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Introduction and Motivation

Dosimetry and OSL

Ø Dosimetry – Measuring amount of ionizing radiation absorbed by matter (Dose [J kg-1]);

Ø Optically Stimulated Luminescence (OSL);
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Introduction and Motivation

Motivation

Ø Medical applications - patient and staff dose monitoring;

Ø Micro/nano dosimetry – Achieve cell level resolution;

Ø Advantage of OSL dosimeters – Reusability (through annealing), cost/benefit;
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Methodology

RISØ TL/OSL Reader

Ø 3 types of crystals used:

• BeO crystal;
• Al2O3:C commercial crystal;
• Al2O3:C,Mn(IV) crystal;

Ø OSL measurements with RISØ at C2TN;

Guide to The Risϕ TL/OSL Reader, April 2021 DTU Department of Physics
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Methodology

Experimental Setup

PTW Farmer TM 31003 Ionization Chamber and 
Electrometer Philips X-Ray Source
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Methodology

Work Structure

1) Source Characterization
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Methodology

Work Structure

2) Detector Response
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Source Characterization

Stabilization Measurements

Ø About 30 measurements taken at:

Ø d = 6 cm → D =  14.2 ± 0.3 mGy/s

Ø d = 8 cm → D = 8.8 ± 0.2 mGy/s

Ø Compromise between equipment safety and irradiation 
time

d

Ionization Chamber
Small Variations 

(≈ 2%)



Characterization of Radiation Fields Using OSL with Al2O3-based Detectors Francisco Reis September 4th, 2025 9/16

Source Characterization

Half-Value Layer (HVL)

ρ = 2.7 g/cm3

(https://physics.nist.gov/PhysRefData/Xcom/html/xcom1.html)
(https://spekcalc.weebly.com/)

μ = 4.12 cm-1

ln 2
𝜇 = HVL

SpekCalc Experimental

HVL (mm) 1.61 1.68 ± 0.18
E! (keV) 26.4 26.8

https://physics.nist.gov/PhysRefData/Xcom/html/xcom1.html
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Source Characterization

Profile with RC film

Ø Gafchromic XR-QA2 film (1-200 mGy range)

Ø Pulses of 20 s at 6-18 cm from source

Ø 24 bit color, 600 × 600 dpi scans

Ø ImageJ  used to obtain profiles
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Detector Response

RC film response

Setup for RC film irradiation:
Ø 1 cm2 Gafchromic XR-RV3 films (0.2-10 Gy 

range)

Ø Pulses of 20 s until desired doses reached (1, 2.5, 
5, 7.5 and 10 Gy)

Ø 24 bit color, 600 × 600 dpi scans

Ø ImageJ  used to obtain Gray Values (mean, 
integral) in ROI (0.85 cm2)
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Detector Response

Passive Detectors - RC film

Ø Red channel reference for dose measurements1

Ø Red channel much more sensitive to dose changes at 
lower doses

Ø Other channels useful for dose-independent 
corrections 2

1 Marroquin et al, 2016, Evaluation of the uncertainty in an EBT3 film dosimetry system utilizing net optical density. 
Journal of Applied Clinical Medical Physics, Vol. 17, P466-481

2 Holm et al, 2021, Physica Medica, Vol. 87, P123-130 
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Detector Response

Ø Left square mean Gray Value fit to 
(Inverse) Rodbard function

Ø Function is a good fit within the 1-10 Gy 
range (R2 = 0.9994)

Passive Detectors - RC film

Howard ME, Herman MG, Grams MP. Methodology for radiochromic film analysis using FilmQA Pro and ImageJ. PLoS One. 2020 
May 21;15(5):e0233562. doi: 10.1371/journal.pone.0233562. PMID: 32437474; PMCID: PMC7241712.

R2 = 0.9994



Ø Crystal position changed around 
between doses

Ø Thermal annealing (800ºC for 12h) for 
commercial crystals

Ø Optical bleaching (18W UV for 1h) for 
lab-grown crystals

Ø Maximum value and Integral are key 
data
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Detector Response

Passive Detectors - Crystals

First 
Irradiation

Second 
Irradiation

Al2O3:C,Mn(IV)Al2O3:C BeO

Third 
Irradiation

1 Gy 5 Gy

10 Gy
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Detector Response

Passive Detectors - Crystals

Ø Maximum luminescence value saturates on 
commercial Al2O3:C crystal;

Ø Al2O3:C are more sensitive than the rest 
(4.07e08 cts/Gy);

Ø Better reproducibility with BeO;
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Conclusions and Future Work

Conclusions and Future Work

Future Work:

Ø Compare with Monte Carlo-TOPAS simulations

Ø Methodology optimization

Ø Further research with more data and range

Conclusions:

Ø Crystals as a better alternative for passive dosimetry

Ø Integral is a better dose estimator (linear relationship)


