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Abstract

One of the development themes of Quantum Knife 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. After flying laser-accelerated ions
during about 1.4 m, energy compression of 1/10 is made by means of phase rotation. The particles with energy width of
4 MeV/u £ 1 %, pulse with of 5ns and beam length of 14cm are selected and injected into a synchrotron. The limit of the
incident particle number into a synchrotron per one turn was investigated by a particle trajectory simulation with
consideration for space charge effect. It was found that upper limit was about 2 x 103.The multi turn injection using a
high-speed kicker magnet was proposed because a pulse width of an incident beam (5 ns) is short enough compared with
lap time in a synchrotron (1-2 microseconds), therefore, particle loss by a kicker magnet at injection is small enough.
When 20 times of multi turn injection was made with average one-turn injection particle number of 1 x 108, the number

of accumulated particles was more than the target value of 1 x 10°
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Table 1: Beam Parameters at Injection and Synchrotron
Parameters
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Figure 1: (a) Time history of horizontal beam positions for
each turn after injection in the phase space and beam
distribution after beam length fully expands. (b) Vertical
beam position at injection.
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Table 2: Beam Parameters after Injection
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Figure 2: Cross section of the elliptic beam with uniform
charge density.
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Figure 3: Vertical beam trajectories at the first turn. All
beam trajectories are situated within the synchrotron
acceptance, not exceeding 2x108 of the injected particle
number.
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Figure 4: Time history of maximum vertical beam radius
for each turn after injection.
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Figure 5: Horizontal beam trajectories from the first turn to
forth. All beam trajectories are situated within the
synchrotron acceptance.
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Figure 6: Schematic diagram of injected and horizontal
beam trajectories kicked by Kicker Magnet.
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Figure 7: Pulse shapes of Kicker Magnet approximated by
cosine wave.
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Figure 8: Horizontal beam positions (x’=0.3mrad and
x’=2.2mrad) at injection in the phase space and beam
distribution after beam length fully expands.
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