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Simulation design of an S-band 6 MeV compact microtron
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Abstract: The Anhui Laboratory of Advanced Photon Science and Technology has beer developing a 6 MeV
compact microtron, which can be used to drive compact microfocus X-ray sources or compact terahertz free electron
lasers. To achieve a more compact accelerator design, the CST Electromagnetic suite was used to design and calculate
the second type RF cavity of the microtron. The frequency of the RF cavity is 2998.2 MHz, and an accelerating
voltage of over 1 MV can be obtained in the RF cavity gap. The electron energy gain can reach about 0.9 MeV per
pass. At the same time, CST Particle Studio was used to simulate the electron generation and acceleration process in
the ultra-high frequency cavity with thermionic cathode. The effects of microwave power amplitude, magnetic field
strength, cathode emission position, and beam channel on the microtron were studied. The coupler design considering
beam loading was also completed, and the operating parameters of the RF cavity during steady-state operation were
obtained. The simulation results show that when the beam loading reaches steady state, with a cathode emission
capacity of 20 A/cm’, a current of 24 mA can be induced, a beam energy of 6 MeV, an energy spread of 0.64%, and a
transverse RMS size of 3.3 mm X 1.8 mm can be obtained.

Key words:  microtron, RF cavity, beam simulation, beam loading, coupling coefficient
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Table 1 Size of S-band type-II cavity
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37.991 23 3 12 x 18 7.8 %16 9.2x30.2

B I e R G R AR, R R CST Ml TAEZ HEA T BLR, IS B o0 A I 4 i o s o % 7
B s P SR TARREE R T o B HLRE S, SRR A 2998.2 MHz, B I JF P % BE M 1 7 s i 3775 e il _E A9 2%
A ANTE S FE, JE P L 3 B R SO MV/m Ze A7, JETR) BR800 1.15 MV, BFAR 36 18 FL 3 6 8 e i3 0 54 MV/im, 3%
JiE EE A R AN 2 T, Hod Q) A Je# i I AL

B I B SR S Uk B i O A R AT UK By, pR O A R SR R BT T AR AR R S T R [ 2 T R A

044006-3



wmoOoW e 5 K TR

| — -
G
E/(MV-m ) E
70 <
65 3
60 Q
55 = /
50 2 L /
45 151
40 2
35 © =50 \/
3(5) cavity wall cavity wall
20 —60
15 1 1 1 L !
‘2 —-60 —40 20 0 20 40 60
0 z/mm
Fig. 4 Electric field distribution in type-II cavity Fig. 5 Electric field distribution on the central axis of a type-II avity
4 —RIGEEE N oA |5 ZRIGERIE LR R A
x2 HEEFEIESH
Table 2 Parameters of type-II cavity
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Table 3 Beam parameters of the S-band microtron
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