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1. Brief overview on luminescence dosimetry theory
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1 Yukihara, E.G., McKeever, S.W., Andersen, C.E., Bos, A.J., Bailiff, I.K., Yoshimura, E.M., Sawakuchi, G.O., Bossin, L. and Christensen, J.B., 2022. Luminescence dosimetry. Nature Reviews Methods 

Primers, 2(1), p.26.

How does luminescence dosimetry work?

The luminescent materials for dosimetry are ionic crystals (insulators or semiconductors) that have energy 

levels in their crystalline structure. These energy levels can be described with “the banding model”.

The process of luminescence dosimetry consists of two main actions:

•  The disturbance of the equilibrium of the material, taking it to a metastable state, and

•  The relaxation of the system when stimulated, bringing it back to equilibrium.

Although the relaxation process can occur naturally, its probability at room temperature is usually very low. 
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The phenomenon explained by the banding model
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1. Brief overview on luminescence dosimetry theory
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fundamentals and applications. John Wiley & Sons. p. 127.
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2. Main samples used
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TLDs1

Material/Name Main characteristics

LiF:Mg,Ti

(TLD-100, Harshaw Thermo 

Scientific)

Dimensions: 3.2 x 3.2 x 0.9 mm3

Batch uniformity: ± 15%

Zeff (host only): 8.2

Density: 2.64 g.cm-3

Useful dose response range: 50 µGy to 1 kGy

Linearity: 
Linear < 1Gy,

Supralinear 1Gy < D < 1kGy

Repeatability: ± 2%

µLiF:Mg,Ti

(microcubes TLD-100, 

Harshaw Thermo Scientific)

Dimensions: 1 x 1 x 1 mm3

Batch uniformity: ± 15%

Zeff (host only): 8.2

Density: 2.64 g.cm-3

Useful dose response range: 50 µGy a 1 kGy

Linearity: 
Linear < 1Gy, 

Supralinear 1Gy < D < 1kGy

Repeatability: ± 2%

1 Yukihara, E.G., McKeever, S.W., Andersen, C.E., Bos, A.J., Bailiff, I.K., Yoshimura, E.M., Sawakuchi, G.O., Bossin, L. and Christensen, J.B., 2022. Luminescence dosimetry. Nature Reviews Methods 

Primers, 2(1), p.26.

Main emission ~410nm
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2. Main samples used
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OSLDs1

Material/Name Main characteristics

Al2O3:C 

(nanoDot, Landauer Inc.)

Dimensions: 5mm diameter x 0.2mm thickness

Batch uniformity:
± 5 % for screened samples,        

± 10 % for unscreened samples

Zeff (host only): 11.3

Density: 3.96 g.cm-3

Useful dose response range: 5 µGy to 500Gy

Linearity: 
Linear < 5Gy, 

Supralinear 5Gy < D < 100Gy

Repeatability: ± 2% or better

BeO

(ezClip, Dosimetrics)

Dimensions: 4.7 x 4.7 x 0.5mm3

Batch uniformity: NA

Zeff (host only): 7.2

Density: 2.85 g.cm-3

Useful dose response range: 30 µGy to 10Gy

Linearity: Linear < 10Gy

Repeatability: ± 2% or better

1 Yukihara, E.G., McKeever, S.W., Andersen, C.E., Bos, A.J., Bailiff, I.K., Yoshimura, E.M., Sawakuchi, G.O., Bossin, L. and Christensen, J.B., 2022. Luminescence dosimetry. Nature Reviews Methods 

Primers, 2(1), p.26.

Main emission ~335nm

Main emission ~365nm
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3. Main readers used
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Harshaw 3500
Landauer microStarLandauer microStar ii

Freiberg Instruments Lexsyg Smart TL/OSL

DTU Risø TL/OSL reader

TL only (commercial packages)

Thermo Scientific Harshaw 3500 (manual)

Thermo Scientific Harshaw 5500 (automated)

Mirion RE 2000A

OSL only (commercial packages)

Landauer microStar

Landauer microStar ii

Dosimetrics BEOSL reader

TL/OSL (research)

Freiberg Instruments Lexsyg Smart 

DTU Risø TL/OSL 

Harshaw 5500 Dosimetrics BEOSL Mirion RE 2000A
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4. Main uncertainty components
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Sensitivity (ammount of luminescent material within the sampe)

Reader stability

Dark counts and current

PMT sensitivity

Stimulation source (heat or light control)

Calibration

Irradiation (radioactive source or x-ray/electronic system)

Tracebility of the measurements

Annealing

Furnance/Oven temperature (TL)

Wavelenth and intensity of the light (OSL)
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4. Main uncertainty components
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In order to “reduce” the number of uncertainty components, 

one can use the “S/SR method” proposed by Yukihara et al.3 for 

both calibration of the TL/OSL system and dose readout

This method is very advantageous when considering doing 
FLASH-RT dosimetry due to the increase in accuracy on the 
measurement

3 Yukihara EG, Mardirossian G, Mirzasadeghi M, Guduru S, Ahmad S. Evaluation of Al2O3:C optically stimulated luminescence (OSL) dosimeters for passive dosimetry of high-energy photon and electron beams in radiotherapy. Med 
Phys. 2008 Jan;35(1):260-9. doi: 10.1118/1.2816106.
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3 Yukihara EG, Mardirossian G, Mirzasadeghi M, Guduru S, Ahmad S. Evaluation of Al2O3:C optically stimulated luminescence (OSL) dosimeters for passive dosimetry of high-energy photon and electron beams in radiotherapy. Med 
Phys. 2008 Jan;35(1):260-9. doi: 10.1118/1.2816106.

