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Abstract

We have been developing a new beam scanning system for particle therapy which was named “Spiral Beam Scanning”.
In this system, we need to know how precisely a lateral two-dimensional particle density distribution is formed in every
layer according to the treatment protocol. In general, an ionization chamber or a secondary electron emission monitor is
used to measure uniformity of a particle density distribution required for particle therapy. In our study, we evaluated
lateral flatness and penumbra by offline analysis of a particle density distribution using a GAFCHROMIC film. With this
method, however, we have to wait about 24 hours after irradiation to stabilize the darkness of the film, which is unsuitable
for immediate evaluation of uniformity of the particle density distribution. In order to improve the rapidity of the analysis,
we got started developing a real-time fluorescence monitor for quick optimization of the scanning system parameters to

form the particle density distribution with high flatness and small penumbra.
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Figure 1: Schematic drawing of the irradiation system.
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Table 1: Type of Fluorescent Screen
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Table 2: Parameters of the Irradiation

FiE (hx70Lgy) | F8, F16
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Wiz D<)
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Beam kicker FEAROF! | 0V, 10V, 20V, 30V, 40V
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Figure 2: (a) Beam spot on a PI200 fluorescent screen
irradiated with a 53 MeV proton beam. The image was
obtained by a high speed camera Q1v. The cross-sectional
view of the particle density distribution along the X axis
(b) and Y axis (c). The solid lines show Gaussian fitting
results.
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Figure 3: Dependence of the brightness on FPS for the
DRZ-High Fluorescent screen.
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Figure 4: Dependence of the brightness on a beam current
for DRZ-High Fluorescent screens.
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Figure 5: Dependence of the brightness on a beam current
for PI200 Fluorescent screens.
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Figure 6: Dependence of the brightness on irradiation time
for DRZ-High (a) and PI200 (b) Fluorescent screens.
Green lines show the linear fitting result.
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Figure 7: Two-dimensional particle density distribution
obtained by the spiral scanning of a 53-MeV proton beam.
(a) A darkness distribution on a GAFCHROMIC film. (b)
A particle density distribution obtained from a Fluorescent
screen and a high speed camera.
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Figure 8: The cross-sectional view of the particle density
distributions along an X axis obtained from a
GAFCHROMIC film(a) and a Fluorescent screen(b).
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