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Fig. 1. Geometric model for scattering of the target illumin-

ated by the Bessel vortex beam.
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ent field: (a), (d) Ad=1X; (b), (e) Ad=2X; (c), (f) Ad=4X\; (g) OAM spectra at Ad = 1\, 2X, 4X; (h) schematic for target

scattering geometry.
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Abstract

Bessel vortex beam, as a typical vortex beam, has the characteristics of carrying orbital angular momentum
(OAM), no diffraction, and self-reconstruction, which makes it more competitive than plane wave in the field of
future vortex beam target detection and imaging. In order to study the near-field electromagnetic scattering of a
vortex beam by a metal target, the expression of the near-scattering field of Bessel vortex beam incident on any
metal target is obtained by using the physical optics method, triangular surface element modeling, and the
plane wave angular spectrum expansion method of vector Bessel vortex beam. The correctness of the proposed
method is verified by comparing with the simulation results of FEKO software. The amplitude distribution and
phase distribution of electric field, the OAM spectrum distribution and radar cross section (RCS) of the near-
scattering field of the Bessel vortex beam incident on the simple target and the combined target are calculated.
The effects of beam parameters, receiving distance, target shape and the positions of beam transmitting and
receiving surfaces on near-field scattering results are numerically calculated. In addition, the distributions of
near-field OAM spectra under different conditions and the near-field RCS distributions of different targets are
given. The numerical results show that the near-field results of Bessel vortex beam incident on metal targets are
related to the beam parameters, and conform to the law of Bessel beam changing with parameters. The near-
field electric amplitude distribution is affected by the distance between the receiving surface and the target, but
the phase distribution is hardly affected. The near-field scattering results reflect the changes of target shape.
Under normal incidence, when the target is regular and symmetrical, the amplitude distribution and phase
distribution are relatively regular, and the main mode is dominant. When the beam is obliquely incident on or
does not fully illuminate the target, the amplitude distribution and phase distribution change, which will lead
the derived mode to increase. In particular, when the target and the receiving surface both deviate from the
incident beam, the OAM disturbance is the most severe. In the near-field RCS distribution, the RCS
distributions of different targets are obviously different, and the results of F plane and H plane are also
different. It can be seen from the numerical calculation results that the near-field scattering of Bessel vortex
beam by a metal target contains a variety of information. The application of vortex electromagnetic wave will
help improve the information acquisition of electromagnetic wave and target detection capability. The results in
this work can provide a reference for target imaging and vortex radar detection.

Keywords: near-field scattering, plane wave angular spectrum theory, vortex beam, orbital angular

momentum
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