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Abstract

The design of the input coupler for the cryocooled 2.6-
cell C-band photocathode RF gun has been modified in the
new cold model cavity. In the design calculation of the pre-
vious one, the diameters of the last accelerating cell, the
circular waveguide and the coupling iris between the cir-
cular and the rectangular waveguides were adjusted simul-
taneously to satisfy the specifications of the RF gun. As a
result this method has led to uncertain coupling coefficient

between the accelerating cavity and the circular waveguide.

In the new model, the input coupler has been independently
designed as a low-reflection and low-insertion loss con-
verter from rectangular TE to circular TMo; mode, which
allows us to estimate the coupling coefficient from the
measurement of the reflection coefficient at the input port
of the rectangular waveguide.

INTRODUCTION

Development of a cryocooled 2.6-cell C-band photo-
cathode RF gun has been underway at Nihon University in
collaboration with KEK [1]. The RF gun cavity made of
6N8 high purity copper is expected to have high accelera-
tion efficiency and frequency stability due to low surface
resistance and low thermal expansion at a low temperature
of 20 K [2, 3]. The RF power is provided through the input
coupler that consists of a rectangular waveguide and a cir-
cular waveguide located along the accelerating cavity axis
[4, 5]. Figure 1 shows the cutaway view of the input cou-
pler. The combination of these waveguides has been de-
signed to work as an RF transmission mode converter from
rectangular TE o to circular TMy; mode. The circular wave-
guide is connected to the end cell of the accelerating cavity.
The coupling coefficient at the RF input port is chosen to
be approximately 20 at 20 K in order to reduce the build-
up time of the field in the cavity to around 200 ns. After the
RF property measurement on the first test model, designs
of both the coupler and the 2.6-cell cavity have been mod-
ified. In this paper an improved design of the coupler ob-
tained by the CST-Studio simulation [6] is discussed.

NEW COUPLER DESIGN

In the design of the first cold model of the RF gun cavity,
the m-mode resonant frequency and the coupling coeffi-
cient were finally adjusted by the dimensions of the diam-
eters in the last accelerating cell, the circular waveguide
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and the circular coupling iris between the circular and the
rectangular waveguides. Though the apparent coupling co-
efficient at the input port of the rectangular waveguide was
adjusted to around 20 of over coupling, this method had
changed the coupling between the rectangular and the cir-
cular waveguides considerably. From the CST-Studio cal-
culation of the transmission to the circular waveguide with-
out connection to the 2.6-cell cavity, the VSWR at the input
port was estimated to be 3.25 at room temperature and
slightly higher at 20 K. On the other hand, at the circular
waveguide when simulated as an input port to the 2.6-cell
cavity the VSWR was 1.4 at room temperature and 7.8 at
20 K, respectively. These simulations have suggested that
it is difficult to measure the coupling coefficient between
the 2.6-cell cavity and the circular waveguide unless the
RF reflection power in the coupler is sufficiently small.
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Figure 1: Cutaway view of the RF input coupler in the
CST-Studio calculation of the transmission property. The
arrows indicate the dimensions optimized for an ideal
mode converter.

After the low-temperature test on the first cold model
cavity, the design of the coupler has been reviewed. In ad-
dition to the large reflection in the coupler, the simulation
suggested that the TE;; mode electric field was considera-
bly strong on the circular waveguide axis.

An ideal mode converter can be defined as a device with
no insertion loss, no reflection loss and no other modes
than specified are transmitted. For the suppression of the
reflection and improvement in the efficiency of conversion
from the rectangular TE to the circular TMy; mode in the
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new coupler, most of the dimensions of the coupler struc-
ture have been parametrized in the CST-Studio simulation.
While the thickness in the irises was fixed to 3.6 mm, the
dimensions indicated by the arrows in Fig. 1 have been op-
timized for alow VSWR and a low TE1/TMy, electric field
amplitude ratio on the circular waveguide axis to be satis-
fied simultaneously at the accelerating frequency.

The length and the diameter of the circular waveguide
are not critical in the optimization for the coupler proper-
ties. They are rather critical in the determination of the fre-
quencies of TMo; modes excited in the circular waveguide.
These modes should be separated from the accelerating fre-
quency. Therefore, these dimensions have been determined
by another simulation of the whole RF gun system con-
sisted of the 2.6-cell cavity and the coupler [7].

