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Spin-Polarized Metastable-Atom Deexcitation Spectroscopy: A New Probe
of Surface Magnetism
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It is demonstrated that spin dependences in the secondary-electron yields obtained
when electron-spin-polarized He(23S) -atoms are deexcited at a magnetized surface pro-
vide a means by which to probe surface magnetism. This technique, which is particular-
ly surface specific, has been used to investigate the dependence of Ni(110) surface mag-
netism on temperature and the presence of controlled adsorbates.

PACS numbers: 79.20.Rf, 73.20.-r, 75.30.Kz

In recent years there has been increasing in-
terest in the study of surface magnetism and a
variety of interesting phenomena have been ob-
served by using polarized low-energy electron
diff raction, ' polarized photoemission, ' electron-
capture spectroscopy, ' and polarized low-energy
positrons. Here we demonstrate a new method
for probing surface magnetic properties based on
spin dependences in the yields of secondary (Au-
ger) electrons obtained when electron-spin-polar-
ized He(2'S) atoms interact with a ferromagnetic
surface. This technique, which is particularly
surface specific because the incident atoms inter-
act predominantly with the outermost atomic lay-
er, ' has been used to investigate the dependence
of Ni(110) surface magnetism on temperature and
the presence of controlled adsorbates.

The apparatus, shown schematically in Fig. 1,
has been described in detail elsewhere. ' A frac-
tion of the atoms contained in a ground-state heli-

um beam are excited to the 2'S level by coaxial
electron impact. A weak (-2 G) transverse mag-
netic field is applied to define a quantization axis.
Circularly polarized 1.08-p. m 2'S- 2'P radiation
incident along the magnetic field direction is used
to optically pump the 2'S atoms to increase the
relative population in the ~.(m ) =+1 or —1 mag-
netic sublevel. The resultant beam polarization
P„'-0.40, is measured by a Stern-Gerlach (SG)
analyzer, ' and can be readily reversed, P,- —P„
by changing the sense of circular polarization of
the pumping radiation. The SG system is also
used to check that the He(2'S) beam contains no
significant admixture of He(2'S) metastables, pho-
tons, or fast neutral atoms. '

A fraction of the electrons ejected when the
He(2'S) beam strikes the target surface enter a
retarding-grid energy analyzer, with energy res-
olution —1-1.5 eV, and those with sufficient en-
ergy to surmount the retarding potential barrier
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FIG. 1. Schematic diagram of the apparatus.
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are detected by a Channeltron. The transverse
magnetic field restricts reliable electron energy
distribution measurements to energies a 3 eV.

The Ni(110) target crystal is mounted in the
keeper position on a C -shaped electromagnet
used to magnetize it along the easy [111]direc-
tion. Magneto-optic Kerr effect measurements'
showed that the crystal could be readily magnet-
ized to saturation. The crystal is cleaned by ar-
gon-ion bombardment followed by annealing to
350'C. Auger analysis and low-energy electron
diffraction demonstrated that this procedure pro-
vides a clean, well ordered surface.

Initial studies showed, as expected, that the
secondary-electron yield from a clean, but un-

magnetized, Ni(110) sample is independent of
metastable-atom polarization. However, sample
magnetization leads to a marked polarization de-
pendence in the electron yield, which we charac-
terize by an experimental asymmetry parameter

1
IP. I a, +a

where R+ and R are the Channeltron count rates
for beam polarizations of +P, and -P„respec-
tively. Measured values of A are shown in Fig.
2 as a function of the retarding bias applied in
the energy analyzer. The corresponding secon-
dary-electron energy distribution is shown in the
inset.

