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Abstract

We report on spin- and energy-resolved secondary electron emission, induced by impact of fast protons and electrons
on ultrathin Cr films epitaxially grown on Fe(1 00). Based on a simple model, we extract spin- and energy-dependent
probing depths from experimental polarization spectra. For grazing impact of protons the probing depth strongly
depends on the energy of secondary electrons. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

When solid surfaces are irradiated with energetic
particles like electrons or ions, electrons of pre-
dominantly low energy are emitted. These so-
called secondary electrons originate from a small
region beneath the surface. Analysis of intensity
and energy of secondary electrons thus allows one
to study properties of surfaces. For excitation with
primary electrons of a few keV energy, it has
evolved into a standard technique in surface sci-
ence (secondary electron emission spectroscopy)
[1].

In recent years the technique has been extended
to the study of magnetic surfaces by performing a
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spin analysis of emitted electrons [2,3]. This not
only yields information on magnetic and electronic
properties of surfaces, but also improves our un-
derstanding of the electron emission processes. In
a number of spin-polarized experiments on ultra-
thin films, it could be shown that the probing
depth amounts to a few atomic layers only and
depends on the material [2,4-6], in contrast to
previous assumptions [7].

Use of ions in spin-polarized electron emission
could bear advantages over conventional excita-
tion by electrons (e.g. magnetic sputter depth
profiling [8]), but is still in its infancy, presumably
due to the higher experimental complexity. A close
relationship with electron-induced electron emis-
sion is expected for light ions with high energies
(typically a few tens of keV). Here sputter effects
are small or absent and the excitation energy stems
from the kinetic energy of the ion as in excitation
by electrons. Main difference is the scattering
process itself. Ions essentially suffer small-angle
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scattering, which is easily calculated using classical
mechanics computer simulations. This offers an
exciting possibility: ions which are grazingly inci-
dent upon a flat surface do not penetrate into the
surface, but are specularly reflected (‘“‘surface
channeling” [9]). Thus electrons should be excited
predominantly at the topmost surface layer and
the small probing depth in electron emission
spectroscopies is reduced further [10,11].

Here we report on spin-polarized electron
emission from ultrathin Cr films epitaxially grown
on magnetized Fe(100) surfaces. Electrons are
induced either by grazing impact of 25 keV pro-
tons or 4 keV electrons at oblique incidence. Both
energy and spin of electrons emitted in a direction
close to normal are measured as function of the Cr
coverage. The purpose of these studies is to obtain
information on the magnetic properties of Cr
overlayers and to compare features of proton and
electron induced electron emission. In particular,
we aim to deduce values for the probing depths
and their dependence on primary particle as well
as energy and spin of emitted electron.

2. Experiment

The experiments are performed in an ultrahigh-
vacuum chamber (base pressure 3 x 107" mbar),
attached via differential pumping stages to the
beam line of a small electrostatic ion accelerator.
The (100) face of an Fe single crystal disk (di-
ameter 9 mm) is prepared by many cycles of
grazing sputtering (incidence angle to the surface
plane about 3°) with 25 keV Ar* ions and subse-
quent annealing (960 K) until the surface is clean
and well-ordered, as checked by low-energy elec-
tron diffraction (LEED) and Auger electron spec-
troscopy. From characteristic features in the
angular distribution of grazingly scattered ions
affected by surface steps [12], we deduce a mean
terrace width of more than 1000 A.

The Fe crystal is mounted to close the gap of a
soft-magnetic FeCo yoke with a coil. The crystal
is magnetized by current pulses through the coil
along an easy axis of magnetization [001] or [001]
in the (1 00) surface plane and perpendicular to the

scattering plane defined by the proton beam and
the surface normal. This reproducibly yields a full
remanent magnetization as checked by the longi-
tudinal magneto-optic Kerr effect. Scanning an
electron beam over the target surface and mea-
suring the spin polarization of secondary electrons
indicates a uniform magnetization (single domain
structure) near the center and a roughly 20% re-
duction towards the edges. External magnetic
fields are compensated by three pairs of Helmholtz
coils to a few pT.

