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Abstract

This proceeding describes 3D (three-dimensional) magnetic field shimming in the fiducial volume of a superconducting
magnet, in which muons are stored to measure anomalous magnetic moment (g-2) and electric moment (EDM) in J-
PARC. The target homogeneity (peak-to-peak amplitude/average magnetic field strength) is less than 0.2 ppm, which is
quite homogenous one comparing with usual MRI magnetic field. Such uniform magnetic field requires very accurate
magnetic field shimming as well as a magnet design. We use the passive shimming method, in which iron (or nickel)
pieces are used as shims. In this proceeding, we discuss about the shimming calculation algorism and the shimming
structures to realize such good homogeneity of 0.2 ppm and the adequate iron piece placement positions.
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Figure 1: Passive shimming structure for g-2/EDM
magnet. (a) Designed magnetic field of the magnet. Dotted
area is higher than 3.0 T and vertical curved lines are
magnetic force lines. Bold line indicates shim-tray
positions. (b) A cylindrical structure on which shim trays
are placed. (¢) shim-trays for coarse and fine shimming
operation. Small rectangles in each tray are shim-pockets
in which shim pieces are placed.
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Figure 2: Shimming procedure to obtain homogeneous
magnetic field.
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Figure 3: Computational model for the shimming
calculation. (a) MFS (Magnetomotive Force Surface) and
surface for MFMPs. (b) 2D cross section with surfaces for
MFMPs and MFEPs.
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Table 1: Procedures of the Shimming Calculation

No. Procedure

1 MgF measurements at MFMPs to input measured data
MgF distribution reconstruction from MgF data at MFMPs

Shim placement calculations from reconstructed MgF

Estimation of shimmed MgF distribution

w R W

Output of shim piece placements for shim operation

Note, MgF: Magnetic Field, MFMPs: MgF Measurement Points
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Figure 4: Test magnetic field calculated by 3D non-linear
code. Distribution of the error field components of (a) in
azimuthal direction, (b) on a cylindrical plane, at R =
0.333m Z=T0.1m to +0.10m, and (c) azimuthally
averaged magnetic field. (b) and (c) are shown by contour
lines at every 2.5 uT and are strong at dotted area.
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Figure 5: Dependence of reproduction residual BRE
(blue line) on the truncation number Mr. Singular values
A (black line) and eigenmode strengths PER (crosses)
are also plotted.
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Figure 7: Estimation of BNy in shimmed magnetic field
on the fiducial volume as functions of Mr for three kinds
of shim-tray with pockets. Input data to the shimming
calculations are small error field case of 5.5 ppm and large
error field case of 22.2 ppm in the fiducial volume of 3 cm
R-width and 10 cm Z-width, without WFF.
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