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

¥ Positronium atom: purely charged leptonic system, a bound state of electron and anti-electron (e+)
excellent object to test bound Quantum Electrodynamics (QED)

Fundamental Physics
* Discrete symmetries (C, P, T)

Positronium (Ps) decays = Entanglement of photons in MeV range

"> Rare decays

= Positronium lifetime - opens up several interesting aspects
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excellent object to test bound Quantum Electrodynamics (QED)

Fundamental Physics
* Discrete symmetries (C, P, T)

Positronium (Ps) decays = Entanglement of photons in MeV range

"> Rare decays

Ortho-positronium lifetime determination

d Summary and Outlook

* Positronium atom: purely charged leptonic system, a bound state of electron and anti-electron (e+)

= Positronium lifetime - opens up several interesting aspects
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Key features of J-PET A

® 192 detection modules in 3 concentric cylinders
(diameter of innermost is 85 cm)

Single detection module

‘ @ / e
PMT // PMT

Hit-position
= (t,—t;) x Veff,,./2

@ Each detection module consist of one plastic scintillator (50 x 1.9 x .7 cm?3)
read-out at each end by photomultipliers

@ Trigger less and reconfigurable DAQ
G. Korcyl, IEEE Trans. Med. Imaging 37 (2018) 2526

Hit time

@ Good time and angular resolution = (t. +t,)/2 — L/2Veff
iTY Light
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read-out at each end by photomultipliers

@ Trigger less and reconfigurable DAQ
G. Korcyl, IEEE Trans. Med. Imaging 37 (2018) 2526

@ Good time and angular resolution

@ 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

= Signal reconstruction, Calibrations, filtering procedures, event categorization
= User-level data analysis by accessing the in-built function

® Monte Carlo simulations package based on Geant4-toolkit, adapted to simulation of Ps decays events

/ e
PMT // PMT

Hit-position
= (t,—t;) x Veff,,./2

Hit time
= (t;+ t;)/2 — L/2Veff

Sharma et al. EJNMMI Physics (2020) 7:39

W. Krzemien et al., SoftwareX 11 (2020) 100487
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Positronium decays and o-Ps lifetime determination ST

|
|

& Electron (e) and anti-electron (e+) can form a quasi-stable bound state called
Positronium atom (Ps)

Ps can be formed in two ground state :

Charge conjugation invariance Lifetime Decay rate
3 (T) (A=1/71)
> e) Ppara-Positronium (1S,) (-1)*s = 1 => even no. of photons 0.125 ns 7.9852 1/ns
5. Q orthc-Positronium (331) (-1)+s = -1 => odd no. of photons 142 ns 7.039979(11) ps-?
\e"' p 2Adkins, Fell, Sapirstein Ann. Phys. 2002 |
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o Electron (e") and anti-electron (e+) can form a quasi-stable bound state called
Positronium atom (Ps)

Ps can be formed in two ground state :

Charge conjugation invariance Lifetime Decay rate
{‘ 4) Ppara-Positronium 1S,) (-1)#s = 1 => even no. of photons 0.125 ns 7.9852 1/ns
orthc-Positronium (3S,) (-1)+s = -1 => odd no. of photons 142 ns 7.039979(11) us?

2Adkins, Fell, Sapirstein Ann. Phys. 2002

| 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).

—Ps T /Ipick—oﬁ'(t ) ! Porous material o-Ps decay Pick-up process
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Ortho-positronium decay rate determination with J-PET

Jagiellonian Positron Emission Tomography

22Na source is placed inside the plastic chamber sandwiched
between XAD4 porous material
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J-PET as multi-photon detector

J-PET: P. Moskal et al., Nature Communications 12 (2021) 5658
J-PET: P. Moskal et al., Science Advances 7 (2021) eabh4394
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Ortho-positronium decay rate determination with J-PET A

Jagiellonian Positron Emission Tomography 22Na source is placed inside the plastic chamber sandwiched
between XAD4 porous material
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Events defintion :

J-PET as multi-photon detector
J-PET: P. Moskal et al., Nature Communications 12 (2021) 5658 L 4_hit events 3'hit events

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

1 Prompt + 3 annihilations (o-Ps) 1 Prompt + 2 annihilations (B2B)

S. Sharma Improving the experimental precision of ortho-positronium decay rate in vacuum with the J-PET detector 04.08.2023 [ 9


https://doi.org/10.1126/sciadv.abh4394

Scheme for analysis procedure

@ Selection of prompt and annihilation candidates based on
Time Over Threshold (TOT) values.

TOT is the measure of energy deposition*

*J-PET. EOINMMI Phys. 7, 39 (2020)

@ Distance of reconstructed annihilation plane (3g) / point (2g) from the center

@ Time difference between the registered annihilation photons

@ Angular correlation of the registered annihilation photons

Lifetime measurement

“Results presented are from 25% of the total data measured using small chamber ”
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Positronium decay rate - analysis cuts
J-PET
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LifeTime spectra

3-hit events
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o-Ps lifetime determination using J-PET : preliminary results | ‘..,
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o-Ps lifetime determination using J-PET : preliminary results | '/,
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0-Ps lifetime determination using J-PET : preliminary results

-1000

Counts

PREM

—_— Sim

— Data Fitted with expanential

for fit for decay constant

v
= 12000

300 1000
Time difference [ns]

Time difference [ns]

1000000 -
: (2G) —
] LFpositron(t) = Amp
Apick—off (t)
exp (_Ao—Ps (1 + Cp + b ol] ) t)
Ao—Ps
100000 - + AacceXp(—t z Bacc)

\N&Bﬁumber of counts for (2G) spectrum

Experiment: 6.42 1E7
Simulation: 0.26 1E7

1
1000

Time difference [ns]

O-Ps decay rate [1/ns]

0,00720

0,00715

0,00710 -

0,00705

0.00700 =

0,00695 -

0,00690

! 1 N | ) I ! I |
500 600 700 800 900 1000
End of the fit range [ns]

I Phys. Lett. B 357,

I 475 (1995)

ﬁ
| Phys. Rev. Lett. 90,
| 203405 (2002)

\ o —

Phys. Lett. B 572,
117-126 (2003)

Phys. Lett. B 671,
219-223 (2009)

7.037 7.038 7.039 7.040 7.041 7.042 7.043
A’O-PS [1/"5]

*J-PET, K. Dulski (PhD thesis) |

S. Sharma

Improving the experimental precision of ortho-positronium decay rate in vacuum with the J-PET detector

04.08.2023

16



N
(@)
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Thank you on behalf of the J-PET collaboration

http //koza.if.uj.edu.pl/
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Summary and conclusions

W ™ The J- PET detector, with its ability to simultaneously register multiphoton events,
has the potential to perform precision studies of rare decays.

S. D. Bass, S. Mariazzi, P. Moskal, E. Stepien, Rev. Mod. Phys. 95 (2023) 021002

™ Annihilations in the porous material were measured
V' to determine the o-Ps decay rate, which increases the probability of formation
of Ps atoms.
V' The effect of the porous material on the lifetime of the formed o-Ps was
estimated to calculate the decay rate in vacuum.

™ The estimated value of decay constant by J-PET is already few times better than
previous best known results by Kataoka et al.
*With analysis of full measured data, and increasing the simulation statistics, the results will be further
improved”.

™ Estimation of systematic uncertainty is being calculated.
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