JJ AGH UNIVERSITY OF SCIENCE EIE

Maria Sklodowska-Curie
National Research m
Institute of Oncology AND TECHNOLOGY .
\ 2 Cracow University

Investigations of 3D-printed and

commercial plastic scintillators
for dosimetry applications

Dagmara Kulig!, t. Kapton1.23, S. Beddar4, T. Fiutowskié, P. Jurgielewiczé, D. Kabat!, K. Kalecinska®, M. P. Kopec8, S. Kopernys,
B. Mindur$, J. Moron®é, G. Moskall:3.7, S. Niedzwiecki23, M. Silarski23, F. Sobczuk5, T. Szumlaksé, A. Rucinskil-8

1 Department of Medical Physics, Maria Sklodowska-Curie National Research Institute of Oncology Krakow Branch, Garncarska 11, 31-115 Krakow, Poland

2 Department of Experimental Particle Physics and Applications, Faculty of Physics, Astronomy and Applied Computer Science, Jagiellonian University, Krakow, Poland
3 Total-Body Jagiellonian-PET Laboratory, Jagiellonian University, Krakow, Poland

4 Department of Radiation Physics, The University of Texas MD Anderson Cancer Centre, Houston, TX, USA

5 Department of Photonics, Faculty of Physics, Astronomy and Applied Computer Science, Jagiellonian University, Krakow, Poland

6 AGH University of Science and Technology, Krakow, Poland

7 Department of Chemical Technology, Faculty of Chemistry of the Jagiellonian University, Krakow, Poland

8 Institute of Nuclear Physics, Polish Academy of Sciences, Krakow, Poland

Antoni Rucinski, 1.08.2023, LLU Workshop

European : j . European Union
Funds Egggll)glncd F N P Fou.ndatnpn for European Regional
Smart Growth - L' Polish Science Development Fund



Motivation

Develop 3D plastic scintillation detector for patient specific TP verification for dynamic IMRT radiotherapy

* |Investigate two types of plastic scintillators: cell casted and 3D-printed
* Light output of scintillators
 Wrapping and polishing methods
Connection of scintillators and optic fibers
. Radlatlon hardness
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Experimental setup for scintillator testing
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Counts (a.u.)

3500 Model Gauss
Equation y=y0 + (A/(w*sqrt(P1/2)))"exp(-2*((x-xc)/w)"2)
7 Reduced 348.29328
Chi-Sqr
3000 - Adj. R-Square 0.99932
Value Standard Error
. yO 13.51296 22.30069
Xc 169.00049 0.24921
2500 - w 23.93382 0.65628
Counts A 53226.78593 1901.98302
. sigma 11.96691 0.32814
FWHM 28.17992 0.77271
2000 - Height 1774.42746 22.57273
1500 -
1000 -
500 -
0 = :
0 250
CE sam
LO = X 10000 photons/MeV

CE ., — middle of Compton edge for sample
CE .. — middle of Compton edge for reference scintillator RP-408
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Light output measurements
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k. Kapton et al., Investigation of the light output of 3D-printed plastic scintillators for dosimetry applications, Rad. Meas. (2022) 158:106864
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Scintillator surface finishing & wrapping

1.2 IShape of surface finishing
14 sanded
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Scintillator surface finishing & wrapping
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Scintillator surface finishing & wrapping
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Radiation hard ness Irradiations:

B Varian Clinac
B 6 MeV X-Rays
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Summary

* Dose-3D project aims at development of an active 3D detector for patient QA
 >1000 3D-printed scintillator cubes/channels (each cube <1cm3)
* 3D-printed scintillators are characterized by
 50% reduced light output
* Increased radiation hardness
* Experiments with photons are ongoing

* Experiments with protons are planned to test quenching
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Dose-3D research teams

* Polish National Centre for Research and Development through grant LIDER/17/0046/L-7/15/NCBR/
2016.

* The research group from the Department of Nuclear Engineering, Hanyang University in South Korea
for manufacturing 3D-printed scintillator cubes
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