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Abstract:
Angle-resolved photoemission spectroscopy is a relatively new, powerful technique for studying the
electronic properties of solids. Measuring the direction as well as the energy of photoemitted electrons
provides both energy and wavevector information about the electronic states of the material. To
achieve this capability, a cylindrical mirror electron energy analyzer was modified to permit collection
of photoemission spectra with 4° angular resolution. Since the parallel component of the electron's
momentum(Formula not captured by OCR)is conserved upon leaving the sample, surface band
structure information was directly accessible. Observed bulk transitions were limited by the technique
to those which occur only along certain lines in (Formula not captured by OCR)-space. Three methods
of photoemission spectroscopy were employed; angle-resolved electron energy distribution curves
(EDO's), angle-resolved constant final energy spectra (CFS's), and angle-resolved constant initial
energy spectra (CIS's).

Angle-resolved photoemission from the (110) face ofGallium Arsenide was studied using synchrotron
radiation. The 4° resolution, in conjunction with the wide photon energy continuum of synchrotron
radiation (hv < 30 eV), permitted the gathering of considerable dispersion information about the
electronic states of the material, both at the surface and in the bulk. Two occupied surface states were
identified and portions of their band structure mapped out. The observed states, centered at ~-I eV and
a, ~-6 eV measured from the valence band maximum, have been predicted in several theoretical
calculations, but have not been observed previously in experiment due to their degeneracy with bulk
valence bands. Observations of bulk transitions concentrated on emission normal to the surface, for
which the transitions occur primarily along the ς symmetry line in the bulk Brillouin zone. Data was
collected for several different orientations of the electric polarization vector ε relative to the crystal
symmetries. A simple, direct-transition model proved sufficient to explain much of the phenomena,
including the identification of several bulk energy band critical points. 
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