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TRANSVERSAL POLARIZATION VECTOR IN LEED FROM Au (110)
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We present the first measurements of both transversal components of the spin polarization vector of electrons diffracted
from a Au (110) surface, obtained with an absorption detector. The results clearly demonstrate multiple scattering effects.

The occurrence of spin polarization in low energy
electron diffraction (LEED) has been attracting a
growing interest. The experimental results, however,
are mostly confined to the analysis of the polarization
component P, normal to the scattering plane [1];in
electron—atom scattering, this is the only non-trivial
component [2]. The existence of the “in-plane” com-
ponents, both the longitudinal (P;) and the transver-
sal (P,) which occur as a consequence of multiple
scattering, has been predicted theoretically [3]. Re-
cently, the longitudinal component Py of the polari-
zation vector was measured in LEED at Pt (111),
which shows excellent agreement with the calcula-
tions [4]. Here, we report on the first measurements
of the transversal in-plane polarization component P,
of electrons diffracted at a (2 X 1) reconstructed Au
(110) surface, along with the normal component P,
and the diffracted intensity, as a function of the
azimuth angle ¢, at a constant scattering energy and
angle. Thereby the scattering plane contains the sur-
face normal. In agreement with the symmetry consid-
erations in the reflection of an axial vector [5], the
rotation diagrams thus obtained show that P, vanishes
if a mirror symmetry plane of the crystal coincides
with the scattering plane. Then, like in the case of
electron--atom scattering, the polarization vector is
normal to the scattering plane. The existence of P,
or Py, is clear evidence for multiple scattering proces-
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ses away from and not symmetrical to the scattering
plane.

The experimental apparatus has been described in
detail elsewhere [6]. The essential components used
in this work are shown schematically in fig. 1. Un-
polarized electrons are incident on the surface of a
Au (110) single crystal under an angle of incidence
of & = 20°. The specularly reflected beam (OO LEED
reflex) is directed into the electrostatic spherical en-
ergy analyzer which accepts a solid angle of 6 X 10—4
st and operates at AE/E = 1%. At the exit, the major
axes characteristic for the scattering event, n, k, and
e, remain unchanged. They are defined as n = (k,
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Fig. 1. A schematic of the experiment showing the target of
Au single crystal, the spherical energy analyzer, and the ab-
sorption detector for electron spin polarization. The plane of
electron incidence for the absorber which is shown for y = 0°
and the scattering plane coincide with the plane of the figure.
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X k) lkg X k| and e = (k X n)/ |k X n|, where k,

and k are the wave vectors of the incident and dif-
fracted electrons, respectively. Accordingly, P, =P - e,
P, =P-n,and P, =P - k. After a beam forming stage
(not shown), the electrons hit the polarization detec-
tor under an angle of incidence = 30°. The principle
of operation of the detector is based on spin depen-
dent electron absorption at gold [6,7]; the details
have already been communicated [8]. The rotation
axis of the absorber (variation of ¥) coincides with £
to keep B constant. The components of the polariza-
tion, P, and P,, are obtained by measuring the absorp-
tion current I(\) every 90°, with P;. being unaccessi-
ble. For ¢ = 0° and ¢ = 180°, the plane of electron in-
cidence, k X s, where s is the surface normal of the ab-
sorber, coincides with the scattering plane, ¥y X k;
then the measurement yields the normal component
P, of the polarization vector. For a beam of electrons
fully polarized along n, i.e., P, = 1, one obtains

1 = [1(180%) — I(0°)]/nly, where I, is the intensity of
electrons impinging onto the absorber and 7 the sensi-
tivity of polarization detection. Then for any unknown
polarization P, = [/(180°) — I(0°)}/nl and P,

= [[(270°) — I(90°)}/nl. The energy of the electrons
hitting the absorber is adjusted after their energy anal-
ysis such that /(180°) = —(0°) and equivalently
I(270°) = —I(90°). Then, for a beam of unpolarized
electrons I(Y) = 0. The statistical uncertainty AP in
polarization detection is simply AP = (2/n21,)1/2
(8.91.

