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Abstract

A research and development study related to the uniformization of the transverse beam intensity distribution using
multipole magnets is ongoing for a new uniform irradiation method of proton and heavy-ion beams at an azimuthally-
varying-field cyclotron facility of TIARA in Japan Atomic Energy Agency. In this method, a uniform transverse
intensity distribution can be formed by folding the tail of a Gaussian initial distribution into the inside with a nonlinear
focusing force of multipole magnets. First, a Gaussian-like intensity distribution was generated from a complicated
distribution of the beam accelerated by the cyclotron through multiple Coulomb scattering using a thin foil at a low loss
of beam energy. The response of Gafchromic radiochromic films to various ion beams was investigated for the
evaluation of the size and uniformity in a large-area beam. Large-area (>100 cm®) uniform distributions have been
attained for argon ion beams of 4 ~ 13 MeV/u, as well as for proton beams of 10 MeV. Heavy-ion uniform beams will
be applied to research and production of functional materials.
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beam lines in TIARA. The cyclotron (K=110 MeV),
equipped with four ion sources through a low-energy
beam transport, can accelerate ions (from proton to
osmium) up to a magnetic rigidity of 1.5 Tm. There are
15 target ports for beam utilization.
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Figure 2: Horizontal phase-space distribution of a 13-
MeV/u Ar beam, measured with a slit-wire-type
emittance monitor installed in the first straight section
after the cyclotron (before the scattering foil). The
horizontal and vertical rms emittances were 1.0m
mm.mrad and 0.497 mm.mrad, respectively.
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Figure 3: Charge state distribution of Ar ion beams with
three different energies. The lines and marks (squares,
circles, and triangles) correspond to the theories™” and
experimental observation, respectively. The 3.8-MeV/u,
9.6-MeV/u, and 13-MeV/u beams were multiply-
scattered with 1.5-um-thick Al, 2-um-thick Cu, and 3-
pm-thick Ti foils, respectively.
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Figure 4: On-target relative transverse intensity
distribution of the beam in Fig. 2 scattered with a 1-pm-
thick Ta foil. The 2D cross-sectional distribution is
shown in the upper panel. The peripheral part of the
beam was collimated roundly by a vacuum pipe and an
apparatus. In the lower panel, the 1D distribution is
shown along the horizontal axis. The dashed line is a
Gaussian fitting. The 1-sigma radius of the profile is 77
mm.
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Figure 5: Response curves of the Gafchromic film HD-
810 for three different ion beams as a function of the
dose in the active layer of the film. The films were
scanned with the LiDE50 (Canon).
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Figure 6: Sensitivity of the HD-810 and EBT2 films as a
function of LET. The films were scanned with the
LiDES50. The response of EBT2 was linear with ion
irradiation only in the green channel. For HD-810, the
sensitivities of the red, green, and blue channels are
approximately proportional to (LET) "%, (LET)"*, and
(LET)?! in the present case, respectively.
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Figure 7: Relative transverse intensity distribution
obtained from the optical density distribution of an HD-
810 film. The film was irradiated with a 13-MeV/u Ar
beam of 0.1 pA for 0.5 s, and scanned with the LiDE50
at a spatial resolution of 127 dpi. The 2D cross-sectional
distribution is shown in the upper panel. In the lower
panel, the 1D distribution is shown along the horizontal
axis. The peaks appearing at both ends in the lower panel
correspond to marks put on the film for indicating the
central axial position.
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