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OBRAZ TOMOGRAFICZNY

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



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

Development of cost-effective

total-body PET
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Proton beam range monitoring
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Proton beam range monitoring
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First clinical PET and positronium 

imaging of patients with J-PET

J-PET: P. Moskal et al., 2022
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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    - +

J     0     1

-S = 0

+S = 1

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

Reviews of Modern Physics 95 (2023) 021002     arXiv:2302.09246, 2023



Model of the hemoglobin molecule
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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”



Radiological

Laboratory in Warsaw

4He + 14N → 17F + n
17F → 180 + 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”
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Operator C P T CP CPT
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Ortho-positronium decay rate by measuring lifetime of Ps

Ortho-positronium lifetime in 

porous material : 

In matter, o-Ps lifetime can be 

shortened due to the interaction of 

the positron with electrons from the 

material (pick-off process) or para-

magnetic molecule (conversion).  

𝝀𝒆𝒙𝒑(𝒕) = 𝝀𝒐−𝑷𝒔 + 𝝀𝒑𝒊𝒄𝒌−𝒐𝒇𝒇(𝒕)

para-Positronium (1S0)

ortho-Positronium (3S1)

Charge conjugation invariance 

(-1)l+s = 1 => even no. of photons

(-1)l+s = -1 => odd no. of photons

Lifetime
(τ)

0.125 ns

142 ns

Ps ground states



Lifetime spectra 

3-hit events 

   1 Prompt + 

   2 annihilations (B2B)

   LT (2g) 

4-hit events 

    1 Prompt + 

    3 annihilations (o-

Ps)

    LT (3g) 
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