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Abstract

For the damage estimation of structural material utilized in the accelerator facility, displacement per atom (DPA)
is widely employed as an index of the damage calculated based on the displacement cross section obtained with the
calculation model. Although the DPA is employed as the standard, the experimental data of displacement cross section
are scarce for a proton in the energy region above 20 MeV. Among the calculation models, the difference about 8 times
exists so that experimental data of the displacement cross section is crucial. To obtained the displacement cross section,
an experiment has started in J-PARC. As a preliminary result, the displacement cross section of copper was successfully
obtained for 3-GeV proton, which is the first experimental data in the world above 2 GeV. The present results showed
that the widely utilized NRT model overestimates the cross section as suggested by the previous experiment in the lower

energy region.
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Figure 1: Plan of Rapid Cycling Synchrotron (RCS) and
Materials and Life Science Experimental Facility (MLF)
in J-PARC.
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Figure 2: Vertical view of 3NBT beam line and beam
dump. The vacuum chamber utilized in the experiment is
located in the place shown in red ellipse.
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Figure 3: Calculated temperature distribution around sam-
ple and radiant heat shield for safety analysis of the exper-
iment.
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Figure 4: Vacuum chamber for the measurement displace-
ment cross section placed at the beam line with GM cry-
ocooler mounted on movable stage.
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Cold head and sample
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Figure 5: Cold head made of copper and copper wire sam-
ple used in the experiment.
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Table 1: Characteristics of Copper Sample Used in the Ex-
periment

Sample Shape
Diameter [pm]

Single wire
250

Length between potential points [mm] 40

Purity [%] 99.999
Resistivity at 298 K [Qdm] 1.67x1078
Resistivity at 20 K [Q2m] 7.36x10~ 11
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Figure 6: Trend of resistance of the copper sample and tem-
perature at the holder during experiment.
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Table 2: Experimental Resistance Change Rate to One Pro-
ton Induced

Experiment Energy Damage rate
[GeV] [x10731Q m3/proton]

KURRI 0.13 3.41

AGS 1.94 3.66

Present(J-PARC) 3.0 2.35
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Figure 7: Comparison of the present experiment data with
the previous experiment [10, 11, 15] and calculation results
with PHITS as a function of kinetic energy.
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