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Abstract

A synchrotron employing superconducting technology has been developing at QST to realize a compactness and low-
cost facility for carbon ion radiotherapy. This superconducting magnet is adapting a conducting cooling system to realize
a repeating operation from 0.3T to 3.5T with a ramp rate of 0.7T/s. When using superconducting magnet for synchrotron
that continuously change the magnetic field, it is important to lower the magnetomotive force as much as possible so as
to reduce the risk of quench. It is possible to decrease the magnetomotive force by closing the distance between
superconducting wire and iron yoke. However, the closer the distance under high magnetic field, magnetic field stability
becomes worse due to the saturation of the magnetic field density in the iron yoke. Therefore, we considered the optimal
yoke shape so as to keep a good field stability no matter if the yoke is in saturated condition. As a result of the optimization,
it was found that the maximum excitation current would be reduced approximately 4.5%.
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Table 1: Specifications for the Superconducting Magnet

Bending angle [deg] 90 (45x2)
Bending radius [m] 1.89
Field ramp speed [T/s] 0.7
Maximum dipole field [T] 35
Maximum field gradient [T/m] 1.5
Effective magnetic field for [mm] (%30, +19)
injection beam (Hori., Vert.)
Effective magnetic field for [mm] (247, £8)
extraction beam (Hori., Vert.)
Field uniformity (dipole) < +2.5x10*
Field uniformity (quadrupole) <+1x1073
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Figure 1: Cross-sectional view of the superconducting coil.
Dipole and quadrupole coils are wound up on the coil
bobbin concentrically.
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Figure 2: Dependence of magnetic field stability on vertical
yoke thickness.
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Figure 3: view of yoke with an
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Figure 4: Color map of magnetic flux density in yoke cross
section. (a) and (b) show the case with and without hole
(old yoke shape), respectively.
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Figure 5: Load line of the superconducting dipole coil. A
load factor of 70.3% is obtained, which is 1.9% lower
compare with a without hole.
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Figure 6: Magnetic field stability of the superconducting
dipole magnet with hole in yoke.
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Figure 7: Comparison of dipole magnetic field stability
with and without holes in yoke.
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Table 2: Magnetic Field Characteristics of the Dipole Coil

Magnetomotive force [kAT/pole] 273.92
Maximum excitation current [A] 256
Magpnetic field [T] 3.50
Effective length [mm] 1481.434
Stored energy [kJ] 184.59
Inductance [H] 5.63
Excitation voltage [V] 262.36
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