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Abstract 
In RIKEN Nishina Center, three cryomodules which 

contain ten SC-QWRs in total (4 + 4 + 2) were constructed, 
and beam supply has been started since last year. The FPCs 
for RIKEN QWR have a disk-type single vacuum window 
at room-temperature region. A vacuum leakage occurred at 
one FPC, after 4th cool-down test. In addition, second vac-
uum leakage occurred at another FPC, after starting beam 
supply. A dew condensation at air side of vacuum window 
may degrade the brazing of vacuum window. In order to 
prevent a dew condensation and to restore damaged FPCs, 
Additional outer vacuum windows using machinable ce-
ramics were designed and attached to the damaged FPCs. 
In this contribution, a structure of the FPC, troubles, provi-
sion for those troubles, and plan for reconstruction are re-
ported. 

INTRODUCTION 
The RIKEN Heavy-ion linac (RILAC) [1] is used to sup-

ply intense beams for the synthesis of super-heavy ele-
ments (SHEs) [2], as well as used as an injector for follow-
ing RIBF accelerator complex comprises four ring cyclo-
trons [3]. 

 For the synthesis of new SHEs with atomic number 
greater than 118 and the production of radioactive isotopes 
for medical use, the RILAC has been upgraded (Fig. 1(a)). 
For an enhancement of the beam intensity, a new 28-GHz 
superconducting ECRIS (R28G-K) [4] was installed at the 
 

 
Figure 1: (a) An overview of RILAC upgrade. The R28G-
K and SRILAC were installed at upmost-stream and down-
stream of RILAC, respectively. (b) A side view of SRILAC. 
Ten SC-QWRs are mounted in three cryomodules. Doublet 
quadrupole magnets are installed between each cryomod-
ule. 

uppermost-stream of RILAC. For an enhancement of the 
acceleration voltage, superconducting linac (SRILAC) 
[5-12] was installed at the downstream of RILAC. As 
shown in Fig. 1(b), the SRILAC comprises three cryomod-
ules that mount ten superconducting quarter-wavelength 
resonators (SC-QWRs) in total.  

A beam delivery to SHE research using R28G-K and 
SRILAC has started in June 2020. 

STRUCTURE OF FPC 
Schematic view and photograph of a fundamental power 

coupler (FPC) for SRILAC are shown in Figs. 2(a) and 
2(b). It is a coaxial type of 39D and has a disk-type single 
vacuum window made of alumina ceramics (KYOCERA 
A479B) with a TiN coating. An outer conductor is made of 
copper-plated stainless steel and has an 80-kelvin thermal 
anchor. A thickness of copper plating is 30 μm. Residual 
resistivity ratio (RRR) of the copper plating is evaluated to 
be ~5 [13]. An inner conductor is made of an oxygen-free 
copper pipe. An assumed maximum RF power is 5 kW 
(continuous wave). The FPC is mounted on SC-QWR via 
34D port located at the bottom of cavity. An 

 

Figure 2: (a) Schematic view of FPC, including connecting 
portion with a vacuum vessel. (b) Photograph of FPCs. (c) 
Correlation between an insertion length of inner conductor 
and Qext, computed by CST MWS. (d) Schematic view with 
a standard insertion length of inner conductor. 
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insertion length of inner conductor can be varied by adjust-
ing a length of bellows at the bottom part of vacuum vessel 
(Fig. 2(a)), without breaking the vacuum. The external 
quality factor Qext is tunable within the range of 1.0 × 106 
to 4.5 × 106 with a stroke of ±5 mm (Fig. 2(c)). Figure 2(d) 
shows a schematic view with a standard insertion length of 
the inner conductor. 

HISTORY OF FPCS AND CRYOMODULES 
The FPCs were delivered in sequence to RIKEN in 2018. 

A series of process of FPCs such as an ultrapure water rins-
ing, drying, particle removal, re-assembly, and RF process 
were all performed in ISO class-1 clean room [6].  Mount-
ing of FPCs on QWRs were also performed in ISO class-1 
clean room. 

Assembly and installation of the cryomodules were com-
pleted in March 2019 [8]. Cryomodule operation was 
started from September, and cool-down tests were per-
formed for several times. In November, a leakage from 
vacuum window of FPC mounted on SC05 (see Fig. 1(b)) 
occurred. It was an accident during warm-up process after 
fourth cool-down test, and at that time, a high-power RF 
test had not started yet. The SC05 was evacuated from air 
side of the FPC and preparations toward beam supply were 
continued. 

We succeeded in first beam acceleration test in January 
2020 and beam delivery to SHE research started in June 
[10]. In October, another leakage from vacuum window of 
FPC mounted on SC06 occurred. It was an accident during 
beam delivery, but there was no response at a FPC interlock 
system. The SC06 was also evacuated from air side of the 
FPC. Conditions of inside (air side of the vacuum window) 
of the remaining eight FPCs were inspected. As a result, a 
dew condensation and the degradation of both inner and 
outer conductor was confirmed (details are described be-
low). A dry nitrogen gas was flown into both periphery of 
the vacuum window and inside of the inner conductor to 
prevent dew condensation, and the beam delivery was con-
tinued using remaining eight QWRs. 

