Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo
PASJ2025 FRO607

2-2/EDM & 5HR AR DB B AR A E DR

STRUCTURE AND TUNING METHOD OF THE SUPERCONDUCTING MAGNET FOR
THE g-2/EDM PRECISION MEASUREMENTS

BB FEEH A, e RE— A, =S, /DIIEIR Y, EAE =D, REHnEO
Mitsushi Abe* ™), Ken-ichi Sasaki®), Tsutomu Mibe?®), Shinji Ogawa®, Seiso Fukumura ®, Hiromi linuma®
AKEK, P Niigata Univ., © Ibaraki Univ.

Abstract

This proceeding describes the magnetic field shimming system for the fiducial volume magnetic field of a
superconducting magnet, in which muons are stored for the measurements of anomalous magnetic moment (g-2) and
electric moment (EDM) in J-PARC. The measurements need a good homogeneity (peak-to-peak amplitude/average
magnetic field strength) of less than 0.2 ppm which is quite better than that in MRI magnetic fields, and a weak focus
field with less than +/-0.1 ppm residual fields from theoretical one. To achieve such very good magnetic fields, we are
preparing magnetic field tuning (shimming) system. We use the passive shimming method, in which iron (or nickel)
pieces are used as shims and active shimming coils (small coil arrays). In this proceeding, we describe the designs for the

magnetic field shimming system, which are for passive and active shimming with shim placement calculations.
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Figure 1: SC magnet for E34 experiment in J-PARC.
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Table 1: Tools of Precise Magnetic Field Shimming for g-2/EDM Magnet

Shimming Tools Capacities (actual)

Roles and usage

Rough shimming (shimming for high ordered eigenmodes) using

4
Coarse shimming shim-trays 3.885x10% o

large volumes of iron pieces with magnet current ramp-down, and

(<6000 cc)  with iron-yoke ceiling removed and reassemble.
Passive tools 4.2 emx5.0 cmx3.7 cm depthX25 pockets/trayx 20 trays
(magnetized . . . . .
iron pieces) Fine shimming (shimming for low ordered eigenmodes) with
Fine shimmine shim-t 1945 cc magnetic field on and without iron-yoke ceiling removed. Fe volume
1ne shimming shim-trays (<100 cc)  in a shim-pocket should be less than Icc.
1.4 cmX3.0 cmX 1.2 cm depthX 19 pockets/trayx20 trays
) Bz type shim-coils 30 Gauss Bz In rotational direction, uniform, cos § and cos2 0 like distributions
E\Sﬁlll\;e égﬁlss 6 coils in longitudinal array (17.55kA) can be corrected with precision power supply.
arrays) B, type shim-coils 5 Gauss B, In rotational direction, uniform, cos  andcos2 0 like distributions
6 coils in longitudinal array (1.0 kA) can be corrected with precision power supply.
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Figure 2: 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 thin lines are
magnetic force lines. Bold dashed line indicates passive
shim positions and bold line indicates shim-coil positions.
(b) A cylindrical structure on which shim trays are placed.
(c) 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 3: Conductor placements of shim-coils. (a) B-type
shim-coil, (b) B, -type shim-coil.
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Figure 4: Magnetic fields by B,-type shim-coil.
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Figure 5: Magnetic field ripple of 1st SVD eigen Bz
distribution. Average By is 29.592 Gauss and peak-to-peak
ripple is 0.19 uT as plotted in left frame. Right frames plot
By distribution at the azimuthal angle of (a) and (b) of left
frame.
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Figure 6: Magnetic fields by B, -type shim-coil. Blue
arrows denote directions of magnetic force lines.
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Figure 7: Schematic drawing of assembled shim-coils. Left
drawing shows the whole image. Right drawing shows
cross-section of the assembly. Numbers in bracket denote
winding turns.
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Figure 8: Computational model for the shimming

calculation. (a) 2D cross section with surfaces for MFMPs
and MFEPs (Magnetic field Evaluation Points). (b) MFS
and surface for MFMPs.
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