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Experimental plan for displacement damage cross
sections using 120-GeV protons at FNAL
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To predict the operating lifetime of materials in high-energy radiation environments at accelerator facilities,
Monte Carlo codes such as PHITS, MARS, and FLUKA are used to calculate the number of displacements per
atom (dpa) related to the number of Frenkel pairs. The Norgertt–Robinson–Torrens (NRT) model has been
widely used to predict the number of “initial”Frenkel pairs (NRT-dpa). For more accurate estimation of the
actual damage production, athermal-recombination-corrected displacement damage (arc-dpa) was proposed,
recently. For the validation of codes, it is necessary to measure displacement cross-sections of metals in
relation to changes in electrical resistivity at cryogenic temperature (around 4 K) where the recombination
of Frenkel pairs by thermal motion is well suppressed. The comparison between the experimental data and
calculated results for proton irradiation with energies from 0.1 to 30 GeV indicates that the arc-dpa results are
good agreements with the experimental data and the NRT-dpa results are larger than the data by a factor of
around three.

In this presentation, we introduce our experimental plan for displacement cross sections with 120-GeV pro-
tons at Fermilab Test Beam Facility (FTBF) in Fermi National Accelerator Laboratory (FNAL). Experiments
will be performed at the M03 beam line high rate tracking area in FTBF for the US fiscal year 2022 (October
2021 –September 2022). For the preparation of experiments, we developed the sample assembly with four
wire sample of Al, Cu, Nb andWwith 250-µm diameter and 4-cm length. Annealing under vacuum condition
(~10−4 Pa) was performed by heating an Al sample at 840 K for 30 minutes, a Cu sample at 1289 K for 30
minutes, a Nb sample at 1923 K for 15 minutes, and a W sample at 2473 K for 15 minutes, respectively. The
sample assembly will be maintained at around 4 K by using a Gifford–McMahon (GM) cryocooler in a vac-
uum chamber. Then, changes in the electrical resistivity of samples will be obtained under 120-GeV proton
irradiation. Recovery of the accumulated defects through isochronal annealing, which is related to the defect
concentration in the sample, will also be measured after the cryogenic irradiation.
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