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Abstract

To promote the widespread adoption of proton beam therapy, it is essential to reduce the overall size of the system.
Conventional synchrotrons control the energy of the extracted beam by operating bending magnets in a time-dependent
pattern. However, typical normal-conducting synchrotrons have an orbital circumference of approximately 18 meters,
posing challenges for compact design. In previous studies, we proposed a novel concept for an accelerator with a static
magnetic field and variable-energy capability. In this study, we confirm the feasibility of this accelerator type through
particle tracking analysis under electromagnetic field conditions, based on three-dimensional magnetic field calculations

at each stage: injection, acceleration, and extraction.
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Figure 1: Configuration diagram of the new accelerator.
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Figure 2: Orbit configuration and target magnetic field of
the new accelerator.
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Figure 3: The expected acceleration pattern of the new
accelerator. The solid line shows the temporal change of
energy, and the dashed line shows the temporal change of
the frequency of the orbital frequency and the frequency of
the high-frequency electric field.
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Figure 4: Tune diagram of the new accelerator. The solid
red curve shows the tune of the beam accelerating from
0 MeV to 225 MeV, and the solid black line shows the
resonance line up to the fourth order.
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Figure 5: f function of the new accelerator. The upper
graph indicates horizontal f function, the lower indicates
vertical one.
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Figure 6: Synchrotron frequency (fsyn) and RF bucket
when RF voltage amplitude V, = 6KV in the new
accelerator. Only the §E > 0 region is shown, and the
S6E < Oregion is also congruent.
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Figure 7: Beam transmission efficiency at the start of turn
5 obtained by CST analysis. The initial phase is defined as
90 degrees when the electric field in the direction of
extracting the beam from the ion source is at its maximum.
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Figure 8: Target magnetic field added for trajectory
adjustment. The magnetic field distribution shown in the
top figure shifts the entire orbit in the X direction, and the
magnetic field distribution in the bottom figure shifts the
entire orbit in the Y direction. The circle shown in the
figures is the maximum energy design orbit.
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