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[Abstract] Electron spectroscopy combined with a scattering experiment offers a powerful
means to study spatial characteristics of a one-electron wavefunction in molecules or in
continuum states. Here we review recent developments in such multi-dimensional electron
spectroscopy studies which utilize atomic, photonic, and electronic collisions. In addition, we
also review our recent efforts towards development of time-resolved electron momentum
spectroscopy that employs femtosecond laser and picosecond electron pulses in a pump-probe
scheme. In spite of the low data statistics as well as of the limited experimental resolutions, it
has been clearly demonstrated that measurements of electron momentum profiles of
short-lived transient species are feasible, opening the door to time-resolved orbital imaging in
momentum space.
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Fig. 1. (a) Electron density contour maps of the N, MOs. Experimentally optimized MOs (PI-MOs) and
theoretical Hartree-Fock orbitals are shown. (b) Bird’s eye view of the total wavefield of the core-level
photoelectron emitted from an oriented H,O molecule. The red and blue curves are experimentally-
determined wave fronts of the primary O s and scattered photoelectron waves, respectively. (c) Comparison
of experimental and analytical interference factors for momentum density oscillation of H, 1o, orbital.
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