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PET from plastic scintillators

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

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, E. Stepien et al., EJNMMI Physics 10 (2023) 22

Developing a Novel Positronium Biomarker for Cardiac Myxoma Imaging
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N Imaging the decay of positronium atoms
using the J-PET tomograph

« Jagiellonian-PET (J-PET)
* Positronium imaging
* Discrete symmetries

Bialasowka, AGH, Krakow, 17.05.2024
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by the International Atomic Energy Agency (IAEA) available at:
https://humanhealth.iaea.org/HHW/DBStatistics/IMAGINE.html
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Nowa metoda w tomografii PET !

KAPITAL LUDZKI Projekt wspoffinansowany przez Unie Europejska UNIA E”:Lﬁi’:}?;m
NARODOWA STRATECIA SPOINCEC] w ramach Programu Operacyjnego Kapitat Ludzki FUNDUSZ SPOEECZNY

numer umowy: Umowa nr CITTRU/061023/01/10/2009
platne ze srodkow: budzetu projektu Kompas mnowacji (PSP:S/FS0/0023)
Jjednostka organizacyjna: CITTRU

Warszawa, dnia 17 listopada 2009 roku.

Recenzja wniosku patentowego nr 9534/09

»~Urzadzenie matrycowe i sposob do wyznaczania miejsca i czasu reakeji kwantow gamma oraz
zastosowanie urzadzenia do wyznaczania miejsca i czasu reakceji kwantow gamma w emisyjnej
tomografii pozytonowej”

Kierujgc sig obecnym stanem wiedzy, zarowno z zakresu dostepnych technologii, jaki 1 podstaw fizyki
uwazam, ze proponowane rozwigzanie nie nadaje si¢ do zastosowania w praktyce. Przedtozony wniosek
przedstawia ogolng definicje tomografii pozytonowo emisyjne], natomiast w dalszym jego czesci
proponuje rozwigzania, ktore swiadcza o niezrozumieniu zasady dzialania ukladu detekcyjnego
bedacego fizyczng podstawa dyskutowane] metody obrazowania, czyli detekcji kwantow anthilacyi
gamma o energii S11 keV.
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Development of cost-effective
total-body PET

“

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

P. Moskal, Jagiellonian University
on behalf of the J-PET Collaboration http://koza.if.uj.edu.pl
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\:n J]-PET  Proton beam range monitoring
- using modular J-PET scanner

P. Moskal, Jagiellonian University
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(:1 J]-PET  Proton beam range monitoring (:n J-PET
- using modular J-PET scanner
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(:n J-PET Proton beam range monitoring (:n J-PET
- using modular J-PET scanner

K.Parodi, T. Yamaya, P. Moskal, Z Med Phys 33 (2023) 22—-34

Experience and new prospects of PET imaging for ion beam therapy monitoring
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First clinical positronium imaging of patients
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First clinical positronium imaging of patients
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(@) )-PET (@) )-PET
N Imaging the decay of positronium atoms
using the J-PET tomograph

« Jagiellonian-PET (J-PET)
* Positronium imaging
* Discrete symmetries

Bialasowka, AGH, Krakow, 17.05.2024

P. Moskal, Jagiellonian University
on behalf of the J-PET Collaboration http://koza.if.uj.edu.pl
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First clinical PET imaging of patients with J-PET
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First clinical positronium imaging of patients
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First clinical positronium imaging of patlents

Clinical Nuclear Medicine o Volume 45, Number 1, January 2020 www.nuclearmed.com | 11

T 68Ga—Prostate-Speciﬁc Membrane Antigen-11 PET/CT

A New Imaging Option for Recurrent Glioblastoma Multiforme?

Jolanta Kunikowska, MD, PhD,* Radostaw Kulinski, MSc, * Kristoff Muylle, MD, 1
a-PSMA-11 PET/CT Henrvk Koziara, MD, | and Leszek Krolicki, MD, PhD*
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S. D. Bass, S. Mariazzi, P. Moskal, E. Stepien, a %ETER
THERANOSTICS

Rev. Mod. Phys. 95 (2023) 021002
Positronium physics and biomedical applications
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Total body J-PET
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First clinical positronium imaging of patients
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\Qn J-PET First positronium imaging of humans \.l] PET

using modular J-PET scanner
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Positronium imaging
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Positronium imaging

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

Tissue type

"“‘t a2 :-, ‘} YT 38
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\ d of the hemoglobin molecule
J-PET: P. Moskal, Science Advances 7 (2021) eabh4394
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N Imaging the decay of positronium atoms
using the J-PET tomograph

« Jagiellonian-PET (J-PET)
* Positronium imaging
* Discrete symmetries

Bialasowka, AGH, Krakow, 17.05.2024
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THERANOSTICS

] Physical sensitivity limit:
— 3
Cep = (1.342.140.0)x10 false asymmetries from

PRL 104 (2010) 083401 / YY interactions in the final state
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 Opertr  C P T CP CPT
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_ Operators for the o-Ps—3y process,

and their properties with respect to
the C, P, T, CP and CPT symmetries.
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B J-PET: Sz. Niedzwiecki et al., Acta Phys. Pol. B 48 (2017) 1567
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J-PET: Sz. Niedzwiecki et al., Acta Phys. Pol. B 48 (2017) 1567
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Ortho-positronium decay rate by measuring lifetime of Ps

Q\ Ps ground states Charge conjugation invariance Lifetime
0 . (7

'¢) para-Positronium (1S, (-1)*s = 1 => even no. of photons 0.125 ns
@ ortho-Positronium (3S, (-1)*s = -1 => odd no. of photons 142 ns

Ortho-positronium lifetime in ~ v
porous material : @ electron

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).

)‘exp (t) = Ao—ps + Apick—off(t)

,
Ps = 0-Ps =2 K.q

Ps=>0-Ps =3
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(2 1-PET Jagiellonian PET ¢ )-PET

QED prediction O(c’)
PRL 90, 203402 (2003)
PLB 572, 117 (2003)
PLB 671, 219 (2009)
Data (J-PET)
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