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THz-wave-driven production of narrow-energy ultrashort electron beams
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Pulsed electron beams usually have an energy-distribution width which is much wider than that required for their
temporal durations. The wide energy spread prevents the application to high-resolution electron energy loss spectroscopy.
The flux of pulsed electron beams is usually very small. Therefore, the use of conventional electron-beam monochromator
with a slit causing a large loss of current is not practical. In this work, we proposed and aimed at developing a novel
scheme for achieving monochromatic pulsed electron beams. Our scheme involves a THz field which provides time-
dependent velocity modulation to electrons and monochromatize them when the electron pulse is injected at the right time.
To demonstrate the scheme, we designed and developed a magnetic-field-type electron energy analyzer giving a high
energy resolution of less than a few hundreds of milli-electron-volts. In addition, we developed an optical system for
producing and detecting the THz field. Successful demonstration of the new monochromatization scheme will pave the

way for spectroscopic observation of ultrafast lattice/vibrational dynamics in an electron microscope.
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Fig 1. Simulated resolution of the electron energy
spectrometer developed in this work. Left axis:
FWHM resolution in eV. Right axis: resolution
normalized by electron’s kinetic energy.
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