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The Jagiellonian Positron Emission Tomograph (J-PET) is a detector for tests of discrete symme-
tries as well as for biomedical imaging. The novelty of the system is based on usage of plastic
scintillators for active detection material and trigger-less data acquisition system. The apparatus
consists of 192 plastic scintillators read out from both ends with vacuum tube photomultipliers.
Positronium being an eigenstate of both the C and P operators is an unique probe to test the CP
symmetry. This test performed at J-PET is based on determination of polarisation of photons
from positronium annihilation. This allows exploration of a new class of discrete symmetry odd
operator that was not investigated before.
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1. Introduction

The amount of CP violation contained in the Standard Model appears to be insufficient for a
convincing explanation of the observed prevalence of matter over antimatter in the Universe [1, 2].
For these reasons, discrete symmetry tests remain an interesting experimental research area in
fundamental physics. One possible way to study the discrete symmetry violation is to investigate
the expectation values for the symmetry odd-operators of the non-degenerate stationary states. Such
tests performed with positronium, a bound state of an electron and a positron, are based on the
determination of an expectation values of symmetry odd operators for specific symmetries [3, 4].
The previously performed investigations of angular correlations for CPT [5] and CP [6] symmetries
are based on the momenta of gamma rays and spin of ortho-positronium. The J-PET group extends
the study to other operators, taking advantages of properties of the J-PET tomography scanner,
which enables to determine the momentum direction of the secondary scattered photons [7].

2. Experimental techniques

The Jagiellonian Positron Annihilation Tomograph (J-PET) is optimised for detection of an-
nihilation gamma originating from electron-positron annihilation [8]. It is the first PET scanner
which uses plastic scintillator strips, making it more cost efficient and portable [9–11]. The usage
of plastic scintillators as detection elements with very good timing properties and high granularity
of these strips allow for identification of gamma scatterings. Combination of the above mentioned
properties translates directly into unique feature of determination of polarisation direction of an-
nihilation gamma on the event by event basis with the J-PET system [7, 12, 13]. The detector is
made up of 192 plastic scintillator strips (EJ-230) with dimensions of 500 × 19 × 7mm3 eac. They
are arranged in three concentric layers (48 modules on radius 425 mm, 48 modules on radius 467.5
mm, and 96 modules on radius 575 mm). Each scintillator of the J-PET scanner is optically coupled
to Hamamatsu R9800 vacuum tube photomultipliers on both ends [14–16]. This yields 384 analog
channels, which are processed by a fully equipped trigger-less Data Acquisition System (DAQ) and
readout mechanism [17–19]. The experiments were conducted with a point-like 22Na source placed
in the center of the detector and surrounded by a porous polymer [20, 21]. The positrons emitted
from the source (22𝑁𝑎 → 22𝑁𝑒∗ + 𝑒+ + v𝑒) combine with the electrons in the porous polymer to
produce ortho-Positronium (o-Ps), a meta-stable triplet state that primarily decays into three photons
due to charge conjugation symmetry conservation.

Data acquisition system of J-PET operates in trigger-less mode [17, 19]. Therefore multiple
offline analysis dedicated to specific studies can be performed without being affected by trigger
requirements. So far the J-PET group conducted several continuous data-taking campaigns. The
periods devoted to measurements for CPT symmetry studies last from 26 days [5] up to 9 months,
being 16 months in total, while measurements for CP symmetry last from 6 days up to 8 months
(12 months in total). It is worth to mention that new data-taking campaigns using modular version
of J-PET detector are in progress now, with the aim to improve the already published result [22].

Data collected during 122 days of four independent data taking campaigns are used to measure

the expectation value of the CP sensitive operator: 𝑂𝐶𝑃 =
®𝑘𝑖 · ( ®𝑘 𝑗× ®𝑘′

𝑗
)

| ®𝑘 𝑗× ®𝑘′
𝑗
|

. where ®𝑘𝑖 and ®𝑘 𝑗 denote
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momentum of the i-th and j-th annihilation photons, while ®𝑘 ′
𝑗

is the momentum of the scattered
photon [7]. Identification of momentum direction of annihilation photon is based on the known
annihilation point (source position) and reconstructed point of interaction with scintillator strips,
due to good timing resolution. These annihilation photons are identified based on their common
emission time and coplanarity of momenta. The scattered photon is identified by comparison the
measured time of flight between consecutive interaction between different strips and expected time
of flight based on the measured interaction points and speed of light. From kinematics we infer that
the sum of the two smallest relative azimuthal angles between the registered annihilation photons
for o-Ps→ 3𝛾 must be greater than 180◦ [7]. This condition allows for suppression of a large
sample of background from e+e- → 2𝛾 events. With the available statistics of 7 × 105 events we
are able to reach an accuracy of 10−4 without contribution from systematical uncertainties [23, 24].
The previous test of CP symmetry with o-Ps reached the level of 10−3 [6]. It is worth to stress, that
reported here the study of angular correlations performed at J-PET show full angular coverage in
terms of both, geometrical acceptance as well as analysis efficiency.

3. Conclusions

First measurement of expectation value of symmetry-odd operator reported by J-PET group,
together with prospects of upcoming results, confirms the potential of the detector for tests of
discrete symmetries [5, 25]. This device has unique property of combining determination of photon
polarisation together with estimation of positronium spin axis on the event-by-event basis.
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