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Abstract

To construct a transmission muon microscope using a low-emittance 5 MeV p* beams accelerated by a cyclotron, we
investigated the beamline from the cyclotron exit and the microscope lens system. The calculated 4 rms emittance of the
muon cyclotron extraction beam was (gx, gy) = (1.6, 0.6) tmmmrad @ 5 MeV. The extraction beamline consisted of a
135° bending magnet and five quadrupole magnets, and the microscope lens system was investigated using two
superconducting solenoid coils. Due to the limited number of muons, the upstream solenoid coil focuses the beam size
on the sample surface to approximately @100 pm and the incidence angle to approximately +25 mrad, and the downstream
solenoid forms an image. With the investigation of superconducting solenoid shape and configuration, it was found that
the spherical aberration decreased with increasing magnetic field and image magnification. For helium-free NbTi coils, a
maximum coil magnetic field of 6.0-6.5 T is realistic, the image magnification is approximately 25, and the blurring due
to aberration is 7-8 pm when the momentum dispersion is 1x107* or less.
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Figure 2: Beam envelopes of 5 MeV muon beamline and
microscope.
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Figure 3: Enlarge view around sample (object) plane.
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Figure 4: Three arrangements of the solenoid coils used for
the evaluation of aberrations: (a) Air core single solenoid,
(b) Single solenoid with yokes and shield, (c) Realistic
double solenoids.
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Figure 5: Beam orbit through the double solenoids
(Fig. 4 (c)). The center of the two solenoids is set at z =
500 mm.
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Figure 6: Magnetic field distribution on the solenoid axis
when calculating Fig. 5.
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Figure 7: Beam trajectories starting from the object plane.
The initial conditions for position and angle are set to
within £0.04 mm and £25 mrad, respectively.
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Figure 8: Enlarged view near the image point on the center
axis.
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Figure 9: The aberration magnitude as the function of the
injection angle a shown in Fig. 7. K is a constant and it can
be found that the magnitude of aberration is proportional to
the cube of a.
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Figure 10: Orbital changes around the image point when
the beam momentum is changed by 1x10.
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Figure 11: The magnifications (A) and aberrations (B) of
the solenoid lens as the function of the maximum magnetic
field on the solenoid coil indicated as “Bcoil”. The
magnetomotive forces of the solenoid are 360 kATx1.0,
1.2, 1.4, 1.6, 1.8, 2.4 for one air core coil case (a),
360 kATx1.0, 1.2, 1.4, 2.0 for one coil with yoke case (b)
and 360 kATx1.2 for the downstream solenoid of case (¢).
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Figure 12: The relationship of the magnetic field and
current density of the superconducting solenoids are
shown with characteristic lines of NbTi and NbsSn
conductors at 4.2K and 5.0K. The wire materials for the
NbTi and NbsSn solenoids were assumed to be rectangular
wire with a copper ratio of 1.2 and round wire with a
copper ratio of 0.2, respectively.
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