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Abstract

In recent years, an accelerator-based neutron source that replaces a nuclear reactor is being developed, and it is required
to further increase the intensity of the accelerator. The automatic cyclotron resonance acceleration method is one of the
acceleration methods that has succeeded in accelerating high-intensity electrons of 20 A with low energy up to about 2
MeV. The automatic cyclotron resonance acceleration method is a method in which an electric field rotating at the same
angular velocity as a charged particle rotating in a magnetic field is generated and the charged particle is always
accelerated in the same direction as the rotating direction. We apply the cyclotron auto-resonance acceleration to protons
and aim to develop a proton accelerator that accelerates high-current protons to several tens MeV. Since the cyclotron
resonance frequency is proportional to the magnetic flux density and inversely proportional to the mass of the particle,
generation of a strong magnetic field is the key to realizing a cyclotron resonance accelerator for a proton with a mass of
2000 times that of an electron. A coil system using a high temperature superconducting wire and a resonant cavity for
high frequency TE111 mode were designed by finite element electromagnetic field analysis using OPERA-3D to design
an electromagnetic field with a static magnetic field of 8 T and circularly polarized light of 121 MHz. went. Furthermore,
the behavior of the proton beam in this static magnetic field and electromagnetic field was calculated by OPAL, and the
proton acceleration up to 30 MeV was confirmed. It was also shown that the charge contained in the proton bunch can be
increased and the beam can be accelerated with a sufficiently small lateral spread even for a beam equivalent to 100 mA.
In this presentation, we will present the calculation of magnetic field and resonant cavity, and the calculation result of
proton orbit in the electromagnetic field.
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Figure 1: Schematic of proton accelerator with cyclotron
auto-resonance.
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Figure 2: Electric field distribution of rotating TE ;.
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Figure 3: Relationship between guide magnetic field and
cavity size.
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Figure 4: Guide magnetic field at center of cavity.
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Table 1: Parameter of Simulation by OPAL

i1 BT
AN = — 50 keV
RF J& % 121 MHz
<IN —T ) 1 X 10*#
B — LD EL 2 cm
E—ADEX 2.5¢cm
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Figure 5: Dependence of energy and axial distance z.
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Figure 6: Distribution of energy at z =210 cm.
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