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Abstract

Preparations for the Muon g-2/EDM experiment, which will make ultra-precise measurements of Muon's anomalous
magnetic moment (g-2) and electric dipole moment (EDM), are underway at J-PARC. In this experiment, muon beams
are injected and stored in a solenoidal magnet with a diameter of 66 cm, which is based on a medical MRI magnet, and
the spin precession is measured. Precise adjustment of the rotation angle and current value of the rotating quadrupole
magnets in the beam transport line is essential to properly control the horizontal and vertical correlation (X-Y coupling)
in the beam phase space required for three-dimensional spiral injection. In this presentation, we report on the design and
fabrication of a remote machine controller to precisely adjust the rotation angle to ensure the reproducibility of
experiments. In addition, we will discuss the specifications for the control of the rotation mechanism of the rotating
quadrupole magnets in the transport line for the production experiments at J-PARC.
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Figure 1: Difference between theoretical and experimental
values of muon g-2.
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Table 1: Comparison of Experiment Specifications

Experiment E821, E989 g-2/EDM
Storage ring diameter 14 m 0.66 m
Storage magnetic field 145T 30T
Muon momentum 3.09 GeV/e 300 MeV/e
Cyclotron period 149 nsec 7.4 nsec
Beam focus Quadrupole Weak focus

electric field magnetic field
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Figure 2: Three-dimensional spiral injection and kick in
the solenoid axial direction.
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Figure 3: The beam without X-Y coupling is spread in the
storage magnet in the direction of the solenoid axis (left).
Giving the beam X-Y coupling reduces its spread (right).
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Figure 4: Definition of beam coordinates.
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Table 2: K-value and Rotation Angle of Quadrupole
Magnets in Best 1

Quadrupole magnet Ql Q2 Q3
k-value (/m?) -21.0 -67.1 21.0
Rotation angle (degree) 0.0 15.0 -45.0

Table 3: K-value and Rotation Angle of Quadrupole
Magnets in Best 2

Quadrupole magnet Ql Q2 Q3
k-value (/m?) 24.9 -69.0 0.864
Rotation angle (degree)  -20.0 25.0 -45.0

Figure 5: Spiral orbit (left) and beam cross section (right)
of Best 1.

Figure 6: Spiral orbit (left) and beam cross section (right)
of Best 2.
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Figure 7: Beam phase spaces of Best 1 (left) and Best 2
(right).
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Figure 8: Assumed drift spaces and a quadrupole magnet.
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Figure 9: Beam phase space calculated by the transfer
matrix (left) and OPERA (right).
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