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Abstract

In high intensity synchrotrons, eddy currents in the wall of vacuum ducts induced by rapid variation of magnetic fields
produce additional response between excitation currents of the magnets and the magnetic fields. If the effects of eddy
currents on magnetic fields are large, they might be a serious obstacle in controlling beam optics precisely. In fact, in
the operation of a high-intensity proton synchrotron J-PARC Main Ring (MR), the largest beam loss is observed at the
beginning of acceleration when the magnetic field starts to vary rapidly. In this study, the effects of eddy currents on
magnetic fields were evaluated for a quadrupole magnet in J-PARC MR using electromagnetic simulation software. In

this paper, details and results of the simulation will be reported.
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Figure 1: Comoponents of the simulation models.
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Table 1: Materials for Each Component

Components  Material

Vacuum duct  Ti (Type A), SUS316L (Type B)

End plate SUS304
Side plate SS400
Core 65EF1600
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Duct (Type B)
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(a) Input coil current pattern. (b) Output magnetic field.

Figure 2: Input and output of the simulation.
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Figure 3: Good field region.
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Eddy current at point A in the left figure.
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Figure 4: Eddy current evaluated at the wall of Type B
vacuum duct in the simulation.
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Figure 5: B-field and eddy current (Type A).
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Figure 6: B-field and eddy current (Type B).
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Figure 7: Bquct (2, y) for Type A and Type B.
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Figure 8: Multipole components for each model.
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Figure 9: Transient response of GL value for each model.
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