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Abstract

In scanned heavy-ion therapy, the narrow beam is required to reduce the damage of healthy tissues around the target
tumor. The multiple-energy synchrotron operation with stepwise flattops has been developed at HIMAC in NIRS, in
order to perform scanning irradiation without using the energy degrader which increases the beam size by the multiple
scattering. The operation can vary the extraction beam energy quickly from 430 to 56 MeV/n by gradually decelerating
the stored beam in the synchrotron ring. The number of the energy steps required from the scanning irradiation system
is about 200. To meet the requirement with a shorter commissioning time, we proposed a method to determine the
beam- and device-parameter settings for all energies by an interpolation method. As a result, it was confirmed that it is
possible to produce the multiple-energy operation having many energy steps by small manual adjustments for less
energy steps.
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Figure 1: Exciting pattern of the synchrotron bending
magnets in the multiple-energy operation: (a) with 201
7 mizshima@nirs.go jp flattops and (b) with extended flattops.
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Figure 2: Exciting pattern of the synchrotron bending
magnets in the multiple-energy operation with 26 flattops.
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Figure 3: Settings of the horizontal/vertical betatron tunes
and the separatrix area in the multiple-energy operation.
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Figure 4: Multiple-energy synchrotron operation with 26
flattops.
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Figure 5: Measurement result of the betatron tune
fluctuation (a) in the multiple-energy operation and (b)
plotted on the tune diagram in the injection and
acceleration periods.
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Figure 6: Multiple-energy synchrotron operation with 201
flattops.
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Figure 7: Typical test result of scanning irradiation using the multiple-energy synchrotron operation with 201 flattops. In this test, the
irradiation pattern simulated for a prostate cancer tumor was used.
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