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Calculation of spin- and angle-resolved photoemission spectra from Pd(100)
coated with a monolayer of a magnetic 3d metal: Fe, Co, and Ni
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Using full-potential linear augmented-plane-wave film potentials, calculations of spin- and angle-

resolved photoemission spectra are reported for the Pd(100) system covered with a monolayer of
ferromagnetic Fe, Co, and Ni. A comparison of spin-resolved layerlike contributions to the photo-
current is given with respect to the clean Pd(100) surface. Also discussed is the occurrence of spin-

resolved surface states.

I. INTRODUCTION

3d monolayers as overlayers on metal substrates are
very interesting realizations of two-dimensional magne-
tism. In order to investigate the Pd(100) surface coated
with a monolayer of a magnetic 3d metal, we calculate
spin- and angle-resolved photoemission. Blugel and co-
workers' showed that, as far as the overlayer properties
are concerned, the 3d metals V, Cr, Mn, Fe, Co, and Ni
can be classified into two groups: (i) for Fe, Co, and Ni
monolayers on Pd(100) a stable p(1X1) ferromagnetic
structure is predicted whereas (ii) for V, Cr, and Mn a
stable c(2X2) antiferromagnetic structure should be ob-
served. In this paper we will deal with the ferromagnetic
overlayers only, while the antiferromagnetic cases will be
discussed separately.

The Pd host is expected to act differently than other
noble metals. Due to the high local density of states
(LDOS) at the Fermi level, hybridization between the 3d
overlayer and the 4d impurity bands is expected to be
strong, ' contrary, for example, to Ag where the large
gap reduces the 3d-4d hybridization. Also it should be
easy to polarize the Pd matrix, since Pd is a nearly fer-
romagnetic metal with a large Stoner enhancement factor
of about 10. For example, Mn, Fe, and Co impurities
show giant moments of 10—12pz when they are dissolved
in Pd.

On the surface two major effects inhuence the wave
functions: (1) the electron wave function overlaps with a
reduced number of nearest neighbors and decays ex-
ponentially into the vacuum. This reduces the band-
width and influences of course the LDOS. Since there
are fewer nearest neighbors the hybridization compared
to 3d impurities dissolved in Pd should be lower; (2) the
surface atom is exposed to a strong noncubic "surface
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FIG. 1. Nonrelativistic LAPW bulk band structure for Pd
along I -6-X below the Fermi energy.

Beld" which removes degeneracies in the d states and
leads to a considerable shift in the local energy levels.
Blugel' found in LDOS of the overlayers a spin splitting
being larger but otherwise similar to the elemental fer-
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romagnets. Due to hybridization, however, the LDOS is
of different shape than comparable bulk quantities. The
hybridization is expected to be more important for the
more or less filled states.

In the following we will present the spin resolved spec-
tra for a Fe, Co, and Ni overlayer on Pd(100). The calcu-
lations are based on the (nonrelativistic) theory of angle-
resolved photoemission as described by Hopkinson, Pen-
dry, and Titterington in which the time-reversed low-

energy electron-diffraction (LEED) formalism ' is ap-
plied consistently, and where the bulk and the surface
electronic structure are treated on equal footing. Our
calculations are based on a muftin-tin-type form of the
potential obtained by a scalar-relativistic full-potential
augmented-plane-wave (FLAP W) thin-film calculation:
in the vacuum region the z-dependent part of the
FLAPW potential replaces the usual step function, ' '"
whereas in the crystal its layer-dependent spherical sym-
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FIG. 2. Normal-emission spectra for clean Pd(100) for different energies and for an angle of incidence of 0=60'. (a) Unpolarized
light (solid line), s- (dotted line) and p-polarized light (dashed line). (b) s- (dashed line) and p-polarized (solid line) light individually
normalized.
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metric parts are used. Thus our calculation should pro-
vide a very realistic description of the surface properties.

II. COMPUTATIONAL DETAILS
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The FLAPW potential for Pd was calculated for a
nine-layer slab. We used the FLAPW potentials from the
two outermost layers to represent the surface and the
subsurface layer, and the central layer potential to
represent the bulk. For the overlayer systems a slab of
seven layers of Pd coated with one 3d layer on both sides
was used. In the photocurrent calculation the highest l
value for the spherical wave expansion was 4 and the
number of layers was restricted to 128 for initial energies
and 16 for final energies. For the p(1 X 1) overlayer sys-
tems as well as for pure Pd 21 beams turned out to be
sufhcient for the convergence of the photocurrent. In or-

der to model the lifetime of the initial (hole) states an
imaginary part of —0.14 eV was chosen. For the final
states we found that a linear dependence of the imaginary
part with respect to photon energy gave the best results, '

namely a variation from —1 eV at 20 eV to —4 eV at 70
eV photon energy.

