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Abstract

In general, a cyclotron has relatively higher energy efficiency than other types of accelerator due to compactness and
simplification of magnets and RF systems. The maximum energy efficiency of 13 % was achieved at PSI-HIPA. The
power losses in electromagnets and RF systems account for 70 % of the total power consumption. The energy efficiency
of a cyclotron will be improved by introducing power saving measures such as superconducting equipment and electric-
power free devices. We started designing of a new cyclotron consisting of main electromagnets using SmCo permanent
magnets (PM) and superconducting RF (SRF) cavities coated with MgB; to achieve energy efficiency of 30 % or more.
Key technologies required for realization of an SRF system in a cyclotron are manufacturing of an MgB, superconducting
cavities and its cryomodules. Especially the leakage field of the main magnets around the superconducting cavities should
be tolerable by reducing the field under the thermodynamic critical field. In this paper, we have identified the R&D issues
for each element as the first step in the development of our high energy-efficiency SRF-PM cyclotron.
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Table 2: Properties of Superconducting Materials Applied
in SRF Cavities

Material T, [K] H. [T] Hg, [T]
Nb 9.23 0.18 0.24
NbN 16.2 0.02 0.23
NbsSn 18 0.05 0.54
MgB:2 39 0.03 0.43
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Figure 1: Reverse Carnot Cycle Efficiency Carve.
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Figure 2: K100 SRF Cyclotron components.

Table 3: Design Target Values of K100 SRF-PM
Cyclotron (provisional)

Particle Proton
Beam power 1 MW (100 MeV X 10 mA)
RF frequency 69.4 MHz
Harmonics 10
Height 22m
Radius Injection:1.0 m
Extraction: 3.0 m
Magnetic Field Extraction:0.494 T
Leakage at SC layer : ~0.03 T
Operation temperature 20K
(cooling methods) (L-H: or conduction cooling)
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Table 4 : Design Main Issues of SRF-PM Cyclotrons
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