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1. Abstract

Charge conjugation (C) and parity (P) transformation, both discrete symmetries, are coupled to generate Charge-Parity (CP) symmetry [1-8]. Charge conjugation
(C) exchanges particles with their antiparticles, whereas parity (P) reflection reverses spatial coordinates [1-8]. Positronium is a suitable leptonic bound system to
test CP discrete symmetry involving the correlations of photons momenta originating from ortho-Positronium (0-Ps) annihilation [1-8]. This work aims on
developing new analysis criteria towards improving the sensitivity level for CP discrete symmetry studies in o-Ps decay. After the analysis selection chain,
expectation value of CP odd operator (g, . kj ) will be calculated for each event, with three hits from 0-Ps — 3y decay and a fourth hit assigned as scattering to one

of the annihilation photons. The goal is to achieve substantial (factor of 2 or more) improvement compared to previously published mean expectation value result
of 0.0005+0.0007 for the operator (g, . k]. ) [7]. These studies will be carried out using the modular J-PET tomograph that has 20 times higher sensitivity for o-Ps

registration [7, 9]. The modular J-PET tomograph is a newly developed, flexible, and portable variant of the J-PET detection system [9].

2. Aim: To identify o-Ps events and construct CP odd operator for symmetry studies
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3. Experimental Setup
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Fig.3. Small annihilation chamber (PA6

Fig.1. (a) Schematic of arrangement of plastic |The expectation value of the operator, as a material) and sodium source of activity
scintillators in the Modular J-PET detector. measure of observed as_y»mmetry is [1,7], s 5.541 MBq. Source is sandwiched between

(b) Superimposed arrows indicate momentum vector

XAD-4 material and placed at the centre

Fig.2. Modular J-PET detector with

small annihilation chamber placed
at its centre. P Data collected for 138 days.

direction of primary photons from o-Ps decay of the small annihilation chamber.

(k, k, ,k,) and secondary scattered photon (k..

4. Analysis Scheme

Step 1: Identify Favorable Hits per event: | Step 2: Identification of three Primary annihilation Step 3: Correlate Scattered Hits to Parent:
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0-Ps = 3y decay vs their difference. Mean expectation value error = (0.0007
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* Analyze the whole data from Modular measurement by utilizing
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