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Abstract

In the low-energy region of a linac, strong space-charge field causes a rapid emittance growth. To mitigate this
emittance growth, it has been proposed to apply nonlinear magnetic field to the beamline. In order to realize the mitigation
of emittance growth by a nonlinear magnetic field, we have developed a combined multipole magnet that can generate a
nonlinear magnetic field in addition to a quadrupole magnetic field. As a result, we designed a combined multipole magnet
that can generate a quadrupole magnetic field equivalent to a pure quadrupole magnet by short circuiting the magnetic
circuit of the magnet. This paper describes the design and performance of this new multipole magnet and the results of

magnetic field measurements.
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Figure 1: Example of calculated emittance growth mitigation using nonlinear field. These distributions show the initial
state (a), distorted by the space-charge field (b), and compensated by the octupoloe field (c), respectively.
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Figure 2: Magnetic field when a quadrupole magnetic field
is generated by the core structure of an octupole magnet.
The rectangle around the pole represents the coil used to
generate the quadrupole magnetic field.
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Figure 3: Vertical magnetic flux density along the
horizontal direction when a quadrupole magnetic field is
generated by the core structure of an octupole magnet for
bore diameters of 40 mm (solid line), 60 mm (dashed line),
and 80 mm (dotted line).
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(a) Quadrupole mode

(b) Octupole mode

Figure 4: Structure of the combined multipole magnet and the magnetic field for each of the quadrupole (a) and octupole
(b) modes. Current flows in the inner coil for the quadrupole mode (a) and in the outer coil for the octupole mode (b).
Direction symbols represent the current of coils. The red coil excites the pole tip to the N-pole and the blue coil excites

the pole tip to the S-pole.
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Figure 5: Photograph of the QOM.
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Table 1: Main Parameters of the MEBT1

Particles Negative hydrogen ions
Energy 3 MeV

Length 286 m

Number of QMs 8

Number of bunchers 2

Peak current 50 mA

Pulse length 500 ps

Repetition rate 25Hz

Frequency 324 MHz
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Table 2: Main Parameter of the QMO03 and the QOM

QMO03 QOM
Core length 60 mm 60 mm
Core width 380 mm 362 mm
Bore diameter 41 mm 41 mm
Maximum Integrated Gradient 1.74T 1.76 T
Effective Length 82.6 mm 84.0 mm

Table 3: Coil Parameter of the QMO03 and the QOM

QMO03
Turn number 19 turn/pole

Hollow conductor size

Maximum current 300 A

Resistance 25.0 mQ
Water flow rate 3.0 L/min
Water pressure drop 0.5 MPa

5mm X 6 mm,t=1.0 mm

QOM: Quadrupole coil QOM: Octupole coil

6 turn/pole 4 turn/pole

6mm X 6 mm,t=1.5 mm 6mm X 6 mm,t=1.5 mm

600 A 250 A
9.34 mQ 7.40 mQ
2.7 L/min 2.9 L/min
0.5 MPa 0.5 MPa
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Figure 6: Magnetic field at the center of the core generated by the QOM when the quadrupole coil (a) and the octupole
coil (b) are excited. The dots represent measured values and the lines represent calculated values. The difference
between the lines and dots types represents the difference in current values.
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