The theoretical spectra were finally convoluted with a
G-aussian spectrometer function of 0.2 eV full width at
half maximum and individually normalized to the highest
peak. In the following all binding energies are given with
respect to the Fermi level.

III. BAND STRUCTURE OF PURE Pd

For matters of convenience and comparison we calcu-
lated a nonrelativistic LAPW bulk band structure of pure
Pd (Fig. 1) along 1-6-X using the central layer of the
FLAPW slab calculation. Since in Pd, as a 4d element,
relativistic eftects can very well matter we compared the
nonrelativistic LAPW bands with the corresponding
scalar-relativistic LAPW bands and found that the latter
are shifted by about 0.05 Ry to lower energies. Since the
Fermi energy provided by the FLAPW calculation corre-
sponds to a scalar-relativistic calculation, we adjusted the
Fermi energy for our spectra such that also in the nonre-
lativistic calculation the Fermi level cuts between the X5
and the X2 point. As compared to a nonrelativistic APW
band-structure calculation by Smith, ' which was fitted to
the parameters of a combined interpolation scheme, very
good agreement concerning dispersion and energy levels
of the high-symmetry points is found. Christensen' pub-
lished a RAPW band structure and compared it to APW
results by Muller et al. ' In general our s- and d-band
width and the s and d separation lie between the relativis-
tic and nonrelativistic APW results. Except for the s-
band width they are always closer to the relativistic
values. It is worthwhile to mention that very good agree-
ment between the Bloch eigenstates obtained from the
photocurrent calculation and the nonrelativistic LAPW
band structure was found.
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FIG. 3. Layer-by-layer distribution of the photocurrent for
Pd(100) for p-polarized light at 50 eV. Solid line: layer 1;
dashed line: layer 2, triangles: layer 3; squares: layer 4.

The photoemission spectra are calculated for normal
emission and an angle of 0=60' with respect to the sur-
face normal for the incident light. Normal emission re-
quires totally symmetric final-state bands, i.e., 6, symme-
try, and only initial states with 6& and 65 symmetry can
be investigated. The use of s- and p-polarized light can
further restrict the selection rules. s-polarized light has
only a component of the electromagnetic field vector
parallel to the surface, hence only A~ initial states are
probed. In the case of p polarization there is a com-
ponent parallel and orthogonal to the surface and 6, as
well as 55 initial states can be seen, favoring the 6& states.
Full p polarization, i.e., only a component orthogonal to
the surface, cannot be achieved.

Throughout this paper the spectra for unpolarized
light are presented as the sum of s- and p-polarized con-
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tributions and the spin-integrated spectra as the sum of
minority- and majority-spin contributions. In order to
get more insight in the origin of the diff'erent peaks, in
some cases the layer-by-layer distribution of the photo-
current is shown. The percent contributions are then cal-
culated with respect to the photocurrent at a certain en-
ergy. It should be noted that the contribution from the
surface barrier is found to be insignificant in all cases.

V. PHOTOEMISSION SPECTRA OF Pd(100)

Figure 2(a) shows the spectra for s-, p-, and unpolarized
light, whereas in Fig. 2(b) we show both contributions in-

dividually normalized. Clearly the excitations of the p-
polarized contributions dominate the spectra.

For s-polarized light there are basically three features
to distinguish. The lowest peak disperses between —2.6
and —2.0 eV. Comparing its binding energy with a cal-
culation using just the central layer of the FLAPW po-
tentials exhibits no shift, thus indicating a bulklike
feature. This peak originates from excitations of the A~
band around I with ~k

