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Vacuum leaks in accelerators 
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The vacuum system for accelerators in RIBF has been 
running without serious problems. However, vacuum leaks 
have been observed in the following equipments: (1) 
resonator of CSM-A1, (2) cooling pipe in resonator #2 of 
RRC, (3) W-resonator of fRC, and (4) a chamber in the 
dipole magnet DM-G5. 

The vacuum chamber that houses the resonator of 
CSM-A1 has a leakage of vacuum in its bottom plate, 
which is made of steel with a thickness of 40 mm and 
copper-plated inside and painted outside. The precise 
location of the leak in has been searched but has not been 
specified yet. Because the response of the helium leak 
detector was very slow. The route of the leak in the bottom 
plate would be complicated. Then it took time to respond to 
helium gas. We will continue searching for the leak point. 
The vacuum pressure of the A1 resonator was around 
2x10-5Pa, which is worse than those of other resonators, by 
a factor of 2 or 3. 

A buildup of pressure was generated in RRC resonator #2 
in the spring of 2013.The leak was found in exist 
somewhere in the cooling pipe of the lower inner conductor 
of the resonator. The cavity was opened in July, and the 
inside of the inner conductor was investigated carefully. As 
a result, water leakage was found in the chamber.  
However, there is no space around the pipe connection. To 
solve this problem, a new bypass line was made. The pipe 
line was cut at two shallow spots, and the spots were 
connected with a new pipe. The pipe connections were 
treated with silver braze. This equipment is running without 
any problems now. 

At fRC, a small leak in the W-resonator has been 
observed for several years. However, with rf power on, the 
leak was so small that operations had been possible. To 
investigate the cause of the leak, the upper part of the 
resonator was removed in June 2013. On doing so, a bad 
rf-electrical contact was found in a part of the metal C-ring, 
and the elastomer O-ring seal near to it was damaged. The 
C-ring was replaced with a new one. To improve the 
clamping capacity, a long bolt was introduced through an 
upper flange and the resonator, and the upper flange and the 
resonator were tightly fastened by a nut. Moreover, the 
clamping capacity was reinforced by new jigs like a 
C-clamp.  
A vacuum chamber inside a dipole magnet named DM-G5 
in the injection beam line into SRC has a leakage of 
vacuum. The chamber was shaped like a 60-degree arc and 
had a rectangular cross-sections (58 mm x 86 mm). The 
main part of the chamber was composed of four aluminum  
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plates with a thickness of 2 mm. The four edges of the 
chamber were welded. A rough location of the leak could be 
determined by keeping the chamber inside the magnet pole 
gap. For precise investigation, we took out the chamber  
from the magnet yoke. The first anticipated point was 
confirmed to be the leak point. However, the leak soon 
became small enough and was not detected. The cause of 
this phenomenon was considered. The chamber would be 
pressed by the magnet. Then the leak would be generated 
by the deformation of the chamber. To confirm this, we 
pressed onto the chamber using a C-clamp at a place near 
the leak point; doing so, a leak was detected at the same 
time, the vacuum pressure changed by a factor of 10. The 
leak point of the chamber was determined to be on the 
welding bead. Additional welding on it will result in another 
deformation on the chamber. Therefore, the leak point was 
treated with epoxy resin (Torr Seal). The leak was fixed. 
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To measure the DC current of high-energy heavy-ion
beams nondestructively at a high resolution, a high-
critical-temperature (HTc) superconducting quantum
interference device (SQUID) beam current monitor
henceforth referred as HTc SQUID monitor has been
developed for use in the radioactive isotope beam fac-
tory (RIBF) at RIKEN.1) Beginning this year, the
magnetic shielding system has been greatly reinforced.
Since the measurement resolution is determined by the
signal to noise ratio, this resolution is improved by at-
tenuating the external magnetic noise and RF back
ground noise. These noises are mainly produced by
the distribution and transmission lines from the high-
current power supplies and high-power RF cavities of
the cyclotrons.

To reinforce the existing magnetic shield, we devel-
oped a hybrid magnetic shielding method based on the
properties of perfect diamagnetic materials and fer-
romagnetic materials; we were able to realize a high
shielding effect despite the compact system. This sys-
tem consists of two shielding parts: one for the HTc
current sensor and the other for ferromagnetic shield-
ing materials. The HTc current sensor used to pro-
duce a shielding current produced by the beam1) also
works as the superconducting shield via the Meiss-
ner effect (perfect diamagnetism). The ferromagnetic
shielding materials are composed of high permeability
alloys (Permalloy, Mu-metal, etc.). The HTc SQUID
is installed inside the frame and onto the HTc current
sensor, and the frame is covered by the cap. Con-
sequently, the HTc SQUID is almost completely sur-
rounded by the hybrid magnetic shielding system. A
photograph of the completed hybrid magnetic system
is shown in Fig. 1.

In the acceleration facility, since there exist AC mag-
netic noises of 50 Hz and higher order and which are
much stronger than terrestrial magnetism, an active
magnetic field canceller system (JEOL Ltd.) was de-
signed and introduced to the HTc SQUID monitor.
This system is comprised of a magnetic field control
unit, combined AC/DC magnetic field sensors, and
compensation coils. The compensation coils consist
of three pairs of coils that are arranged perpendicular
to each other. Each of these pairs forms a so-called
“Helmholtz-Coil-Pair,” able to produce a homogenous
magnetic field in between the pairs; each pair controls
one direction (along x-, y-, or z- axis). A photograph of
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Fig. 1. Photograph of the completed hybrid magnetic sys-

tem. 1: HTc current sensor with ferromagnetic shield-

ing materials, 2: frame, 3: cap, and 4: band.

Fig. 2. HTc SQUID monitor with active magnetic field can-

celler system.

the active magnetic canceller system is shown in Fig. 2.
To evaluate the performance of the hybrid magnetic

shielding system and the active magnetic canceller sys-
tem, the output signals of the HTc SQUID were ana-
lyzed in the time and frequency domains. The signal
was measured in the room next to where the power
supplies for RIBF were located, where the leakage mag-
netic field of the 50 Hz component was measured by
a Gauss meter as 4.5 ×10−4 T. On the other hand,
the output signal of the 50 Hz component of the HTc
SQUID monitor was 6 ×10−14 T. Based on these find-
ings, we consider that the combination of the hybrid
magnetic shielding system and the active magnetic
canceller system can attenuate the external magnetic
noise to 10−10.
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