, the second term represents a dipole trans
to the intermediate stater (3P1 , 3D1, and 1P1 states in the
case of the 4d→4 f resonance in La! with the matrix element
T0,r followed by Auger decay to the continuum with th
matrix elementVr(e). The energy dependences ofVr(e) and
T(e) are weak and neglected in the restricted energy ra
considered, taking the value at the3D1 excitation. TheG r
denote the inverse lifetimes. The third term describes a t
sition to a state off the energy shell@T(e8)# followed by a
transition to the intermediate state@V(e8)# with a subsequen
decay to the on-shell continuum and will be neglected in
following. Certainly, all matrix elements depend on the p
ticular final state, but the corresponding indices are omit
in Eq. ~4!.

Dipole and Auger transition matrix elements have be
evaluated using outgoing spherical waves and sca
relativistic atomic wave functions calculated in the crys
potential. To this end, metallic La was simulated by a syst
of spherically symmetric potentials~overlapping atomic
spheres!, exploiting the Mattheiss construction.23 For the ex-
change and correlation potential the von Barth–He
approximation24 was used. In the case of the participat
process the expressions for the calculations of the Au
transition rate inLS coupling for atoms with open shell
were taken from Ref. 25, whereas for the spectator proc
the corresponding formulas have been derived from th
given in Refs. 25 and 26 using Racah algebra. Relaxatio
the intermediate state orbitals in the potential of the 4d hole
was properly taken into account. The number of 5d elec-
trons,x52.2, was taken from DFT ground-state calculatio
using a linear-combination-of-atomic-orbitals populati
analysis. For the intermediate coupling calculation, we h
used an expansion of the3P1 , 3D1, and 1P1 states in terms
of pureLS states taking the same values of Slater integ
and spin-orbit coupling constants as in Ref. 10. The o
remaining free parameters in the intensity calculations w
the inverse lifetimes,G r , of the intermediate states that we
estimated from the linewidths of the corresponding structu
in the XAS spectrum.

C. Experimental results and discussion

Figure 2 presents on-resonance PE spectra taken a
3P1 , 3D1, and 1P1 excitation thresholds~lines through ex-
perimental points! in comparison to off-resonance spect
d
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~thick lines!, measured below the respective resonant exc
tions. The 5p PE signal strongly resonates upon excitati
into the 1P1 intermediate state, its intensity increases by
factor of 6 in comparison to the off-resonance spectr
taken at 112 eV. The line shape of the on-resonance s
trum is nearly unchanged with respect to the off-resona
spectrum, and the intensity branching ratioI (5p1/2)/I (5p3/2)
is close to its statistical value of 1:2. In contrast, for t
triplet intermediate states the 5p3/2 component reveals almos
no intensity variations, whereas the 5p1/2 component is con-
siderably enhanced at both3P1 and 3D1 resonances. Particu
larly, at the 3D1 resonance this component becomes clea
dominating.

Assuming pureLS intermediate states, the branching ra
of participator Auger decay contributions, g
5I A(5p1/2)/I A(5p3/2), can be obtained with the help of so
called j j -LS transformation coefficients.27 In this way, the
valuesg51:5,1:1, and 1:2 are found for the3P1 , 3D1, and
1P1 intermediate states, respectively, and outgoinged elec-
trons. Thus, the intensity branching ratio of the 5p1/2 and
5p3/2 resonant PE peaks could show strong variations d
ating from 1:2, if the contribution of the participator Auge
decay to the resonant PE is comparable or higher than
contribution of direct PE. For outgoinges electrons the re-
spective values ofg are equal to 2:1 and 1:2 for the3P1 and
1P1 states~the pure 3D1 state cannot decay via this cha
nel!. In the present case, Auger processes creating an ou
ing d electron dominate over Auger decays resulting in
outgoings electron. The ratios of the related matrix elemen
lie between 2 and 12. It should be noted, that this situatio
opposite to direct PE, where the dipole matrix element
transitions from the 5p level to continuums states exceeds
the matrix element for transitions tod states by one order o
magnitude at the photon energies considered.

