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First clinical positronium imaging of patients
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Positronium image of the human brain in vivo
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Model of the hemoglobin molecule

QUANTUM ENTANGLEMENT IMAGING
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Aim:
• Cost effective total-body PET
• Light, modular, configurable and portable

Development of cost-effective

total-body PET



Modular J-PET scanner

MULTI-PHOTON PET

P. Moskal, Jagiellonian University 

on behalf of the J-PET Collaboration http://koza.if.uj.edu.pl

P. Moskal et al., Nature Communications 12 (2021) 5658

P. Moskal et al., Nature Communications 15 (2024) 78



First clinical PET and positronium imaging of patients

P. Moskal, Jagiellonian University 

on behalf of the J-PET Collaboration http://koza.if.uj.edu.pl



P. Moskal, Jagiellonian University 

on behalf of the J-PET Collaboration http://koza.if.uj.edu.pl

First clinical positronium imaging of patients







First clinical PET and positronium 

imaging of patients with J-PET

P. Moskal, …, E. Stepien, Science Advances 10 (2024) eadp2840













44Ti / 44Sc

60 years



Modular J-PET   +   44Ti / 44Sc

60 years

P. Moskal, E. Stępień, Bio-Algorithms and Med.-Systems 20 (2024) 55    



IAEA Medical imAGIng and Nuclear mEdicine 

(IMAGINE) database developed by the 

International Atomic Energy Agency (IAEA) 

available at: https://humanhealth.iaea.org/

HHW/DBStatistics/IMAGINE.html

Modular J-PET   +   44Ti / 44Sc

P. Moskal, E. Stępień, Bio-Algorithms and Med-Systems 20 (2024) 55    

https://humanhealth.iaea.org/


PET from PLASTIC SCINTILLATORS

POSITRONIUM IMAGING

DISCRETE SYMMETRIES

QUANTUM ENTANGLEMENT IMAGING

P. Moskal, Jagiellonian University 

http://koza.if.uj.edu.pl



+
-22Na

J-PET:  S. Sharma et al., EJNMMI Phys. 7 (2020) 39

J-PET:  S. Sharma et al., EJNMMI Phys. 10 (2023) 28

22Na → 22Ne* + e+ + ve

22Ne + γ



+
-

22Na → 22Ne* + e+ + ve

22Ne + γ



Model of the hemoglobin molecule

P. Moskal, B. Jasińska, E. Ł. Stępień, S. Bass,  Nature Reviews Physics 1 (2019) 527

Positronium imaging

J-PET: P. Moskal et al., Science Advances 7 (2021) eabh4394
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Hypoxia ≡ deficit in tissue oxidation

Hypoxia is a good cancer prognostic indicator,
it is associated with tumor aggressiveness, 

and increased occurrence of metastases and resistance to treatment
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J-PET: P. Moskal et al., March 2022
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Positronium image of the human brain in vivo
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demonstrated using a plastic PET scanner
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Positronium image of the human brain in vivo
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Model of the hemoglobin molecule
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Positronium imaging
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MODEL: Pick-off -- not entangled; Conversion – quantum entangled;
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Non-maximal entanglement of photons from positron-electron annihilation 

demonstrated using a plastic PET scanner
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