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Design and construction of drift tube linac cavities for RIKEN RI

Beam Factory†
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A recent intensity upgrade for uranium and xenon
beams at the RIKEN RI Beam Factory required the
construction of a new injector linac, RILAC2. The
acceleration system consists of three drift tube linac
cavities (DTL1, DTL2, and DTL3) that operate at
f0 = 36.5 MHz in CW mode. The cavity structure is
based on a quarter-wavelength resonator, since its size
is the smallest in this frequency range among the avail-
able cavity structures. The DTL3 was built by modi-
fying the decelerating cavity of the Charge State Mul-
tiplier (CSM)1–3). Because specifications for the DTL3
were similar to those for the CSM, the design was per-
formed carefully, comparing our simulation with the
actual cavity to check the validity of the design pro-
cedure. Finally, the DTL3 was built by removing a
movable shorting plate and relocating the drift tubes.
The other two cavities were newly constructed.
The most significant characteristic of the design is

the adoption of the direct coupling method for ampli-
fiers connected to the cavity. The amplifier using a
tetrode 4CW50,000E (Eimac) is directly connected to
the cavity with a capacitive coupler. Load resistance
for the tetrode, or an input impedance, was assumed
to be Z0 = 700 Ω in the design. Direct coupling re-
duces the number of parts, such as the stub and out-
put capacitor, thereby reducing size and construction
cost. However, as the resonant frequency of the cav-
ity changes significantly because of the capacitance of
the tetrode, the cavity design cannot be independent
of the amplifier design.
The design procedure we used comprises the follow-

ing two steps. We first design the cavity itself with-
out the coupler. We then design the combined cavity
and amplifier system, determining the coupling capac-
itance and size of the cavity. It is helpful to evalu-
ate load impedance of the tetrode using the lumped
circuit model, but modeling the coupler as a lumped
element neglects some effects; namely, the coupler oc-
cupies a certain volume inside the cavity, so capaci-
tance between the outer conductor and the coupler is
non-negligible, making it difficult to estimate the res-
onant frequency shift due to the coupler. Because of
this frequency shift, geometric parameters such as cav-
ity height must be carefully determined. we design the
The cavity without a coupler was designed first using
CST Microwave Studio 2009 (MWS)4). We optimized
the shape of parts constituting the resonator, such as
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gaps between the drift tubes, stem geometry, and the
inner diameters of the coaxial section, using the eigen-
mode solver of the MWS to obtain a high parallel shunt
impedance considering height and radius limitations.
We also calculated RF power loss distributions to de-
termine the flow rate of cooling water for each part.
When determining the frequency of the resonator, it is
crucial to consider the effect of the coupler; attaching
the coupler to the cavity can result in a frequency shift
as large as −300 kHz. The target frequency f0 of the
cavity determined by considering the coupler effect can
be realized by adjusting the cavity height. The mea-
sured frequency shift against a cavity height of DTL3
was approximately 18 kHz/mm. We must determine
the cavity height within an accuracy of ±4 mm to re-
alize a frequency within ±73 kHz around f0.

RF simulations of the cavity including the coupler
were performed next. The calculated frequency shift
due to the coupler was −290 kHz. Further frequency
shifts due to the tetrode were estimated with the aid
of the frequency domain solver. The load impedance
of the tetrode Z ′(f) was roughly estimated by adding
a lumped capacitance of tetrode Cp in parallel as
1/Z ′(f) = 1/Z(f) + j2πfCp. Z ′(f) takes a real value
of 750 Ω, which was close to Z0. The frequency shift
due to the tetrode was estimated to be −19 kHz.

