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Unipolar pulses of electromagnetic radiation — the waves with practically constant electric field — were
suggested by Bessonov in 1981 [1], and called “strange waves” even by the author. These are the cut-off parts of a
sine wave of radiation, when Idt-E(t)# 0.Today the formation of unipolar pulses [2, 3]1and their possible applications
for acceleration of charged particles [4] are being intensively investigated.

In this report, we consider the laser pulse pursuing an escaping electron: in that case the interaction time of the
electron with the radiation increases in 7> times, with » being the Lorentz factor. The numerical estimation on the
base of the theory developed shows that the acceleration rate for a pulse duration T, =10"*s and strength
E,=5-10°V/cm is 58.7 MeV /cm , which is very large: say, it exceeds a hundred times the acceleration rate at the
most modern classical accelerators/colliders. We also calculate the characteristics of radiation of a relativistic
electron in the field of a unipolar pulse and show that the radiation is narrowly directional with a characteristic set
of frequencies determined by the pulse duration.
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For almost 20 years, users from various fields of science have been conducting fundamental research at the
unique facility Novosibirsk Free Electron Laser (NovoFEL) of the Siberian synchrotron and terahertz radiation
research center.

The combination of unique characteristics of NovoFEL radiation [1], as high spectral power, monochromaticity,
wavelength tunability in a wide wavelength range (8-400 um), spatial and temporal coherence, enable to solve the
scientific problems that are inaccessible when using conventional terahertz sources [2].

Among the ongoing work at the NovoFEL, several main streams of research can be stand out (Fig. 1): THz
photonics and plasmonics, materials science, THz acousto-optics, ultrafast time-resolved spectroscopy of
molecules, optical discharge in gases, THz EPR spectroscopy of molecular magnets and paramagnetic compounds,
studies the affect of THz radiation on biological objects.

The most significant results of researches achieved at the Novosibirsk radiation source in recent years will be
presented.
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