Cr is deposited from a high-purity tapered piece
by electron beam heating in a commercially
available evaporator (EFM3, Omicron). Adjust-
ment and continuous control of the flux are al-
lowed by a shutter and an integrated flux monitor.
Growth is monitored in situ and in real time
by measuring the specular intensity of grazingly
scattered ions [13]. This technique enables one to
calibrate the flux monitor of the evaporator and
quantitatively determine the morphology of the
film surface. For the present studies we choose a
growth temperature of about 610 K, where growth
is found to proceed in an almost perfect layer-
by-layer mode, in agreement with our previous
studies [14]. Typical growth rates are some 10~*
ML s, During deposition the background pres-
sure did not rise above 1 x 107! mbar.

Electrons are emitted either by 25 keV protons
or by 4 keV electrons. The well-collimated proton
beam (angular divergence 4+ 0.02°) is incident
upon the target at a grazing angle of 1.2° to the
surface plane along a high-index surface lattice
direction (“random azimuthal orientation”). The
incidence angle of the electron beam is 33°. Emit-
ted electrons are collected within a cone of about
12° full opening angle around a direction of 10° off
normal and enter a cylindrical sector field energy
analyzer via a transfer lens (CSA300, Focus). After
energy separation and 90° deflection, electrons are
imaged by another lens into a LEED spin-polar-
ization detector [15] (SPLEED, Focus). Pass en-
ergy (80 eV), energy resolution (3.0 eV FWHM),
and LEED scattering energy (104.5 eV) are kept
constant during energy scans. Primary currents
(typically 100 nA) and electron count rates (some
10* s7!) are comparable for proton and electron
excitation. Source area and luminosity are given
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by geometry and are therefore different (typically
1 x 9 and 2 x 2 mm?, respectively).

For the measurements the target is kept in a
remanent state of magnetization. Each polariza-
tion spectrum is obtained from two identical
measurements with reversed magnetization to elim-
inate instrumental asymmetries (typically 20%)
and checked by measurements on a paramag-
netic Ta foil attached directly near the Fe target.
The spin polarization P is calculated by a cross-
multiplication of the counts N; and N, in counter 1
and 2, respectively,

L LYM N M "
S\/NJ-NH\/N;-N}’

where T and | refer to the direction of magneti-
zation and S = 0.2 is the effective Sherman func-
tion [16].

In order to discriminate secondary electrons
generated at surfaces in the chamber other than
the target surface, we biased the target by —10 V
with respect to ground [17]. Moreover, this causes
an increase of the effective solid angle at small
electron energies, which at least partly compen-
sates for the energy dependence of the transmis-
sion due to residual magnetic stray fields. The
former effect is estimated from numerical calcula-
tions of electron trajectories to 30% at 5 eV (20%
at 10 eV) and qualitatively confirmed by intensity
measurements using different bias voltages. It is
not corrected, since we are interested in normal-
ized intensity differences.

3. Experimental results

In Fig. 1 we show intensity distribution (curves)
and spin polarization (open and solid circles) of
electrons emitted by impact of protons (a) and
electrons (b) upon the clean and Cr-covered
Fe(100) surface, respectively. The spectra were
recorded at 610 K during film growth. The inten-
sity distributions in Fig. 1 (curves) are normalized
to the intensity at 20 eV. They exhibit the well-
known behavior: a pronounced peak with a maxi-
mum at 1-2 eV and a gradual decrease towards
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Fig. 1. Intensity distribution (curves, right-hand ordinate) and
spin polarization (symbols, left-hand ordinate) of electrons
excited by (a) 25 keV protons and (b) 4 keV electrons. The
spectra refer to the clean Fe(100) surface (bottom) and Cr
coverages (0.2 ML in each case) as indicated. The intensity
distributions are normalized to the intensity at 20 eV. The ori-
gins are displaced vertically by constant amounts (- - -).

higher electron energies. The peak is ascribed to
cascade multiplication owing to kinetic electron—
electron collisions. The cascade peak is less pro-
nounced in the normalized distribution for proton
impact. We attribute this to an enhanced contri-
bution from direct collisions between projectile
and electrons. In fact, previous studies on angle-
resolved proton-induced electron emission from Al
have shown that direct kinetic emission leads to a
broad peak at about 10 eV (for our direction of
emission) [20].

