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Development of a Multi-layer Ion Chamber for
Measurement of Depth Dose Distributions of
Heavy-ion Therapeutic Beam for
Individual Patients

Munefumi Shimbo," Eriko Urakabe,?
Yasuyuki Futami,"” Ken Yusa,"
Haruo Yamashita,” Naruhiro Matsufuji,"
Takashi Akagi,* Akio Higashi,?
and Tatsuaki Kanai

In heavy-ion radiotherapy, an accelerated beam is modi-
fied to realize a desired dose distribution in patients. The set-
up of the beam-modifying devices in the irradiation system
is changed according to the patient, and it is important to
check the depth dose distributions in the patient. In order to
measure dose distributions realized by an irradiation system
for heavy-ion radiotherapy, a multi-layer ionization cham-
ber (MLIC) was developed.

The MLIC consists of 64 ionization chambers, which are
stacked mutually. The interval between each ionization cham-
ber is about 4.1 mm water. There are signal and high volt-
age plates in the MILC, which are usedas electrodes of the
ionization chambers and phantom. Depth dose distribution
from 5.09 mm to 261.92 mm water can be measured in about
30 seconds using this MLIC. Thus, it is possible to check
beam quality in a short amount of time.
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Fig. 1
layer ionization chamber.
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Fig. 2

Estimate of the water-equivalent thicknesses for the carbon beam of sig-
nal plates and high voltage plates. Open triangles and circles show the water-
equivalent thickness of signal plates and high voltage plates, respectively. Solid

and dashed lines are show the results of the least squares method. Closed marks
show the deviation of the measured data from the fitted lines.
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Fig. 3 Calibrated MLIC output using a mono-energetic carbon bieam of 400 MeV/u.
Solid curve shows depth dose distribution in water measured by the parallel plate
ionization chamber. Open circles in Fig. A show MLIC output for the mono-ener-
getic carbon beam of 400 MeV/u. Sensitivity of each channel of the MLIC is not
calibrated in this case. Open circles in Fig. B show absolute depth dose distribu-

tion obtained by calibrated MLIC output.
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Fig. 4 Long-term stability of MLIC output. MLIC output is plotted for one month
against the output of the standard ionization chamber. Closed circles and squares
show the results for carbon beams of 400 MeV/u and 290 MeV/u, respectively.
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Fig. 5 Results of depth dose distributions measured by MLIC. Marks are mea-
sured by MLIC and lines are calculation fitted by MLIC.
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