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Research progress of free-electron radiation based on metamaterials
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Abstract: Various types of electromagnetic radiation can be stimulated by free electrons interact with the local electro-

magnetic environment. Metamaterial is a kind of artificial material, which can achieve unique characteristics that natu-

ral material cannot realize. Based on the interaction between the metamaterial and free electron, the radiation character-

istics can be flexibly manipulated such as polarization, phase and wavefront, and so on. The related study provides a

novel platform for developing novel free-electron radiation devices. This paper briefly introduces the physical mecha-

nism of Cherenkov radiation and Smith-Purcell radiation. Then, the state-of-art of free-electron radiation in metamateri-

als is introduced. Finally, an outlook of potential research directions for this vigorous realm is provided.
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Fig. 2

citation of the free electron, (c) physical diagram of stimulating CR in multi-layers grapheme, (d) in-plane CR in the grapheme,

(a) Schematic model of light generation in a nanoscale hole, (b) light CR generation in Ag-dielectric structure with the ex-

(e) terahertz radiation generation based on the beam-wave interaction in the periodic graphene ribbons, (f) CR in metallic grating
metamaterials, (g) super-radiation in a two-section structure. The DC electron beam is converted into electron bunches in cavity 1,
and then stimulates the super-radiant radiation in cavity 2, (h) generation of CR lasing in Fano grating. The CR is transformed into
a spatial beam via Brillouin zone folding effect, (i) CR based on BIC in the dielectric grating. The resonance curve with different

structural parameters. Inset: the resonant electric field distribution
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Fig. 3

of RCR verification proposed by Duan Zhaoyun et al. (c¢) the schematic diagram of CR in plasmonic materials. CR is excited

(a) Left: the schematic model of RCR. Right: experimental setup based on dipole antenna array, (b) experimental setup

while the electron moves through the waveguide gap, (d) high-power RCR radiation source for particle acceleration, (e) the sche-

matic model of backward wave oscillator based on RCR effect
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(a) Manipulation polarization of SPR based on Babinet metasurface, (b) experimental setup of manipulation of SPR, and

the electric distribution of focusing beam, (c¢) control the angle of SPR by metasurface, (d) dual focal points focusing based on the

graphene metasurface, (e) generation of vortex beam based on SPR effect in a helical wire, (f) vortex beam generation based on

SPR from a helical grating, (g) generating vortex beam based on the super-SPR effect in a two-section grating
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