The effect of the Cr coverage on the intensity
distributions is weak, aside from a shift of the
maximum to smaller energies. During growth of
the first ML, the maximum gradually shifts from
2.0 to 1.5 eV (from 1.5 to 0.9 eV) for electron
(proton) excitation (Fig. 2, solid circles). As pro-
posed by Chung and Everhart, this indicates a
decrease in work function [21]. From the photo-
threshold for electron emission upon irradiation
with UV photons, we obtain a mean work function
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Fig. 2. Energetic positions of intensity maximum (e) and fine
structure in the spin-polarization curve (OJ) for impact of 4 keV
electrons. The fine-structure positions are derived from maxima
of the second derivative d*P/dE? of smoothed polarization
curves.

of 4.4 eV for the clean Fe(100) surface and 4.1 eV
for 1 ML Cr overlayer.

The observed spin polarization (Fig. 1, circles) is
in agreement with previous studies on electron-
induced electron emission [22,23]: It is largest for
small energies and falls rapidly within the range of
cascade electron energies (Fig. 1b). This is also
observed for proton excitation (Fig. la). This
similarity between proton and electron excitation
is remarkable, as it shows that cascade effects are
important even for grazing angles of incidence.

For the clean Fe surface, the polarization is
smaller for proton impact than for electron im-
pact. So far, it is not clear whether this difference
has to be ascribed to different excitation mecha-
nisms. Conceivable effects are the large source area
(reduced magnetization near the sample edge) and
the smaller probing depth for proton excitation. In
fact, we observe a pronounced thermal decrease of
the polarization (about 0.7) upon heating from
room temperature to 610 K. This is not observed
for electron excitation.

Superimposed on the smooth cascade part of the
polarization spectra are fine structures at about 5
and 13 eV, the latter apparently related to a slight
hump in the (electron-induced) intensity distribu-

tion. These features have been observed previously
on Fe(110) [17] and attributed to the spin-de-
pendent band structure [24] and the crystallinity of
the sample [17], respectively. Upon growth of Cer,
the 5 eV structure shifts by about 1 eV to smaller
energies (Fig. 2, open squares). The 13 eV struc-
ture weakens beyond a few ML. This may be re-
lated to a deterioration in crystallographic order
(e.g. kinetic roughening of the film).

The dependence of the values of the polarization
on the Cr coverage is significantly different for
proton and electron excitation. Whereas a gradual
decrease is observed for primary electrons, impact
of protons results in a nonmonotonic dependence.
For example, the polarization increases upon de-
position of the second layer on top of 1 ML Cr/Fe.
The effect becomes more evident, when the mea-
sured spin polarizations are averaged over a range
of electron energies and plotted against the cov-
erage. For proton excitation (Fig. 3, symbols) the
behavior strongly depends on the chosen energy
interval. For electron energies above a few eV, the
spin polarization follows a series of roughly linear
variations with break points at integer ML cov-
erages (Fig. 3, squares and circles). However, at
small energies (Fig. 3, diamonds), the behavior
resembles the polarization observed for electron
excitation (Fig. 4, symbols). This is surprising, as it
indicates that the probing depth for grazing impact
of protons strongly depends on the electron energy
sampled. Whereas beyond the range of cascade
energies the oscillatory behavior suggests a sensi-
tivity to the topmost film layer, the probing depth
seems to be similar to electron excitation at small
energies.

We note that the oscillatory behavior of the spin
polarization observed for proton excitation closely
resembles data obtained by Walker et al. [25] using
spin-polarized electron energy-loss spectroscopy.
This is another technique with a very small prob-
ing depth [3]. The exchange asymmetry oscillates
with the film thickness. However, it does not
change the sign, which is in accordance with a net
ferromagnetic moment at the topmost film layer.
A = oscillatory behavior indicating layer-by-layer
antiferromagnetic ordering [26-29] reminiscent of
antiferromagnetic bulk Cr seems to evolve for
thicker films (Cr coverages beyond 8§ ML).
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Fig. 3. Measured spin polarization (symbols) of electrons ex-
cited by grazing impact of 25 keV protons on Cr/Fe(100)
versus Cr overlayer thickness. Different symbols refer to values
averaged over spectral ranges as indicated. The solid lines are
results of calculations (Egs. (2), (4) and (5)) for layer-dependent
magnetic moments from Fig. 5 and the following parameters
(from bottom to top): s =4, =05 ML, 4, =4, =0, f =2.2;
As=04x42 ML, 1, =04 x29 ML, 4, =0.25x%x0.28, 4, =
0.25%x0.16, f=1.9; 43 =08x42 ML, 1, =08 x29 ML,
As =0.55x%0.28, 4, =0.55 x 0.16, f = 1.7; 4, =42 ML, 2, =
29 ML, 4, =0.28,4, =0.16, f = 1.3.

