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Abstract

Energy compensation of the slow extracted beam is being strongly required to realize the scanning irradiation with
high energy heavy ion at Gunma University. An extracted beam energy of Gunma’s facility is a little varying during
extraction period, because RF frequency for beam acceleration is increased to excite 3™ order resonance. Amount of
energy shift is around 2 MeV/u in accelerated beam energy of 400 MeV/u. This energy variation makes a range error of
2 mm in water. It is large to utilize for scanning irradiation, because small SOBP is required for a scanning irradiation.
In order to compensate this energy variation, we contrived to use the energy absorber. This principle is to utilize the
energy loss that is coursed when the high energy particles pass in the scatter materials. As the experiment results, we
succeeded to obtain the constant beam energy. To utilize the energy absorber for a scanning irradiation, it is also
indispensible to keep the beam size. In regard to beam size at isocenter, we have confirmed by a calculation that
constant beam size will be realized by optimizing the beam optics of the high energy beam transport line.
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Figure 1: Transition of separatrix size and position
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Figure 2: Energy variation in the extraction period in ] 5
case of 400 MeV/u. (A) shows the operation pattern of o .
the synchrotron, which is repeated every 3 seconds. (B) @IF converter
Ion chamber: | Msocenter

shows the enlarged view of the extraction period. |

Carbon-ions are extracted within the dot lines in the |
figure (B). Figure 3: Experimental set up for an energy

compensation by using the energy absorber.
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Figure 4: Relation between the material density and
scattering angle. Material thickness is given that the
same energy loss is obtained.
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Figure 5: Experimental result of the energy

compensation. The horizontal axis shows the depth of
the water, which corresponds to the range, and the
vertical axis shows the measured dose. (A) shows the
result by ordinary beam, and (B) shows the result with
energy absorber.
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Table 2: Calculated Parameters at the Isocenter by Using
Optimized Optics.

Beginning End
Beam energy (MeV/n) 400 402.68
Absorber thickness (mm) 1 2.38
ex at 1o (xmm-mrad) 0.602 0.92
ey at 1o (mmm-mrad) 0.729 0.9915
Bx at isocenter (m) 3.64 2.38
By at isocenter (m) 2.98 221
Beam size 1ox (mm) 1.5 1.5
Beam size 1oy (mm) 1.5 1.5
Energy spread (%) 0.101 0.102
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Figure 6: Beam envelope from ESD to isocenter of the
scanning research room. A solid lines and a dot line
show the envelope with absorber thickness of Imm and
2.38mm, respectively.
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