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Abstract

QST has started the project of a quantum scalpel to realize further compactness and low-cost facility for carbon-ion
radiotherapy (CIRT). One of the quantum scalpel projects is the development of synchrotron employing
superconducting technology and detailed designing of the superconducting magnet is advancing. Maximum dipole field
of 3.5 T is adapted, and it is operated at a ramp speed of 0.7 T/s. To suppress the coil load factor less than 70%, the
maximum excitation current is determined to be 265A. In addition, to achieve a lower magnetomotive force with a
compactness magnet shape, the effective magnetic field size and the magnetic field uniformity are reconsidered based
on the synchrotron’s simulation. These are described in this report.
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Table 1: Specifications for the Superconducting Magnet

Bending angle [deg] 90 (45%2)
Bending radius [m] 1.89
Field ramp speed [T/s] 0.7
Maximum dipole field [T] 3.5
Maximum field gradient [T/m] 2
Effective magnetic field for ~ [mm] (£30, £19)
injection beam (Hori., Vert.)
Effective magnetic field for [mm)] (47, £8)
extraction beam (Hori., Vert.)
Field uniformity (dipole) <£2.5x104
Field uniformity (quadrupole) <£1x103
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Figure 1: Load line for the synchrotron superconducting
dipole coil. Maximum excitation current is determined to
265A under the 70% load factor.
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Figure 2: Cross-section of the superconducting coil. The
dipole and the quadrupole coils are  wound
concentrically.
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Table 2: Parameters of the Synchrotron Superconducting
Coil and its Bobbin

Coil bobbin size (H /V) [mm] 72/50
Number of layers (dipole) 22

Number of turns (dipole) [Turn/pole] 1070
Number of layers (quadrupole) 2

Number of turns (quadrupole) [Turn/pole] 36
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Figure 3: The magnetic field distribution at maximum
current excitation that calculated by POISSON.
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Figure 4: The field uniformity of dipole magnetic field
depending on the field strength.

Table 3: The Iron Yoke Size

Inner diameter (H) [mm] 125

Inner diameter (V) [mm] 109.3

Outer diameter (H) [mm] 310

Outer diameter (V) [mm)] 230
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Figure 5: 3D image of the magnetic field distribution for
the synchrotron superconducting magnet. A central
dipole magnetic field is 3.5 T.
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Figure 6: ByL map for the dipole magnetic field. Field
uniformity of <+£2.5x10-4 is sufficiently obtained for the
beam injection region.
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Figure 7: (a) GyL map and (b) GxL map for the
quadrupole magnetic field. The field uniformity of
<+1.0x10™ is obtained for the beam injection region.

-817 -



Proceedings of the 17th Annual Meeting of Particle Accelerator Society of Japan
September 2 - 4, 2020, Online

PASJ2020 FRPP49

Table 4: The Main Parameters for the Dipole Coil

Magnetomotive force [kAT/pole] 283.4
Stored energy [kJ] 181.4
Inductance [H] 5.17
Excitation voltage [V] 250.1

Table 5: The Main Parameters for the Quadrupole Coil

Magnetomotive force [kAT/pole] 5.6
Stored energy [N 101.75
Inductance [mH] 8.36
Excitation voltage [V] 0.3
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Figure 8: The coil displacement image corresponding to
the coil bobbin distortion.
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Figure 9: The sensitivity for the magnetic field uniformity
corresponding to the coil bobbin distortion. (a) The dipole
field (b) the quadrupole field.
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