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Abstract

To realize fast scanning irradiation without the use of the energy absorbers, NIRS has developed multiple-energy
operation with more than 200 energy steps. This operation can change the output energy of the synchrotron quickly;
however, a part of the circulating particles spills uncontrollably during the procedure of the energy variation. The cause
of that is emittance growth due to beam deceleration, and we must prevent the spilled particles from delivering to the
patient. For the purpose, we have developed the beam chopping system of the High Energy Beam Transport (HEBT)
section. The chopping system will interrupt the beam within 1 ms, and it will allow the quick change of the output
energy within 50 ms. This paper describes the system design of the HEBT chopper and its control scheme in multiple-

energy operation.
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Figure 1: Schematic drawing of the HEBT chopper.
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Figure 2: Beam trajectories and envelopes in the HEBT
chopper section. The solid and the dotted lines represent
the trajectories of the passing and the interrupted beams,
respectively.
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Table 1: Chopping Magnet Specifications

Effective magnetic length 400 mm
Gap height 40 mm
Cross section H-type
Maximum magnetic field 0.103 T
Number of coil turns 24
Resistance 5.9 mQ
Inductance 0.93 mH

Figure 3: Photograph of the chopping magnet.
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Figure 4: Exciting pattern of the synchrotron bending
magnets in multiple-energy operation with 201 flattops.

Table 2: Parameters of Multiple-energy Operation

Injection energy 6 MeV/u
Output energy 56-430 MeV/u
Number of energy steps 201

Range interval 1-2 mmWEL
Transition time <50 ms/ step
Reference operation cycle 335
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Figure 5: Correlation between initial beam energy and
time to change a beam range of 2mmWEL.
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Figure 6: Block diagram of the HEBT chopper and other
systems at HIMAC.
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Figure 7: Time chart of the HEBT chopper during irradiation.
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