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Abstract

A new proton beamline at 30 GeV, referred to as High-P beamline, is now under construction for nuclear and particle-
physics experiments at the J-PARC Hadron Facility. The beam for the High-P beamline is branched with a Lambertson-
type magnet from an existing primary-proton beamline. Since a portion of the primary beam is injected to a pole piece of
the magnet, the branching point is expected to be fairly radioactive. To reduce radiation exposure for maintenance workers,
a pillow seal, which is full-remote handling system for a vacuum connection, was adopted around the Lambertson magnet.
However, since the branching point is located in a slope section at an angle of 2.1° and the magnet is loaded in vertical
direction with a crane, a gap between the vacuum ducts must be larger than 30 mm, where a gap of the conventional
pillow seal for a disconnection mode is only 9 mm. Thus, a long-stroke pillow-seal was newly developed. In this paper,
a design of the long-stroke pillow-seal, examination results with a prototype such as a cycle test, and an actual

performance evaluated in the High-P beamline are reported.
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Figure 1: Plan view of the Hadron Experimental Facility
at J-PARC.
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Figure 2: The drawing of a pillow-seal.
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Figure 3: Schematic apparatus and a photograph of a
preliminary test using a double-bellows duct without a
diaphragm flange.
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Figure 4: The drawing of a long-stroke pillow-seal.
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Figure 5: The photograph of a long-stroke pillow-seal.
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Figure 6: A prototype of the long-stroke pillow-seal with
the shrink mode, which is made by evacuation in the
bellows section made the shrink mode.
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Figure 7: The prototype with the natural length, in which
the bellows section is set at the atmospheric pressure.
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Figure 8: The prototype with the vacuum-connection mode
(stretch mode), which is made by applying pressure to the
bellows and diaphragm section above 0.3 MPa.
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Table 1: Results of the cycle tests, showing helium-leakage
rate. The unit is Pa-m?/sec.

No. of cycles Air pressure for diaphragms and bellows.

0.3 MPa 0.4 MPa

1 1.0E-10 0.6E-10
10 1.0E-10 0.4E-10
100 0.7E-10 0.3E-10
500 3.1E-10 1.6E-10
1000 3.5E-10 2.1E-10
2000 9.1E-10 2.7E-10
3000 5.7E-10 2.9E-10
4000 13E-10 4.5E-10
5000 15E-10 4.9E-10
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Table 2: Results of the surface roughness of a diaphragm,
where a os, indicates a standard deviation of the roughness
in several points.

No. of cycles Surface roughness of a diaphragm[nm]

new Sa=4.7 (cs.=1.2)
100 Sa=20 (0s5:=9)
5000 Sa=51 (osa=11)
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Figure 9: History plot of the helium-leakage rate in the
cycle tests.
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Figure 10: Photograph during an installation of the
Lambertson magnet with the long-stroke pillow-seals.
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Figure 11: The long-stroke pillow-seal installed between
the collimator and the Lambertson magnet.

Table 3: Results of the helium-leakage rate after
installation to the beamline, in which beamline was
evacuated with 1-Pa level.

. . He leakage rate.
Position in the beamline. g

[Pa*m?/sec]
Upstream a collimator chamber in 9.9E-10
front of the Lambertson magnet. ’
Upstream the Lambertson magnet. 0.4E-10
Downstream the Lambertson 11E-10
magnet.
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