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Generation of powerful Subnanosecond Microwave Pulses in Ka-Band Relativistic BWO
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This report presents the results of investigations of the mode of non-steady-state oscillations with a subnanosecond-width power burst which is characteristic of the initial stage of the transient process in a backward wave oscillator (BWO) when the beam operating current is far in excess of the starting current. The formerly investigated relativistic BWO's were based on a conventional scheme where the reflection of the radiation on the cathode side was provided by a circular cutoff waveguide section placed at the inlet of a corrugated slowdown system (SS). We investigated Ka-band BWO with an SS of increased cross section and with a band-pass reflector for extraction of radiation and selective excitation of the oscillator in the fundamental TM mode at a frequency of 38 GHz.

In the full scale PIC-simulations of the microwave oscillator (code KARAT), a self-consistent model of an electron injector was used. These simulations have yielded the conditions under which the efficiency of the power transfer from an e-beam with a particle energy of 300 keV, a current of 2 kA, and a duration of 1 ns into a microwave pulse containing 8-10 high-frequency field periods approaches 85%  for a strong guiding magnetic field (BZ ~ 5,5 T) and about 65 % for BZ ~ 2 T. In both cases the simulation has shown that the energy of the subnanosecond microwave peak reaches 120-140 mJ. This corresponds to ~15-20 % efficiency of conversion of the beam energy into pulsed microwaves.

The experiments were performed with the use of high-current subnanosecond electron accelerator RADAN-303BP and demonstrated that the production of microwave pulses with a duration of 200-250 ps, a power of up to ~400 MW, and a central frequency of about 38 GHz is feasible.
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