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Uniform Magnetic Field in the Bending Magnet for the Compact Proton Synchrotron
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Radiation therapy using high-energy protonsis avery effective method of cancer treatment. To attain the necessary beam
energy for cancer therapy using a very compact synchrotron, the magnetic field of the normal-conductive bending magnet
must be excited up to 3 - 5 T. However, increasing the field up to 4 T produces a sextupole component in the field. The
sextupole component can be reduced by changing the geometry of the coil, but establishing the optimal geometry is very
time-consuming. A new optimization method has been developed to establish the uniform field in the bending magnet. As a
result, the optimal geometry is obtained with less calculation time.
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Fig. 1 Lattice layout (unitt mm)
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Fig. 2 Shape and cross section of the bending magnet (unitC) mm)
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Fig. 3 Coordinate system in the aperture
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Fig. 4 Schematic diagram of magnetic flux lines in the bending
magnet
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Fig. 5 Time evolution of multipole coefficients

gooo0ooooooooooo

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000 1x10° 000000000
ooooooo

33 00000

000000000000 6 00000000000
00000000000 (X, O XO0Y, 0 Y,) 0000
0000000000000000000000 000
S. 000 0000000000D0O00000000non
00000 210 kA 0O0D0O0O0 S 000000000
00000000000000000000000000
00000000000000000000000000
0000000001000 0000000000000
goooooo ‘M) oooooo0o0o0ooooooog
0000000D0000000 0000000 2000 0
00000000000000000000000000
00000000000000000000000000

(Xs0 Y3)

v (200 Ys)

1IN

060 O00OOUOOOOUOOCOOUODOOODOOO(Y200)
Fig. 6 Parameters optimized in the cross section of the coil
(1/2 cross section )
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Fig. 7 Gauss function and response curve surface
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Fig. 8 Cross-sectional geometry of coils decided by the experimental method ( 1/2 cross section )
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Fig. 9 Time evolution of sextupole coefficient using the cross-
sectional geometry of the coil obtained by method 1
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Fig. 10 Time evolution of sextupole coefficient using the cross-
sectional geometry of the coil optimized by the radial basis

function network
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Fig. 11 Comparison of the cross-sectional geometry of coils
obtained by the previous method and by the present
optimization method
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Fig. 12 Distribution of current density in the cross-sectional
geometry of coils at 0.42 ms and at 3.5 ms
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