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30% – 40%
P. Moskal, B. Jasińska, E. Ł. Stępień, S. Bass, 
Nature Reviews Physics 1  (2019) 527

J-PET: P. Moskal et al., Science Advances 7 (2021) eabh4394
J-PET: P. Moskal et al., Science Advances 10 (2024) adp2840
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44Sc → 44Ca* + e+ + ve

44Ca + γ

     



1S0 Para-positronium tau(p-Ps)  ≈   125 ps

3S1    Ortho-positronium tau(o-Ps)  ≈   142 ns

1S0    
3S1

L    0     0
S    0     1
C    +     -

L=0  ->  P    - -
CP    - +

          

-S = 0

+S = 1

S. Bass, S. Mariazzi, P. Moskal, E. Stepien, 
Reviews of Modern Physics 95 (2023) 021002     arXiv:2302.09246, 2023



J-PET: P. Moskal et al., Science Advances 10 (2024) eadp2840



First clinical positronium imaging of patients

P. Moskal et al., Science Advances 10 (2024) eadp2840
Positronium image of the human brain in vivo

https://www.medrxiv.org/content/10.1101/2024.02.01.23299028v1
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PET from plastic scintillators

POSITRONIUM  IMAGING
P. Moskal et al., Nature Reviews Physics 1 (2019) 527

Positronium in physics and biology
P. Moskal et al., Science Advances 7 (2021) eabh4394

Positronium imaging with the novel multi-photon PET scanner
P. Moskal et al., Science Advances 10 (2024) adp2840

Positronium image of the human brain in vivo

P. Moskal et al., Nature Communications 12 (2021) 5658
Testing CPT symmetry in ortho-positronium decays with PET

P. Moskal et al., Physics in Medicine and Biology 66 (2021) 175015 
Simulating NEMA characteristics of the modular total-body J-PET scanner

P. Moskal et al., Nature Communications 15 (2024) 78
Discrete symmetries tested at 10−4 precision using linear polarization of photons



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



 

RADIOACTIVE SUGAR
Fluoro–deoksy-glucose
(F-18 FDG)

~200 000 000 
gamma rays per second

7 mSv PET/CT
~ 2.5 mSv PET 
~3 mSv yearly
dose of natural radiation



Radiological
Laboratory in Warsaw

4He + 14N → 17F + n
17F → 170 + e+ +  ν

Prof. Ludwik Wertenstein
Marian Danysz

„Radiograph”   
taken by 

Maria Curie
by exposing 

a purse to radium.

http://www.galloim
ages.co.za/

R.F.  Mould, The British Journal of Radiology, 71, 1229 (1998)

Formal leader of the Radiological
Laboratory in Warsaw

A girl from Warsaw

Nature 1934;133:564–5,
„An Artificial Radioelement from Nitrogen”

https://lnkd.in/di246kY2

https://lnkd.in/di246kY2
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Irene and Frederic Joliot-Curie
Nature 1934;133:201–2,
„Artificial Production of 
a New Kind of Radio-Element”
https://lnkd.in/dRtzeZJD
Nobel Prize in Chemistry in 1935

4He + 10B → 13N + n
13N → 13C + e+ +  ν

Prof. Ludwik Wertenstein
Marian Danysz

https://lnkd.in/di246kY2
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P. Moskal et al., Phys.  Med. Biol. 66 (2021) 175015 
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precision of 20ps (sigma) for 10 Euro per sample
FFE sampling  &  Readout electronics

ONLY DIGITAL in triggerless mode

M.Pałka, P.M., PCT/EP2014/068367
G. Korcyl, P. M., M. Kajetanowicz, M. Pałka, PCT/EP2014/068352

Library of signals ;  Principal Component Analysis;
Compressive Sensing;
J-PET: L. Raczyński et al., Nucl. Instr. Meth.  A786 (2015) 105
J-PET: P. M. et al., Nucl. Instrum. Meth.  A775 (2015) 54

