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2020 operational report for the Nishina RIBF water-cooling system
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Operation Condition

As the COVID-19 pandemic affected the opera-
tion of the cooling systems of Nishina and RIBF in
FY2020, the RIBF operation planned for the H1 term
was completely cancelled. In FY2020, RIBF’s cool-
ing systems were operated for approximately two and
half months, and Nishina’s cooling systems for AVF-
standalone, AVF+RRC, AVF+RRC+IRC and RI-
LAC2+RRC+GARIS-II were operated for approxi-
mately five months. No significant troubles that could
cause the long-term interruption of accelerator opera-
tion occurred, and the cooling systems operated stably,
with the exception of some minor problems.

Trouble Report

In troubleshooting, the symptoms were fortunately
minor. Therefore, instead of interrupting the machine
time for repairs, while providing emergency measures,
repairs such as the switching of beams or summer
maintenance were performed during the long-term ac-
celerator outage period. The typical examples of trou-
bles that occurred in FY2020 are a water leak from
the cooling plumbing joint and deterioration of cool-
ing water purity due to water leakage, failure in the
cooling water pump motor bearing, failure in the con-
trol instrumentation air compressor, and device out-
ages caused by an instantaneous voltage drop due to a
lightning strike (1–2 times a year).

Periodic Maintenance

Although the operation time was shorter overall be-
cause the COVID-19 pandemic, regular maintenance
was conducted as planned. As we report it every year,
we omit details about the periodic maintenance

Upgrades

The construction of cooling systems dedicated to the
diagnostic device (named “New FC-G01”) for high-
intensity beams began this year, as planned. After
the completion of the construction in March 2021, the
construction of the power systems and control systems
is planned to start in April 2021 with the goal of start-
ing a comprehensive test run within FY2021. Further-
more, an actual load test using the beam of the equip-
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ment for enhancing the RRC cooling capacity, which
was completed in 2019, is scheduled for March. If the
measurement result is satisfactory, the cooling systems
are planned to be used in the operation of RIBF from
April 2021. The cooling systems are expected to con-
tribute greatly to the mitigation of the fluctuations
in the magnetic field due to temperature variations in
the RRC cooling water, which has been the problem
for many years.
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Status of vacuum pumping systems in accelerator facilities
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Vacuum pumping systems in accelerator facilities have
the following two problems: vacuum leakage and update
issue. The vacuum leakage is a malfunction of old accel-
erator facilities caused by age-related deterioration. The
update issue is that almost all old vacuum pumps and
accessories cannot be replaced with new units owing to a
budget limitation. In this paper, we discuss the current
status of vacuum pumping systems.1,2)

A vacuum pumping system in an accelerator facil-
ity1) comprises cryopump systems, turbomolecular pump
(TMP) systems, rough pumping systems, additional
chamber (AC) pumping systems, and subpumping sys-
tems (subvacuum of a resonator). Table 1 lists the num-
ber of vacuum pumping systems in accelerator facilities.
Each ring cyclotron contains more than 80 sets of cryop-
ump systems,2) more than 120 sets of TMP systems, and
2–8 sets of rough pumping, AC pumping, or sub-pumping
systems. In addition, more than 160 module-type vac-
uum gauges (total pressure gauge controller) combined
with Pirani and cold cathode gauges are used to monitor
vacuum pressure and interlocking vacuum process con-
trol in accelerator facilities. Table 2 lists the number of
malfunctions in the pumps and gauges from 2018 to 2020.
In a year, three to nine malfunctions occur in each unit.
The number of malfunctions may have been lower before
2017 because of the shutdown of the RILAC due to the
SRILAC installation in 2017–2019 and the closure of the
RIBF due to the COVID-19 pandemic in 2020.

Vacuum pumping systems have been in operation for
14–42 years.2) In particular, RRC cryopumps, large RI-
LAC TMPs (5000 L/s), and large RRC TMPs (5000 L/s)
were manufactured in 1985, 1978–1987, and 1985, respec-
tively. In addition, the doses in the SRC, IRC, and AVF
room are extremely high during beam irradiation. There-
fore, the number of malfunctions caused by age-related
deterioration and environmental radiation will increase
further in the future. New spare units of vacuum pump-
ing systems were purchased gradually, but these spare
units are still not sufficient. The following requirements
remain.

(1) All the existing RRC cryopump compressors have
been discontinued by the manufacturer; therefore,

∗1 RIKEN Nishina Center
∗2 SHI Accelerator Service Ltd.

Table 2. Number of malfunctions from 2018 to 2020.

2018 2019 2020
Cryopumpa 4 6 7
Turbomolecular pumpb 3 8 4
Rotary pump 5 3 7
Vacuum gaugec 4 6 9
a Includes a compressor. b Includes an attached power supply.
c Includes a controller, Pirani gauge, and cold cathode gauge.

at least six cryopump compressors must be re-
placed with new ones within a few years. Based
on such measures, one cryopump system set of the
IRC-NE valley cavity was relocated to the RRC-VS
valley cavity in 2019, and two cryopump systems
operate in the IRC-NE valley cavity. Six SRC cry-
opump compressors should be also replaced with
new ones in the future.

(2) In the case of large TMPs, although one 5000 L/s
TMP of the RRC was replaced with a new one
in 2017 and one of the RILAC is scheduled to be
updated, the other 5000 L/s TMPs are not yet
scheduled for replacement. In addition, a few mal-
functions of large rotary pumps (RPs) have been
occurring in the rough pumping system of ring cy-
clotrons and have not been repaired. Therefore,
these large RPs must be replaced with new units
in the future, although their operating times are
lower.

However, small TMPs and RPs as well as vacuum
gauges have been repaired or updated, and these have
been relatively stable. Oil leaks in small RPs were mainly
repaired by replacing new O-rings and seals, and vacuum
gauges were repaired by replacing some boards and parts.

Consequently, if more cryopumps or TMPs malfunc-
tion in a year, it will be difficult to operate accelerator
facilities depending on the number of spare units. There-
fore, the priority would be to purchase a sufficient num-
ber of spare units.
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Table 1. Number of vacuum pumping systems in accelerator facilities.

RILACa RILAC2a AVFa RRC fRC IRC SRC BTa

Cryopump system 11 8 2 14 6 14b 22 3c

TMP system (TMP + RP) 14 11 1 4 2 4d 4d 78
Rough pumping system (MDPe + RP) − − − 2d 2 2 2 −
AC pumping system (TMP + RP) − − − 4 − 4 − −
Sub-pumping system (TMP + RP) − − − − − 4 8 −
Module-type vacuum gauge 16 9 1 14 3 14 10 78
a Excludes ion sources, SRILAC, or charge strippers. b One set was relocated to RRC. c Includes a re-buncher and D6-BEA.
d One is out of order or offline. e Mechanical booster pump.
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