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Abstract

The design of a new AVF cyclotron with high-temperature superconducting(HTS) coils, named Skeleton Cyclotron,
has been started for mass production of radio-isotopes used for cancer diagnostics and therapy. The HTS air core coils
forms a spatially complex magnet, consisting of main, trim, sector, center and other coils. The maximum averaged
magnetic field at the extraction radius of 50 cm is 3.2 T, which gives the K-number of 120 MeV. The skeleton cyclotron
excludes most of iron pole tips and return yokes to avoid magnetic field instability caused by temperature variation of
iron cores due to thermal conduction from normal-conducting main coils. The iron-core free structure gives us freedom
to install the equipment for beam injection, acceleration, extraction and diagnostics. In addition, the iron-core free magnet
improves rapidness and reproducibility of magnetic field re-excitation for quick change of ion species and energy. In this
paper, outline of the skeleton cyclotron design and characteristics of the HTS cyclotron magnet will be discussed.
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Figure 1: Schematic view of the skeleton cyclotron.
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Table 1: oo Emitter Radioisotopes

RI Half life o particle energy (MeV)
Tb-149 4.2 hours 4.0
Bi-212 61 minutes 8.8
At-211 7.2 hours 6.8
Ra-224 3.7 days 5.8
Ac-225 10 days 5.9

Table 2: Design Parameters of the Skeleton Cyclotron

Parameters Values
Extraction radius 50 cm
Maximum averaged field 32T
K-number 120 MeV
Acceleration harmonics 2,4
Acceleration frequency 30 to 60 MHz
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Figure 2: Isochronous field distributions for H- and
“He™?" acceleration.
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Figure 3: Radial magnetic field distributions of the main
and six trim coils, generated by single excitation at
5,000 A/cm?.
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Figure 4: Azimuthal magnetic field distributions of the

sector coils at R = 10, 30, 50 and 60 cm, generated by
simultaneous excitation at 10,000 A/cm?.
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Figure 5: Two dimensional magnetic field distribution
generated by simultaneous excitation of the main, six
trim and four sector coils for 28 MeV “He" acceleration.
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