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Abstract

A project to develop a next-generation small facility for heavy-ion radiotherapy called Quantum Scalpel is underway
at the National Institutes for Quantum Science and Technology (QST). One of the aims of this project is to downsize the
synchrotron by applying superconducting technology, and the installation area is to be reduced to about one-tenth that of
the conventional synchrotron, whose diameter is about 20 m. However, the superconducting magnet used for the
synchrotron requires high magnetic field uniformity and repeated high-speed excitation of more than 0.64 T/s. Such high-
speed excitation generates large AC loss and this heat generation is one of the major issues in the development. In addition,
considering the introduction of superconducting magnets to general hospitals, it is desirable to use only 4K GM
cryocoolers that are easy to operate without liquid helium, which is difficult to handle. Therefore, we have developed a
low-AC-loss superconducting magnet that can adopt a conduction cooling method using 4K GM cryocoolers. In order to
verify the technologies for designing and manufacturing the superconducting magnet for the synchrotron, a short model
coil was fabricated and pattern excitation test was carried out. The test results are reported.
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Figure 1: Cross section of the short model coil.
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Table 1: Specifications of the Short Model Coil

Central field 35T
Central field gradient 1.5 T/m
Max. ramp rate 0.64 T/s
Coil length 400 mm
Nominal current 265 A (dipole)
123 A (quadrupole)
Number of turns / pole 1070 (dipole)
36 (quadrupole)
Number of layers 22 (dipole)
2 (quadrupole)
Stored energy 42.2 kJ (dipole)

17.5 J (quadrupole)

1.20 H (dipole)
2.32 mH (quadrupole)

Self-inductance
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Figure 2: Calculation result of magnetic field distribution
when the dipole coil was excited by 265 A.
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Figure 3: Outer view and photograph of the short model
coil.
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Figure 4: Measured and calculated central magnetic field
and B/I characteristics.
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Figure 5: Measured and calculated temperature in the pattern excitation test of the short model coil.
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Figure 6: Dependence of the coil and refrigerator
temperatures as a function of ramping rate.
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