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Abstract

The accelerator facility for carbon-ion radiotherapy (CIRT) is not only expensive but also very large that requires a
dedicated building, so that it makes difficult to spread the facility. NIRS has started the project of a quantum scalpel to
realize further compactness and low-cost. One of the quantum scalpel projects is the development of synchrotron
employing superconducting technology and designing of the magnetic field for the superconducting magnet is in progress.
In order to shorten the circumference of synchrotron, a dipole and quadrupole coils are wound concentrically. Furthermore,
an elliptical coil arrangement is adapted to reduce the magnetomotive force. The superconducting coil is assumed to be a

low-loss NbTi wire of @1, which is under development.
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Table 1: Main Parameters of the Superconducting Magnet

Bending angle [deg] 90 (45%2)
Bending radius [m] 1.66
Field ramp speed [T/s] 0.8
Maximum dipole field [T] 4
Maximum field gradient [T/m] 2
Effective magnetic field [mm)] (£55,+25)
(Hori., Vert.)
Field uniformity (dipole) <1x10*
Field uniformity (quadrupole) <1x1073
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Table 2: Main Parameters of the Superconducting Wire

Wire diameter [mm] 1
Critical current Je (@5T, 4.2K)  [A/mm?] =2500
Residual resistance ratio RRR =100
Total AC loss@2T/s [kW/m?] =5
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Figure 1: Load line of the low AC-loss superconducting
wire. Maximum excitation current of 300A is adopted
under the load factor of 80%.
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Table 3: Parameters of the Superconducting Coil and Coil
Bobbin

Coil bobbin size (H/ V) [mm)] 94.5/68.5
Number of layers (dipole) 26
Number of turns (dipole) [Turn/pole] 1662
Number of layers (quadrupole) 2
Number of turns (quadrupole) [Turn/pole] 50

120 Dipole Coil

/

-3 0 30 0 9> 120 150

Effective Field

Quadrupole Coil

Y [mm]

X [mm]

Figure 2: Cross section of the superconducting coil. A
dipole and quadrupole coils are wound concentrically.
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Table 4: Optimized Size and Thickness of an Iron Yoke

Inner diameter (H) [mm] 192
Inner diameter (V) [mm)] 176
Outer diameter (H) [mm] 442
Outer diameter (V) [mm] 426
Thickness of yoke [mm)] 250
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Figure 3: Distribution of magnetic field calculated by
POISSON in case of the central magnetic field of 4 T.
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Figure 4: Variation of field uniformity to magnetomotive
force.
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Figure 5: 3D image of magnetic field for the dipole coil. A
central magnetic field of 4 T is obtained.
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Figure 6: Uniformity of the ByL, dByL/ByL. By adding
co0s20 correction, quadrupole components are sufficiently
corrected.
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Table 5: Deviation of the Quadrupole Effective Length
Compared with Dipole

AL[mm] Aangle[deg]
Horizontal (Gy) 41.494 0.716
Vertical (Gx) 43.645 0.753
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Figure 7: 3D image of magnetic field for the quadrupole
coil. A field gradient of 2 T/m is obtained by adding coil
current of 215 A.
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Figure 8: Uniformity map of the GL products. (a) shows
the horizontal, dGyL/GyL, and (b) shows the vertical,
dGxL/GxL.
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