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Abstract

We are developing an AVF cyclotron to re-accelerate ultra-slow muons (30 keV) obtained at J-PARC MLF to 5 MeV
in order to realize a transmission muon microscope. After magnetic field measurement and isochronous magnetic field
adjustment in December 2020, RF resonators was installed, and intermittent RF tests were conducted at KEK Tsukuba
from June 2021 to March 2022. The RF resonators for acceleration (108 MHz) and flat top (324 MHz) were designed by
KEK and manufactured by SHI. In the low-level test, adjustment of the resonance frequency and input coupling, and
shunt impedance measurement were performed. Since the Q-value (unloaded) was 2200-2500, which was smaller than
50% of the design, we tried to investigate the cause and improve it, but we have not been able to improve it at present.
The RF power supply for the accelerating resonator was made by ourselves by combining the output from 16
commercially available 1.5 kW amplifiers with a newly designed 16-way combiner. Although it was necessary to modify
the preamplifier to increase the output power due to the low Q-value, we were finally able to inject an RF power of 18.7
kW (CW) into the resonator int the cyclotron. The cyclotron has now been installed at J-PARC's MLF U-line, and wiring

and piping work have been completed, and the beam will be accelerated at the next beam time from November 2022.
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Table 1: Parameters of Muon Cyclotron

Particle positive muon
Injection energy 30 keV
Extraction energy 5 MeV
Extraction radius 026 m

RF aceleration freqency 108 MHz
Acceleration harmonics 2

No. turns of orbit 61-70
Average magnetic field 04T

Weight of body 8t
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Table 2: Parameters of RF Resonators

Main FT
Resonant frequency (MHz) 108 324
Calculated Q-value 4600 5600
Dee voltage (kV) 46 10
Power loss (kW) 15 0.3
Feeder impedance (Q2) 50 50
Input coupler L-type L-type

Figure 1: Arrangement of RF resonators.
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Figure 2: Detailed CST Studio calculation model (partial).
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Figure 3: Electric field measurement with a bead.

Table 3: RF Power Required for Beam Acceleration
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Figure 4: Block diagram of RF power and control system.
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Figure 5: RF power test at KEK Tsukuba campus.
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Figure 6: Injection beam line near the cyclotron.
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Figure 7: Beam acceptances for the accelerated particles up
to 20 turns in the cyclotron as a function of relative phase.
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Figure 9: Voltage waveform applied to the drift tube.
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Figure 10: Acceleration/deceleration voltages acting on
particles moving along the axis of the drift tube (blue line).
The abscissa indicates the time when the particle crosses at
the center of the drift tube. The orange lines indicate the
region where the particles can be focused within £15° at
the injection point of the cyclotron.
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