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Abstract

Irradiation hardening of an aluminum alloy A5083 has been experimentally investigated for stable operation of Japan
Spallation Neutron Source (JSNS) in J-PARC. To understand effects of displacement damage and gas production by
irradiation, ion irradiation using triple beam of aluminum, helium, and hydrogen ions and indentation testing were
performed for an A5083 disc. Martens hardness of the irradiated A5083 disc with the irradiation damage corresponding
to that induced during an estimated A5083 lifetime in the JSNS operation was compared with that of the unirradiated disc
and showed significant hardening. Further indentation testing for A5083 samples with different irradiation damage levels

are needed in future studies.
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Figure 1: Schematic diagram of Japan spallation neutron
source. The 3-GeV proton beam from a rapid cycling
synchrotron (RCS) is delivered to the neutron production
target in a helium atmosphere through a vacuum beam duct
of the 3-GeV RCS to Neutron facility Beam Transport
(3NBT) line. The vacuum and helium regions are separated
by a proton beam window (PBW).
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Figure 2: Proton beam window of JSNS. The window has
curved plates made of aluminum alloy A5083. The window
size is width 360 mm and height 220 mm.
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Figure 3: Beamlines for triple beam irradiation at MT1
port. The left, middle, and right beamlines are connected to
the 3-MV tandem accelerator, 400-kV ion implanter, and
3-MV single-ended accelerator, respectively. The MT1
port has a vacuum chamber with a stage for samples.
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Figure 4: Sample stage at MT1 port and AS083 disc set on
sample holder. The stage has three sample holders and
Faraday cups for the three accelerators. The A5083 disc has
a surface polished by electrochemical buffing. The surface
has a scribe mark indicating unmasked region for ion
irradiation.
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Figure 5: Calculated depth profile of displacement per
atom (DPA) and He (blue) and H (red) ion concentrations.
The He and H ion distributions have a broad peak by a
degrader.
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Figure 6: Indentation load-depth curves for triple-beam

irradiated (red) and unirradiated (black) regions. Ten
typical curves are displayed for each region.
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