4. Evaluation of data

For a quantitative understanding of the ob-
served spin polarization and its dependence on
electron energy and Cr coverage (Figs. 3 and 4),
we perform simple model calculations. The mea-
sured spin polarization P is given by

T R
I+l L4+ 5+ 17

(2)

where 7'(1) is the intensity of electrons in the beam
with magnetic moment parallel (antiparallel) to the
target magnetization and I/ and 7]V are the
contributions from substrate and film, respec-
tively. For a uniform indepth generation of excited

Spin Polarization (%)

0123456738
Cr Coverage (ML)

Fig. 4. Same as Fig. 3 for impact of 4 keV electrons. The cal-
culations are performed with mean free paths A, =4.2 ML,
4o =29 ML, f = 1 and asymmetries 45 and 4, from Fig. 3. For
the dashed line we assumed smaller mean free paths A, = 3 ML,
Ja =2 ML.

electrons the contribution 7/ from layer i to 710"
can be written as

110 = enl y exp(—o'Vz)
1
=5 c(n+ (=)ns;)na exp(—a'Vz), (3)

with n,-T<l> the number of majority (minority) spin
electrons in the conduction band, n; the total
number of conduction (d and sp) electrons and ng;
the Bohr magneton number. +(—) stands for 1(]).
na is the density of atoms and ¢ a proportionality
constant. z; is the depth below the surface and ¢'(")
the (spin-dependent) total scattering cross-section.

The contribution from film 7/) is obtained by
summing over all film layers

1
10 =37 3 clnt (=) ma exp(~alVz), (4

where np,; and, in the case of interfacial alloying,
n,; are layer dependent. Assuming a constant
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magnetization in the substrate (ng, independent of
the layer), the total substrate contribution 7]V is
given by

i =L st (=)nss

=—=C
s > 51O

na exp(—alMd) (5)

with film thickness d. Note that n, is the same for
film and substrate for pseudomorphic growth.
With ¢ = ¢, insertion of Egs. (4) and (5) in Eq. (2)
allows one to calculate the spin polarization P
from the layer-dependent Bohr magneton numbers
N4, if the scattering cross-sections are known.

A compilation of experimental data by
Schonhense and Siegmann [5,6] suggests that the
scattering cross-sections at small electron energies
(E <5 eV) cannot be described by a universal
behavior [7], but are material dependent. For
transition metals ¢ increases proportional to the
number of holes (10—ny) in the d-bands (nq is the
number of d-electrons),

O’ZO’()—FO'd%(IO—I’ld), (6)

where g, accounts for inelastic scattering other
than into the d-band holes. Extension to magnetic
materials is straightforward

o) — 6o + 04 (5 _ ng(l)) (7)

with spin dependent cross-sections ¢'(V) = ¢ (1 —
(4+)A4) and asymmetry 4. This asymmetry in scat-
tering cross-sections gives rise to a transport
polarization, which is acquired by electrons trav-
elling through a ferromagnetic material.

Following the common practice we discuss our
results in terms of the inelastic mean free path
A =1/0. Often this term is merely used as a phe-
nomenological probing depth describing the ex-
ponential attenuation of intensities as in Eq. (3)
[30]. We adopt this terminology, as it includes
possible elastic scattering and cascade effects. In
particular a generalization to grazing proton im-
pact is possible, where the polarization should be
determined by the excitation depths of electrons
rather than their transport to the surface (“spin-
filter effect”).

For small electron energies £ <5 eV and a
uniform indepth generation of excited electrons as

for electron impact, we adopt from Refs. [5,6]
As=60A =42 ML for Fe and A, =42 A =
2.9 ML for Cr. Adjusting gy/aq4 = 2.5 to experi-
mental results yields for Fe 4, = 0.28, i.e. Al =58
ML and /! = 3.3 ML.

When grazingly incident protons are used as
primary particles instead of electrons, the depth
distribution of excited electrons should be reduced
significantly. In the ideal case of perfect specular
reflection we expect ' =2'=1—0 and 4~ 0,
independent of the chemical composition of the
surface. Yet there is a finite probability for the
protons to penetrate the surface via ledges of
islands, substrate step edges or thermally displaced
atoms. From trajectory simulations on the scat-
tering of protons from imperfect surfaces [12], we
estimate 4 = (0.5 + 0.3)ML.

