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Abstract- A free-electron-driven orbital angular momentum 
(OAM) emitter is introduced in this paper. When the free electron 
passes over the cylindrical grating, the spoof surface plasmon (SSP) 
is stimulated in this system. With loading a helical wire which 
induces a gradient azimuthal phase distribution the in this system, 
the SSP mode will be converted into the spatial OAM radiation. 
The operating frequency of the OAM mode can be tuned by the 
electron beam energy of the surface plasmon. Compared with the 
Smith-Purcell radiation from the helical grating, the field intensity 
is enhanced by about 50 times. This method provides an efficient 
way to generate the OAM mode, and may find applications in the 
communication system.  

I. INTRODUCTION 

Angular momentum including spin angular momentum (SAM) 
and orbital angular momentum (OAM) has intrigued long-held 
interest in physical fields. SAM is related to the polarization of 
light and was experimentally verified in the 1930s [1]. Unlike 
SAM, the light carrying with the OAM is associated with beam 
vorticity and phase singularity, and was investigated in the 
1990s [2-3]. Since then, OAM modes have been studied, and 
find many applications in various fields such as optical 
microscopy, micromanipulation, super-resolution imaging, 
communication system and so forth [4-5]. Owing to various 
applications, the approaches to generate EM waves carrying 
OAMs become a focused research. Up to now, there have been 
several ways to generate OAM mode. Initially, the spiral phase 
plate that can provide helical phase compensation to convert a 
Gaussian beam into an OAM mode was proposed. Similarly, the 
hologram plane capable of achieving the helical phase 
distribution and producing the OAM mode has also been 

proposed [6]. Besides, the metasurface, spoof surface plasmon 
(SSP) and antenna array can also be used to achieve the OAM 
mode [7-9].  

However, despite many advanced progresses have been 
achieved, there are still some obstacles to be overcome. For 
instance, the radiation direction of the OAM mode cannot be 
manipulated. Encouragingly, the OAM mode can be 
implemented with the excitation of the free electron, which 
provides an efficient way to tailor the radiation direction of the 
OAM mode. Previous studies have shown that Smith-Purcell 
radiation is a promising way to achieve the OAM mode, and the 
radiation direction can be tuned by the energy of the free 
electron [10]. However, the radiation intensity is still weak. In 
the paper, the free-electron-driven OAM emitter based on the 
SSP is proposed. When the swift free electron flies through the 
cylindrical grating, the SSP mode is excited and converted into 
the radiation in the free space via the helical wire, which carries 
the OAM mode. The radiation is related to the period of the 
helical wire and the energy of the free electron. Compared with 
the conventional Smith-Purcell radiation form the helical 
grating, the radiation is enhanced about 50 times. This method 
can be utilized to generate the OAM mode in the terahertz (THz) 
band. 

II. ANALYSIS AND RESULTS 

A. Model Presentation and Dispersion Analysis 
The structure of the free-electron-driven OAM generator is 

shown in Fig. 1, which composes of a cylindrical grating and a 
helical grating. The period, width and radius of the cylindrical 



grating are d = 0.1 mm, a = 0.05 mm and 𝑅1 = 0.2 mm, 𝑅2 = 
0.5 mm. respectively. The period of the helical wire is p = 0.8 
mm, and the radius of the wire is R = 0.1 mm. The free electron 
bunch flies over the gap to excite the coherent THz radiation. 

 
Fig. 1 The schematic model of the free-electron-driven OAM emitter. The 
system consists a cylindrical grating and a helical wire, and the free electron 
bunch flies through the gap between the grating and helical wire to excite the 
free THz radiation. 

To investigate the physical mechanism about this system, the 
dispersion relation is analyzed firstly. As the metal behaves like 
a perfect electric conductor (PEC) in the THz range, the 
dispersion equation is derived according to the mode-matching 
method as Eq. (1). 
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where, the 𝛽𝑛 = 𝛽0 + 2𝑛𝜋/𝑑 is the longitudinal wave vector 
of n-th harmonic wave, 𝑘𝑟𝑛 = √k0
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the light speed in free space. Besides, the dispersion characters 
of the free electron beam are illustrated in Eq. (2)(3). 
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Fig. 2 The Brillouin diagram of the system. The dispersion curve of the 
cylindrical grating is marked in red, and the dispersion curve of the free electron 
is marked in blue. 

 
Fig. 3 Simulation results. The frequency spectrum probed at the far field. Inset: 
the transversal and longitudinal electric field profile at the radiation frequency  

When the free electron beam passes over the cylindrical 
grating, the SSP mode can be excited. The radiation frequency 
is determined by the frequency of interaction point between the 
free electron and the dispersion curve, which is marked in Fig. 
2. The helical wire induces a helical phase distribution in the 
transversal direction and converts the SSP mode into the OAM 
mode in free space. Besides, with the structural parameters 
remaining unchanged, the radiation frequency can be tuned by 
the electron beam voltage. The theoretical analysis is verified 
using the particle-in-cell (PIC) solver in the commercial 
software CST particle studio [11], and the simulation results are 
shown in Fig. 3. The frequency spectrum is probed in the far 
field and there is an obvious frequency peak at f = 0.198 THz, 
which agrees with the theoretical analysis. The corresponding 
electric field contour is depicted in the inset of Fig. 3, and the 
radiation angle is 70°, which is well agreed with the Smith-
Purcell radiation (SPR) dispersion relation. 
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where λ is the radiation wavelength, 𝜃 is the radiation angle with 
respect to the propagation direction of the electron bunch, p is 
the diffraction period, and the integer n is the order of diffraction, 
𝑣𝑒 is the velocity of the free electron. In the system presented in 
this paper, 𝑛=−1. 

Besides, the Smith-Purcell radiation with the helical wire is 
also shown in Fig. 3. The parameters remain unchanged. The 
lowest SPR frequency band based on the rod array ranges from 
0.11 THz to 0.26 THz, and the maximum field intensity of the 
SPR is about 0.02 in this frequency range. Compared with the 
ordinary SPR, the coherent THz radiation shows an 
enhancement more than 50 times, which implies that the 
radiation is promising for developing a compact and efficient 
radiation source.  

III. CONCLUSION 

A free-electron-driven OAM emitter is demonstrated in this 
paper. This emitter is consisted of a cylindrical grating and 
helical wire. The SSP on the cylindrical grating is excited by the 
free electron and transformed into the spatial OAM mode by the 



helical wire. The radiation frequency and radiation direction are 
tuned by the energy of free electron beam. Besides, the field 
intensity is about 50 times than that of ordinary SPR from the 
helical wire. The mechanism illustrated in this paper may open 
new avenues for generating OAM mode in the THz range.  
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