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Abstract

The Quantum Scalpel project is carried in QST with the aim of downsizing the heavy-ion radiotherapy equipment by
using superconductive technology and laser ion acceleration technology. Feasibility study on a direct injection into a
synchrotron of laser-accelerated ions was performed. So far, we have designed a beam transport line that can be installed
inside a synchrotron. In this report, we investigated whether it is possible to suppress the circulating beam loss by inserting
a thin film in the beam transport. As a result of simulations, it was confirmed that the number of captured ions increased
by inserting the thin film. Furthermore, it was found that the rate of increase in the number of captured ions due to thin
film insertion can be determined by the vertical emittance of the beam after passing through the thin film. We also
investigated the accumulated ion number in the case of using multi-turn injection with considering both the fluctuation

of produced ion number and the charge exchange between circulating ions and ambient molecules.
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Figure 1: Schematic diagram of the beam transport.
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Table 1: Parameters of Laser Accelerated Ions used in

Simulation

Produced Ion Number
(Median Value)

1108 /10%b.w./msr

(having Fluctuation of Factor 0.5
Probability)

to 2 with Equal Event

Beam Energy

4 MeV/u+6%

Extraction Solid Angle

1.9 msr (+ 24.6 mrad)

Beam Radius at Production Point

0.03 mm

Emittance (g = &) 0.75 tmm mrad
Extracted Ion Number
(Median Value)

(in Consideration of Fluctuation)

2.25x10°

1.1 ~ 4.5 x 10°
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Figure 2: View of the superconducting synchrotron and the
beam transport.
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Table 2: Major Specifications of Superconducting
Synchrotron

Dipole field 03~35T

Larmour radius 1.889 m

Circumference 28.88 m

Tune vy ~1.72

Tune v, ~1.44

Acceptance g 200 Tmm mrad

Acceptance &y 30 xmm mrad

Table 3: Beam Parameters at Synchrotron Injection Point

Pulse Width 5.4 ns
Beam Length 0.15m"
Beam Energy 4 MeV/u+0.6 %
Ton Species o
Injection Rate 10 Hz
"Elongating by Velocity Spread along with Circulation
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Table 4: Ratios of Injected and Captured Ion Numbers to
Extracted Ion Number
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Figure 3: Simulation results of captured and injected ion
numbers for each produced ion number.
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Figure 4: Electric field strength by space charge effect and
quadrupole magnetic field in the first turn after the
injection.
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Figure 5: Electric field strength by space charge effect and
quadrupole magnetic field in the first turn after the
injection in the case of setting the thin film.
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Figure 6: Dependence of captured ion number normalized
by captured ion number without the thin film on scattered
half angle of the beam after passing through the thin film.
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Figure 7: Dependence of captured ion number normalized
by captured ion number without the thin film on the
expanded vertical emittance of the beam after passing
through the thin film.
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Figure 8: Beam shapes at the injection point into the
synchrotron without the thin film when produced ion
number is 1.0x108 /10%b.w./msr.
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Figure 9: Beam shapes at the injection point into the
synchrotron in the case of setting the thin film when
produced ion number is 1.0x10% /10%b.w./msr.
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Figure 10: Conceptual diagram of multi-turn injection.
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Figure 11: G dependence of number of injection times by
multi-turn injections in different vacuums, where G is the
ratio of accumulated ion number to captured ion number
per shot.
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Figure 12: Frequency distribution of accumulated ion
number by multi-turn injection with considering the
fluctuation of produced ion number. The charge exchange
between circulating ions and ambient molecules is
neglected in the upper graph and considered in the lower
graph.
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