
Installation of new central region for energy upgrade
at RIKEN AVF cyclotron
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We changed the structure of the central region of the
AVF cyclotron to a new one in September 2017. The
new structure is the same as the one that was beam-
tested in August 2016, except that a part of the inner
wall of its RF shield was scraped by hand so that the
inflector can be rotated. In the beam test that was con-
ducted in 2016, protons were successfully accelerated to
an energy of 30 MeV with harmonic H = 1 accelera-
tion mode. However, the structure was reverted to the
previous one because the transmission efficiency of 5-
MeV/nucleon 56Fe15+ beam was 10% and worse than
half of the conventional efficiencies.1) Although the in-
jection acceptance for the original (S1) and new (S2)
structures had been calculated in 2016, more detailed
simulations including a buncher located at I36 (2.03 m
above the median plane of the cyclotron) were executed
again in 2017.
Figure 1 shows the injection acceptance sizes of 12-

MeV/nucleon deuterons for S1 and S2. The injection
acceptance is defined as the phase-space size of the par-
ticles accelerated beyond a radius of 180 mm. The ab-
scissa indicates the relative phase angle to the RF at the
starting point of the tracking calculation located just
above the buncher. Both the dee voltages were 40 kV.
The injection acceptances for S1 and S2 were almost the
same. The same applies to the other beams. Consid-
ering the results of the beam test that was conducted
in 2016, the extraction efficiencies for S2 may be worse
than those for S1. The reasons for this are not clear
because simulations for the extraction efficiencies were
not done sufficiently due to the involvement of many ad-
justable parameters. On the other hand, in the machine
time of 9.1-MeV/nucleon 12B4+ performed in July 2017,
only half of the beam current of 300 particle nA that was
requested by the experimenters could be supplied. This
was due to large beam losses in the first turn for S1, be-
cause this beam needed high acceleration voltages. The
new structure S2 can reduce the injection beam losses
for beams that need high voltages. Therefore, from these
two points, we decided to install S2 again and to use it
in the machine time for the experiments.
Figure 2 shows a comparison of the transmission ef-

ficiencies before and after the installation of S2. The
transmission efficiencies are defined as the ratio of
the beam currents of Faraday cups FC-I36 and FC-
C01 located at the injection and extraction beam lines
of the cyclotron. The transmission efficiency of 9.1-
MeV/nucleon 12B4+ beams increased four times and the
extracted beam current reached 800 particle nA. Al-
though the transmission efficiencies depend on the kind
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Fig. 1. Injection acceptance sizes for 12-MeV/nucleon

deuterons in two orthogonal directions.
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Fig. 2. Transmission efficiencies of the AVF cyclotron after

and before the installation of the new structure S2. Filled

bars indicate the transmission efficiencies after the instal-

lation and empty bars indicate those before the installa-

tion.

of beams and the time for operational adjustment of
the cyclotron, it seems that the transmission efficien-
cies for S2 are as good as those for S1 or much better
in some cases. Moreover, in the machine study after
the installation of S2, we succeeded in accelerating 14-
MeV/nucleon deuterons which could not be accelerated
before. However, while their injection efficiency was 40–
50% as high as other beams, the extraction efficiencies
were poor, approximately 10%, which is too low and can
supply only weak beams of 1–2 particle µA. Since the in-
crease in the energy of deuterons are strongly requested
by experimenters, we plan to do beam simulations and
machine study to increase the extraction efficiencies for
14 MeV/nucleon deuterons.
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Renewal of control system and driving mechanism of cavity tuning
devices for RILAC Rebuncher

K. Yamada,∗1 T. Ohki,∗2 K. Oyamada,∗2 K. Suda,∗1 and N. Sakamoto∗1

The RIKEN Linear Accelerator (RILAC) is used
as an injector to the RIBF accelerator complex for
heavy-ions up to krypton. For example, 48Ca beam
is accelerated by a cascade of the RILAC, RIKEN
Ring Cyclotron (RRC), Intermediate-stage Ring Cy-
clotron (IRC), and Superconducting Ring Cyclotron
(SRC). The rebuncher called X5-REB and located at
the beam transport line from the RILAC to the RRC
is required for this operation to adjust the longitudi-
nal bunch length because of the long distance of the
beam transport line.1) The rebuncher system was built
approximately 30 years ago2,3) and showed problems
such as low stability of rf voltage and phase because
of old low-level (LL) circuits; less reproducibility of
the driving mechanism for frequency tuning devices;
and insufficient usability of local and remote control.
Therefore, the control system as well as the driving
mechanism of cavity tuning devices were upgraded to
overcome these problems.

We replaced the old control system with a new sys-
tem using a programmable logic controller (PLC), as
shown in Fig. 1. The right side is a controller cabinet
including the PLC, and the other side comprises the LL
circuits and a transistor wide-band amplifier (WBA).
The LL circuits were newly fabricated with rf voltage
stability of ±0.1% and phase stability of ±0.1◦. These
circuits are compatible with the standard LL circuits
of the RIBF. The frequency of the LL circuits ranges
are from 36 to 76.4 MHz. The WBA was not new but
unused with a maximum output power of 500 W and
frequency range of 34–90 MHz. The local operation
was performed using a graphical touch panel similar to
those used in other rf devices of the RIBF. The remote
operation was integrated into the operation terminal of
the RILAC2 by using SCADA software of Wanderware
InTouch.

A cavity of the X5-REB has five driving devices:
two side tuners (L and R) for the coarse tuning of res-
onant frequency, a shorting plate for the coarse tuning
of resonant frequency, a trimmer for the fine tuning of
frequency, and an rf power coupler. The old driving
mechanism, except for the shorting plate, used a lin-
ear actuator with a rack and pinion-geared reversible
motor, the amount of rotation and driving speed of
which were impossible to control. In addition, the ac-
tuator had a large backlash. Thus, we modified the
four sets of driving mechanism excluding the short-
ing plate to use as a stepping motor and a trapezoidal
screw. The reversible motor of the shorting plate was
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replaced with a new one because of deterioration. Fig-
ure 2 shows the cavity and the part of driving devices
of the X5-REB after the modification. Tuner L and
power coupler cannot be seen in the figure.

Owing to these modifications, the stability of the
rf voltage and phase, the reproducibility of position
for each tuning device and the usability were greatly
improved; this contributed to the stabilization of beam
during the RIBF experiment.

Fig. 1. New control system after the upgrade. Motor

drivers are mounted on the backside of the PLC.

Fig. 2. Cavity and frequency tuning devices of the X5-REB

after the modification.
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