In May 2021, outer windows to restore damaged FPCs 
and prevent dew condensation were installed to the SC05 
and SC06 and the RF power was successfully fed to both 
QWRs. Presently, all ten QWRs are used for beam acceler-
ation. 

DEGRADATION OF FPC 
An inspection of inside of the FPCs were performed after 

the second vacuum leakage. An endoscope was inserted to 
the air side of vacuum window through a small hole at a 
supporting disk of the inner connector and inside condi-
tions were observed. For some FPCs, condensed water was 
stood on the supporting disk. Part of the shot images are 
shown in Fig. 3. For all eight FPCs that were inspected 
(FPCs mounted on SC05 and SC06 were not inspected be-
cause the evacuation needed to be continued), spots after 
water evaporation on the vacuum window and the rust for-
mations on inner and outer conductors were observed.  

The vacuum window is metallized employing a molyb-
denum-manganese method, which is vulnerable to water. 
Although causes of vacuum leakage cannot be concluded 
yet, a galvanic corrosion induced by the condensed water 
might have degraded a brazing of the vacuum window. 

 

 
Figure 3: Shot images at the air side of vacuum window. 
(a) Spots after water evaporation on the vacuum window. 
(b)(c) Rust formations on inner and outer conductors. 

TEMPERATURE DISTRIBUTION  
ESTIMATION 

In a design phase of the FPC, we had a preconception 
that the temperature around the vacuum window is almost 
same as room temperature. But we recognized that it was 
wrong. We estimated the temperature distribution at a 
lower part of the FPC (from a bottom flange to 80-kelvin 
thermal anchor). A thermal conduction model at the lower 
part of FPC is shown in Fig. 4(a). In this model, the RRRs 
for bulk copper and copper plating were assumed to be 
300 and 9, respectively. 

Based on this model, thermal flows and temperatures at 
several points on FPC were calculated with various tem-
peratures at the lowest points of inner and outer conductors 
("TLP" in Fig. 4(a)). As a result, as shown in Fig. 4(b), it 
was found that the temperature around the vacuum window 
was possibly cooled to nearly 0 degrees Celsius. 

 

Figure 4: (a) Model of thermal distribution estimation.  (b) 
Estimated temperatures at vacuum window. Temperatures 
at both inner and outer conductor side of vacuum window 
are shown. 
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INSTALLATION OF OUTER WINDOW 
In order to restore damaged FPCs and prevent dew con-

densation around vacuum window of the FPC, we designed 
an outer window as shown in Fig. 5. A vacuum window of 
the outer window is made of a machinable nitride ceramics 
(Photoveel II). The outer window is vacuum-locked using 
O-rings and a region between the vacuum windows of FPC 
and outer window is evacuated. 

 

 
Figure 5: Schematic view of outer window. 

As a first step, two sets of the outer windows were fab-
ricated for usableness tests. Two sets were connected to-
gether as shown in Fig. 6(a), and a vacuum lock test and 
RF test were performed. Figure 6(b) shows a setup for the 
RF test. Though there were some difficulties in achieving 
vacuum lock, the RF process was performed without any  
 

 
Figure 6 : (a) Connected two owter windows. (b) Setup for 
RF test of a pair of outer windows. 

difficulties and RF power was fed up to 4 kW. After an 
usableness of outer window was confirmed, these outer 
windows were installed to damaged FPCs and RF power 
was successfully fed to both SC05 and SC06. Owing to the 
installation of outer windows, a beam acceleration using all 
ten SC-QWRs was accomplished. Outer windows for re-
maining eight copulers are now in preparing. 

FUTURE PROSPECTS 
We plan to replace FPCs (components comprises inner 

conductor, vacuum window, and lower part of outer con-
ductor, see Fig. 7(a). In remodeling the component, we in-
tended to improve thermal conduction at the lower part of 
outer conductor. Figure 7(a) shows its structure: the outer 
couductor between vacuum window and bottom flange is 
made of bulk copper. 

We estimated the temperatures at vacuum window with 
this structure. The Model of thermal distribution estimation 
and estimated temperatures at inner and outer conductor 
side of the vacuum window are shown in Fig. 7(b). The 
temperatures at vacuum window that were almost same as 
room temperature were derived. 

In addition to the improvement of thermal conduction, 
we plan to attach a heater around the vacuum window. 

 

 
Figure 7: (a) Schematic view of remodeled FPC. The com-
ponent to be replaced is indicated by green frame. (b) 
Model of thermal distribution estimation for remodeled 
FPC and estimated temperatures at vacuum window. 

SUMMARY 
In RIKEN Nishina Center, a cryomodule operation 

started in September 2019. Since then, the vacuum leak-
ages from vacuum window of FPC occurred twice. A deg-
radation of brazing of the vacuum window due to dew con-
densation around vacuum window is the most probable 
cause. The outer windows using machinable ceramics were 
installed to restore damaged FPCs and presently, a beam 
acceleration is performed using all ten SC-QWRs. We have 
a plan to replace FPCs with remodelled ones which can 
keep the temperature around vacuum window at room tem-
perature. 
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