In Egs. (2) and (3) it is tacitly assumed that the
observed spin polarization directly reflects the spin
part of the magnetization M; = np ug na. Although
this seems to hold for excitation with keV electrons
(for Fe P~ ng/n=2.13/8 =26.6% beyond the
secondary cascade peak [31]), the polarization
of emitted electrons surely depends on how the
energy is supplied to the conduction electrons.
Studies on the primary energy dependence show
that the polarization strongly decreases below 1
keV primary electron energy [18,19]. When ions
are used as primary particles, Kirschner et al. ob-
served that the polarization is smaller compared
to excitation with isoenergetic electrons [8]. To
consider that the relative probability of electron
emission from various electron states depends on
the way of excitation, we therefore introduce a
prefactor fin Eq. (2) (f ~ 1 for excitation with
keV electrons) [2].

5. Discussion

We first deduce the layer-dependent magnetic
moments of the Cr films ng,; - ug from a fit to the
proton-induced data for 10-20 ¢V (Fig. 3, solid
circles), using Eqgs. (2), (4) and (5). This is
straightforward, since the probing depth is small
(subsurface layers hardly contribute to the signal)
and should not depend on spin direction or surface
layer composition (Al = )Li = /ll = }Li ~ (0.5 ML).
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Fig. 5. Magnetic moment per atom at the topmost film layer
versus total number of Cr layers on Fe(100), obtained from a
fit to the data from Fig. 3 (10-20 eV) according to Egs. (2), (4)
and (5). Alloyed layers are marked by * (0* and 1* refer to the
subsurface and surface layer after deposition of 1 ML of Cr,
respectively).

To take account of interfacial alloying (50%/50%
Cr/Fe for subsurface and surface layer after de-
position of 1 ML and 75%/25% Cr/Fe for the
surface layer at 2 ML Cr [32,33]), we calculate n,,
Na1, Nap from elemental values ny = 8 and n, = 6.
The magnetic moments obtained are shown in Fig.
5. As expected, they closely follow the measured
spin polarization curve. A discussion of this mag-
netization profile can be found elsewhere [34],
where the same profile (within our error bars) has
been inferred, although from a larger energy
range.

Turning to smaller electron energies, we face the
problem of several unknown fitparameters. In fact,
the similarity to electron-induced data suggests
larger probing depths 4 and, consequently, non-
vanishing asymmetries A. We therefore turn to the
lowest-energy data (0-2 eV) for excitation by
electrons (Fig. 4, solid diamonds). Here we can
take the values from Section 4 (4, =4.2 ML,
Aa = 2.9 ML, 45, = 0.28 and f = 1). This correctly
reproduces the polarization observed for the clean
Fe surface.

For the Cr film we adopt the magnetization
profile from Fig. 5 and an asymmetry 4, as single
fit parameter. Best agreement is obtained for
A, = 0.16 (Fig. 3, topmost solid line). A positive
transport polarization in the Cr film seems rea-
sonable, considering a predominant positive mag-

netization (Fig. 5). Of course, a constant 4, does
not take account of layer-by-layer oscillations of
Cr moments. Consequently, the polarization at 1
ML coverage is overestimated.

In order to reproduce the decreasing polariza-
tion at higher electron energies, we have to reduce
the asymmetry 4, whereas the probing depth A
and f =1 can be expected to remain unchanged.
For 2-4 eV (Fig. 4, open diamonds), best agree-
ment is obtained with 4, = 0.55 x 0.28 (and 4, =
0.55 x 0.16). For 4-6 eV (Fig. 4, solid squares), we
get A, = 0.25 x 0.28. This trend continues for even
higher energies (Fig. 4, open squares, solid circles),
where 4, = 0.

For energies £ > 6 eV the calculated curve lies
above the measured values by about 2%. Exclud-
ing systematic experimental errors, this indicates
smaller probing depths. Reasonable agreement is
obtained for 4, ~#3 ML and 4, =2 ML (Fig. 4,
dashed line). A reduction of the (spin-averaged)
mean free path towards higher energies is in line
with the general trend displayed in the so-called
“universal curve”, where the probing depth runs
through a minimum at an energy of a few tens of
eV [7].

