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Simulation of RF-input coupler structure for cryogenic photocathode RF-gun
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Abstract: The cryogenic C-band photocathode RF-gun operating at 20 K is under development at LEBRA in Nihon University.
The RF-gun consists of the 2.6-cell cavity with the resonant frequency of 5712 MHz. The bead-pull measurement of the electric field
distribution on the cavity axis has suggested that there is a possibility that a non-axisymmetric mode (e. g., TE,; mode) is excited in
the circular waveguide. In addition, the existence of TE;; mode was confirmed by the calculation with the 3D-electromagnetic field
simulation code, CST STUDIO. By adjusting the dimensions of the irises placed in the rectangular and the circular waveguides of
the coupler by the CST STUDIO simulation, the fraction of the TE;; mode field in the circular waveguide was reduced to less than
10% of that in the current design. The improvement in the coupler design has also reduced the standing wave amplitude in the

rectangular waveguide.
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Figure 1: Cross-sectional view of the coupler in 3D-model
for the calculation using CST STUDIO. The red arrows
indicate the dimensional parameters used for reducing TE;
mode in the circular waveguide. The blue line indicates the
circular waveguide central axis. The port 2 is defined as
RF-output plane and the port 1 (RF-input plane) is on the
top side of the rectangular waveguide.
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Figure 2: Amplitude ratio of TE;; mode to TM,; mode on
the circular waveguide axis. The red line shows the ratio for
the current coupler dimensions, while the blue line shows
the ratio after adjustment.
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Figure 3: The n-mode electric field distribution at 20 K on
the cavity axis. The red line shows the distribution after the
adjustment of the coupler design only, while the blue line
shows the distribution after adjustment of the cavity and
coupler design including the 2.6-cell cavity.
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Table 1: Calculated RF Characteristics of the 2.6-cell
Cavity with the Coupler at 20 K

Design

Characteristics

Present Adjusted
n-mode resonant frequency 5.71199 5.71169
Coupling coefficient 19.84 19.27
Qo (Unloaded Q value) 63344 62862
Q¢ (Loaded Q value) 3039 3101
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