Library of signals;  Principal Component Analysis;   Compressive Sensing;
J-PET: L. Raczyński et al., Nucl. Instr. Meth.  A786 (2015) 105
J-PET: P. M. et al., Nucl. Instrum. Meth.  A775 (2015) 54
J-PET: L. Raczyński et al., Phys. Med. Biol. 62 (2017) 5076

J-PET: M.Palka et al., JINST 12 (2017) P08001       J-PET: W. Krzemień et al., Acta Phys. Pol. B47 (2016) 561 
J-PET: G. Korcyl et al., IEEE TMI 37 (2018) 2526   J-PET: P. Bialas et al., Bio-Alg. and Med-Sys. 10 (2014) 12
J-PET: W. Krzemień et al., SoftwareX 11 (2020) 100487
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J-PET:  Sz. Niedźwiecki  et al.,  Acta Phys. Pol. B 48 (2017) 1567 



 A 764 (2014) 317.
 A 775 (2015) 54.

  IM A 764 (2014) 186. 
  IMA 786 (2015) 105.

  atent Applications 

Jagiellonian PET

J-PET:  Sz. Niedźwiecki  et al.,  Acta Phys. Pol. B 48 (2017) 1567 



 A 764 (2014) 317.
 A 775 (2015) 54.

  IM A 764 (2014) 186. 
  IMA 786 (2015) 105.

 atent Applications 

Jagiellonian PET



 A 764 (2014) 317.
 A 775 (2015) 54.

  IM A 764 (2014) 186. 
  IMA 786 (2015) 105.

 atent Applications 

Jagiellonian PET

+
-



 A 764 (2014) 317.
 A 775 (2015) 54.

  IM A 764 (2014) 186. 
  IMA 786 (2015) 105.

 atent Applications 

Jagiellonian PET

+
-



+
-



X 
–

ax
is

 
[c

m
]

+
-



+
-

22Na → 22Ne* + e+ + ve

22Ne + γ



+
-

J-PET: 
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J-PET: P. Moskal et al., Nature Communications 7 (2021) 5658
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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
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22Ne + γ

J-PET:  K. Dulski et al.,  Nucl. Instr. Meth. A 1008 (2021) 165452 



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



Model of the hemoglobin molecule

Positronium imaging

J-PET: P. Moskal,  Science Advances 7 (2021) eabh4394

P. Moskal, E. Stępień., Bio-Algorithms and Med-Systems 17 (2021) 311
„Positronium as a biomarker of hypoxia”



J-PET: P. Moskal et al.,  Science Advances 7 (2021) eabh4394

Positronium image 3 ns

1.7 ns



Positronium image 3 ns
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J-PET: P. Moskal et al.,  Science Advances 7 (2021) eabh4394
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Positronium image 3 ns

1.7 ns
J-PET: P. Moskal et al.,  Science Advances 7 (2021) eabh4394



P. Moskal, E. Stępień et al., EJNMMI Physics 10 (2023) 22
Developing a Novel Positronium Biomarker for Cardiac Myxoma Imaging

Ex-vivo human tissues studies
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o-Ps as a biomarker in cancer diagnostic:
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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
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First clinical positronium imaging of patients
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First clinical PET and positronium 
imaging of patients with J-PET

P. Moskal, …, E. Stepien, Science Advances 10 (2024) eadp2840
P. Moskal,…, E. Stępień, https://www.medrxiv.org/content/10.1101/2024.02.01.23299028v1
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J-PET: P. Moskal et al., March 2022
First positronium imaging with J-PET

P. Moskal,…,E. Stępień, Science Advances 10 (2024) adp2840
https://www.medrxiv.org/content/10.1101/2024.02.01.23299028v1
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First clinical positronium imaging of patients

P. Moskal et al., Science Advances 10 (2024) eadp2840
Positronium image of the human brain in vivo

https://www.medrxiv.org/content/10.1101/2024.02.01.23299028v1







S. D. Bass, S. Mariazzi, P. Moskal, E. Stepien, 

Rev. Mod. Phys. 95 (2023) 021002
Positronium physics and biomedical applications
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