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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. In the previous report, it was indicated
that the consideration with the current heavy-ion therapy synchrotron was made and a possibility of accumulating 1x10°
particles or more. In this report, the number of captured particles per shot was examined, using the superconducting
synchrotron being studied in this project. Furthermore, the beam transport was also studied from the ion production point
to the injection point of the synchrotron. As a result, the following was found out. After flying laser-accelerated ions with
energy of 4 MeV/u =+ 6% during about 1.7 m, energy compression of 1/10 is made by the phase rotation. After that, the
beam is shaped and injected into the synchrotron. The number of captured particles in the synchrotron per shot was 1x108
on average as a result of taking into consideration the space charge effect, the energy spread of the ions, and the dispersion
of the particle number produced by the laser. From this, it is possible to accumulate 1x10° or more particles by performing

the multiple incidence of 20 times with a 10 Hz laser.
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Table 1: Current Synchrotron Parameters for Carbon Ion
Radiotherapy

BROERE O ORERB/NTA—S

uynbou R 10 (m)
YoynhovEE 63.3 (m)
Fa—Y vx ~1.75
Fai—2 vy ~1.25
FOtETEUR £x 250 ( 7t mm*mrad)
FOETER £y 25( T mm-*mrad)
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Table 2: Next-Generation Superconducting Synchrotron
Parameters

FatBLRED /OO ORI/ NTA—S

EmE 44 (90° ) 1.656 (m)
voynbovEER 28 (m)
Fa—r vx ~1.1
Fa—2 vy ~145
FOtTER £x 300( 7t mm*mrad)
FOETELR €y 36 ( 71 mm-mrad)
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Figure 1: Schematic diagram of the beam transport.
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Figure 2: Schematic diagram of injected beam trajectories
kicked by Kicker Magnet.
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Figure 3: Dependence of injected ion capture rate on beam
energy in the synchrotron.
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Figure 4: Dependences of injected ion capture rates on
beam length in the synchrotron.
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Figure 5: Dependences of ion capture rates on injected ion
number in the synchrotron.
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Figure 6: Energy spreads before and after the phase

rotation.
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Figure 7: Horizontal and vertical beam shapes in phase
space at the phase rotation exit.
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Figure 8: Q-Magnet layout and horizontal and vertical beam envelops in the beam transport.
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Figure 9: Horizontal and vertical beam shapes in phase
space at the injection point of the synchrotron.
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Figure 10: Time history of horizontal and vertical beam
shapes and positions from 89 to 100" turns after injection
in the phase space, in the case (a) produced ion number is
1x10% /10%b.w./msr, (b) produced ion number is 2x10%
/10%b.w./msr.
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Figure 11: (a) Dependence of the injected ion capture rates
on produced ion numbers. (b) Dependence of the captured
ion numbers on produced ion numbers.
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