The origin of the polarization dependence in the
electron yield can be understood by reference to
the energy-level diagram shown in Fig. 3. As a

He(2'S) atom approaches a Ni(110) surface, it is
first resonantly ionized by tunneling of the excit-
ed 2s electron into an unfilled level above the
Fermi surface in the metal, as illustrated by the
wavy arrow. The resulting He' ion continues to-
ward the surface where it is neutralized by a con-
duction electron from the metal, the released en-
ergy going to a second conduction electron which

may, if the energy transferred is sufficiently
large, escape from the metal. This two-electron
process, termed Auger neutralization, leads to
a distribution of ejected-electron energies, re-
flecting, approximately, a self-convolution of the
local density of occupied electronic states at the
surface. ' However, in this experiment, the elec-
tron spine in the incident He(2'S) atoms, and
hence He+ ions, are polarized. If, as shown in
Fig. 3, the electron in the ion is polarized spin
"up,"neutralization to the singlet ground state
can occur only with a spin-down electron. Thus
neutralization at a magnetized surface involves
electrons in either the majority or minority spin
bands, depending as to whether the initial He(2'S)
polarization is parallel or antiparallel, respec-
tively, to the surface magnetization. " As illus-
trated schematically in the inset in Fig. 3, these
bands are expected to be split in energy, as they
are in the bulk, with the majority band lying en-
tirely below the Fermi level. Since the highest-
energy ejected electrons result from Auger neu-
tralization processes in which the two electrons
both originate near the Fermi level, where there
are few majority-spin electrons, "A should be
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FIG. 2. Polarization asymmetry A as a function of
retarding potential for a clean, magnetized Ni(110)
sample at —130'C. The inset shows the measured
secondary-electron energy distribution.

FIG. 3. Energy level diagram illustrating the He(2 S)-
Ni(110) surface interaction. Besonance ionization is
indicated by the wavy arrows, Auger neutralization
by corresponding pairs of straight arrows, and open
arrows denote electron spins.
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largest at high energies, as is observed (see
Fig. 2). As expected, the electron yield is great-
est when the metastable atoms are polarized anti-
parallel to the bulk magnetization. This is also
observed at lower energies, presumably because
neutralization by electrons in the minority band
will, on the average, release more energy than
neutralization by electrons in the majority band,
resulting in a higher secondary-electron escape
probability.

The secondary-electron energy distribution is
observed to be independent of temperature. Thus
A should be directly proportional to the surface
magnetization, which the data presented in Fig.
4 for several retarding potentials show to de-
crease approximately linearly with temperature.
The extrapolated surface Curie temperature
equals that of the bulk to within experimental un-
certainty. This behavior is in reasonable agree-
ment with studies by other spectroscopies, "but
is in marked contrast to bulk magnetization be-
havior. "

As shown in Fig. 5, A decreases exponentially
with surface exposure to CO, falling to -0 at ex-
posures a 4 L, which constitutes saturation cov-
erage. " Thus the CO-covered surface is non-
magnetic. As expected, "exposure to CO also
leads to changes in the electron energy distribu-

tions (see Fig. 5). Saturation coverages of hydro-
gen also reduce A to zero.

The present data indicate that measurements
of spin dependences in secondary-electron ejec-
tion can be used to probe surface magnetism.
The technique is attractive because it is particu-
larly surface specific and because the incident
metastable atoms do not modify the surface,
either through sputtering or chemical reaction.
With improved energy resolution and for mag-
netic materials with larger exchange splittings
(e.g. , Fe, magnetic glasses), we hope to extend
this method to provide information on the spin-
dependent local density of surface electronic
states. We propose further to explore the poten-
tial of this technique for studies of materials
such as chromium which, according to recent
studies, ''~ display surface ferromagnetism.
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FIG. 4. Temperature dependence of the polarization
asymmetryA for retarding potentials of, circles, —13
V triangles, —11 V and squares, —9 V. The solid
lines are the best straight-line fits to each data set.
T, indicates the bulk Curie temperature.
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FIG. 5. Polarization asymmetry A. as a function of
exposure to CO at a crystal temperature of 50 C for
retarding potentials of, triangles, —11 V; and squares,
—9 V. The inset shows the energy distribution for
clean Ni(110) and following 1- and 4-L exposure to CO
[1 L (langmuir) =10 6 Torr sec] .
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