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ABSTRACT

This study investigates the propagation characteristics of millimeter-wave vortex fields in the magnetized plasma using 3D Finite-

Difference Time-Domain (FDTD) method. The findings demonstrate that the hybrid mode of millimeter-wave vortex can propagate in high-

density plasma, where normal plane wave cannot propagate due to plasma cut-off condition [1-2]. Additionally, it was also found that the

propagation power in the magnetized plasma is highly dependent on the topological charge l [3]. To further explore the practical

implications, the paper also analyzes Laguerre-Gaussian (LG) beams incident from free space to magnetized plasma and then investigate the

dependence of topological charge on penetrated power without the waveguide boundaries. These findings provide a high potential for

functional plasma heating.
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Propagation of the millimeter wave vortex is evaluated by finite-

difference time-domain (FDTD) method. A LG-mode was introduced

from free space into the plasma, and its penetration properties were

analyzed for different topological charges. The simulations show that

the penetrated power strongly depends on the topological charge l.
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Propagation mode of millimeter-wave vortex 
LG mode in free space

Vortex propagation in cut-off plasma [1]
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𝑯𝑬𝒏𝒎 mode in corrugated waveguide

LG beams

l = 20 (hybrid mode) l = 20 (LG mode)

l = 0 (Gaussian beam) l = 1 (LG-mode) l = 5 (LG-mode)

l = 10 (LG-mode) l = 15 (LG-mode) l = 20 (LG-mode)
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