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PRESENTATION PLAN
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1. J-PET technology

2. Physics studies and diagnostic applications

• Physics studies (positronium imaging, quantum entanglement, 

discrete symmetries studies)

• Global actor concept

• Scanner performance studies according to NEMA norms

3. Proton therapy application

• Proton beam range monitoring

• Treatment plan verification



J-PET TECHNOLOGY

J-PET tomograph prototype (2016)

J-PET tomograph principle

• Cost-effective, plastic based technology

• Towards total-body PET imaging

3-layer scanner consists of 192 EJ-230 

plastic scintillators (7x19x500mm3)

• Compton scattering instead

of fotoelectric absorbtion

• Two TOFs: in plastic and at

the LOR level

• CRT = 400 ps

Modular J-PET (2019)

2nd generation, light, portable

and easy reconfigurable

JPET tomograph consists of 

24 modules (13 single 

5x24x500mm3 plastic strips

in each module).

Total-body J-PET (202X)

2-layer total-body scanner with WLS 

and 2 m long axial FOV
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Photos by courtesy of Sz. 

Niedźwiecki and J-PET team



PHYSICS STUDIES
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Courtesy of W. Krzemień



GATE Workshop @ IEEE NSS/MIC 2019 jakub.baran@ifj.edu.pl GATE for J-PET Manchester, 31 X 2019

PHYSICS STUDIES

Courtesy of W. KrzemieńNature Reviews Physics vol 1, 527–529 (2019) 

Ortho-positronium decay scheme. 

(Courtesy of W. Krzemień)

https://www.nature.com/natrevphys
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• Ortho-positronium

• Para-positronium

• Non-pure positronium emitters

(i.e. Sc-44, Na-22)

• Photons polarization

PHYSICS STUDIES

Schematic view of the libraries used to model different positronium decays. PR for the official GATE 

release is currently under the preparation. (Courtesy of W. Krzemień and M. Bała)

Courtesy of W. Krzemień and M. Bała



GLOBAL ACTOR CONCEPT
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Schematic view of the global actor concept. PR for official GATE release is currently under the 

preparation.

• Local Actor (LA) – standard actor

attached to a volume

• Global Actor (GA) – feasible to collect

data from multiple volumes

• GA with LA attached could collect

chronologically data from any number of

volumes and store in a single ROOT file

• GA and LA is usefull when the same

type of information is collected from

different volumes

Two types of output are

possible:

• Standard ROOT Ttree

• Data grouped in events

Courtesy of W. Krzemień and M. Bała



DIAGNOSTIC SCANNER PERFORMANCE
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DIAGNOSTIC SCANNER PERFORMANCE
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PROTON RANGE MONITORING

Dose distribution profiles for conventional

photon radiotherapy vs proton 

radiotherapy (Knopf and Lomax, PMB 

2013)

Dose and β+ profiles from Monte Carlo 

simulations for 95 MeV protons (left) and 2Gy 

irradiation plan (Krann AC. et al. JINST 2010)

Secondary radiation produced during the 

protons interactions with matter (courtesy of 

Antoni Ruciński)
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PROTON RANGE MONITORING

Simulated J-PET configurations: single layer barrel (A), double layer

barrel (B), triple layer barrel (C), single layer dual-head (D), double layer

dual-head (E), triple layer dual-head (F)

A B C

D E F

Simulated setups are as follows:

A. single layer barrel – 24 modules

B. double layer barrel – 48 modules

C. triple layer barrel – 72 modules

D. single layer dual-head – 12 modules

E. double layer dual-head – 24 modules

F. triple layer dual-head – 24 modules
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PROTON RANGE MONITORING

J-PET detector

• 108 primary protons with the therapeutic

beam model of the CCB (150 MeV)

• PMMA phantom 5x5x20 cm3

• QGSP_BIC_HP_EMY physics list

• CASToR software for the reconstruction

• TOF resolution: 500 ps

• Time window: 3 ns, energy window: 200 keV

• Applied corrections: sensitivity, attenuation,

post-smoothing
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Schematic view on the simulation setup 

cross section.



PROTON BEAM RANGE MONITORING
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PROTON BEAM RANGE MONITORING
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PROTON BEAM RANGE MONITORING
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PROTON BEAM RANGE MONITORING
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TREATMENT PLAN VERIFICATION
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BEAM MODEL OF A GANTRY AT CYCLOTRON CENTRE BRONOWICE 

(CCB) IN CRACOW



TREATMENT PLAN VERIFICATION:

• Beam model 

• CT calibration

• ~105 primary protons/spot 

simulated

• Dose comparison between

GATE, TPS and FRED GPU 

Monte Carlo software

TREATMENT PLAN VERIFICATION
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RANGE MONITORING WITH 

J-PET



TREATMENT PLAN VERIFICATION

GATE Workshop @ IEEE NSS/MIC 2019 jakub.baran@ifj.edu.pl GATE for J-PET Manchester, 31 X 2019



Prof. Paweł Moskal

Wojciech Krzemień, PhD

Szymon Niedźwiecki, PhD

Paweł Kowalski

Nikodem Krawczyk

Mateusz Bała

Prof. Paweł Olko

Jan Swakoń, PhD

Leszek Grzanka, PhD

Antoni Ruciński, PhD

Jan Gajewski, PhD

Monika Pawlik-Niedźwiecka

Magdalena Garbacz

ACKNOWLEDGMENTS

CASToR developpers:

Thibault Merlin, PhD

Simon Stute, PhD

J. Baran acknowledge the 

support of InterDokMed

project no. POWR.03.02.00-

00-I013/16

Research was supported by: the National Centre

for Research and Development (NCBiR), grant no.

LIDER/26/0157/L-8/16/NCBR/2017

This research was supported in

part by PL-Grid Infrastructure.

GATE Workshop @ IEEE NSS/MIC 2019 jakub.baran@ifj.edu.pl GATE for J-PET Manchester, 31 X 2019

Research was supported by the Foundation for

Polish Science (FNP) co-financed by the EU under

the European Regional Development Fund, TEAM

POIR.04.04.00-00-4204/17 and POIR.04.04.00-00-

2475/16-00


