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(Summary)

This study clarified the fundamental characteristics of a laser ablation ion source (LAIS), which was installed
to the KEK Digital Accelerator (KEK-DA) facility and demonstrated the direct injection of highly charged carbon
ions to the KEK-DA and the beam confinement using barrier buckets.

In Chapterl, the historical backgrounds of synchrotrons and laser ablation ion sources are explained and the
previous research and steps toward the realization of the Energy Sweep Compact Rapid-Cycling Therapy
(ESCORT) are shown. Then, the motivation and purpose of this research are mentioned.

In Chapter 2, the structure and function of each component of the KEK-DA are precisely explained.

In Chapter 3, the structure and function of each component of the LAIS are explained.

In Chapter 4, the characteristics (flux waveform, charge distribution, and so on) of laser-ablation plasmas
generated from various target materials (C, Al, Fe, Cu, Ag) are reported. In addition, the dependences of plasma
ion flux on guiding magnetic field strength and the characteristics of the extracted beam current from the carbon
plasma are also reported.

In Chapter 5, the results of current and emittance measurement of carbon ion beams extracted from the LAIS
installed to the KEK-DA 200-kV high voltage terminal are shown. Beam particle trajectories analyzed by the
simulation code I-GUN under various plasma drift energies and densities are also reported. The cause of the
terminal voltage drop during beam extraction is discussed and its countermeasure is explained.

In Chapter 6, the experiments on injection and confinement highly charged carbon beams (C**, C°*, and C®*)
performed at the KEK-DA facility are reported. The beam momentum spread is evaluated from the results of the
free-run experiments. The beam behavior in a barrier bucket is shown for each ion species and the mechanism is
clarified by a computer simulation. The relationship between the beam life time and the residual gas pressure in
the KEK-DA beam pipe is also discussed by considering the charge exchange reactions between the beam ions
and the residual molecules and atoms.

In Chapter 7, the results of this study, the technical issues, and future prospects for realizing a novel cancer

therapy machine based on the induction synchrotron technology are summarized.
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