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Introduction

Spin polarized electrons exhibit quantum character in

a pure form: for a given direction in space, there are only

spin up and/or spin down electrons, nothing inbetween. This

is one of the puzzling foundations of quantum mechanics.

The availability of sources and detectors of spin polarized

electrons allows direct applications of this phenomenon as,

for instance, in the probing of Heisenberg's and Dirac's

famous exchange interaction.

The progress in spin polarized electron beam tech-

niques has been closely connected to the progress in sur-

face physics. It was only one year after the first true

photoelectron spectra of polycristalline Nickel had been

obtained (1) that the spin polarization (S.P.) of these

photoelectrons was discorvered (2). Several earlier

attempts to extract S.P. electrons from magnetic materials

had failed. With linearly polarized light, and with atomic-

ally flat and magnetically soft single crystalline sur-

faces, the photoelectron spin polarization (photo-ESP)

from Ni reached its ultimate threshold value of - 100% (3).

In the scattering of S.P.-electrons from solid sur-

faces, the development accelerated with the invention of

the GaAs-spin polarized electron source (4). It relies

largely on the sophisticated technique of producing GaAs-

surfaces with negative electron affinity. The source pro-

duces a spin modulated electron beam which makes possible

the detection of spin dependence in electron interactions

down to a level of, at present, one part in 105. The unique
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potential of this technique is by no means exhausted. The

development of simpler and more efficient, or more accura-

te detectors of spin polarization has also contributed to

a recent remarkable expansion of the field.

It was common belief in the thirties that the effects

of spin orbit coupling could be neglected with slow elec-

trons since this term decreases with v/c. Furthermore,

theoretical arguments seemed to show that the scattering

of electrons on the periodic potential of a crystal is in-

dependent of spin state even at high electron energies.

Both suggestions proved erroneous. Firstly, at energies

below a few keV, there are marked diffraction effects in

the scattering of electrons from an atom. At certain scat-

tering angles, the interference may be destructive for one

spin state but constructive for the other. This produces

large spin dependences despite a relatively small spin

orbit interaction. Secondly, if the periodic potential in

a solid is approximated by the long wavelength terms of

the Fourier expansion, one loses sight of exactly those

terms that produce spin orbit coupling, namely the terms

with a high gradient of the electric field. Such computa-

tional restrictions of course do not exist any more.

The exchange interaction, on the other hand, was be-

lieved to be difficult to observe with electron beam

techniques as it has been anticipated to decrease rapidly

with increasing electron energy. The notable exception was

Miller scattering in which spin polarized electrons from

the B - decay of a nucleus are scattered on magnetized

iron. However, the spin asymmetry is small because the

scattering occurs on all the 26 electrons of the Fe-atom

of which only 2 are spin polarized, yielding an average

electron spin polarization in the Fe-target of 8% only.

However, with present day electron spectroscopies, one has

angle and energy resolution, and one can tune in to spe-
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cific and sometimes resonant excitations. This technical

progress and the much improved spin sensitivity achievable

with spin modulated electron beam sources makes the ef-

fects of exchange readily accessible to experimental in-

vestigation over a large range of energies. Furthermore,

conservation of electron spin polarization in optical ex-

citations establishes spectroscopy of photoemitted elec-

trons as an ideal tool to study the effects of exchange

and spin orbit interactions on the electron states within

the solid and/or at the surface.

Survey of recent results

In the field of Itinerant magnetism, the exchange

splitting between spin up and spin down sub bands has been

determined by spin polarized photoemission (5). The role

of many body effects in modifying the one particle band

structure of Nickel is quantitatively ascertained (6).

Scattering of spin polarized electron beams on well de-

fined surfaces permits accurate observation of the surface

layer magnetization and its temperature dependence (7,8).

In systems with localized magnetic moments, spin po-

larized photoemission detects the multiplets generated by

the magnetic levels even in very complex cases. It is a

differential technique in which the multiplets of one mag-

netic ion in two different lattice sites can be compared

with high precision (9). Spin polarized photoemission is

also unique as it allows one to measure the magnetization

of states of p-, d-, or f-parentage separately, due to the

characteristic photon energy dependence of the emission

intensity, even if these states are degenerate in energy

(10).

Nonmagnetic solids may emit spin polarized electrons

if irradiated with circularly polarized light. Transitions

from spin orbit split initial state bands to a single
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final state band produce opposite S.P. of the photoelec-

trons. Hence , spin orbit splittings may be determined

even in cases where conventional spectroscopy is no longer

able to resolve the transitions due to inherent broadening

effects. An additional unique feature of this application

is that it provides direct information on the hybridiza-

tion of electronic bands. In most cases, it is directly

evident from the sign of the observed spin polarization

which subband is admixed (11). The spin polarization ob-

tained in photoemission with circularly polarized light is

a consequence of symmetry, independent of all the hazard-

ous assumptions entering the determination of the elec-

tronic band structure. Exciting prospects for this tech-

nique arise therefore in the study of lattice disorder

(12).

The elastic scattering of electrons from solid sur-

faces is spin dependent as a result of spin-orbit-coupling

and/or the exchange interaction in the case of magnetical-

ly ordered solids. The effects of spin orbit coupling can

be very large with surfaces containing heavy atoms such

as H or Au, however, with lighter atoms, e.g. Ni, it is

also readily observed (13). The accuracy with which sur-

face structure parameters can be determined is greatly

improved if the spin polarization produced by spin orbit

coupling is taken into account. To fully exploit SPLEED

(spin polarized low energy electron diffraction) for sur-

face structure analysis; one makes use of the properties

of the axial spin polarization or asymmetry vector under

symmetry operations such as rotation, reflection, and time

reversal (14) . The spin dependence of elastic electron

scattering from magnetized surfaces is of the order of

10 only; yet this can easily be measured by using the

spin modulated beam from a GaAs source (15). This techni-

que yields detailed determination of magnetic surface
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structures, in analogy to the use of neutrons for meas-

uring bulk magnetic structures (16,17).

Inelastic scattering of electrons from a solid sur-

face is also spin dependent, no matter whether the surface

is magnetic or not (18,19). The measurement of the spin

polarization of secondary electrons produced in an elec-

tron-electron collision allows one to directly probe the

screened electron-electron interaction in solids, via the

transfer of spin polarization by the quantum mechanical

exchange of electrons in the collision (20). Ultimately

one may obtain the singlet and triplet scattering amplitu-

des separately. Electrons produced in the decay of a spin

polarized core hole via Auger transitions show spin pola-

rization carrying important information on the detailed

mechanism of decay and/or on magnetism in alloys (21).

Magnetism at the surface is the finest sensor of the

chemical state. The various spin polarized electron beam

techniques promise to become a practical tool in surface

magne tochemi s t-.r v as, e.g., in the study of segregation and

oxidation, and in distinguishing adsorbates with a para-

magnetic moment from the diamagnetic ones. Chemicals can

induce ferromagnetism at a metallic surface depending on

their specific position above or below the first layer

(22), or they can demagnetize a previously magnetic sur-

face.

Surface magnetization curves are obtained with the

external magnetic field applied parallel or perpendicular

to the surface. The latter enables one to study even very

hard magnetic materials, and to force antiferromagnetic

and paramagnetic moments into the field direction. Surface

magnetization curves respond, for example, to minute

structural changes in the surface not detectable by any

other technique. Magnetic domains can bertviewed with un-

precedented resolution. For instance, a primary unpolarized
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electron beam may be focused into a spot of 100 X, and the

very high spin polarization of the emerging low energy

cascade electrons may be employed to determine the magnet-

ization direction.
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