~
extending to about the first third

of the Brillouin zone. The second peak, which is visible
for 20 and 25 eV photon energy at —1.7 and —1.25 eV
binding energy, respectively, is due to a second excitation
from the b, ~ band with ~k~ corresponding to about the
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FIG. 4. s-polarized majority-spin spectra (solid lines) for (a) an Fe overlayer, (b) a Co overlayer, and (c) a Ni overlayer on Pd(100)
in comparison to clean Pd(100) (dashed line).
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middle of the I -5-X line. Again the comparison with the
"central-layer-only" calculation indicates a bulklike
feature. However, the situation changes for higher pho-
ton energies, where a broad, strongly dispersing feature
arises, which is much weaker in the "central-layer-only"
calculation. Although the h~ band extends up to the Fer-
mi level and could therefore support bulklike excitations,
this feature more likely is a surface resonance situated
slightly above the 6& band near j. . Further insight in the
origin of this peak is provided by the layer-by-layer distri-
bution of the photocurrent. For 20 and 25 eV photon en-

ergy the contribution to the total current for this particu-
lar peak originates uniformly from the first four layers.
However, for higher photon energies, e.g. , 50 eV as
shown in Fig. 3, the contribution from the first layer
clearly dominates, the second layer contribution is even
negative, and the third and fourth layer contributions are
almost zero. The last peak is found just below the Fermi
energy and it is best resolved for high photon energies.

Since it is found so close to the Fermi level it is difFicult
to distinguish between a dispersionless surface state,
varying only in intensity, and a bulklike feature originat-
ing from the 6, band with IkI close to X~. The layer-by-
layer distribution indicates rather a bulklike feature.
Also a comparison with other (100) surfaces gives no in-
dication of a surface state.

In the case of p-polarized light there are four peaks
visible. Comparison to the "central-layer-only" calcula-
tion shows a shift only for the surface resonance feature,
labeled by SR. This feature is shifted by about 0.3 eV to
higher energies and also is much better resolved in the
second case. For certain photon energies its intensity is
even larger than that of the lowest peak. The surface res-
onance is found at a binding energy of about —4. 5 eV.
For high photon energies the layer-by-layer distribution
again shows a pronounced maximum of the first layer.
This suggests an interpretation as a surface resonance
split off from the lowest 6& band.
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All other features in Figs. 2(a) and 2(b) refer to pure
bulk states. The lowest peak dispersing between —4.7
and —5. 5 eV originates from the lowest 6& band with a
possible range of

I
k

I
extending from the middle of the

I -5-X line to X. The dominant peak of the whole spec-
trum is found at —1.4 to —1.7 eV binding energy. It
originates in the b, , band rather around I with IkI ex-
tending possibly to the middle of the I -5-X line. The
shoulder to the left of this peak at about —2.6 eV, which
is only visible for the 35 and 40 eV photon energy cases,
and is due to an excitation from the A~ band around I .

A. Comparison with experiment

There are hardly any normal-emission experiments for
the pure Pd(100) system. Most investigations deal with
overlayer systems. For example, Smith et al. ' present
He I and He II spectra for Pd overlayers on Ag. Since Pd
and Ag show little d-d hybridization, the features above
about —4 eV binding energy can be unambiguously attri-

buted to Pd bands. They find peaks at about —2.4 and
—1.2 eV which compare very well with our data.

Pessa and Vulli' present a spectrum of clean Pd(100)
together with an investigation of Ag overlayers on
Pd(100). For unpolarized light with an energy of 21.2 eV
and for an incidence angle of 15' their normal-emission
spectra show a main peak at —1.8 eV and an additional
small feature at —0.8 eV.

O' Neill and Joyce' find in a similar investigation a Pd
related peak at —1.8 eV. Stulen et al. ' studied H
desorption on Pd(100). Their clean Pd spectrum, howev-
er, shows just one big hump extending from —2 to —5
eV. For normal emission with unpolarized light incident
at an angle of 20' Lloyd, Quinn, and Richardson2O find a
peak at —1.8 eV for a polycrystalline probe.

VI. Fe, Co, Ni —I ERROMAGNETIC
OVERLAYERS ON Pd(100)

In this section the majority- and minority-spin spectra
are discussed separately. In the following occasionally
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peaks will be referred to loosely as Pd peaks although of
course they are more or less hybridized to states related
to the overlayers. Also the assignment of peaks refers to
the traditionally used three-dimensional point-group
symmetry rather than to the more appropriate two-
dimensional point-group symmetry.

