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Abstract

Accurate dose measurement in radiotherapy is critically dependent on correction for gain drop, which is the difference
of the measured current from the ideal saturation current due to general ion recombination. Although a correction method
based on the Boag theory has been employed, the theory assumes that ionized charge density in an ionization chamber
(IC) is spatially uniform throughout the irradiation volume. For particle pencil beam scanning, however, the charge
density is not uniform, because the fluence distribution of a pencil beam is not uniform. The aim of this study was to
verify the effect of the non-uniformity of ionized charge density on the gain drop due to general ion recombination.

We measured the saturation curve, namely the applied voltage versus measured current, using a large plane-parallel IC
and 24-channel parallel-plate IC with concentric electrodes. To verify the effect of the non-uniform ionized charge density
on the measured saturation curve, we calculated the saturation curve using a method which takes account of the non-
uniform ionized charge density and compared it with the measured saturation curves.

Measurement values of the different saturation curves in the different channels of the concentric electrodes differed,
and were consistent with the calculated values. The saturation curves measured by the large plane-parallel IC were also
consistent with the calculation results, including the estimation error of beam size. Although the impact of the non-uniform
ionized charge density on the gain drop was clinically negligible with the conventional beam intensity, it was expected
that the impact would increase with higher ionized charge density.

For pencil beam scanning, the assumption of the conventional Boag theory is not valid. Furthermore, the non-uniform
ionized charge density affects the prediction accuracy of gain drop when the ionized charge density is increased by a
higher dose rate and/or lower beam size.
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Figure 1: Geometrical
ionization chambers[4].
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Figure 3: Comparison of saturation curves between measurements using a 24-channel parallel-plate IC and calculation
results obtained by the division method. A 430 MeV/u carbon-ion with an intensity of 6.2 X 108 pps was used.
Measurement depth was 14.4 mm WEL (water equivalent length), including the wall thickness of the water column
and detector shell. The error bar of measurements corresponds to two times the RMS error.
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Figure 4: Comparison of saturation curves between measurements using a large plane-parallel IC and calculation results

obtained by three different calculation methods.
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Figure 5: Comparison of saturation curves between measurements using a large plane-parallel IC and calculation results

by the division method with variation of ;.
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