The intensity ratios given above are considerably chan
if the intermediate states are not treated as pureLS states. As
seen from Table I, for the triplet intermediate states theg
values calculated in intermediate coupling are increased
comparison to the ‘‘pure’’ values obtained from thej j -LS
transformation. However, the branching ratio for the3P1
state is still about 1:3. Therefore, the participator chan
alone cannot lead to the seeming enhancement of
5p1/2(f

0) component at this resonance~see Fig. 2!. For the
3D1 state the calculations give a strong increase ofg by a
factor of 14. Even larger theoretical values~up to 36! were
reported for the latter ratio in Refs. 10 and 20. These de
tions can be explained by the low values of the participa

TABLE I. Auger transition amplitudesVr and related branching
ratios in La31 for the participator decay of the intermediate sta
~considering intermediate coupling! into final states with outgoingd
electron.

Final Intermediate state
state 3P1

3D1
1P1

5p1/2
5 ed3/2 20.0333 20.0395 0.2745

5p3/2
5 ed3/2 20.0554 20.0063 0.1227

5p3/2
5 ed5/2 0.0194 20.0084 0.3727

g 0.32 14.21 0.49



PRB 60 16 439ROLE OF SPECTATOR DECAY AND FINAL-STATE . . .
TABLE II. Contributions to the PE intensities in the energy region of the La 4d→4 f excitation threshold.
Values are given for final states without mixing. The intensities are normalized to the 5p3/2 direct PE
intensity at the1P1 resonance. Note the energy shiftDE of the spectator decay contributions.

Direct PE Tail of the Participator decay Spectator decay
Intermediate giant res. tof 0 final state tof 1 final state
state 5p1/2 5p3/2 5p1/2 5p3/2 5p1/2 5p3/2 5p1/2 5p3/2

3P1 0.94 1.88 0.45 0.91 0.16 0.39 0.15 0.30
3D1 0.88 1.76 0.69 1.38 0.85 0.07 0.47 0.93
1P1 0.50 1.00 26.29 53.70 0.15 0.30
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Auger transition amplitudes involving the 5p3/2 states, which
are extremely sensitive to rather small variations in the ra
matrix elements~note that the values of the Auger transitio
amplitudes, presented in Table I, are consistent with th
published in Ref. 10 in spite of different potentials and c
culation procedures applied!.

So far, we can state that consideration of the direct
participator channels may provide intensity branching ra
strongly deviating from 1:2, but cannot satisfactorily accou
for the experimentally observed values. To describe the
spectra in Fig. 2 properly, we have to consider additio
contributions to the resonant PE intensity. As can be s
from Table II, the probability of a spectator decay at the1P1
resonance is negligible as compared to that of a particip
decay. For the triplet intermediate states, however, the s
tator processes contribute considerably to the resonan
intensity. Their contributions are of the same order of m
nitude as those of the participator channels in accorda
with the qualitative consideration in Sec. IV A. The effect
the indirect channels at the resonances can be estimate
comparison of the corresponding signals with direct PE
tensities. At the1P1 giant resonance, the participator chann
enhances the PE intensity by a factor of 50. Considering
effect of the extended tail of the1P1 resonance on the inten
sity of the off-resonance signal (hn5112 eV!, this factor is
reduced to about 10 in fair agreement with the experim
~Fig. 2!. For the understanding of the PE spectra taken at
preresonances, we refer to our finding that the 5p1/2(f

0) and
5p3/2(f

1) components overlap each other energetically. D

FIG. 3. Calculated on-resonance~solid lines! and off-resonance
~dashed lines! spectra in the region of the3P1 and 3D1 excitations.
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to this overlap the spectator Auger transitions contribute s
nificantly to the enhancement in the region of the 5p1/2(f

0)
component in the PE spectrum taken at the3P1 and 3D1
preresonances and are to a large part responsible for
anomalous peak intensity ratioI (5p1/2)/I (5p3/2) observed
here. A further modification of the spectral intensities is o
tained by including final-state mixing.