A. Majority-spin direction

The majority-spin spectra for Fe and Co are very simi-
lar. For both systems we found basically the same

features and only a small shift in binding energies.
In the case of s polarization (Fig. 4) the lowest Pd peak,

due to an excitation around I, is shifted by about 0.3—0.6
eV in the case of 30 eV photon energy compared to pure
Pd. For all photon energies this peak is dominant in the
majority-spin spectra and probably is due to an excitation
from the Pd bulk I,z-like state hybridized to the Co or
Fe overlayer, respectively. At 20 eV there is some devia-
tion in the spectra for Fe: two features related to two
corresponding excitations from the clean Pd(100j system
become visible, whereby the higher peak is not yet
resolved at 20 eV. The second peak for pure Pd and also
the surface resonance discussed in Sec. V vanish for all
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FIG. 6. p-polarized majority-spin spectra (solid lines) for (a) an Fe overlayer, (b) a Co overlayer, and (c) a Ni overlayer on Pd(100)
in comparison to clean Pd(100) (dashed line).
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other photon energies up to 55 eV. For photon energies
above 55 eV the Pd related surface resonance broadens
the peak in the case of Co [Fig. 4(b)] and develops a
second distinct feature in the case of Fe [Fig. 4(a)]. This
might be due to an enhancement of the surface resonance
by the magnetic overlayer.

Ni shows different majority-spin spectra [Fig. 4(c)]. Up
to 40 eV there are hardly any differences to the spectra of
clean Pd(100). Only a small shift to lower energies is
found (0.1 eV). Above 45 eV photon energies the Ni con-
tribution increases, which in particular can be seen in the
layer-by-layer distribution of the photocurrent in Fig. 5.
At about —1.4 to —1.7 eV binding energy a peak devel-
ops, which eventually becomes the most prominent
feature and suppresses the two Pd features. Again it is
difficult to distinguish whether this peak originates from
a hybridized 6&-like Pd-Ni band or is related to the sur-
face resonance of clean Pd enhanced by the Ni overlayer.

The spectra for p-polarized light are presented in Fig.
6. For Co and Fe [Figs. 6(a) and 6(b)] they show that the
lowest Pd peak, due to the excitation from the lowest AI
band, is least affected. As can be seen from the layer-by-
layer distribution (Fig. 7) the main contributions come
from the Pd layer, resembling the Pd origin of this peak.
The surface resonance is broadened and shifted by about
0.2 eV to lower energies. In Fig. 7 a distinct maximum of
the first layer contribution can be seen.

The peaks above —3 eV binding energy are drastically
changed as compared to the pure system. In between the
Pd 6& and 5] excitations a new peak is generated,
dispersing from about —2.0 to —2.4 eV. The Pd 65
peak is more pronounced (a strong first layer contribution
is found), whereas the Pd b,

&
peak still gets most of its in-

tensity from the lower Pd layers. The new peak must
have 6, symmetry as it is not observed in the s-polarized
spectra. Most of its contributions are from the top lay-
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FIG. 7. Layer-by-layer distribution of the photocurrent for p-polarized light and majority spin. Solid line, layer 1 (3d metal);
dashed line, layer 2 (first Pd layer); triangles, layer 3; diamonds, layer 4. (a) Ni for 55 eV, (b) Co for 55 eV, (c) Co for 65 eV.
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ers. As in the case of Ni, with increasing photon energy,
the inhuence of the first layer contribution to the Pd 65
peak and the newly generated peak increases. This in
turn leads to a weakening of the 6& peak. In the case of
Fe [Fig. 6(a)] the latter peak is almost extinguished.

For Ni [Fig. 6(c)] the differences to the spectra from
the clean Pd(100) system are not very pronounced. The
peaks are generally a little broader. The influence of Ni
increases with increasing photon energy, leading thus to
an even larger broadening. In the layer-by-layer distribu-
tion of the photocurrent [Fig. 7(a)] the same trend is seen.
For low photon energies contributions from the second
layer (i.e., the first Pd layer) are more dominant than con-
tributions from the first layer. With increasing photon
energy the first layer contributions gain inhuence. Espe-
cially for photon energies above 45 eV the first layer con-
tribution to the surface resonance is pronounced. Corre-
spondingly, in the spectra a shift of about 0.2 eV to
higher energies is found. Just below the Fermi level an
additional feature arises. The layer-by-layer distribution

reveals that for these photon energies the contribution
from the two topmost layers is increasing. This feature
could therefore be either an excitation from a Ni-induced
surface state, or an excitation from a hybridized Ni-Pd
state, or from the Pd 6& band close to the Fermi level.
The last possibility is most unlikely since the clean Pd
spectra show no indication for such a peak.

B. Minority-spin direction

For the minority-spin direction all three 3d metals
show basically the same spectra. Only small shifts in
peak positions occur.

