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Abstract

The precision measurement of the muon anomalous magnetic moment and electric dipole moment at J-PARC aims
to independently verify a sign of physics beyond the Standard Model of particle physics using low-emittance beams
produced by cooling and accelerating muons. The muon linear accelerator used in this experiment consists of four types
of accelerating cavities, each suitable for a specific speed range. The design and fabrication methods for the medium
speed range have not yet been established, which are responsible for accelerating from 30% to 70% of the speed of light.
Currently, a Disk-and-Washer (DAW)-type accelerator with high acceleration efficiency is being focused on as a medium
velocity range accelerator. The DAW for muon consists of tanks, which are acceleration cavities, and bridge couplers
(BCs), which couple tanks electromagnetically and provide space for quadrupole magnets used for focusing the beam. We
designed and built a BC prototype, evaluating its fabrication accuracy and conducting low-power tests. These low-power
tests checked high-frequency characteristics (resonant frequency, Qq-value) and measured the electromagnetic field via
bead pull. This paper reports on the BC’s design using electromagnetic field analysis code, its fabrication accuracy, and
the prototype’s low-power test results.
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Figure 2: Schematic of the DAW accelerator for muon.
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Figure 3: Tank and BC structure. This figure shows the
cross section of the first tank and BC.
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Figure 4: Electric field distribution of the accelerating
mode (left) and coupling mode (right) in the tank (2 cells)
and BC.
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Figure 5: 3D model of the BC prototype. All dimensions
are in millimeters (mm). Light blue region is vacuum, and
gray region is copper. Not shown, but a tuner can also be
fitted for frequency adjustment.
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Figure 6: Cross-sectional view of the BC, cut vertically
along the beam axis. All dimensions are in millimeters
(mm). Inner projection length is sensitive to the resonant
frequency of accerating mode. Outer projection length is
sensitive to the resonant frequency of coupling mode. The
distance between inner conductor and tank is sensitive to
the field flatness.
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Figure 7: Magnitude of the axial electric field on the beam
axis of the BC.
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Figure 8: Structure of actual and prototype BC.
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Figure 9: Photo of the BC prototype.
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Figure 10: Low-power test setup. The BC prototype is
connected to a vector network analyzer (VNA) for reso-
nance frequency and Q-value measurement. Bead pull sys-
tem is for electric field measurement. An aluminum bead
with a radius of 1.5 mm was pulled at a constant speed
along the beam axis by a stepping motor, and the frequency
shift was measured by VNA.
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Figure 11: Magnitude of the axial electric field on the
beam axis of the BC. The blue line represents the simu-
lation results, the red dots represent the measured data and
the green line represents the simulation results when the
distance between the tank and the end plate is varied by
+0.3 mm for the flow side and —0.3 mm for the down-
stream side.
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Figure 12: Differences in end plate and end cell construc-
tion. The use of end cells allows the boundary condi-
tions of the bridgecoupler to be closer to those of a tank
mounted, thus reproducing a situation closer to the actual
system.
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