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J J-PET : Jagiellonian Positron Emission Tomograph
First tomograph made of plastic scintillators

) Studies based on ¢”e’annihilations
Direct annihilation or through the formation positronium atoms (Ps)
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] Modular J-PET detection Units

Test Performance in imaging e*e” anni. with modular detectors
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J-PET prototypes : from 2 strips to total-body ;.
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Energy resolution,..
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Fundamental symmetries and

3-Layer
prototype

(1 92 strips) Acta Phys. Pol. B 47 (2016) 509; Nature comm. 12 (2021) 5658
Science advances 7 (2021) eabh4394

Positronium imaging
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Towards
total-body PET
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Key Features of 3-layer prototype of J-PET ‘.

J-PET

» 192 detection modules in 3 concentric

(m_[/\ , cylinders (diameter of innermost is 85
- cm)
m Hit-position, » Each detection module consist of one
= (t-t) x Vefleght/Z plastic scintillator (50 x 1.9 x .7 cm3)
: / Ill Hit tlme read-out at each end by photomultipliers

> Trigger less and reconfiqurable DAQ
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Key Features of 3-layer prototype of J-PET ‘.

J-PET

LA e | Single detection module 3 192 detection modules in 3 concentric
‘u & @ - cylinders (diameter of innermost is 85
> > Cm)
Hit-position, L » Each detection module consist of one
= (= t;) x Veff,;g, /2 plastic scintillator (50 x 1.9 x .7 cm3)
| Hit time read-out at each end by photomultipliers

= (t;+t;)/2 - L/2Veff

> Triqger less and reconfiqgurable DAQ

Time Over Threshold (TOT) is used, as a measure of energy deposition :
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A dedicated J-PET data analysis framework : an open source software platform
written in C++ , based on ROOT package W. Krzemier et al., SoftwareX 11 (2020) 100487

» Signal reconstruction, Calibrations, filtering procedures,
+ User-level data analysis by accessing the in-built function

t
Sharma et al. EINMMI Physics (2020) 7:39

Monte Carlo simulations package based on Geant4-toolkit, adapted to simulation of Ps decays
9
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9 Application in medical and fundamental physics
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e*e” annihilations are explicitly used in PET imaging

e* interacting with electron e-, can form the Positronium atom (Ps):
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&9 Application in medical and fundamental physics ‘.,

e*e” annihilations are explicitly used in PET imaging

* interacting with electron e-, can form the Positronium atom (Ps):

Requirement of invariance
)4 of charge conjugation, the
>0 decays of Ps atoms
L1 . ',/ +e , ]
Ortho-Ps (o0-Ps): Lifetime 142 ns ( vacuum ) <—'«-e ) following the selection rule
N s = ey

Para-Ps (p-Ps) : Lifetime 122 ps «— e*e '——>
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Applications:
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9 Application in medical and fundamental physics

e*e  annihilations are explicitly used in PET imaging

\N_’/

)-PET
interacting with electron e-, can form the Positronium atom (Ps)
Para-Ps (p-Ps) : Lifetime 122 ps «—m87 e*e —— Requirement of invariance
T of charge conjugation, the
o [ 3 decays of Ps atoms
Ortho-Ps (0-Ps): Lifetime 142 ns ( vacuum) <—i; e e \ following the selection rule
Applications: T

L) = (- 1)n
Tests on discrete symmetries:

- Odd- -symmetric operators constructed of

. momentum vectors of ann. photos and
spln of o-Ps.

v Photon s (511 keV) polarlzatlon
Quantum entanglement:

Compton scattering as Polarizer GLmG N\ ar ¢
v" Polarization correlation of anni. photons

Bass et al., Rev. of Modern Physics 95 (2023)
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9 Application in medical and fundamental physics
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v Photon s (511 keV) polarization,
Quantum entanglement:

Compton scattering as Polarizer “,m%“g.
v" Polarization correlation of anni. photons

Bass et al., Rev. of Modern Physics 95 (2023)
Positronium Lifetime: Simultaneous measurement of Ps decays, opens up several interesting

studies eg., Decay rate of 0-Ps in vacuum, rare decay studies
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e*e  annihilations are explicitly used in PET imaging
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)-PET
interacting with electron e-, can form the Positronium atom (Ps)
Para-Ps (p-Ps) : Lifetime 122 ps «—m87 e*e —— Requirement of invariance
Vo / of charge conjugation, the
o f N decays of Ps atoms
Ortho-Ps (0-Ps): Lifetime 142 ns ( vacuum) <—i; e i } following the selection rule
_— N \ =y
Applications: N |
Tests on discrete svmmetrles

- Odd- -symmetric operators constructed of '

. momentum vectors of ann. photos and
spln of o-Ps.

Moskal et al., Nature communications 12, 5658 (20211 ‘ j
v Photon s (511 keV) polarization,
Quantum entanglement:

P _.

Compton scattering as Polarizer ¢ Em%wf B/}
v’ Polarization correlation of anni. photons

Bass et al., Rev. of Modern Physics 95 (2023)
Positronium Lifetime: Simultaneous measurement of Ps decays, opens up several interesting

studies eg., Decay rate of 0-Ps in vacuum, rare decay studies,.
Inertial Sensing on Ps atoms : Lifetime manipulation of Ps followed b

. Mariazzi et al,, EP) D 74, 79 (2020)
atomic interferometry.  g.maet al., JINST 18 C02027 (2023)
Modular J-PET can be potential detector ?
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Modular J-PET : Multi-strip detector &
<+ Composed of 24 individual (standalone) detection modules
Lt =

< Each module is made of 13 plastic scintillators (BC-404)
(50 x 24 x 6 mm3)

<+ Scintillators are read out by matrix of SiPM on each endf§ "

< Easy to transport ( full barrel around 60 kg), can be assembledina gpGA based

time span of 2-3 hours. Data acquisition

<+ Modules can be operated individually enabling to utilize as multi-role detector

16
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Data analysis : Low-level data reconstruction i/

Each side read out by matrix of 4 x 1 SiPMs and each signal is probed at

two thresholds (30 mV and 70 mV)

» DAQ was triggerless and signals were reconstructed individually for SiPMs

= Up to 4 signals from the SiPMs in the same matrix combined to one
Matrix Signal

Cosmic radiations used to synchronize timing information
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Data analysis : Annihilation point reconstruction '/

-

Data is being analyzed using the J-PET analysis Framework:

To reconstruct the annihilation point,
Events with only 2 hits were

stud

o

ied.
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For the selection of 511 keV photons:

1. Anqgular correlation between anni.

photons,
2. TOT (a measure of energy deposition)
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Data analysis : Annihilation point reconstruction ‘7,
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Summary and conclusion
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J-PET

[ First successful demonstration of transferring modular J-PET detection
units together with a complete signal readout chain.

U Based on the preliminary results of the measurements with 2 modules, it
is clear that J-PET modules can potentially be used with the proposed
experiment for jinertial sensing measurement on Ps atoms.

(J Recently, 24 modules were successfully deployed at the Cyclotron Center
(Krakow) for test measurements to monitor the range of proton beam.
(Data analysis is in progress)

1 J-PET laboratory is continuously measuring data with Modular prototype
aimed at several research problems:
|.  Discrete symmetry tests (C, P, T, CP, CPT),
Il.  Positronium imaging in view of a new biomarker,
lll.  Quantum entanglement of annihilation photons,...
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