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When total reflection occurs for fast positrons at crystal surfaces, the positron beam penetrates less than
0.Inm into the crystal. Therefore, using total reflection positron diffraction we can measure surface
structures and properties of the topmost crystal surfaces without bulk effects. Using this method, surface
structures, adsorbed structures and surface vibration amplitudes are found for crystal surfaces. The

fundamental properties of fast positron beams are described in this lecture.
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Fig. 1 Schematic diagrams of crystal potentials and kinetic
energies; (a) for electrons; (b) for positrons. Ej is the kinetic
energy of incident particles, ¥, mean inner potential, and E’s
are mean kinetic energies in the crystal.
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Fig. 2 Glancing angle dependences of penetration depth of
evanescent waves for a 10 keV positron beam in a silicon
substrate with mean inner potential of 12 V. Curve (a) for no
absorption of positron beams and curve (b) for mean imaginary
potential (absorption potential) of 1.5 V.
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Fig. 3 Reflectivity of 10 keV positrons and electrons for a
silicon substrate with mean inner potential of 12 V. Curve (a)
for positrons and curve (b) for electrons.
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Fig. 4 A schematic diagram of mean inner potentials for
adsorbed and bulk layers. Arrows indicate incident and
reflection beams for (a); £ < eV, and (b); eVp <E  <elp.
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Fig. 5 Rocking curves of Reflection High-Energy Positron
Diffraction (RHEPD) intensity from the hydrogen adsorbed
Si(111)(*“1x1”)-H surface. The plotted curve is an experimental
curve for 15 keV positrons. Curves (a) to (d) are calculated by
the RHEPD dynamical theory for the structural models (a) to
(d) shown in the right hand side of the figure, respectively. The
long perpendicular break line shows the critical angle of the
total reflection. Short break lines show dip positions of the
intensity in the total reflection region.

specimen

Fig. 6 A positron beam irradiates a finite surface aria /.
Intensities of diffraction beams are multiplied by /sin®.
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