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Abstract

Various ions are produced for medical use as well as biological and physical experiments by the four ion sources in
Heavy Ion Medical Accelerator in Chiba (HIMAC) at the National Institute of Radiological Sciences (NIRS). The
multi-ion irradiation is being studied to further optimize dose and Liner Energy Transfer distributions on a tumor in a
patient. In the multi-ion irradiation, several kinds of ions, such as helium, carbon, oxygen and neon ions, as produced by
those ion sources, are to be accelerated by the HIMAC and directed to a tumor. It is trivial to produce various ion
species by using more than one ion sources. However, we proposed the switching method to provide various ions only
with one ion source. In this method, ionization gases of helium, carbon dioxide and neon are mixed and used to produce
He?", C?*, O*" and Ne*" ions, simultaneously. The required intensity of He?*, C?*, O°" and Ne*" are 500 epA, 150 epA,
230 epA and 300 epA, respectively. Initially, we tested production of He*", C>" and O*" ions with mixing gases of
helium and carbon dioxide by using the 18 GHz NIRS-HEC. Then, we measured the switching time of different ion
species with the gas-pulsing method. As a result, we found that the switching time with the gas-pulsing method was
shorter than that of the conventional method. This switching technique of different ion species with the gas-pulsing

method as well as preliminary results of beam tests is described in this paper.
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Figure 1: The gas piping diagram with mass flow control
valve for NIRS-HEC.
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Figure 2: The dependence of microwave power.
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Figure 3: The dependence of CO, gas flow.
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Figure 4: The dependence of upstream mirror magnetic
field.
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Figure 5: The gas piping diagram with gas pulsing
method.
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Figure 6: The reproducibility at the switching from O*" to
He?* and He?" to O,
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Figure 7: Vacuum pressure when the gas was stopped
with mass flow control valve or gas pulsing method.
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Figure 8: The reproducibility of He?" at the switching of
O*" with mass flow control valve or gas pulsing method.
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Figure 9: The reproducibility of C?*, O°" and Ne*" at the
switching of He?".
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Figure 10: The reproducibility of He?", O and Ne*' at
the switching of C?*.

600

W
S
S

N
=)
S

[
(=3
(=]

03" — He?* (He** beam)

Beam current [epA]
S
(=)

100 * O** — C?* (C** beam)
03" —Ne* " (Ne* " beam)
0 * : :
. 8 10
Switch start Time [min]

Figure 11: The reproducibility of He?*, C** and Ne*" at
the switching of 03",
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Figure 12: The reproducibility of He?*, C** and O*" at the
switching of Ne*'.
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