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Abstract

The acceleration and flat-top resonators for the
RIKEN Superconducting Ring Cyclotron (SRC)[1] are
required to work in a wide frequency range with a high
acceleration voltage. To satisfy the requirement, a de-
sign study has been made by using a three dimension-
al f calculation code MAFIA[2] as reported in ref [3].
Recently, since a rearrangement of the injection and ex-
traction devices was made[4], the configurations of the
resonators has been reconsidered.

1 Introduction

For the RIKEN RI-Beam factory (RIBF) [5] the
new booster ring cyclotrons, intermediate-stage ring cy-
clotron (IRC) and superconducting ring cyclotron, are
planned to be constructed to boost the energy of heavy
ion beams from the RIKEN ring cyclotron (RRC) to
the intermediate energy region of 60~400 MeV /u with
a beam intensity of 1 puA®.

The SRC requires acceleration resonators having a
wide frequency range from 18 to 38.2 MHz to suit the
condition of the RRC operation.

The maximum magnetic field of the SRC sector mag-
net is as large as 4.2 T. Due to the strong magnetic field
a high acceleration voltage is also required to obtain a
large turn separation. A large turn separation around
the extraction is crucial to reduce the beam losses at
the extraction devices. For example, in the case of the
16()7+ jon acceleration up to the maximum energy of 400
MeV /u at the rf frequency of 38.2 MHz with a harmonic
number h=6, an acceleration voltage of 2.4 MV /turn is
needed to obtain a turn separation larger than 4 mm at
the extraction orbit.

A flat-top system is also helpful to reduce the beam
losses at the extraction because the energy spread of the
accelerated beam can be reduced by a flat-top acceler-
ation. The phase acceptance A¢, which is defined by
[V(A@)|/V(¢ = 0) < 107*, for the nonflat-top accel-
eration and flat-top acceleration are £0.81° and £7.3°,
respectively.

In order to realize a large turn separation,

e Four acceleration resonators which are single-gap
type are employed.

e The peak voltage of the resonators is set to be 600
kVp/gap.

o A flat-top system is employed.

The key parameters of the present design of the res-
onators are listed in Table 1. Since the location of the
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Table 1
Key parameters of the acceleration and the flat-top
resonator for the SRC

resonators accel. flat-top
No. of units 4 1
Frequency[MHz] 18 ~ 38.2 85.97 ~ 114.6
Acc. gap single gap
[mm] 250 120

Aperture 601 60H

[mm xmm] %2240V x1975W
Coarse tuner flapping panel  shorting plate
Tuner stroke 0° ~90° 500~1100 mm

Trimmer block tuner -
Feeder inductive loop
Max.V,, [MV/gap] 0.6 0.36
Voltage stability 10~* 1073
Phase stability +0.1° +0.3°
Max. Power [kw] 81 43
Q-values 37000 25000

flat-top resonator has been moved from the center region
of the valley chamber to the next to the acceleration res-
onator (see Fig. 1), a new design of the flat-top resonator
has been introduced. The dimension of the accelerator
resonator also has been rearranged.

For the flat-top system the third, fourth, and fifth
harmonics are used. It is helpful for the mechanical
design of the flat-top resonator because the frequency
range becomes narrower. The frequency range of the
new flat-top resonator is 85.97~114.6 MHz instead of
54.0~114.6 which is for the third harmonic system. The
phase acceptances of the fourth and the fifth harmonic
fat-top system are large enough (Fig. 4) to accept the
beam from the RRC.
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Fig. 2 Acceleration voltag(g Wil a flat-top resonator.
A¢ = [V(A9)|/V(¢=0) <107

2 Acceleration resonator

The acceleration resonator is a single-gap type whose
structure is basically same as that of the RCNP Ring
Cyclotron(RCNP-RC)[6]. The single-gap type resonator
is suitable the for the narrow valley section of the 6-
sector ring cyclotron because its size is compact com-
pared with the double-gap type resonator.

The rf characteristics of the acceleration resonator
are obtained at the flapping panel positions of 0° and
90° by using MAFIA as shown in Table 2. Since the
Q-value and the shunt-impedance of the real resonator
is expected to be 60~70 % [7] of the theoretical values,
the maximum wall loss of the real resonator is estimated
to be 115~135 kW.
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Fig. 3 Schematic drawing of the acceleration res-
onator. Resonances with the lowest and high-
est resonant frequencies are obtained when the
flapping panel is horizontal(0°) and vertical
(90°), respectively.

Table 2
The calculated rf characteristics of the acceleration
resonator by using MAFIA.

Flapping Panel 0 deg. 90 deg.
Frequency [MHz] 17.474  38.607
Q-value 28200 36649
Rs [MQ] 0.63 2.23
Vp [kV] 250 600
Py [kW] 50 81

3 Flat-top resonator

The new design of the flat-top resonator for the SRC
is shown in Fig. 4 The resonant frequency tuning is made
by moving the shorting plates which are placed symmet-
rically with the median plane. By utilizing the multi-
harmonic numbers of 3, 4, and 5, the required frequency
range becomes 85.97~114.6 MHz. As shown in Fig. 5
the frequency range is successfully covered by moving
the shorting-plate from 500 to 100 mm with large Q-
values. The maximum wall loss is estimated to be 85
kW if the Q-value of the real resonator was 50 % of the
theoretical value.
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Fig. 4 Schematic drawing of the flat-top resonator.
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Fig. 5 The calculated rf characteristics of the flat-top

resonator by using MAFIA.
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4 Amplifiers and Transmission lines

The main parameters of the rf amplifiers are listed
in Table 3. The design of the final stage amplifier for the
acceleration resonator is the same as that of the RRC.
Since the transmitter tubes do not work in the strong
magnetic field, the amplifiers are planned to be placed
where the leakage field of the SRC sector magnets be-
comes smaller than 50 Gauss. The length of the power
transmission lines is estimated to be 50 m.

Table 3
Characteristics of the RF amplifier
acceleration flat-top
Frequency [MHz] 18.0 ~38.2 8597 ~ 114.6
1st stage kW] 1 1
2nd stage RS2012CJ -
power kW] 15 5
Final stage RS2042SK RS2058CJ
power kW] 300 100
Trans. line WX152D /500

5 Summary

A design study of the SRC rf system has been made.
According to the rearrangement of the SRC, new designs
of the acceleration and the flat-top resonators are

obtained. Further investigation on the feasibility of the
resonator design will be made.
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