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Towards positronium imaging with 

total-body PET from plastic scintillators

-

cow, Poland, describe their research aimed at developing new PET scanners

based on plastic scintillators for the construction of to-

are built from crystal scintillators arranged radially into 

be constructed as a modular, light and portable device, 

human body, with high and uniform sensitivity over the 

Plastic scintillators are more than an order of magnitude less 

the cost of electronics is proportional to the trans-axial cross 

-

using plastic scintillators has been recently discussed in a review 

-

tomograph enables detection of double, triple and in general 

e- f e- f

annihilations, as well as prompt gamma emitted in the case of 

Sc, 
66Ga or 82

However, these multi-photon coincidences may be useful for 

will allow for tagging the events originating from various iso-

may be used for simultaneous multi-tracer imaging, and for 

the newly-developed positronium lifetime imaging, which is 

a promising approach for the in-vivo assessment of tissue 

-

liver information complementary to the currently used SUV 

the radionuclide annihilates with the electron in the patient’s 

body, directly or via formation of the metastable positronium 

human body, positronium atoms are formed in up to about 

the ortho-positronium mean lifetime strongly depends on the 

size of intra-molecular voids (free volumes between atoms), 

while its formation probability depends on the void’s con-

processes involved in positronium imaging, with the example 

(AFOV)) modular J-PET prototype with superimposed representations of 

electron-positron annihilation in the patient’s body for two and three pho-

ton events (red solid arrows) and the associated prompt gamma rays (blue 

44Sc. The 

single-layer J-PET prototype with AFOV = 50 cm weighs only about 60 kg. 

It consists of 24 modules each built from plastic scintillator strips (black) 

read out at both ends by SiPMs equipped with the dedicated front-end and 
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is an inventor of posi-

tron emission tomography based on plastic 

scintillators and method of in-vivo pathology 

-

sor of physics and the head of the Cluster of 

Nuclear Physics Departments as well as the 

head of the Department of Particle Physics 

and Applications at the Jagiellonian Univer-

sity and serves as a Member of the Commit-

tee on Medical Physics, Radiobiology and 

is the head of the Med-

ical Physics Department at the Jagiellonian 

University and serves as a president of the 

Experimental Cardiology section of Polish 

Society of Cardiology and a member of 

the Committee of Physiological and Phar-

maceutical Sciences of Polish Academy of 
nd award from 

the Polish Ministry of Health and Social Se-

Fig. 2: Pictorial representation of the basic processes involved in the 

“positronium imaging” using the example of examination of the pros-

-

gand) labeled with radionuclide 44Sc attaches to the PSMA receptors 

highly expressed in prostate epithelial cells. 44Sc isotope emits positron 

→

→ -

nium atoms (indicated as oPs or pPs) inside cell molecules including 

intermolecular voids in PSMA receptors as indicated in the lower part 

of the sketch. Prompt gamma may be detected in the tomograph to 

give the signal about the time of positronium formation. Arrows indicate 

photons originating from the annihilation of para- and ortho-positro-

nium inside free space between atoms (magenta and orange arrows), 

respectively. Black arrows indicate annihilation of ortho-positronium 

through the interaction with the electron from the surrounding molecule 

and green arrows illustrate photons from the conversion of ortho- into 

para-positronium via interaction with the oxygen molecule and sub-

combined (i) dynamic SUV imaging, (ii) kinetic parametric 

imaging, and (iii) positronium imaging which may serve 

as a biomarker enabling not only detection of the pres-

ence of diseased tissues, but also allowing to distinguish 

bio-medical studies) and is carried out by an interdisciplinary 

group from the Jagiellonian University, the University Hospital in 

Cracow, National Centre for Nuclear Research, Institute of Nucle-

-

-

faces technologies from a variety of disciplines including biology, 

biophysics, computer science, electronics, engineering, phys-

-

-

-

um in medicine and biology, Nature Reviews Physics (2019) 

Science Symposium and Medical Imaging Conference 

Proceedings (NSS/MIC) 

-


