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Study of Coherent High-Power Electromagnetic Wave Generation Based on
Cherenkov Radiation Using Plasma Wakefield Accelerator
with Relativistic Electron Beam in Vacuum
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Abstract

As the operating frequency of an electromagnetic wave increases, the maximum output and wavelength of the wave decreases, so
that the size of the circuit cannot be reduced. As a result, the fabrication of a circuit with high power (of the order of or greater than
kW range) and terahertz wave frequency band is limited, due to the problem of circuit size, to the order of pum to mm. In order to
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overcome these limitations, we propose a source design technique for 0.1 THz~0.3 GW level with cylindrical shape (diameter ~2.4

cm). Modeling and computational simulations were performed to optimize the design of the high-power electromagnetic sources based

on Cherenkov radiation generation technology using the principle of plasma wakefield acceleration with ponderomotive force and

artificial dielectrics. An effective design guideline has been proposed to facilitate the fabrication of high-power terahertz wave vacuum

devices of large diameter that are less restricted in circuit size through objective verification.
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Fig. 1. High power electromagnetic circuit on the basis of
dielectric wake-field accelerator.
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Table 1. Comparison of specifications of high-power THz

device based on the wake-field acceleration.

EE L Ao =4 i
Fondamental mode, 0367 The, Mode competition Ref.
solid e-beam 150 kW, 60 ps (1]
Fundamental mode, | 7.8 GHz, 14.1 GHz, Tunable Ref.
solid e-beam 16 MeV/m 2]
Fundamental mode, | 0.17 THz, 0.5 THz,| Slab-symmetric, | Ref.
sheet e-beam |0.843 THz, 60 MeV | mode competition | [3]
Fundamental mode, | 0.422 THz, 1.27 Mode competition Ref.
solid e-beam |THz, 1.347 GeV/m [4]
Oversized mode, |0.1 THz, 0.3 GW, | D/ 1=8, overmoded | =
annular e-beam |20 ns, 3.2 GeV/m | w/o mode competition | <
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