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Among existing spectroscopic techniques, electron inelastic scattering experiments are unique in their ability to measure
intrinsic properties of matter, such as generalized oscillator strength and electron momentum distribution of individual
molecular orbital. Thus, an introduction of time-resolved technique into electron inelastic scattering experiments is
expected to create a new field of molecular science based on different physical properties to those obtained with photonic
experiments. This study aimed at developing an ultrashort pulsed electron gun which is capable of time-resolving
fundamental chemical processes of isolated molecules with a sufficiently small broadening of the electron’s Kinetic energy
distribution. The electron gun to be developed was based on a femtosecond laser-activated photocathode-type pulsed
electron gun which is used in the field of ultrafast electron diffraction.

Since space charge effects (Coulomb repulsion) act to broaden the electron pulse as it propagates, the key elements of
the design are the high extraction field in the photocathode-to-anode region (~ 10 kV/mm) and the short path length from
photocathode to sample. In this study, to prevent discharges, well-rounded photocathode holder was treated with
electrolytic polishing and the path length was designed to be as short as possible (~ 90 mm). Electron pulses were
generated by irradiating a silver film on sapphire substrate by 266-nm femtosecond laser. It was confirmed with a channel
electron multiplier that the pulse duration was less than 10 ns at the extraction voltage of 300 V. In parallel, we have been
developing a time-resolved electron momentum spectrometer in order to apply the developed electron gun to the electron
inelastic scattering experiment. In addition, a simulation software has been developed to estimate pulse duration and
energy broadening under the influence of space-charge effects.




