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The purpose of this research is to reduce the footprint of a synchrotron—-based accelerator system dedicated
to particle beam therapy systems, to improve the extraction efficiency from the synchrotron, and to achieve
precise irradiation.

To reduce the footprint of the accelerator system, a compact synchrotron for proton beam therapy has
been developed. This synchrotron has horizontally weak focusing optics, and the circumference of the
synchrotron is only 18m, which is the world’ s smallest at the time of development. A single room dedicated
proton beam therapy system has also been developed. The footprint of the single—room system is about 430m2
and it is less than half of the conventional one.

To improve the extraction efficiency from a synchrotron, a new operating condition named “constant
spiral—-step condition” was proposed. The constant spiral-step condition gives the horizontal chromaticity
that makes the spiral-steps of beams with different momentum deviations constant. The constant spiral-step
condition was evaluated by particle tracking analysis. The extraction efficiency with this condition is
2.4% higher than that with the conventional operating condition.

For precise irradiation, a new type dispersion function named “BM-derived dispersion” was proposed.
This dispersion gives the proportional coefficient of momentum change and beam—position change due to
the magnetic field variation of the bending magnets in a synchrotron. The BM-derived dispersion is
proportional to the conventional one, and the proportional constant is determined by the accelerator optics
and beam energy. The relationship is verified by dispersion measurement. The BM-derived dispersion agrees
with theoretical value within 16% accuracy, which is enough for beam transport design.

The results of this research have been applied to 14 particle beam therapy systems, including under
construction. This research has contributed to the spread of particle beam therapy by footprint reduction
of a synchrotron-based accelerator system, improvement of the extraction efficiency from the synchrotron,

and realizing precise irradiation.
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