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Abstract

J-PARC is the only accelerator facility in Japan that can provide proton beams in the energy range of 400 MeV or higher.
To maintain the stable operation of the J-PARC accelerator, the installation of experimental apparatuses by users is impossible
inside the proton beam duct. For this reason, a method using protons scattered in the aluminum beam window at the beam
dump entrance has been developed as the solution. For the improvement of proton scattering data, which is mainly dominated
by the Intra-Nuclear Cascade model (INC), the double-differential cross section (DDX) of emitted particles in the most forward
direction is essential. Still, new data are needed because few experimental data are available. To promote space utilization and
improve the accuracy of INC, measurements of DDX for a few GeV protons have been conducted at the 3NBT beam dump at
J-PARC. A sharp peak of elastic scattering was found in the spectrum for the 400 MeV proton projectiles. Although the PHITS
calculation reproduces this peak well, it overestimates the quasi-elastic scattering contribution by a factor of 3. In this paper, we
discuss the proton spectrum measurements from 0.4 GeV to 3 GeV that will be provided to users and the proton beam irradiation
facility that is under consideration in the Transmutation Division of J-PARC.
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Table 1: Plastic Scintillators Used in the Experiment

Thickness ~ Stoping energy  Primary energy
[mm)] [MeV] [MeV]
dEl 10 3255 151
dE2 50 87.6 177
dE3 100 152 223
dE4 200 245 302
dES 400 385 432
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Figure 1: DDX of Al(p,xp) reaction obtained by the present
experiment compared with another experimental data [17],
calculation with PHITS using INCL-4.6 and JQMD, and
FLUKA.
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Figure 2: Comparison of the angular distribution of elastic
cross section by calculations for 1- and 3-GeV protons.
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Figure 3: Result of 3-GeV protons observed by dE4 and dES
detectors showing a clear proton band and penetration of pro-
tons, but not showing an elastic peak due to the saturation of
the stopping power in the high-energy region.
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Figure 4: Schematic setup for using Cherenkov radiators to
obtain a proton spectrum for projectiles higher than 0.4 GeV.
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Figure 5: Time-of-flight spectrum for 0.8, 1.5, and 3 GeV in-
cident protons.
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Figure 6: Result of proton spectrum for 0.8, 1.5, and 3 GeV
incident protons.
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Figure 7: Birds-eye’s view of the PBIF.
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