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Abstract

A new proton beamline at 30 GeV, referred to as B-beamline, has been constructed for nuclear-physics experiments at
the J-PARC Hadron Facility. A first beam commissioning of the B-beamline has been successfully carried out in 2020.
The proton beam is transported in the vacuum duct, and injected to the experimental targets, which are located in a target

chamber filled by helium gas at atmospheric pressure. Therefore, a partition, called a “beam window”

, 1S necessary

between the vacuum duct and the target chamber. In the first commissioning, the beam window made of 0.1-mm-thick
stainless-steel (SUS304) with an effective diameter of 260 mm was used. However, the experimental group has observed
rather larger beam-related background than that of an original expectation. Therefore, in order to reduce beam loss at the
beam window, we have newly adopted the beam window made of 0.1-mm-thick pure-titanium, which was installed in
April, 2021. In this paper, a design of the titanium beam window, and results of several examinations are reported.
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Figure 1: Plan view of the Hadron Experimental Facility at
J-PARC in 2020.
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Figure 2: Vertical schematic drawings around the beam
window. The bottom figure shows an expansion around the
beam window and the target chamber.
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Figure 3: Drawing and photograph of the beam window
made of 0.1-mm-thick pure titanium.
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Figure 4: Stress-strain curves obtained by tensile-test
results. Dashed lines show the bright-annealed sheet
(TR270-BA). All of the test pieces were fabricated from a
same sheet of the beam window.

Table 1: Results of the tensile tests. These results show the
minimum strength and the lowest strain among three
samples.

Type TR270C-BA TR270C-H
Ultimate strength 322 MPa 786 MPa
(nominal stress)

Yield strength 218 MPa 531 MPa
Nominal Strain 38.5% 10.0 %
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Figure 5: The top three figures show FEM-calculation
examples for the tensile test, in which the color map shows
the Von-Mises stress. The bottom figure shows a
comparison of the stress-strain curves for TR270C-BA
between the tensile test (solid green line) and the FEM
calculation (dashed red line).
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Figure 6: Results of the FEM calculation after being
applied at atmospheric pressure, that is 1.013E+5 Pa, for
the TR270C-BA.
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Figure 7: Results of the FEM calculation showing the von-
Mises stress as a function of the differential pressure,
where 1 atm means 1.013E+5 Pa. Dashed lines show
rupture stresses obtained by the tensile test.
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Figure 8: Comparisons of displacements as a function of
the radius between the data (circles) and the FEM
calculation (dashed line). The top figure shows that for the
TR270C-BA, and the bottom figure shows that for the
TR270C-H.
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Figure 9: hotograph of the pressure-cycle test for the
TR270C-BA.
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Figure 10: History plot of the relative displacement at the
center of the beam window during the pressure-cycle test
for the TR270C-BA.
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Figure 11: Continuous displacements at the beam-window
center. The vertical axis, displacement, set to be zero right
after evacuated lower than 10 Pa. The dashed line shows a
fitting result by the Eq. (1) of the creep effect.
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Figure 12: Photographs after a replacement from the
stainless beam window to the titanium beam window.
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