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Abstract

A novel experiment is planned at J-PARC to precisely measure the muon anomalous magnetic moment (g—2) and the
electric dipole moment (EDM). A low-emittance muon beam produced by muon acceleration is used in the experiment to
independently verify a sign of physics beyond the standard model of particle physics shown by previous experiments. The
muon linear accelerator (linac) uses four types of acceleration cavities suitable for each velocity range, accelerating from
5.6keVto 212 MeV in kinetic energy with low decay losses. This method will enable a beam with a normalized transverse
emittance of approximately 17 mm mrad and a momentum spread of less than 0.1%. Disk-loaded structures (DLS) with
a high accelerating gradient of about 20 MV/m generated by the TMO01-27/3 mode at 2592 MHz are responsible for
acceleration from 40 MeV onward in the last high-velocity section of the muon linac. Since the disk spacing of the
DLS for muon varies proportionally to the beam velocity, the dimensions of the coupler cell were optimized using a
reference cavity aligned with the regular cell adjacent to the coupler cell and a quasi-constant gradient cavity for the muon
acceleration, which is in a simulation using CST Studio Suite. In addition, we evaluated the effect of the electromagnetic
field distortion generated in the coupler cell on the beam.
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Figure 1: Schematic configuration of the muon linac.
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Figure 2: Schematic view of the cutaway and the vacuum
portion of the coupler cell.
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Table 1: Parameters of Reference Cavities

Parameters Upstream  Downstream
7/2-mode frequency (fr/2) [MHz] 2574.8 2582.5
Coupling coefficient (k) 0.026 0.015
Cell length (D) [mm] 26.935 31.436
Iris aperture (2a) [mm] 25.875 22.620
Cylinder diameter [mm] 92.332 90.874
Disk thickness [mm] 5.000 5.000
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Figure 3: Setup and expected phase shift of Nodal-shift
method for the muon DLS.
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Table 2: Parameters of Coupler Cells

Parameters Upstream  Downstream
Resonant frequency [MHz] 2584.1 2587.4
External @ 84 155
Cell length (D) [mm] 26.885 31.462
Iris aperture (2a) [mm] 25.875 22.620
Cylinder diameter (2¢) [mm] 87.197 87.452
Iris width (W) [mm] 35.40 31.62
Cut diameter (2d) [mm] 41.40 36.67
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Figure 4: Sensitivity of each RF parameter to 2c and W in
the upstream coupler cell.
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Figure 5: Magnitude profile of the electromagnetic field at
the center of the coupler cell.
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Figure 6: Evolution of the normalized transverse RMS
emittance (a) and beam envelope (b) in the DLSI1.
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Figure 7: Lattice functions from DLS1 entrance to DLS2
entrance.
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