In the case of s-polarized light (Fig. 8) they mainly
differ from each other in the relative strength of the exci-
tations above 40 eV photon energy, where for Ni a dom-
inant peak just below the Fermi level is seen, whereas for
Fe the second (Pd related) peak still has a remarkable in-

tensity. The layer-by-layer distribution of the photo-
current (Fig. 9) suggests this last peak to be an overlayer-
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induced surface state, since the first layer contribution
(i.e., the contribution of the 3d metal) is restricted to the
energy range from the Fermi energy to about —2 eV
binding energy.

The spectra for p-polarized light are presented in Fig.
10. For Fe IFig. 10(b)] there are only a few deviations
from pure Pd(100) found for the features just below the
Fermi energy. In general the Pd 6&-s-band peak is less
affected by the overlayer than for majority-spin direction.
The layer-by-layer distribution (Fig. 11) confirms again
the almost pure Pd origin of this feature. The surface
resonance, however, is shifted considerably by about 0.6

Co/Pd and Pd
s-polarized light

F'M p(1x1)
minority

0 =60'

eV to higher energies and is much more pronounced. As
in the majority case we find an enhancement of the first
layer contribution to the photocurrent. The Pd 65 peak
is enhanced, especially in the case of Fe, but not as much
as in the majority-spin spectra. The main contributions
to this peak come from the topmost Pd layers. The Pd 6&
peak is slightly shifted by 0.2 eV to higher energies. For
high photon energies this peak vanishes due to the more
dominant new peaks.

At a binding energy of —0.7 to —1.1 eV a new peak
arises. Its main contributions come from the first and
second layer, indicating a mixed 3d-overlayer Pd band.
The second new feature emerges just below the Fermi lev-
el. This peak is mainly due to contributions from the first
layer; therefore we tend to call it to a purely overlayer in-
duced state. In the case of Fe, the Fermi energy cuts just
between these two new peaks and only the hybridized
state is observed. Both new peaks have 6, symmetry,
since they are not seen for s-polarized light.
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FIG. 8. s-polarized minority-spin spectra for a Co overlayer
on Pd(100) (solid line) in comparison to clean Pd(100) (dashed
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FIG. 9. Layer-by-layer distribution of the photocurrent for
s-polarized light for a Co overlayer and minority spin. Solid
line, layer 1 (3d metal); dashed line, layer 2 (first Pd layer); trian-
gles, layer 3; diamonds, layer 4.
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C. Spin-integrated spectra and comparison
of minority- and majority-spin direction

The spectra in Figs. 12 and 13 are spin-integrated spec-
tra summed over both spin directions.

For the s-polarized majority-spin spectra the intensity
of the lowest peak is decreasing from Fe to Ni, whereas
the intensity of the second lowest peak is increasing. For
Co both peaks are not separated. The intensity of the

highest peak is increasing too, from Fe to Ni. The lowest
minority peak is too weak for high photon energies to
give significant contributions.

In the case of p-polarized light the spin-integrated
spectra of Ni differ clearly from the spectra for Co and
Fe. This is mainly due to the lack of the overlayer in-
duced states between —2 and —3 eV binding energy for
Ni. For Co and Fe even the relative intensities of the
minority- and majority-spin contributions are similar.
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FIG. 10. p-polarized minority-spin spectra for (a) a Co overlayer on Pd(100) (solid line) in comparison to clean Pd(100) (dashed
line), (b) comparison of an Fe overlayer (solid line) with a Co overlayer (dashed line) on Pd(100).
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Since for high photon energies (about 60 eV) the escape
depth is already quite small one would expect to see more
of the overlayer inAuence, whereas for low photon ener-
gies the surface near regions and hence the Pd inAuence is
larger. This assumption is confirmed by the layer-by-
layer distribution of the photocurrent. In the following
we will therefore try to discuss the meaning of the term
"exchange splitting" within the framework of photoemis-
sion.

From the LDOS calculations of Blugel' follow that the
Stoner model is only approximately valid and the shift of
minority and majority bands is not rigid. In order to ex-
tract the "exchange splitting" in photoemission there is
the problem of an unambiguously defined origin of the
minority- and majority-spin peaks. The value of the "ex-
change splitting" not only changes from the bulk to the

surface but also with respect to different regimes of k~~.

