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Study on the dispersion relations of a relativistic annular electron
beam guided by a finite axial magnetic field
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( Terahertz Research Center, College of Physical Electronics, University of Electronic Science and Technology of China, Chengdu 610054, China)
(Received 31 May 2009 ; revised manuscript received 8 April 2010)

Abstract

The relativistic annular electron beam guided by a finite axial magnetic field is studied in this paper, in which the
electron beam is considered as a special media. Making use of the constitutive transformation and the Lorentz
transformation in the four-dimensional space, the permittivity tensor of the stationary magnetized plasma, the permittivity
tensor, the permeability tensor and the chiral tensor of the electron beam in the rest (laboratory) frame are acquired. And
the boundary conditions, including the surface current density due to the ripple of the beam, have been obtained. As an
example of the applications of this approach, the dispersion relations of a relativistic annular electron beam guided by a
finite axial magnetic field in a waveguide has been studied. The results of numerical calculation show that the present
approach is more accurate and can provide clearer mode information for the electron beam. In addition, the results also
show the axial magnetic field can affect the dispersion curves of space charge wave via the surface current density of an
electron beam. Thus this approach can be exploited in a number of electron beam-wave interaction systems, including

some kinds of free electron devices, plasma filled Cherenkov radiated free electron lasers and masers.

Keywords: relativistic annular electron beam, magnetized plasma, dispersion relations
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