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Abstract. Accurate characterization of ionizing radiation fields and detector response is essential for reliable
dosimetry in clinical and research applications. This study investigates the Optically Stimulated Luminescence
(OSL) response of flux-grown Al,O5:C,Mn(IV) crystals under X-ray irradiation. The radiation field of a Philips
X-ray source was characterized using a PTW Farmer 31003 ionization chamber and Gafchromic film measure-
ments. Dose-response characterization of the flux-grown detectors was performed in the 1 to 10 Gy dose
range, using the radiochromic film as a calibration reference and a previously characterized X-ray source. The
Al,05:C,Mn(IV) crystal exhibited a reproducible and approximately linear dose-response behavior within the
investigated dose interval, with relatively low signal saturation compared to Al,O5:C, although with lower lu-
minescence intensity, reflecting reduced sensitivity under the experimental conditions. This behavior indicates
good potential for high-dose passive dosimetry applications, where saturation resistance and response stability
are advantageous, despite the limitation imposed by lower signal amplitude in the low-dose regime. Comparison
with commercial Al,05:C and BeO detectors was used as a performance reference, confirming that the flux-
grown material provides a balanced response between linearity and saturation tendency. The Al,O5:C,Mn(IV)
materials are one of the outcomes of the LUMIDOS project, and these intercomparison results demonstrate
their functionality as reusable passive dosimeters for X-ray irradiation.
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1 Introduction

Accurate and reliable passive dosimetry is essential in
clinical and research settings, particularly for applications
involving low-energy X-ray fields and small irradiation
volumes. While commercial Optically Stimulated Lumi-
nescence (OSL) materials such as Al,O3:C and BeO are
widely used, the development of new crystal compositions
offers the potential for improved sensitivity, reproducibil-
ity, and cost-effectiveness. In this context, flux-grown
Al,O3-based detectors produced within the LUMIDOS
project represent a promising alternative. This work is mo-
tivated by the need to intercompare commercial and newly
developed OSL materials, assess their dose-response char-
acteristics, and identify robust luminescence metrics suit-
able for accurate dose estimation.

Luminescence dosimetry is based on the principle that
ionizing radiation deposits energy in a material, exciting
electrons from the valence band to the conduction band,
leaving holes in the former. These free charge carriers
may become trapped at defects or metastable energy lev-
els within the band gap, forming a population of trapped
charges and optically active centers that can remain sta-
ble until readout. Upon external stimulation (e.g., thermal
or optical), the trapped carriers are released and electron-
hole pair recombination occurs, resulting in light emission
as the excited defect returns to its ground state. This mech-
anism underlies both thermoluminescence (TL) and OSL.
Compared to TL, OSL can be performed at or near room
temperature, eliminating the need for heating during read-
out. As aresult, thermal quenching effects, which can limit
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the TL sensitivity of the material, are avoided. Addition-
ally, a major difference between TL and OSL is that OSL
allows the use of various optical stimulation schemes, pro-
viding greater flexibility in the readout process.[/1]

In this work there were two main comparisons of in-
terest: between radiochromic (RC) films and the lumines-
cent crystals and between different types of crystals. Ta-
ble |1| presents an initial comparison of the characteristics
of RC films and luminescent crystals, highlighting the ad-
vantages and disadvantages of each for passive dosimetry
applications.

2 Characterization of a Low Energy X-ray
Field

Irradiations were performed using the experimental setup
shown in Figure [T} which consists of an X-ray source
(Philips Healthcare, The Netherlands) and an acrylic sup-
port used to hold the irradiated samples in place. The X-
ray tube has an operating voltage of 59 kV and a beam
angle of 38°.

The delivered dose was monitored in real-time using
a Farmer 31003 ionization chamber (IC) (PTW-Freiburg
GmbH, Germany) connected to a Unidos E T10008 elec-
trometer (PTW-Freiburg GmbH, Germany).
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