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Abstract

We are developing a correction magnet for charged particle beams using permanent magnets. By rotating the rod of
the permanent magnet that generates the magnetic field, the magnetic field can be changed to bipolarity. To verify the
principle of this bipolarity change, a prototype was built, and its performance was evaluated. As a result of the
performance evaluation of the prototype, it was found that the non-uniformity of the remanent magnetization of the
permanent magnet has a significant effect on the multi-polar component. To suppress this effect, a compensating magnet
with additional anisotropic intermediate poles has been considered. In this presentation, the results of a study on improved
measures to suppress the multi-pole component will be presented.
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Figure 1: The design of a compensating magnet prototype
using permanent magnets. The yellow areas are the magnet
rods. Each rod consists of an octagonal ferrite magnet
covered with a thin-walled stainless steel tube.
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Figure 2: An ingot used in the fabrication of a ferrite
octagonal column (left). The dimensions when 9 samples
are cut from one ingot (right).

AT BRI TR E PM A IE RS
A E LTI Tl A OB E THLND LM 11X E
BORRIZHVEE AN, Vo I NARA DR EE E &
(LT HDICHEHEBE LIS,

Figure 2 |2, 9 2OEZarNEDI O HETZ
MERT, ATy O RKEXE, 150 mm x 100 mm x
25 mm, &7 A OENE 9 T, KREEZIE 25mm
X 40mm X 25mm Tohb, ZDOREHEA D EIR S E G
TR R E T A0\, FH8EI T2 E T DR
FURIE S rotMag2 % BH L7z, rotMag2 I, Fig. 3 IZ/R
T I, BHRAT =V OMENT 50 #—rDaAf % 2
STOREL. 2 DDA NEERNCH L LD T
D, AT —UNIAT o T E—ZTEHEN SN, T 1
B A 2 EH A, A Z PRSI LN TED, L
T, IANICHFRINDE/ L2 AT nAa—7CTHIEL,
RS-y T HZENTED [11-13], ilkEHE A
DOHEIETIT, AT —% 2Hz CHRIEES Y, 3HEER42 4
LAz —7 (Tektronix MDO3014) THUSL 7=,

Figure 3: Magnetic field measurement system (rotMag?2).
Coils with 50 windings are installed on both sides of the
rotating stage. The voltage induced in the coils by the
rotation of the magnet on the stage is measured with an
oscilloscope to evaluate the multipole component of the
magnetic field.
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Figure 4: Signal induced in the coil measured using

rotMag?2. This signal is acquired by rotating the stage at 2
Hz.
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Figure 5: Signal induced in the coil measured using

rotMag?2. This signal is acquired by rotating the stage at 2
Hz.
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Figure 6: Summary of the magnetic field strength
measurements of 9 sample magnets. The horizontal axis is
the serial number of the sample magnet. The dipole (top),
the quadrupole (middle), and the sextupole (bottom)
components, are shown, respectively.
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Figure 7: PM correction magnet model with intermediate
poles. An intermediate pole is placed between the rod and
the beam duct.

L=37.5mm L=73 mm

Figure 8: The two types of ferrite octagonal columns that
make up the rod of the PM correction magnet.
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Figure 9: Integrated magnetic field along the Z-axis.
Without the intermediate pole (circle with dash line) and
with (rectangular with solid line), are shown.
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Figure 10: Multipole components normalized by the dipole
component without the intermediate pole (fill with
diagonal stripes) and with (solid fill), are shown,
respectively.
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Figure 11: Multipole component relative to the angle of the
rotor.
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