Turning back to proton impact, the low-energy
data (Fig. 3, solid and open diamonds, solid
squares) are easily fitted adopting the energy-de-
pendent asymmetries A, A, from Fig. 4. We obtain
As=04x42ML, 1, =04%x29MLand f =19
for 4-6 eV, 0.8 x4.2 ML, 0.8 x2.9 ML, f =1.7
for 2-4 eV and 4.2 ML, 29 ML, f = 1.3 for 0-2
eV. Thus the probing depth for grazing proton
impact significantly increases towards very small
energies. This shows that proton excitation re-
sembles electron excitation in the range of cascade
electron energies. Since the excitation depths are
clearly different, we conclude that subsurface lay-
ers are involved in the development of the sec-
ondary electron cascade. Electrons excited by
protons within the topmost layer produce excited
electrons in subsurface layers by electron—electron
scattering. This accumulation of excited electrons
grows considerably with decreasing energy [35].

The iterative procedure in fitting our experi-
mental results is possible, because the effects of
mean free path and spin asymmetry on the spin
polarization of emitted electrons are different. This
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Fig. 6. Calculated spin polarization (Egs. (2), (4) and (5)) with
layer-dependent magnetic moments from Fig. 5. (a) Variation
of mean free paths A, 4, with constant asymmetries (4 =
0.28, A, = 0). (b) Variation of asymmetries 4, 4, with constant
mean free paths (4; =4.2 ML, 1, =2.9 ML).

is elucidated in Fig. 6, where calculations have
been compiled for different values of 1 (a) and 4
(b), respectively. Whereas the asymmetry A criti-
cally affects the polarization value, the probing
depth 4 determines the shape of the polarization
curves. In fact, an oscillatory behavior, as ob-
served for proton impact at larger electron ener-
gies, evolves only for small values of A.

6. Summary and conclusions

In this work we report on spin- and energy-
resolved electron emission from ultrathin Cr films
on Fe(1 00) surfaces. The Cr films were grown under
conditions where growth is almost perfectly layer-
by-layer and the chemical composition across the
interface is known. In addition to conventional
excitation by electrons, we used grazing impact of
fast protons. For proton excitation, the observed
spin polarization strongly depends on the energy
of emitted electrons. For energies beyond the sec-
ondary electron cascade the polarization follows a
series of linear variations with break points at in-
teger ML coverages. For cascade electrons, how-
ever, the results are similar for proton and electron

impact and the polarization gradually decreases
with increasing Cr coverage.

Based on a proportionality between observed
spin polarization and spin part of the magnetiza-
tion and an exponential attenuation of excited
electron within film and substrate, we are able to
fit the experimental data by adjusting (effective)
probing depths. Our results show that the probing
depth depends both on the spin and the energy of
electrons. The spin dependence, expressed in terms
of an asymmetry 4 in probing depth A, is maxi-
mum below 2 eV. The value 4 = 0.28 agrees with
published data [5]. Towards higher energies, 4
decreases to about zero for £ > 10 eV (Fig. 7, solid
diamonds).

The probing depths A are clearly different for
proton and electron excitation. For electron im-
pact 1 ~ 4.2 ML, with a possible slight reduction
towards higher secondary electron energies (Fig. 7,
open circles). In contrast, the probing depths for
proton impact gradually decrease to very small
values (about 0.5 ML) for £ > 10 eV (Fig. 7, solid
circles). This finding implies important conse-
quences: the probing depth in conventional elec-
tron induced electron emission spectroscopy can
be significantly reduced by use of grazing proton
impact, in case emitted electrons are measured
energy-resolved. For low-energy cascade electrons,
the probing depths approach values for electron
impact.
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Fig. 7. Probing depths as function of electron energy for pro-
ton (@) and electron () excitation, respectively (left-hand
ordinate). Asymmetry A of spin-dependent scattering cross-
sections as function of electron energy (®, right-hand ordinate).
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The extreme sensitivity to the topmost surface
layer for proton impact enables one to deduce the
layer-dependent magnetization profile of the Cr
films in a straightforward manner. This is hardly
possible for electron impact due to the spin- and
energy-dependent background from subsurface
layers. In particular, our results indicate that a
quantitative evaluation of electron-induced spin-
resolved electron emission experiments is difficult
without energy resolution.
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