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Abstract

In the formation of the uniform and hollow distributions using octupole magnets, converting the beam distribution to a
Gaussian-like symmetrical one using a scattering foil and cutting out a beam halo using slits are necessary, respectively.
However, these additional actions to the beam reduce the beam intensity. In this study, a method to obtain a Gaussian-
like symmetrical beam by controlling the beam acceleration in the cyclotron, and a method to reduce a beam halo by
controlling the phase-space region of the injection beam were investigated to improve the intensity of the uniform/hollow
beam. The beam with a symmetrical profile was obtained by reducing the beam energy spread through the precise control
of the acceleration phase of the cyclotron to separate the orbits. The measurement using the slits in the injection line of
the cyclotron for beam halo reduction showed that the real-space distribution of the injection beam arriving at the beam
halo part was different from that arriving at hollow beam part. Beam loss reduction is expected by properly matching the

injection beam to the region reaching the hollow beam part.
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Figure 1: Layout of the cyclotron and the beamline for
nonlinear focusing.
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Figure 2: 2D Intensity distributions of 10 MeV proton
hollow beams (a) with beam halo and (b) without beam
halo using slits. The lower and right gray lines show the
horizontal and vertical intensity profiles at the dashed lines,
respectively.
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Figure 3: (a) Radial beam intensity distributions in the
cyclotron and (b) horizontal intensity profiles of the
accelerated beam, (1) with and (2) without acceleration
phase control. The horizontal axis represents the radial
position in the cyclotron (a) and the horizontal position at
the profile monitor (b), and the vertical axis represents the
beam intensity.
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Figure 4: (a) Configuration of the halo-cut slits (XL, XR, YU, YL) and the Faraday cup for hollow beam detection (FC),
(b) real-space intensity distribution of the injection beam (3.1 keV protons) at the phase space collimator, and (c) real-
space transmission distribution of the beam arriving at the slits and the Faraday Cup. The x and y in (b) and (c) represent
the horizontal and vertical coordinates at the phase space collimator, respectively. The accelerated beam energy is 10

MeV.
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