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Abstract

For the space use of the detectors, J-PARC is the only facility in Japan that can provide proton beams in the energy range
higher than 400 MeV. However, installing users’ experimental equipment inside the proton beam duct is challenging to
maintain stable user operation for the other uses of the production of neutrons. In addition, it is essential to improve the
intranuclear cascade (INC) model for high-intensity proton accelerator facilities such as accelerator-driven transmutation
systems (ADS). The cross section for the forward-most emitted particles is essential to improve the reaction mechanism.
New data should be obtained due to the scarcity of experimental data. To promote space utilization and improve the
accuracy of the nuclear reaction mechanism, the energy spectra of scattered protons were measured at the beam window
at the entrance of the J-PARC 3NBT beam dump. The results for 400-MeV protons show that the spectra have sharp
peaks due to elastic scattering, which can be used to check space use detectors. The calculation of the PHITS code using
INC reproduced the sharp peak due to elastic scattering well, although it gave a slight overestimation for the quasi-elastic
scattering. The present method is concluded to utilize protons in the energy regions of several GeV for space exploration.
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Table 1: Specification of the Plastic Scintillators Used in
the Experiment

Thickness  Stoping energy  Observable energy
[mm] [MeV] [MeV]
dEl 50 22 123
dE2 100 149 220
dE3 200 240 297
dE4 400 383 428
E5 700 597 636
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Figure 1: Experimental setup of the present experiment.
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Figure 2: Proton yield estimation by PHITS calculation at
detector position.
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Figure 3: 2D light-output distribution by PHITS simulation
for dE3-dE4 detectors.
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Figure 4: Experimental light-output distributions for the
combination of dE1-dE2 (top) and dE3-dE4 (bottom).
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Figure 5: Present experimental result shown as response of
scintillation light yield in the dE4 detector, compared with
PHITS calculation.
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Figure 6: Comparison of experimental DDX [13] with
PHITS calculation for 392-MeV protons .
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Figure 7: Same as Fig. 6, but for 795-MeV protons [14].
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Figure 8: Comparison of model dependence on the DDX for 400-MeV protons at 15°.
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