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Abstract

One of the development themes of Quantum Scalpel Project carried by QST is to miniaturize of the heavy-ion
radiotherapy equipment by use of superconductive technology and laser particle acceleration technology. Feasibility study
on a direct injection into a synchrotron of a laser-accelerated ions was performed. In the previous report, a beam transport
was designed under the condition that optical pulse compressor or later, a beam generation chamber and a beam transport
with phase rotation were set inside the superconducting synchrotron. In this report, the calculational methods of beam
trajectory simulation in the synchrotron are improved and the number of captured particles finally in the synchrotron per
shot was examined by using these improved methods in considerations of the space charge effect, the ion energy spread

and the laser-accelerated ion number fluctuation.
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Figure 1: Schematic diagram of the beam transport.
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Figure 2: (a) Schematic diagram of injected beam

trajectories kicked by Kicker Magnet. (b) Conceptual
diagram of multiple injections.
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Figure 3: Schematic diagram of the beam transport.
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Figure 4: Horizontal and vertical beam shapes in phase
space at the phase rotation exit.
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Figure 5: Q magnet and bending magnet layout in the beam transport.
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Figure 6: Horizontal and vertical beam envelops in the beam transport.
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Figure 7: Horizontal and vertical beam shapes in phase
space at the injection point of the synchrotron.
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Figure 8: Illustrations of previous calculational method and
improved calculational methods of beam trajectory
simulations.
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Figure 9: Time history of horizontal and vertical beam
shapes in the phase space. (a) Produced ion number is
1x108 /10%b.w./msr. and beam shapes from 89" to 100*
turns after injection are superimposed, (b) produced ion
number is 2x10%/10%b.w./msr. and beam shapes from 99
to 110" turns are superimposed.
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Figure 10: Dependence of the captured ion numbers on
produced ion numbers by three different calculation
methods.

Table 1: Captured Ion Numbers by Three Different
Calculation Methods
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Figure 11: (a) Dependence of the captured ion numbers on
numbers of laps when ions are truncated. (b) Dependence
of the remained ion numbers on numbers of laps when ions
are truncated.
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Figure 12: Dependence of the captured ion numbers on
produced ion numbers.

Table 2: Dependence of Captured lon Numbers on
Permissive Values of y-directional Emittance
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