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Abstract

A 1/5 scale model of the acceleration resonator for
the RIKEN intermediate-stage ring cyclotron (IRC) in
RIBF[1] was built to measure its rf characteristics. The
resonant frequency range was almost consistent with the
calculated values obtained from MAFIA[2] calculations.
The measured Q-values were 60-70 % of the theoret-
ical values. The size of the inductive coupler for the
1/1 scale resonator was determined by using this model.
The electric fields were measured by using a perturba-
tion method.

1 Introduction

The IRC which is the first stage booster in the
RIKEN RI Beam Factory consists of four normal con-
ducting sector magnets, two acceleration resonators and
one flat-top resonator[3]. The frequency range of the
acceleration resonators are from 18.2 to 38.2 MHz. In
order to obtain a sufficient turn separation at extraction
of about 6 mm, the maximum dee voltage is required to
be 600 kV at the frequency of 38.2 MHz. The geometri-
cal design has been made by using a three dimensional
rf calculation code MAFIA. In order to find the accu-
racy of the calculated frequencies and how large is the
Q-values in comparison with the theoretical ones, a 1/5
scale model was built and test measurements were per-
formed.
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Fig. 1 Schematic drawing of the 1/5 scale model.

2 Design of the 1/5 scale model

A schematic drawing of the 1/5 scale model is shown
in Fig. 1. The resonator is an wedge shaped single-
gap-type. The resonant frequencies of the resonator
are tuned by flapping panels which locate symmetrically
with the median plane. The rf characteristics of the 1/5
scale model were calculated by using MAFIA (see Table
1). The frequencies and Q-values of the model are 5 and
V/5 times larger than those of the 1/1 scale resonator,
respectively.

Since the calculated Q-values are rather large, the
mechanical design was carefully made and simulated the
structure of the 1/1 scale resonator in order to evalu-
ate accurately how large the Q-values are in comparison
with the calculated ones. To know the realistic Q-values
is crucial in determining the rf power and the coupler
size of the 1/1 resonator.

The conductive parts of the model were made of cop-
per. The contact fingers and contact strips were used to
reduce a resistivity between the conductive parts. The
screw bolts were copper plated. The overall geometrical
misalignment was less than 0.3 mm. The rf power was
fed by using an inductive coupler which was located at
the center of the rear wall as shown in Fig. 1.

Table 1
The calculated resonant frequencies and Q-values by
using MAFIA.

Flapping Panel 0 deg. 90 deg.
Frequency 89.8 MHz 193.6 MHz
Q-value 12970 16550

Fig. 2 Photograph of the model resonator. Flapping
panels are set to be the position of the lowest
frequency of the resonator (0 deg.).
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3 Test measurements

3.1 resonant frequencies and Q-values

The resonant frequencies and the Q-values were mea-
sured by using a network analyzer with an S-parameter
test set(HB8753E). Two pickup loops were used, one
was for excitation and the other for detection. These
loops were identical and were very weakly coupled to
the resonator. Fig. 3 shows the measured resonant fre-
quencies and Q-values. The measured resonant frequen-
cy were rather high in comparison with calculated val-
ues(compare Table 1 and 2). The Q-values were large
enough as 63-71 % of the calculated values.
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Fig. 3 Measured resonant frequencies and Q-values
for the 1/5 scale model

Table 2
Measured resonant frequencies and Q-values at the
panel angles of 0 deg. and 90 deg. .

Flapping Panel 0 deg. 90 deg.

Frequency | 91.69 MHz 196.05 MHz

Q unloaded 8190(63%)  11710(71 %)
loaded 4190 5840

() ratio to the theoretical values listed in Table 1

3.2 Coupler test

The coupler was an inductive type one whose cou-
pling could be varied by changing the cross section of
the loop. A schematic drawing of the coupler for the
model is shown in Fig. 4. The part of the coaxial trans-
mission was designed so that its impedance was 50 §2.
By sliding the coupler positionl = 14~35 mm, the input
impedance of the resonator could be matched to 50 Q!
and the S;; were less than -50 dB for the whole frequen-
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Fig. 4 Schematic drawing of the coupler

cy range. The loaded Q-values were almost 50 % of the
unloaded ones (see Table2).

3.3 Electric field measurement

The measurement of the electric field distribution-
s were performed by using a perturbation method. A
setup of the measurement is shown in Fig. 5. A spher-
ical field perturbator(3/8”¢) made of Teflon were used.
The contour plots of the measured field strength were
made in Fig. 6. The peak of the field distribution along
the beam direction is shifted to the dee side from the
gap-center as shown in Fig. 6. By integrating the field
strength distribution along the beam orbit, gap voltages
were obtained as Fig. 7. The accelerating voltage dis-
tribution were found to be in good agreement with the
MAFIA calculation.
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Fig. 5 Setup of the electric field measurement
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Fig. 6 Measured electric distribution
4 Feedback to the 1/1 scale resonator

o According to the result of the frequency measure-
ment, a gap size between the flapping panel and the
dee surface at the panel position of 0 deg. was re-
duced by 5 mm (original 100 mm — new 95 mm)
5o as to the lowest frequency became lower.

e The size of the coupler was decided to be 5 times

larger than the model coupler i.e. the margin of the.

coupling size is about 50 %.

e The alignment of the gap of the flat-top resonator
was rearranged according to the measured electric
field distribution.

5 Summary

A 1/5 scaled model of the RIKEN-IRC acceleration
resonator was built for the test of its rf characteristic-
s. The resonant frequency range was higher than the
calculated values. The measured Q-values were about
70 % of the theoretical values. The electric fields were
measured by using a perturbation method. These re-
sults have been fed back to the design of the 1/1 scale
resonator which is now under construction.
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Fig. 7 Gap voltage distribution. Curves are obtained
by MAFIA
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