The S/SR method
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4. Main uncertainty components

OSL measurements were 

comparable to ionization 

chamber measurements 

for conventional RT

2 Yukihara EG, Mardirossian G, Mirzasadeghi M, Guduru S, Ahmad S. Evaluation of Al2O3:C optically stimulated luminescence (OSL) dosimeters for passive dosimetry of high-energy photon and electron beams in radiotherapy. Med 
Phys. 2008 Jan;35(1):260-9. doi: 10.1118/1.2816106.
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5. Successful experiences of FLASH-RT measurements using 
TLDs/OSLDs
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4 Christensen, J.B., Togno, M., Nesteruk, K.P., Psoroulas, S., Meer, D., Weber, D.C., Lomax, T., Yukihara, E.G. and Safai, S., 2021. Al2O3: C optically stimulated luminescence dosimeters (OSLDs) for ultra-high dose rate proton dosimetry. 
Physics in Medicine & Biology, 66(8), p.085003. https://doi.org/10.1088/1361-6560/abe554

Grossly cut Al2O3:C samples

DTU Risø TL/OSL reader
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S/SR calibration Different dose rates

Different dose rates at different setups

Effect of averaging dose from 

the pencil beam

2D measurements with sample array

4 Christensen, J.B., Togno, M., Nesteruk, K.P., Psoroulas, S., Meer, D., Weber, D.C., Lomax, T., Yukihara, E.G. and Safai, S., 2021. Al2O3: C optically stimulated luminescence dosimeters (OSLDs) for ultra-high dose rate proton dosimetry. 
Physics in Medicine & Biology, 66(8), p.085003. https://doi.org/10.1088/1361-6560/abe554



DESY. Page 17

5. Successful experiences of FLASH-RT measurements using 
TLDs/OSLDs
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5 Motta, S., Christensen, J.B., Togno, M., Schäfer, R., Safai, S., Lomax, A.J. and Yukihara, E.G., 2023. Characterization of LiF: Mg,Ti thermoluminescence detectors in low-LET proton beams at ultra-high dose rates. Physics in Medicine & 
Biology, 68(4), p.045017. https://doi.org/10.1088/1361-6560/acb634

Standard µLiF:Mg,Ti 

(microcubes TLD-100) samples

Freiberg Instruments Lexsyg Smart TL/OSL reader
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5 Motta, S., Christensen, J.B., Togno, M., Schäfer, R., Safai, S., Lomax, A.J. and Yukihara, E.G., 2023. Characterization of LiF: Mg,Ti thermoluminescence detectors in low-LET proton beams at ultra-high dose rates. Physics in Medicine & 
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S/SR calibration

2D measurements with sample array
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5 Motta, S., Christensen, J.B., Togno, M., Schäfer, R., Safai, S., Lomax, A.J. and Yukihara, E.G., 2023. Characterization of LiF: Mg,Ti thermoluminescence detectors in low-LET proton beams at ultra-high dose rates. Physics in Medicine & 
Biology, 68(4), p.045017. https://doi.org/10.1088/1361-6560/acb634

Different dose rates

Different dose rates checked with different detectors
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5. Successful experiences of FLASH-RT measurements using 
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6 Motta, S. Christensen,. J. B. Frei, F. Peier, P. and Yukihara, E.G. 2023 Phys. Med. Biol. In Press https://doi.org/10.1088/1361-6560/acdfb2

Just published online: Thursday 22nd 

of June, 2023
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Luminescent materials used

Beam parameters

6 Motta, S. Christensen,. J. B. Frei, F. Peier, P. and Yukihara, E.G. 2023 Phys. Med. Biol. In Press https://doi.org/10.1088/1361-6560/acdfb2
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Dose-rate evaluation for the TLDs used

Dose-rate evaluation for the OLDs used

6 Motta, S. Christensen,. J. B. Frei, F. Peier, P. and Yukihara, E.G. 2023 Phys. Med. Biol. In Press https://doi.org/10.1088/1361-6560/acdfb2
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5. Successful experiences of FLASH-RT measurements using 
TLDs/OSLDs
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Measurent comparison with reference ICT estimation

S/SR calibration

6 Motta, S. Christensen,. J. B. Frei, F. Peier, P. and Yukihara, E.G. 2023 Phys. Med. Biol. In Press https://doi.org/10.1088/1361-6560/acdfb2
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Summary
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• TLDs and OSLDs are suitable for doing FLASH-RT dosimetry measurements;

• They can provide point-measurements or 2D measurements with array of sensors within mm resolution; 

• They’ve been proven to be dose rate independent for protons and electrons at UHDR regimes;

• “S/SR method” of measurement is already standardized at PSI;

• Some care is needed regarding dose averaging effects on pencil beams;

• Reader with built-in beta source is a “must have” to obtain the most accurate measurement possible;

• We could do this type of measurement in our FLASHLab@PITZ
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