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In low-energyelectron diffraction from Pt(111),the longitudinal compo-
nent of thespin polarizationvectorandits transversecomponentnormal
to the scatteringplaneweremeasuredby a Mott detectorand foundto
agreeverywell with correspondingtheoreticalresults.Rotationdiagrams
of the longitudinaland transversecomponentsexhibitonly a three-fold
symmetryin contrastto the six-fold symmetry,which time reversalinvari-
ancedictatesfor intensities.

IN ELASTIC electron-atomscatteringwith an high-precisiontwo-axis manipulatorfor the Pt(l 11)
unpolarizedincident beamof momentumk0,spin—orbit crystalallow to feedselecteddiffractedbeamsinto the
couplingleadsto spinpolarizationsuchthat for polarizationanalyzerbasedon Molt scatteringat
electronsof momentumk thepolarizationvectoris 120 keV [I). On its pathbetweenthe diffraction sys-
normal to the scatteringplanedefinedby k0 andk [11. ternand the Mott-detector,the diffractedbeamunder
In low-energyelectrondiffraction from crystalsurfaces considerationis deflectedelectrostaticallyby 90°about
of large.Zmaterialseffectsof spin polarizationnormal theaxis normal to the scatteringplane(k0,k). Since
to the scatteringplaneare well-established the deflectionleavesthe polarizationvectorP
experimentallyand theoretically121.Sofar, however, unchanged,the transversecomponentP~normal to
no experimentalverification is known for in-plane the scatteringplane(P~= P . n; n = k0 x k/1k0 x ki)
components,theexistenceof which waspredictedby remainstransversewith respectto thenew beam
theory [31asa consequenceof multiple scattering.We direction,while the initial longitudinal component
reporthere,for diffraction from Pt(l 11), the first P,~= P k/jkl becomestransverse(lying in thepaper
measurementsof a spin polarizationcomponentparallel plane,still normal to n).The scatteringchamberof the
to the scatteringplaneandcomparethem to correspond- Mott detectorcanbe rotatedaboutthe incomingbeam.
ing theoreticalresults.The presentspin polarization Settingthescatteringplaneof the Molt detector
versusazimuthalangleprofiles(rotationdiagrams) parallelto theoriginal scatteringplane(k0, k) one
further clarify a lackof rotationsymmetryindicated measuresP~.The componentI’,, is analysed,if the two
by earlier resultson the normal componentof polar- scatteringplanesare perpendicularto eachother.
ization,which were measuredfor a slightly different Numericalcalculationswere performedaccording
diffraction geometry[4], andprovideexperimental to a relativistic LEED theory [6) with modelassump-
verification of recentpredictionsbasedon symmetry lions asin a recentapplicationto P1(111) [4). The
arguments[5]. effectiveion-corepotentialcontainsanenergy-

Most of theexperimentalset-uphasbeen dependentlocal exchangecontribution,the inner poten-
describedpreviously [4]. The principleof measuring tial hasthe realandimaginaryparts12 and4eV, and
thelongitudinalspin polarizationis illustratedwith the thesurfacebarrieris exponentiallysmooth.In addition
aid of Fig. I. Themoveableelectrongun and the to thenormal componentP,~and thelongitudinal

____________ component~k, we havealsocalculatedthe secondin-
* Presentaddress:UniversitätLinz, Institut für Experi- planecomponentPe = P . e,wheree = k x n/k.

mentaiphysik,A-4045Linz-Auhof, Austria. Figure 2 showstypical calculateddiagramsfor the
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Since the existenceof mirror planesseparatedby 60°Fig. 2. Rotationdiagramsfor thespecularbeampolar-
izationcomponentslying in thescatteringplane.(a) anglesimplies three-foldrotation symmetryaboutthe
CalculatedlongitudinalcomponentPk(’p) for polar surfacenormal,we concludethat our rotation diagrams
angle0 = 43°,and electronenergyE = 60eV. (b) show thethree-foldsymmetryof the crystal.That the
MeasuredPh(Ip) for 0 = 43.5°±0.5°andE = 60 ±1 eV. symmetryis in fact nota higherone,is apparentfrom
Theerror barsgive thestatisticalerrordue to counting the discrepancybetweentheheightsof the peaksof
in the Molt detector.Additionalexperimentalerrors
are:Polarizationzero±1%, calibrationof polarization P~near ~= 80°and ~= 100°andthe behaviourof
±7% of givenvalues,linearity of azimuthalangle±1°. Ph in a wide angularrangearoundp = 80°and
(c) CalculatedPk(p) for 0 = 440 andE = 60eV. (d) = 100°.Also thereisno mirror or antimirrorsym.
Calculatedin-planecomponentP~(p)(perpendicularto metry with respectto ~p= 90°and p = 150°,which
k andn) for 0 = 44°andE = 60eV. shouldbe presentif therotation symmetryweresix-

fold.
componentsPh andP~of thepolarizationvectorand Our resultscontainvery interestinginformationon
themeasureddiagramfor the longitudinal component timereversaleffects.In analogyto the behaviourof
Ph. For thelatterwe note firstly the sizeablepeak LEED intensityrotation diagrams,which dueto the
values(up to 30%),secondlythe strongvariationsover reciprocity theoremhavehighersymmetrythanthe
smallangularrangesandthirdly the agreementbetween crystal [7], onecould naively expectsix-fold rotation
experimentandtheory. Similar propertiesare found symmetryalso for thepolarizationvectorP. Our finding
for thecorrespondingnormalspin polarizationP~, of only three-foldrotation symmetryis, however,con-
which is given in Fig. 3. We noticecorrelationsbetween sistentwith time reversalsymmetry,whichentails,for
the components:at anglesat whichP,, showssharp the specularbeamfrom a surfacewith three-foldsym-
peaks,alsoPh and Pc havepeaksor double-peakstruc- metry,six-fold symmetryonly for the total lengthP of
tures. the polarizationvector(thedegreeof polarization),but

notfor its individual components[5}.
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