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Abstract

The transmission muon microscope project uses an accelerated beam by a cyclotron of J-PARC MLF ultra-slow muons
(30 keV). Since it is extremely important to minimize the beam emittance to achieve good performance of this microscope,
we tried to calculate the beam emittance during the production, transportation, and acceleration by the cyclotron of the
ultra-slow muons. The production region of the ultra-slow muons by laser-ionization of muonium is as large as 70 mm in
the laser direction, so the emittance gets about 100 tmmmrad (20) by transverse momentum at the time of ionization.
According to the orbit calculation of the 30 keV muon beamline, the emittance may increase at the 90-degree deflection
electrode section. The normalized emittance in the radial direction increases by 2-4 times during acceleration by the
cyclotron. Even if the 1 rms normalized emittance of the 30 keV muon beam is reduced to 0.024 ammmrad (20) in both
the x and y directions by repeated ionization of muonium (two-stage cooling), the radial and vertical emittances at the
cyclotron extraction port are 0.11 and 0.059 tmmmrad, respectively, when the phase width of the injection beam is
8 RF deg (0.2 ns).
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Figure 1: Configuration of ultra-slow-muon beam line (USM-BL), cyclotron and microscope (top view).
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Figure 2: Arrangement of muonium production target and
SOA lens for laser-ionized muons. Orange lines indicate
muon beam trajectory.
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Figure3: Calculated beam emittances at F1, 600 mm
downstream from the laser-ionization position.
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Figure 4: Beam trajectories in x and y directions in USM-
BL.
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Figure 5: Changes in particle count and 4 rms emittances
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Figure 6: Calculated beam emittances at F5SB. Orange lines
indicate ones of 48 and 12 mmmmrad assumed in the
cyclotron tracking calculation in section 4.
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Figure 7: Configuration of 5 MeV muon cyclotron.
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Figure 8: (a) Energy widths and (b) normalized rms
emittances in radial (r) and axial (z) directions as a
function of turn number for injection beams with rms
normalized emittances of 0.29 and 0.07 tmmmrad at F5B.
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Figure 9: Same graph as Fig. 8 for low emittance beams
by two-stage cooling with rms normalized emittances of
0.024 mmmmrad in both x and y directions at F5B.
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Figure 10: Emittances of extracted beams at cyclotron exit
port.
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Table 1: Normalized RMS Emittances and Energy Widths Before and After Cyclotron

One-stage cooling Two-stage cooling
without FT with FT without FT with FT
(ex, ey) at F5B (0.29,0.071) (0.29, 0.071) (0.024,0.024) [ (0.024,0.024)
(ex, gy) at last turn in cyclotron (0.53,0.11) (0.44,0.11) (0.056, 0.027) | (0.069, 0.026)
(ex, gy) at extraction port (0.42,0.84) (0.38,0.34) (0.068, 0.075) [ (0.11,0.059)
AE/E at extraction port 4.9x10° 2.5x10™ 2.1x103 1.2x10™*
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