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Abstract

We have been developing an AVF cyclotron to re-accelerate ultra-slow muons (30 keV) to 5 MeV at J-PARC MLF,
which is to realize a transmission muon microscope. The cyclotron was installed on the ultraslow muon beam line at J-
PARC MLF in the April of 2022 after magnetic field measurements and development of the RF power source. After that,
we needed not only wiring and piping, but also to develop a high-voltage power supply, a low-level RF control system,
an interlock system and so on for more than a year. The self-made RF source is operated in pulses (100 ps, 25 Hz) in
accordance with the injection of the muon beams and can excite the cyclotron resonator with a power of 20 kW converted
to CW, which is a design value. On the other hand, the unloaded Q-value of the resonator was around 2400, which was
20-30% lower than the expected value. As a result, it was found that the Dee voltage is short, so we decided to slightly
change the shape of the central region and to increase the number of turns from 60 to 71. As a result of orbit calculation
with the modified shape, it was found that the acceleration acceptances were recovered and the emittances and energy
width after acceleration were almost the same as the original scheme.
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a slow muon beam line
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Figure 2: Muon cyclotron and their devices installed on the
ultraslow muon beam line at J-PARC MLF.
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Figure 3: Configuration of the central region and beam
orbit. In case of low Dee voltage, beams are lost at the
pillar of the Dee #1 (green trajectory). The acceleration
acceptance can be recovered when the tilt of the fourth gap
at the exit of the Dee #2 is modified (model 31).
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Figure 4: Acceleration acceptance vs relative initial phase.
The acceptances are increased significantly by the
modification of the fourth gap.
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Figure 5: Arrangement of the injection beam line near the
cyclotron.
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Figure 6: Acceleration acceptances at F5B (blue dots). The
x and y directions are as indicated in Fig. 5. The orange
and green ellipses indicate injection matched beam with
sizes of 41 and 16w mm mrad (20).
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Figure 7: (a) The phase average and phase width (1c) of
beam bunch during acceleration. (b) Energy width (1o)
with and without compensation by FT resonator.
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Figure 8: (a) Normalized RMS emittances during

acceleration. (b) The change of the beam sizes (1c) in
radial and axial directions.
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