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Abstract

In recent years, due to the rapid development of beam application technologies, the demands for ion beam has been growing.
It includes proton therapy, medical use short-lived RI production and neutron source application, etc. However, conventional
cyclotron uses electromagnet with iron-core for magnetic field induction, where the field linear adjustability is limited by the
iron-core” s hysteresis. As a result, it requires a long time and skilled operators to adjust the field and produce different types of
beam from one cyclotron. As to medical cyclotron, the beam type it can produce is usually limited to one.In order to accomplish
variable beam type production from one cyclotron, an air-core cyclotron is under development in Research Center for Nuclear
Physics, Osaka University. Without any iron-core, this skeleton cyclotron induces magnetic field with only superconducting
electromagnet, where the field can be adjusted easily without nonlinearity. This cyclotron, with extraction radius of 50 cm, is
designed to produce H+, D+ and He2+ beam up to 70 MeV, 40 MeV and 80 MeV respectively. The maximum average magnetic
field varies from 1.715 T to 2.534 T. In this work, the magnetic field design for the skeleton cyclotron will be presented, and
the beam quality will be discussed.
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Figure 1: Model of Skeleton Cyclotron, consisting 7 main
coils and four sector coils.
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Table 1: Specifications of Skeleton Cyclotron
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Figure 2: Magnetic field for D+40 MeV acceleration and
P+18 MeV acceleration.

Table 2: Current Density in Each Coils for D+40 MeV and
P+18 MeV Acceleration Magnetic Field Induction

D40 MeV T#3% P18 MeV T

Coil 1 17718 A/em? 16618 A/em?
Coil 2 7189 A/em? 4986 A/cm?
Coil 3 -20499 A/cm? -20499 A/cm>
Coil 4 27547 Alem? 16205 A/em?®
Coil 5 3217 Alem? 7952 Alem®
Coil 6 -6555 Alem? 37577 Alem?
Coil7 -33723 A/em? -51 A/em?
Sector coil 45000 A/cm?® 30000 A/cm?
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Figure 3: Tune diagram obtaining from D+40 MeV accelera-
tion static equilibrium orbit calculation, using magnetic field
induced by skeleton cyclotron.
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Figure 4: Tune diagram obtaining from P+18 MeV accelera-
tion static equilibrium orbit calculation, using magnetic field
induced by skeleton cyclotron.
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Figure 5: Ration of bunch orbit time to RF period. Except for
the center bump part at the beginning, the magnetic field are
highly isochronous.
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Figure 6: Magnetic field on skeleton cyclyotron’s coils when
inducing D+40 MeV acceleration magnetic field.
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Figure 7: /B2 + B2 magnetic field component on sector

coil when inducing D+40 MeV acceleration magnetic field.
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Figure 8: z direction tune of P+50 MeV and D+40 MeV ac-
celeration, with current density 60000 A/cm? in sector coils.
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