Fig. 2 presents P, results, as a function of electron
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Fig. 2. Electron spin polarization of the OO0 LEED beam
from Au (110) as a function of the electron energy, measured
independently with the absorption detector and with a Mott
detector [10].
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energy, obtained for the specularly reflected LEED
beam from Au (110). The close packed chains of the
surface mesh are perpendicular to the scattering plane
(¢=90°) and the scattering angle is 8 = 140° (a = 20°).
Fig. 2 shows polarization values obtained with the ab-
sorption detector and compares them with those ob-
tained with a conventional Mott scatterer [10]. The
horizontal dimensions of the prints represent the un-
certainties in the scattering energy and the vertical
ones stand for the errors in the determination of the
polarization. The latter are due to the limitations of
the present current detection system and further in-
troduced by the rotation of ¥; the statistical uncer-
tainty AP is, on the other hand, negligibly small. The
overall agreement of these two independent measure-
ments indicates the reliability of the simple absorp-
tion detector and yields for its sensitivity n = 1.3% for
the gold surface used here. The small deviation in the
values at some energies, however, is probably due to
the sensitivity of P, on the scattering and azimuth
angles, which might be slightly different in the two in-
dependent experiments.

Fig. 3 illustrates results of measurements for both
components of the polarization vector, P, and P,, for
E =100 eV obtained from Au (110), as a function of
the azimuth alignment ¢, ¢ is the angle between the
mirror symmetry planes of the fcc bulk and the trace
of the scattering plane in the surface. The scattering
angle is @ = 140°. Also shown (top) is the intensity
distribution of the OO reflex. The intensity is given
in terms of the primary current incident on the gold
crystal, without corrections for the transmission func-
tion of the energy analyzer. The horizontal dimensions
of the data points are due to uncertainties in the '
azimuth setting (#2°) and the vertical ones present
the statistical and instrumental errors in polarization
measurements. Solid lines are drawn through the ex-
perimental points as an eye guide. Such rotation dia-
grams are generally preferred to P(@) or P(E) profiles
because P(¢) displays the crystal symmetry [11]. For
a primary electron beam with the wave vector &
there are many multiple scattering events which lead
to k. Each partial scattering process occurs with a fi-
nite probability and with its own spin state. The dif-
fracted electrons then are a coherent superposition of
these partial multiple scattering processes resulting in
a spin polarization vector observable in the experi-
ment. The component P, normal to the scattering
plane is invariant under reflection of the scattering
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Fig. 3. The intensity 7, the normal component 7y, and the in-
plane component P, for the 0O LEED beam from Au (110)
asa function of the azimuth angle ¢. The scattering angle (6
= 140° £ 1°) as well as the scattering energy (' = 100 + 1 eV)
are constant. The error bars give the uncertainty in the mea-
surement of polarization and in the determination of ¢. Un-
fortunately, the azimuth interval is limited by the crystal
manipulator.

event at a symmetry plane of the crystal where the
components in the scattering plane change sign under
reflection [4,5]. Therefore, the components of the
polarization vector in the scattering plane, P, and P,
must be zero if the scattering plane containing the
surface normal coincides with a mirror plane of the
crystal. This is a direct consequence of the conserva-
tion of parity under reflection. Only for these spe-
cial cases, the normal component P, carries the full
information about the electron spin polarization.
Whenever P, or Py occurs, then partial multiple scat-
tering events asymmetric to the scattering plane play
an important role. Throughout the spectrum, P, dis-
plays negative values, whereas P, shows an interesting
behavior. It is zero for ¢ = 0° and ¢ = 90°. In the first
orientation the (001) plane of the crystal, containing
the close packed chains, coincides with the scattering
plane, and in the second case, it is the (110) mirror
plane of the bulk. For other azimuth orientations of
the crystal, P, has positive and negative values. It
even assumes much larger values than the normal
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component P, , as seen in fig. 3. It is interesting

that at ¢ = 10° a maximum of the LEED intensity
coincides with a maximum of P, . For electron—atom
scattering maxima in P appear near the intensity min-
ima {2]. Such a diffraction condition [E =100 eV,

0 = 140°, and ¢ = 10° for the OO beam from Au
(110)] is well suited for a polarization detector based
on LEED [1], where I/ is larger than 4.4 X 10~4
and |4| = |P| = (P2 + PD)V2 =0.51.

We have presented the first measurements of the
in-plane component of the transversal electron spin
polarization vector produced in LEED at Au (110),
measured with a new absorption detector. The results
are in accordance with the symmetry properties of
the fcc lattice of Au and show interesting multiple
scattering properties asymmetrical to and away from
the scattering plane.

The detector for electron spin polarization used in
this work, is simpler and more compact than the con-
ventional detection systems [2]. It operates at low
electron energies and is compatible with ultra-high-
vacuum conditions pertinent to surface spectro-
scopies. Its marked advantage is the easy access to
both components of the spin polarization vector, as
demonstrated in the present work.
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interest in this work and the Schweizerische National-
fonds for financial support.
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