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Abstract

We studied the beam orbit for an AVF cyclotron to accelerate muon (p*) beams to an energy of 5 MeV. The injected
muon beams are generated at the J-PARC MLF muon beam line. The muon beams have an energy of 30 keV and a low
emittance of 1 mmmmrad because p* is generated from muonium. In this study, we designed a magnet and RF cavities by
using Opera and CST MWS, and calculated the muon beam orbit. The accuracy of the designed isochronous magnetic
field is such that the phase change of the beam during acceleration is within the range of + 5°. Beam orbit calculations
from the injection to the extraction turn were performed assuming a beam having a Gaussian shape in each phase space
in two directions parallel and orthogonal to the inflector electrode. As a result, the dispersion of the extracted energy was
calculated to be 1.2 x 10 for an injection beam with a phase width of + 4° (pulse width 0.2 ns) when a flattop cavity was
used. The emittance in the extraction turn was calculated to be 0.3 to 0.4 mmmmrad in the radial and axial directions,

respectively.
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Table 1: Beam Parameters

(Injection)

Acceleration particle p* (105.7 MeV/c?, © =2.2 ps)
Energy 30 keV

No. of particles 10* /pulse

Repetition rate 25 Hz

Emittance

Pulse width
(Extraction)
Energy

Energy width (goal)

Emittance

1 tmmmrad (1c)
0.2 ns

5 MeV
<10*

0.1 mmmmrad (1o)
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Table 2: Parameters of Muon Cyclotron

Magnet  Extraction radius
Central magnetic field
No. of sectors
RF Harmonic number
Frequency of main cavity
Dee voltage
Frequency of flattop cavity
Injection  Spiral inflector
Extraction Deflector

Magneti channel

0.26 m

04T
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2

108 MHz

50 kV (Max.)
324 MHz
T45kV

7.5 kV/mm

passive type

ng
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Figure 2: Opera calculation model.
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Figure 3: Deviation of the isochronous magnetic field
designed by Opera.
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Figure 4: Schematics of flattop cavity.
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Figure 5: Radial distributions of RF voltages. The power
of the acceleration cavity was calculated to be 12.5 kW.
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Figure 6: Schematics and design parameters of the
inflector. The magnetic radius Ry changes according to
the magnetic field with height.
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Figure 7: Acceleration phases at the center of two Dee
electrodes for the particles injected along the cyclotron
axis. Five cases in which the initial phases are from -4°.
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Figure 8: Beam energies as a function of initial phase
with and without flattop cavity.
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Figure 9: Phase space distributions of the calculated
points at the entrance of the inflector. The u and v
directions indicate those orthogonal and parallel to the
electrodes, respectively.
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Figure 10: Beam phase spreads on the X-axis every turn
between injection and extraction.
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Figure 11: Beam shapes in the phase space of R- direction
in the outer region.
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Figure 12: Change of the energy width from the injection
to the extraction turn. Five cases in which the initial
phases are from -4° to 4° are shown.
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Figure 13: Emittances of R and Z directions every turn
between the injection and extraction.
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