For example, from the spectra at 70 eV and s-polarized
light information specific for the 3d overlayer at mini-
mized Pd inAuence can be extracted. We can assume that
both the minority and the majority peak are due to the
A~-band excitation near I . In this particular case we find
an exchange splitting, between corresponding peaks of
about 2 eV for Fe, 1.8 eV for Co, and about 1.2 eV for Ni.
In the case of p-polarized light the same values can be ex-
tracted. However, even in this particular setup no unique
exchange splitting can be extracted, since the shifts be-
tween minority and majority peaks are not completely
rigid. Therefore extreme caution should be exercised in
extracting the "true exchange splitting" from photoemis-
sion spectra. The general trend shows a decreasing ex-
change splitting going from Fe to Ni. This finding is in
qualitative agreement with the prediction of Bliigel. '

They find that the magnetic moment decreases in steps of
1pz from Mn to Ni because charge neutrality is achieved
by adjusting the population of the minority band.
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FIG. 11. Layer-by-layer distribution of the photocurrent for
p-polarized light for a Co overlayer and minority spin. Solid
line, layer 1 (3d metal); dashed line, layer 2 (first Pd layer); trian-

gles, layer 3; diamonds, layer 4.

In the case of the majority-spin direction Co and Fe
overlayers behave very similarly, whereas the Ni over-
layer yields a completely different spectrum. For s-
polarized light the new 65 state in the Co- and Fe-
overlayer systems has a binding energy of —2. 5 eV,
which is about the same as the h~ peak in pure Pd. For
Ni the new 65 peak is found at about —1.5 eV. In the
case of p-polarized light there is no new feature in the Ni
spectra. The Ni-overlayer 6& peak and the Pd 6& peak
have the same binding energy. For Co and Fe a peak
with 6, symmetry is found dispersing between —2.0 and
—2.4 eV. From the layer-by-layer distribution of the
photocurrent it is evident that this peak is strongly
inAuenced by the overlayer.

In the case of the minority-spin direction the spectra
for Fe, Co, and Ni overlayers show the same features.
For s-polarized light a peak with 65 symmetry arises just
below the Fermi energy and in the case of p-polarized
light there are two new peaks, both with 6& symmetry.
The lower one, at a binding energy of about —0.8 to
—1.0 eV exhibits more influence from the Pd substrate
than the second one at about —0.2 eV.

In accordance with the predictions of Bliigel' the
inAuence on the majority spectra is stronger than for the
minority-spin direction. This in fact was to be expected
also from the different nature of hybridization for the two
spin directions. Some indications about the hybridization
might have even been drawn from the bulk band struc-
ture of bcc Fe, fcc Co, and fcc Ni in comparison to Pd.
The exchange splitting in the bulk band structure reAects
the occupation of the bands. For the majority-spin direc-
tion in all three metals there are only very small
differences in the I,z and I 25 energy levels and a little
larger differences for X2 and X5. For Ni the same is valid
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also for the minority-spin direction especially for Xz and
X~ where the smallest deviations are found. In contrast
to Ni in Fe and Co the minority bands are shifted appre-
ciably higher in energy which makes hybridization more
unlikely. This might explain the observed difference be-
tween the minority spectra of Ni to those of Fe and Co.
This hybridization eff'ect seems to be even strong enough
to make up for the differences between bcc Fe and fcc Co.

Since the minority bands are shifted to a large extent
above the Fermi level, from photoemission no conclusion
can be drawn about the importance of hybridization. For
Fe and Co a minority LDOS peak has its center of gravi-
ty just above the Fermi energy. In the spectra (Fig. 10)
the onset of a corresponding peak is found. It is hardly
visible in the case of Fe but already quite distinct in the
case of Co.
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FIG. 12. Sprn-integrated spectra (solid lines) together with the minorit - (dotted ininori y- ( o ted lines) and majority- (dashed lines) spin contribu-
s or s-po arize ig t or (a) an Fe overlayer, (b) a Co overlayer, and (c) a Ni overlayer on Pd(100).
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FIG. 13. Spin-integrated spectra (solid lines) together with the minority- (dotted lines) and majority- (dashed lines) spin contribu-
tions for p-polarized light for (a) an Fe overlayer, (b) a Co overlayer, and (c) a Ni overlayer on Pd(100).

The exchange splitting is decreasing from Fe to Ni by
about 0.8 eV. Blugel' found values of about 1pz for Ni
to 4@8 for Mn and correspondingly much larger split-
tings for the local DOS.

We hope that the present calculation will encourage
new photoemission experiments on these interesting
monolayer systems.
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