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DESIGN OF SUPERCONDUCTING MAGNETS FOR A ROTATING-GANTRY AND
MAGNETIC FIELD MEASUREMENTS
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Abstract

Design and Manufacture of superconducting rotating gantry for heavy-ion radiotherapy is currentry in progress. This
rotating-gantry can transport heavy ions having 430 MeV/u to an isocenter with irradiation angles of over 0-360 degrees,
and enables advanced radiation therapy. Moreover, it can lead to reduction in positioning time of the patient and further
greatly ease patient’s burden. To reduce the size and weight of rotating gantry, we designed superconducting magnets
that can excite dipole component and quadrupole component independently, and we are advancing production. The three-
dimensional scanning irradiation method is performed in this rotating gantry. Threfore, uniformity of magnetic field
is required to superconducting bending magnets because irradiation is carried out by using scanned beam transported
by bending magnets. In this work, we measured the magnetic field distribution of superconducting magnets precisely.
We used Hall effect devices to measure the magnetic field. The magnetic field distribution were deduced by measuring
the Hall voltage while moving Hall effects devices on a rail that was along a center trajectory of the magnets. Unex-
pected quadrupole component was observed in dipole magnetic field. However, the other results are consistent with
3D-calculation, we confirmed that heavy ion radiotherapy using superconducting magnets will be performed without any
problems.
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Figure 1: A conceptional drawing of the rotating gantry.
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Figure 2: A schematic drawing of the beam-line for the
rotating gantry.
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Figure 3: The excitation current dependence of magnetic
field (BM10). Light and right axes show B and B/I, re-
spectively. Plotted B/I are normlized by the constant value
around I = 120A.
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Figure 4: The measured magnetic field along beam trajec-
tries at respective excitation current. The length of BM10
is £ 550 mm.

oobooooooooboboon2312A00 BLOO
00000 Fg. 50000Az=00000000000
0000000000000 00D0000000Axz=0
oboboobooboboboobooooboboooo
O000000000oooOOoDoO00o0OnAz=00
obobOoobobOoobobooobobobooon
boboooooooboooboboboooboooo
obobOoobobooooboooobooooo
oboboooooboobooobooobobobooo
oobobOooooooobooboooBLOOOOOOO
goboobooooobooobooboooooboooon
goooobooobooooobobooooooboobooooo
oooooooooboooobooooooboboooon
gobooboooooooobooobooooooooo
odooboboooooobooooooooboboooooon

- 1206 -



Proceedings of the 10th Annual Meeting of Particle Accelerator Society of Japan (August 3-5, 2013, Nagoya, Japan)

o0oooooo0o0oooooboo0o0o0OogdOFeg.
6000000D00O0000OOO0O0O0O 200A00 BL
O00D0000000Opera-3DO0OOOODOOOOO
goobOooooooboooooooobooooobo
obobooobooboobobooobooooobon
gobooooobooobooobooooobooooobo
BLOOOOOO Fig. 70000Fig. 50000000
oobobooooboooooooobobbooooobo
000 Az=+401m0 1x1040000000000
0000000000000 2x10730000000

2.640

2.6381

BL [Tm]

2.636 [

@ Measured (1=231.2A)

2634 ° —— Opera-3D

. L L L
-0.10 -0.05 0.00 0.05 0.10
Ax [m]

Figure 5: The measured BL products along beam trajectries
of dipole field (I =231.2 A).
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Figure 6: The measured BL products along beam trajectries
of quadrupole field (I = 200 A).
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Figure 7: The measured uniformity of BL products along
beam trajectries of dipole field (I =231.2 A).
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Figure 8: The results of fast slewing tests for 11 steps. Left
and right axis are coil temperature and dipole current, re-
spectively.
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