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Abstract

We have been constructing an AVF cyclotron to accelerate muon (u+) beams to an energy of 5 MeV and to realize
muon microscopy. The injected muon beams, generated from muonium at the J-PARC MLF muon beam line, have an
energy of 30 keV and a low emittance of 1 mmmmrad. The cyclotron has an extraction radius of 262 mm, and uses not
only two 108 MHz (h = 2) accelerating cavities, but also one flat-top cavity with a triple frequency of 324 MHz to reduce
energy dispersion. The required accuracy of the isochronous magnetic field is 3x10* and is made by magnetic field
measurements and shimming of magnetic poles. We have performed tracking calculations precisely to design the
geometry of magnetic poles and electrodes in the central region, a deflector and a magnetic channel for beam extraction.
As a result, the energy dispersion of the extracted beam was calculated to be 8 x 10 for an injection beam with a phase
width of +4° (pulse width 200 ps), and the emittances were calculated to be 0.35 and 0.12 mmmmrad in the radial and
axial directions, respectively. At present, the manufacture of almost all mechanical parts has been already completed and
the magnetic field measurement and shimming is in progress. After the assembly and test of the RF system, we are
planning the beam commissioning within 2020 fiscal year.
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Table 1: Parameters of Muon Cyclotron

Magnet  Extraction radius 0.26 m = i
Central magnetic field 04T Accelerat St
No. of sectors 4 cav1t§z 3 \
RF Harmonic number 2 ‘ N agnetic = )
Frequency of main cavity 108 MHz
Dee voltage 50 kV (Max.)
Frequency of flattop cavity 324 MHz
Injection  Spiral inflector +4.5kV A |
Extraction Deflector 7.5 kV/mm
Magneti channel passive type

Figure 1: Plan view of muon cyclotron.
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Figure 2: Two types of central regions.
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Figure 3: RF phases at passage on the center line of the
acceleration gaps.
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Figure 4: Beam envelopes in the axial direction. Emittance
of the injected beams is 4 tmmmrad.
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Figure 5: The sides of the sectors in which iron shims are
attached.
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Figure 6: Average magnetic fields generated by shims with
a thickness of 1 mm attached in each radial position.

0.005

2
g /
# o .
2 0.005 shim ?djustment
22} / —no adjustment

-0.010

0 0.1 0.2 0.3
Rave (m)
(a)
2

1 ']
3 5 7I5 11'1‘3'15 17 19 21

Thickness (mm)
(=1

Shim position
(b)
Figure 7: (a) Deviation from the isochronous magnetic
field before and after shim correction and (b) adjustment
thickness of shims in each position.
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Figure 8: Starting point in the tracking calculations.
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Figure 9: Acceleration acceptance at the starting point in
the horizontal (x) and vertical (y) directions. The red
ellipses are beam geometry used in the tracking
calculations.
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Figure 10: (a) Acceleration and (b) FT phases of 18
particles on the ellipse of 4 mmmmrad. The acceleration
phase means the average of the phases when a particle
passes the centerlines of two Dees, and the FT phase that
when a particle passes the centerline of the FT Dee.
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Figure 11: Change of the energy deviations from the
average of the 18 particles.
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Figure 12: Geometry of iron in the central region of the
magnetic channel and (b) magnetic field distribution in the
radial direction.
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Figure 13: (a) Beam envelopes and (b) emittances in the
radial (x) and axial (z) directions in the extraction region.
The origin of abscissa s corresponds to the entrance of the
deflector.
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Figure 14: Energies of particles at the exit port. Phase =
12°-20° means the relative initial phases and absolute is
trivial.
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