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Resonant photoemission
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Abstract. We report on comparative study of angle-re-
solved photoelectron spectra of Ni metal and CeGd at
the M, and N,y soft-x-ray absorption threshold, re-
spectively. On M ;, resonance, the valence-band photo-
emission (PE) intensity of Ni follows a cos’-behavior,
while the intensity of the 6-¢V satellite is independent of
the angle of emission relative to the E-vector of the in-
coming beam. On the other hand, the 4/ Ce PE signal
behaves occos® on N,y resonance. This clearly shows
that the resonant enhancement of the 6-eV PE satellite of
Ni is mainly caused by an incoherent Auger decay and
cannot be described as a resonant PE process.

PACS: 79.60.Cn; 78.70.Dm

The nature of the resonant enhancement of the 6-eV sat-
ellite structure in the valence-band photoemission (PE)
spectra of Ni metal has been investigated intensely since
the original work by Guillot et al. [1-4]. As is well known,
the intensity of the 6-eV satellite is enhanced when the
photon energy is varied across the M, absorption thresh-
old at ~67 eV, a phenomenon that has been assigned to
a strong Fano-type resonance [4-7]. Such a resonance is
understood as an interference between two different
channels leading to the same final state, i.e. a resonant
PE process. The two channels considered are the direct
photoionization of 3d valence-band states and an
M, M, M, s Super-Coster-Kronig (SCK) Auger decay
of the core-excited 3p°3d'° intermediate state. Necessary
for the occurrence of a Fano-type resonance is a co-
herence between the two channels. In a recent paper [8]
it was shown that the photoelectron spectra of Ni metal
and of CuO at the L,,, thresholds have to be described
by an incoherent superposition of an intense L, M, sM, 5
Coster-Kronig Auger signal with a relatively weak PE
signal. This finding deviates dramatically from the estab-
lished picture of resonant PE phenomena, and was ex-
plained on the basis of a loss of coherence between the

two channels caused by the itinerant character of the
2p°3d" intermediate state. It has to be tested whether
an analogous mechanism causes the well-known resonant
enhancement of the 6-eV valence-band satellite in the
photoelectron spectrum of Ni metal at the M, threshold
[18].

In this Paper, we present the results of a comparative
study of resonant electron-emission processes at the M,
threshold of Ni metal (Ni 3 p— 3 d resonance) with those
occurring at the Ce N,y  threshold of the alloy CeGd
(Ce 4d—4f resonance). The intensities of the various
spectral components were measured as a function of the
electron-emission angle relative to the E-vector of
the incident light. In case of a PE process, the intensity
should show a cos*-behavior, while an Auger signal ought
to be isotropic in case of a polycrystalline sample. On
the basis of these angle-dependent electron-spectroscopy
measurements, a distinction between PE and Auger con-
tributions is achieved. It turns out that only in case of
highly localized rare-earth systems, the observed reso-
nance phenomena originate from a true resonant PE
process, while in case of Ni metal, the resonant enhance-
ment of the 6-eV satellite is predominantly caused by an
incoherent superposition of the valence-band PE spec-
trum with an intense Auger emission signal.

The measurements were performed at the TGM-I
beamline of the Berliner Elektronenspeicherring fiir Syn-
chrotronstrahlung (BESSY) using a VSW-ARIES angle-
resolved electron spectrometer with an electron-accep-
tance cone of + 2°. The photoelectrons were collected at
different angles with respect to the E-vector. The experi-
mental geometry including a definition of the emission
angle @ is schematically given in Fig. 1. Polycrystalline
samples were intentionally used to avoid angular disper-
sion effects. The surfaces of the samples were cleaned by
scraping with a diamond file. Oxygen contamination was
monitored via O-2p PE at hv=52¢V and found to be
negligible. During the experiments, the pressure in the
experimental chamber was better than 2-10~'? torr.

Figure 2 shows valence-band PE spectra of Ni metal,
taken at (a) hv =75 eV (non-resonant) and (b) hv =67 eV



Fig. 1. Experimental geometry: E and k represent the direction of
the electric field vector and the photon momentum, respectively, n
the surface normal, and e, , the directions of electron emission. This
geometry was chosen to assure the same surface sensitivity for
@,=0° and @,=060°
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Fig. 2a-c. Photoelectron spectra of Ni metal taken at a hv =75eV
(non-resonant) and b hv =67 eV (on-resonance), and of CeGd at
hv=122eV (Ce 4d—4 f resonance) for two different angles @. The
inset shows the angular dependences of the intensities of the va-
lence-band signal (open circles) and the 6-eV satellite (open tri-
angles) in the non-resonance spectra, and of the 6-¢V feature in the
on-resonance spectra (filled triangles)

(on-resonance), and of CeGd taken at (¢) hv=122¢eV
(Ce 4d—4 f resonance) for two different angles @. The
Ni non-resonant spectra were normalized to equal inten-
sities of the Auger signals (dash-double-dotted curve).
This is justified on the basis of an isotropic Auger emis-
sion for a polycrystalline sample. The resulting intensity
angular variations of the non-resonant valence-band
(dashed curve) and satellite (dash-dotted) emission are
given for several values of @ in the inset of Fig. 2 by open
symbols. The dashed curve in the inset represents a cos” @
behavior. Both intensities vary roughly as cos’ @ as ex-
pected for a PE process. The Ni on-resonance spectra in

Fig. 2b were normalized to valence-band intensities equal
to those in the non-resonant spectra. This leads to an
approximately isotropic behavior of the on-resonance
6-eV feature of Ni metal as given in the inset by the filled
triangles, contrasting the cos® @-behavior of the 6-¢V PE
satellite in the non-resonance spectra (open triangles).
Thus, the 6-eV peak on-resonance behaves like an Auger
signal and cannot be described as resonant PE.

To insure that the Auger-like angular character of the
satellite emission is not a general property of resonant
PE, Fig. 2¢ shows PE spectra of the polycrystalline alloy
CeGd, taken in Ce 4d—4 f-resonance at hv =122 eV; the
spectra were taken at the same angles @ as those of Ni
metal and the same normalization procedure was applied.
At a BE of 2 eV, the resonantly enhanced emission from
the Ced f states is observed, while the weaker emission
at ~8-eV BE represents non-resonant PE from Gd4f
states, which can be used for internal calibration. When
increasing the angle @ from 0° to 60°, the intensity of
both resonant Ce-4 f and non-resonant Gd-4 f emissions
decrease proportional to cos’ @ in exactly the same way.
The internal calibration given by the ratio of intensities
of the Ce-4f and Gd-4f PE signals, which does not
change from @ =0° to @ =60°, proves in addition that
the resonantly enhanced Ce-4 f° PE signal has the same
angular dependence as that of the non-resonant Gd-4 f
PE signal, i.e. the angular dependence of a PE process.

In conclusion, we have shown that the resonant en-
hancement of the 6-eV satellite in the PE spectrum of Ni
metal in the 3 p— 3 d-resonance is almost completely due
to an incoherent superposition of the valence-band PE
signal with an M, M, ; M, s Auger emission. It should be
mentioned that a similar conclusion has been reached
more than ten years ago [9], but neglected since then in
the literature. This clear difference to the true resonant
PE behavior in rare-earth systems is probably caused by
the weaker localization of the 3 d states in Ni metal, where
a strong hybridization of the core-excited intermediate
state with conduction-band states leads to delocalization
and thereby to a loss of coherence. We hope that these
results will stimulate further theoretical work on resonant
photoemission.
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