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Abstract

A new type accelerator is being developed for the next generation particle therapy system. Since the accelerator utilizes
weak focusing magnetic field and frequency modulated RF acceleration, the accelerator can be downsized by application
of a superconducting magnet. The accelerator characteristically has a cotangential trajectory. In other words, there is a
trajectory concentrated part by eccentrically orienting the helical trajectory to one side. To realize variable energy beam
extraction from the trajectory concentrated area, we devised an extraction method that utilizes a transverse RF kicker,
peeler and regenerator magnetic fields. In this method an extracted beam energy can be controlled by an applied time of
an acceleration RF voltage without using energy degrader, and there is a possibility that the beam current and the beam
pulse width can be controlled by the voltage pattern of the RF kicker.
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Figure 2: Tune diagram.
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(b) Cross-sectional view on mid plane

Figure 3: Schematic view of the cotangential trajectory
accelerator for proton therapy.

Table 1: Design Specifications of the Cotangential

Trajectory Accelerator for Proton Therapy

Diameter of yoke
Total weight
Magnetic field

Main coil

Magnetomotive force of
main coil

Harmonic number
RF frequency
RF voltage, required power

Extracted beam energy

Extraction method

Pulse repetition rate

2.70 m
60t

4.0 T at injection point,

3.94 T at max. energy orbit
NbTi cable, conductive
cooling

1.8 MA

1

61.0 ~48.5 MHz
10 kV, 30 kW

70 ~ 225 MeV

without degrader

Slow extraction, RF kicker +
peeler regenerator

<500 Hz
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Figure 4: Slow extraction concept of the cotangential orbit
accelerator.
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Figure 5: Particle behavior in transverse phase space after
the RF kicker turned on, simulated by single particle 3D
tracking analysis (extraction energy 70 MeV).
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Figure 6: Beam extraction trajectories simulated by single
particle 3D tracking analysis.
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Figure 7: Peeler and regenerator shims.
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Figure 8: Design example of extraction channel.
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