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Abstract

The cryogenic C-band photocathode RF-gun operating at 20K 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 test cavity with the RF input
coupler consisting of a circular waveguide and a mode converter from rectangular TEo to circular TMy; mode was
manufactured in KEK. 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 (f. 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 designs 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 in the circular waveguide was reduced to less than 10% of
that in the current design. The simulation of the 2.6-cell cavity with the adjusted coupler design has resulted in the same
RF properties except for the electric field distribution on the axis of the circular waveguide and 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 and
adjusting the VSWR-minimum frequency in the coupler
to 571241 MHz. 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 TMy; 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. The black two-
headed arrow is corresponding to the region of the
circular waveguide.

(b)

Figure 3: Example of the electric field distributions in the couplers calculated using CST STUDIO. (a): Result from
the dimensions in the present coupler. (b): Result from the coupler adjusted in this study.
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Table 1: Calculated RF Characteristics of the Coupler

Characteristic Before adjustment  After adjustment
S1(1),1(1) 0.52510291 0.013151396
S2(1),1(1) 0.32581993 0.035349553
S2(2),1(1) 0.78557482 0.99341041
VSWR 3.211439 1.0266533
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Table 2: Calculated RF Characteristics of the 2.6-cell
Cavity with the Coupler at 20 K

Characteristic Present DeSigriAdjusted

n-mode resonant frequency  5.712 5.71093
Coupling coefficient 19.85 19.795758

Qo (Unloaded Q value) 64600 62877

QL (Loaded Q value) 3100 3023.5493
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Figure 4: The m-mode electric field distribution at 20 K
on the cavity axis after the adjustment of the coupler
design. The source RF power is assumed to be 4 MW.
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