RESULT OF SIMULATION

The transmission and reflection property in the coupler
has been obtained from the calculation of the RF power
flow by setting the left-end of the circular waveguide in
Fig.1 to the output port with no reflection. Figure 2 shows
the result of the coupler optimization, where Sy, is the re-
flection coefficient of the input TE ;o mode at the input port,
S$21 (TMg;) and S»; (TEq) being the transmission coeffi-
cients at the output port for TMy; and TE;; modes, respec-
tively. A copper surface resistance of 3.541x10 Q at 20 K
has been assumed in the calculation. The lowest VSWR
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Figure 2: The result of the CST-Studio calculation opti-
mized for the coupler with low reflection, low insertion
loss and high conversion efficiency to TMy; mode.
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Figure 3: The VSWR obtained by the CST-Studio simula-
tion at around the accelerating frequency of 5712 MHz.
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deduced from S); is 1.01 at around the accelerating fre-
quency of 5712 MHz as shown in Fig. 3. The VSWR has
not significantly changed even in the simulation using a
room-temperature surface resistance of 1.9955x102 Q.
The transmitted power estimation has suggested that
99.6 % of the input power can be converted to TMy; mode.

Figure 4 shows the electric field distribution in the cou-
pler, where the RF is nearly at the phase that the field in the
rectangular waveguide reaches its maximum strength. The
electric field amplitudes of TMy; and TE;; modes on the
circular waveguide axis are shown in Fig. 5. The ampli-
tudes correspond to an input RF power of 1 W. The con-
stant amplitudes in the circular waveguide are due to the
boundary condition that there is no reflection on the left-
end of the circular waveguide i.e., no standing wave.

The TE1/TMy; electric field amplitude ratio on the cir-
cular waveguide is shown in Fig. 6, where the result in the
simulation of the first model is compared. The ratio was
approximately 0.17 in the first model. As a result of opti-
mization, it has been reduced to approximately 0.02 in the
second model. The ratio could be decreased further by re-
ducing the diameter of the circular iris, Iris-2, in Fig. 1.

Figure 4: The electric field distribution in the coupler ob-
tained by CST-Studio at 5712 MHz.
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Figure 5: The electric field amplitudes of TMy; and TE,
modes on the axis of the circular waveguide. The ampli-
tudes correspond to an input power of 1 W.
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However, it could cause a trade-off with the VSWR that
has already been adjusted to be very low.
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Figure 6: The TE1/TMy, electric field amplitude ratios on
the circular waveguide axis of the first and the second mod-
els.

EFFECT OF DIMENSION ERRORS

The RF gun test cavity is machined by ultraprecise ma-
chining technique at KEK. The machining error in each
specified dimension is expected to be within 1 pm. The de-
pendences of the shifts in the lowest VSWR and its fre-
quency on the dimension error have been simulated using
CST-Studio by changing each coupler dimension individu-
ally within a range of £2 um. The results are shown in Figs
7 and 8, where the dimensions indicated are the rectangular
waveguide width (RW_w), the gap in Iris-1 (Iris-1_g), the
distance of Iris-1 from the beam axis (Iris-1_h), the thick-
ness in Iris-1 (Iris-1 t), the circular waveguide diameter
CW_d), the Iris-2 diameter (Iris-2_d), the bottom depth in
the rectangular waveguide (RW_btm) and the thickness in
Iris-2 (Iris-2_t), respectively.

The result suggests that the lowest VSWR is insensitive
to the errors. The error of £2 um causes only small differ-
ence within +£7x10* for each dimension. The sum of the
maximum VSWR changes in all the dimensions is approx-
imately 0.002, which is negligibly small. The frequency of
the lowest VSWR is sensitive to RW_w, Iris-1_h and Iris-
1_t. The sum of the maximum frequency shifts is approxi-
mately 300 kHz, which could cause an increase in the
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Figure 7: Change in the lowest VSWR due to errors in the
individual coupler dimension.
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Figure 8: Shift in the VSWR-lowest frequency due to er-
rors in the individual coupler dimension.

VSWR from 1.01 to 1.02 at the normal accelerating fre-
quency as predicted from the VSWR curve in Fig. 3. The
TE1/TMy; field amplitude ratio is not expected to change
significantly by the frequency shift, since the power trans-
mission coefficients in the coupler are rather slow func-
tions of frequency as seen from the S»; curves in Fig. 2.

CONCLUSIONS

The RF input coupler of a cryocooled C-band 2.6-cell
photocathode RF gun has been optimized for a low VSWR
and a low TE1//TMy; electric field amplitude ratio on the
circular waveguide axis. The coupler is expected to work
as an efficient mode converter. The analysis of the dimen-
sion errors in the ultraprecise machining process suggests
that an error of +2 um would have only negligibly small
effects on the coupler properties.
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