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Abstract

Brachytherapy treatments are becoming more complex and generally high doses per frac-
tions are prescribed. Therefore there is a need for a real-time dosimeter which is able
to accurately verify the dose delivered to a patient during treatment. Beryllium oxide
(BeO) ceramics are a near water-equivalent material capable of radioluminescence (RL)
and optically stimulated luminescence (OSL). A low energy dependence is expected from
BeO ceramics since it has an effective atomic number similar to water. In this thesis the
feasibility of using BeO ceramic as the probe for a fibre-coupled luminescence dosimetry

system is demonstrated.

In order to maximise the sensitivity of the fibre-coupled luminescence dosimetry system,
the light collection from the probe material into the optical fibre was simulated. Since
BeO ceramics are self optically attenuating, a range of probe designs were investigated
including: a reflective wall surrounding the BeO ceramic and the potential use of another
optically transparent layer to provide a less attenuating optical path into the optical
fibre. A model was developed using ray tracing through the BeO ceramic until reaching
the optical fibre. It was found that for a 1 mm diameter BeO ceramic probe coupled
directly to an optical fibre, that there is no increase in light collection beyond 1 mm

length of BeO ceramic.

An RL/OSL reader system was developed which could be connected to an optical fibre
with a 1 mm diameter, 1 mm long BeO ceramic coupled to the fibres tip. The dosimetry
system was capable of real-time dose rate measurements by reading the RL signal, and
post exposure accumulated dose measurements by stimulating and integrating the OSL.
The dosimetry system was characterised with high energy 6 MV and 18 MV x-ray beams,

an 2Ir source, and a range of superficial x-ray beam energies.

The OSL dose response was shown to be supralinear to doses greater than 10 Gy, and
independent to dose rate. The RL is shown to be linear to dose rates from 100 ¢cGy/min
to 600 cGy/min, and that the integral of the RL responded linearly to doses from 30 cGy
to 15 Gy. The RL from BeO ceramics was observed to be insensitive to the accumulated
dose, making dose rate measurements easily obtained. Energy dependency measurements
showed that there is a different energy response for the OSL and RL signals. The RL
shows little energy dependency for x-ray energies above a superficial 50 kVp beam, while
the OSL response differs from the RL response for x-ray energies above a superficial 150
kVp beam.



Finally the system was evaluated for use in high dose rate (HDR) brachytherapy applica-
tions. The reproducibility, energy dependence, angular dependence and probe tempera-
ture dependence were evaluated for an 19?Ir HDR source. An overall uncertainty of 7.9%

and 10.1% for the RL and OSL, respectively, was estimated.

This work has shown that BeO ceramics have the potential to be a very useful material
for dosimetry in radiotherapy. Especially for dosimetry in brachytherapy where its low

energy dependency may be of use.
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