The cavity height of the DTL3 was finally deter-
mined by taking these frequency shifts into account.
The calculated shift with the tetrode and coupler
was −309 kHz, and the measured frequency shift was
−288 kHz. The estimation agreed well with the mea-
surement. We also estimated the coupling strength us-
ing the frequency domain solver. Input impedance was
calculated with various diameters of the coupling disk.
Combining the result with the frequency dependence of
the impedance Z ′(f), we concluded that a plate disk
with a diameter of approximately 130 mm would be
suited to obtain the desirable load resistance of 700 Ω
at f0. Based on these estimations, the diameter of the
coupling disk was adjusted by making iterative mea-
surements with the real structure of the cavity, so that
the desirable load resistance was successfully obtained.
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Renewal of automatic tuning systems for RILAC cavities

K. Yamada,∗1 K. Oyamada,∗2 and N. Sakamoto∗1

The RIKEN Linear Accelerator (RILAC) plays an
important role with an injector to the RIBF for heavy-
ions up to krypton as well as solo acceleration for
super-heavy element synthesis. The resonance fre-
quency of RILAC cavities is conserved by moving a
large compensator using a feedback system, which
mainly varies according to the capacitive reactance of
cavity, because the frequency is fluctuated by distur-
bances such as heat or pressure. The basic principle
of a frequency tuning system is that a relative phase
difference between rf signals from a cavity pickup and
an amplifier input is detected and the compensator is
moved so as to keep the phase difference constant. The
previous frequency tuning system caused much inter-
ruption of the machine time, because the inert response
of feedback led to tripping of amplifier, and the drift
of phase reference during a long-term operation had
to be adjusted locally by stopping the beam acceler-
ation. Therefore, a new frequency tuning system has
been developed to realize long-term operation without
interruption.

Fig. 1. Block diagram of the new frequency tuning system

for RILAC cavities 5 and 6.

We replaced the tuning system for RILAC cavities 5
and 6 at first, because their rated voltage was higher
and they experienced frequent trips. Figure 1 shows
a block diagram of the new frequency tuning system.
Although the basic principle is the same as the old one,
much improvement was achieved, as follows.

A tuning controller (phase detector) was newly de-
veloped based on the concept of digital signal process-
ing. Since the requied responce speed of the feedback
is not very high (it includes a mechanical system), the
two input rf signals are reduced to an intermediate fre-
quency (455 kHz) by a double-balanced mixer with a
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local-oscillator signal, and converted to a 14-bit digital
signal. Each digital signal is translated to in-phase (I)
and quadrature-phase (Q) signals and the phase dif-
ference is determined by digital processing in a field-
programmable gate array. The phase difference data is
corrected by an applied reference phase to produce the
phase deviation from the reference phase and output
to a digital interface. The reference phase can be set
to an arbitrary value or the present value of the phase
output by a local and remote one-push button.

The old tuning system used a geared print motor,
which was a DC motor whose rotation speed could not
be controllable accurately. By fabricating a mounting
plate and driveshaft coupling, the motor was replaced
by a new stepping motor. The stepping motor is con-
trolled by a programmable logic controller (PLC) with
the principle of proportional speed control feedback
based on the phase difference data. The maximum
moving speed, feedback gain, and neutral zone can be
accurately set locally and remotely.

Fig. 2. Control unit of the new tuning system built in the

existing RF control system for RILAC cavity 5.

Figure 2 shows the control unit of the new tuning
system built in the existing RF control system for RI-
LAC cavity 5. Since the existing PLC was discon-
tinued, we introduced an additional PLC only for the
tuning system. A touch panel for the local operation
of the tuning system is shared with that for the RF
control system. The new tuning system was success-
fully commissioned in Dec. 2012 on cavity 5, and the
replacement for cavity 6 was carried out in Feb. 2013.
Owing to the renewal, the stability of feedback was sig-
nificantly improved and work on its availability during
long-term operation is currently in progress.

At the time of the renewal of amplifiers for RILAC
cavities 1 and 2 in the winter of fiscal year 2013, the
new tuning controller was introduced for these cavities.
The residual tuning system for cavities 3 and 4 will be
replaced in parallel with the renewal of amplifiers in
the future.




