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Abstract

The National Institutes for Quantum Science and Technology (QST) is currently conducting the quantum scalpel
project, which aims to improve the performance and miniaturization of heavy ion cancer therapy devices, which are highly
effective in treatment. The fifth generation of heavy ion cancer therapy devices, the Quantum Scalpel consists of the laser
ion injector, super-conducting synchrotron, and super-conducting rotating gantry. The downsizing of the injector and
synchrotron, which occupy most of the volume, is essential to reduce the device's size. Laser-driven ion acceleration is
expected to meet this need for miniaturization because of its huge acceleration gradient. To replace existing ion injectors
with laser-driven systems, it is necessary to develop compact laser modules and accelerate carbon ions with 4 MeV/u
using these modules. We have evaluated the quantitative data of accelerated carbon ions using a three-dimensional PIC
(Particle-In-Cell) code. The laser conditions for producing carbon ions with the charge state of 6+, which are favorable
for acceleration, have been theoretically determined and validated by two-dimensional simulations including ionization

and collisional processes.
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Figure 1: Behavior of rear sheath field against laser
intensity and ratio between target thickness and laser spot
radius. Black lines indicate threshold sheath field needed
to generate C3+, C4+, C5+ and C6+. Colors inside circles,
inverted triangles, and squares represents measured
maximum sheath field in quasi 1D, 2D, 3D PIC
simulations, where ionization and collisional processes are
considered only for quasi 1D and 2D simulations.
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Figure 2: Carbon ion energy spectrum.
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