The final results of our calculations are presented in F
3 and 4. To simulate the shape of the resonant PE spe
spectral lines were assumed to be Lorentzian with 1.5
FWHM, except for the spectator transitions, where a lar
FWHM value of 2.3 eV accounts for thed band width. The
comparison of Figs. 2 and 3 shows that the used theore
model describes the experimental results rather well. Part
larly, the relative intensities of the 5p1/2- and 5p3/2-derived
components in the region of the preresonances~solid lines in
Fig. 3! are reproduced. Moreover, the calculations reveal
structure ~marked A in Fig. 3! seen as shoulders on th
high-BE side of the resonant PE spectra and attributed to
5p1/2 component of the mixeduf1& final states. In the ex-
periment this feature is mostly pronounced at the3D1 pre-
resonance, where the contribution from the spectator de

FIG. 4. Calculated on-resonance spectra at the 4d→4 f excita-
tion threshold~see text!. Inset demonstrates the effect of cohere
~solid line! and incoherent~dashed line! treatment of the direct and
indirect channels in the case of the3D1 preresonance.
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channel is maximum. Note also the qualitative agreeme
between experiment and theory in the behavior of t
5p3/2-originating peak: at3P1 the on-resonance intensity is
to some extent higher than the off-resonance intensity,
3D1 the on-resonance and off-resonance signals are alm
equal. One can state even a quantitative consistency betw
the experimental and theoretical results in the region of t
3D1 excitation. Some deviations of the calculated from th
experimentally observed intensity ratios could be explain
by a possible overestimation ofG due to finite experimental
resolution and neglect of hybridization effects in the groun
and intermediate states.

The individual contributions of spectator channel an
final-state mixing are disentangled in Fig. 4. As in Fig. 3
solid lines denote theoretical data, where all consider
channels and final-state mixing are accounted for. Dash
lines represent related results where spectator channel c
tributions are excluded. Finally, dotted lines show the resu
with only direct PE and participator contributions include
and final-state mixing neglected. For the1P1 spectrum,
where the contribution of the spectator channel is negligib
~see Table II!, the effect of final-state mixing is essential to
cause the observed shoulder A. Final-state mixing leads t
certain redistribution of spectral weight between 5p1/2 and
5p3/2 related features. For the3D1 spectrum the effect of
spectator transitions exceeds that of the final-state mixin
whereas for the3P1 spectrum the roles of both events in th
formation of the line shape are approximately equal.

An important issue to be clarified for the theoretical trea
ment is that of coherence of the direct and indirect proces
in resonant PE, i.e., the question as to whether amplitudes
intensities should be summed up to describe the resonant
spectrum. It was demonstrated in Ref. 12 that not only e
ergy overlap, but also temporal matching is required for tr
‘‘resonant PE.’’ For the 4d→4 f resonance in Gd, the super
Coster-Kronig autoionization of the intermediate state is a
most coherent to the direct 4f PE. In the case of the Gd 5p
core level, however, the authors conclude that the cohere
is lost because the indirect Coster-Kronig process is ab
six times slower than the super-Coster-Kronig transition. T
4d94 f 1 intermediate state in La excludes the super-Cost
Kronig decay channel. Here, the participator decay is
Coster-Kronig transition at the giant resonance1P1. The par-
e
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ticipator decays of the triplet3P1 and 3D1 states, where the
Coster-Kronig transition is spin-flip forbidden inLS cou-
pling ~see above!, as well as the spectator decay process
are even slower than the decay of the1P1 state. From this
point of view, all indirect channels are expected to be inc
herent with direct PE. For the theoretical results presen
above, a coherent superposition of all considered chan
was used. By comparison with an incoherent treatment
direct and indirect channels, we have found, however, t
the influence of the interference terms is not decisive~see
inset in Fig. 4!. The reason is that different decay channe
contribute mostly to nonequivalentue l & states of the outgo-
ing electron (l 50 for direct PE,l 52 for participator pro-
cess,l 51,3 for spectator process!.

V. CONCLUSIONS

We have shown that the La 5p PE spectra consist of a
superposition of two mixed final states, based on 5p54 f 0 and
5p54 f 1 configurations. They reveal different resonant e
hancements across the 4d→4 f excitation threshold. In con-
trast to the case of Sm or Eu, where a different reson
behavior of divalent and trivalent ions is related to no
equivalent 4f occupancies in the intermediate state,5 in La
metal the phenomenon is caused by the interplay betw
spectator and participator decay processes with the final-s
mixing.

Our understanding of the selective resonant enhancem
of different final-state configurations based on the expe
mental data taken for the model case of the La 5p states can
be extended to more complicated systems. Similar effects
expected to be relevant for the resonant behavior of ot
light RE’s and may be responsible for the satellite structu
observed in the resonant PE spectra of several Pr and
compounds.28 Analogous phenomena are expected for a
tinide and transition-metal systems.
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