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Preliminary design of reverse permanent magnet guidance system
for E-type waveguide oscillator

Zeng Caiping,  Xue Yuzhe, Du Chuangzhou, YinLei, XuChe, Liu Qingxiang
(School of Physics Science and Technology, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: The theoretical analysis and simulation on the permanent magnet guidance system of the E-type
waveguide oscillator are developed. Firstly, the theoretical analysis of the modified paraxial ray equation, the
minimum magnetic field under relativistic conditions and the transmission conditions of an intense relativistic electron
beam in ideal reverse guidance magnetic field are presented. Then the reverse permanent magnet guidance system is
designed according to the structure characteristics of the high-frequency interaction zone of the C-band E-type
waveguide oscillator, and the expression of each magnetic field component is given. The reverse permanent magnet
guidance system produces reverse guidance magnetic field by combining axial and radial magnetized cylindrical
permanent magnets, and the total weight of the magnets is about 2.5 kg. The transmission characteristics of the intense
relativistic electron beam in the guiding magnetic field are shown. The annular intense relativistic electron beam is
produced by an explosive emission cathode. The results show that the designed reverse permanent magnet guidance
system can guide the annular electron beam, with voltage of 400 kV, current of 580 A, to pass through the drift tube
with a radius of 6mm. In addition, the E-type waveguide oscillator can stably generate 4.8 GHz microwave with power
of 112.5 MW and efficiency of 48.49%, and the technical possibility of the reverse permanent magnet guidance system
applied to the E-type waveguide oscillator is determined.
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Fig. 1 Schematic of high frequency interaction region of the oscillator Fig. 2 Partial schematic of the E-type waveguide oscillator
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Table 1 Design parameters of the E-type waveguide oscillator

beam voltage/ beam current/ inner radius of outer radius of beam thickness/ minimum magnetic
kV A drifting-tube/mm cathode/mm mm field/T
400 580 6 3 1 0.16
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Table 2 Design parameters of the reverse permanent magnet guidance system

No. Zpmin/MM Zpmax/MM Pinin/MMm Finax/ MM
permanent magnet 1 —184 —146 7 34
permanent magnet 2 —164 —-151 7 16
permanent magnet 3 -96 -84 19 38
permanent magnet 4 -95 =90 12 19
permanent magnet 5 -90 -85 12 19
permanent magnet 6 —44 -28 18 38
permanent magnet 7 —41 -36 11 18
permanent magnet 8 -36 =31 11 18
permanent magnet 9 -13 22 30 38
permanent magnet 10 37 53 19 38
permanent magnet 11 40 45 12 19
permanent magnet 12 45 50 12 19
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Fig. 5 Trajectory of electron beam in reverse permanent magnet guidance system
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Fig. 6 Transmission characteristics of electron beam in reverse permanent magnet guidance system
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Fig. 8 Schematic of the E-type waveguide oscillator
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Fig. 12 Transmission characteristics of electron beam in the E-type waveguide oscillator
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