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Abstract

The J-PARC RCS vacuum system enables stable high power beam operation with large-aperture alumina beam ducts
and turbo-molecular pumps (TMPs) as the main evacuation device. The beam line pressure is less than the first half of the
order of 1076 Pa. To realize a more stable vacuum system and reduce the vacuum pressure for the beam power increase
and heavy ion acceleration, we have been improving the vacuum system, particularly by replacing the fore-line pumps of
the TMPs and adding non-evaporable getter (NEG) pumps. The fore-line pumps are mainly dry scroll pumps, but these
pumps need frequent maintenances such as once a year because of degradations of tip seals and grease. The Roots pumps
replacing the dry scroll pumps have no sliding parts and achieved over-five-year operation with no maintenances. The
additional NEG pumps having a high pumping speed for hydrogen, water, and carbon mono-oxide which were the main
parts of the residual gas evacuated these gases as expected according to the mass spectroscopy analysis. The RCS beam

line pressure reached 5 x 10~8 Pa which is the lower limit value of our pressure gauge.
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Figure 1: The J-PARC RCS vacuum system: arrangement
of turbo-molecular pumps.
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Figure 2: The typical vacuum pressure distribution along
the J-PARC RCS ring in 2019.
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Figure 3: The mass spectra of the residual gas evacuated
with turbo-molecular pumps. The applied voltage to the
secondary electron multiplier was -1.3 kV.

2024
2023
2022
2021 °
2020

.
2019

2018

2017

2016

Extraction

Acceleration
i
l

Injection

Pump number

Figure 4: The maintenance frequency of the dry scroll
pumps. The horizontal axis indicates the pump number
along the J-PARC RCS ring. The black shaded means a
Roots pump replaced the dry scroll pump.
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Figure 5: The typical vacuum pressure distribution along
the J-PARC RCS ring at 2022.
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Figure 6: The mass spectra of the residual gas evacu-

ated with turbo-molecular pumps and non-evaporable get-

ter pumps. The applied voltage to the secondary electron

multiplier was -1.5 kV.
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Figure 7: The time development of the total pressure measured with a cold cathode gauge and main mass spectrum
intensities when the all turbo-molecular pumps were stopped at 9 AM on June 26. The unit of the mass spectrum

intensity is ion current.
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Figure 8: The J-PARC RCS vacuum system: arrangement of pumps in June 2023.
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