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Abstract

The skeleton cyclotron is a new type of an AVF cyclotron equipped with high-temperature superconducting(HTS) coils.
The magnetic field for ion acceleration is generated by an air-core coil complex, consisting of main, trim, sector, center
and other small correction coils. The iron-free cyclotron magnet has the advantages of high stability and reproducibility
of the magnetic field which is achievable by exclusion of magnetic materials to avoid not only a magnetic field change
caused by thermal conduction from coils but also a difference in the excitation level originated in a hysteresis effect when
the coil currents are changed to switch acceleration energy and ion species. The iron-core free structure gives us freedom
to optimize the configuration of cyclotron equipment as well. On the other hand, radiation shielding and magnetic field
leakage should be considered in case no shielding materials exist around the cyclotron. In this work, we designed the
maximum magnetic field averaged azimuthally at the extraction radius of 50 cm is 2.0 T for a 50 MeV “He?" beam and
1.6 T for a 30 MeV H™ beam. Parameters of a spiral-type inflector was investigated for axial beam injection. Variation of
the magnetic field distribution was estimated to add an iron return yoke to the outside of the HTS coil complex for neutron
shielding.
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Figure 1: An example of the HTS coil complex of the
skeleton cyclotron magnet.
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Table 1: Design Parameters of the Skeleton Cyclotron

Parameters Values
Extraction radius 50 cm
Maximum averaged field 32T
K-number 120 MeV
Acceleration harmonics 3,5
Acceleration frequency 55 to 95 MHz
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Figure 2: Trajectory of a 120 keV “He?" incident ion
going through the gap of an inflector electrode with a k-
value of 1.2 for acceleration up to 50 MeV with
harmonic number of 5.
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Figure 3: Trajectory of a 160 keV “He?" incident ion
going through the gap of an inflector electrode with a k-
value of 1.9 for acceleration up to 120 MeV with
harmonic number of 3.
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Figure 4: Comparison of the azimuthally-averaged
magnetic field distributions between the existence of a
50 c¢m thick iron shield block surrounding all HTS coils
(blue line) and a fully-opened air-core HTS coil
complex without iron shielding (red line) for the same
excitation condition.
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