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Introduction

Tests on discrete symmetries (reflection in
space (P), reversal in time (T) and charge con-
jugation (C)) retained the interest of scientific
community in pursuing the reason of inequal-
ity between the matter and anti-matter in the
universe. We owe our existence to this matter-
antimatter asymmetry. The charge conjuga-
tion symmetry transforms particle into anti-
particle and observed only to be violated in
the weak interactions. So far, no C symmetry
violation was observed in gravitational, strong
and electromagnetic interactions. Positronium
atom which is a bound state of electron and
its anti-particle (positron) is proved an ex-
cellent tool for studying the various phenom-
ena e.g., discrete symmetries [1–3], entangled
states of photons [4, 5] etc. Mills and Berko
performed the experiment to measure the C-
forbidden decays of singlet state of positron-
ium atoms (1S0 : para-positronium) by esti-
mating the ratio of decay to 3-γ or to 2-γ for
various angular correlation between the pho-
tons [6]. The best limit they obtained was
R � 2.8x10−6 at 68% confidence level. With
the better time and high angular resolution
of the J-PET detector, We are also aiming to
perform the test to estimate the branching ra-
tio for three to two photon decay of positron-
ium atom. One can expect better sensitivity
in estimating the value of R approximately in
the order of several times due to the large ge-
ometrical acceptance offer by the J-PET. In
this contribution, the feasibility studies to per-
form such a test using the J-PET detector will
be presented.
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Test on Charge conjugation sym-
metry

The Jagiellonian - Poistron Emission Tomo-
graph (J-PET) is constructed of 192 polymer
scintillators arranged axially in three cylinder-
ical configuration (Fig. 1). The dimension of
each scintillator is 500 x 19 x 7 mm3. First
and second layers consisted of 48 scintillators
and the third layer is made of such 96 scin-
tillating modules. The details on the signals

FIG. 1: Shows the J-PET detector with the
mounting of chamber at the center which is hol-
low with the possibility to place the high activity
source.

readout and trigger-less data acquisition are
reported in earlier papers [7–9]. Hit-position
and hit-time of the γ quanta in the scintilla-
tor can be determined based on the signal in-
stance at the both photomultipliers attached
to each end of the scintillator. Knowing the
interaction point inside the detector, one can
estimate the azimuth angle of individual and
thus the angular distribution between the reg-
istered photons [10–15]. To process and ana-
lyze the measured data, a dedicated offline-
framework is developed by the J-PET collab-
oration [16, 17].
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The challenge in estimating the C-forbidden
decays in the framework of the J-PET detec-
tor and estimating the branching ratio be-
tween three to two photons is to separate
the C-forbidden photons (e.g., 1S0→ 3γ) from
the abundant amount of C-allowed photons
(3S1→ 3γ). However, this might be overcome
based on the positron lifetime measurements
in the aerogel material placed around the β+

source. So, it is planned to use a point like
22Na source inside a hollow chamber placed
at the center of detector. The inner wall of
the chamber is coated with an aerogel ma-
terial which enhances the probability for the
formation of positronium atom due to the in-
teraction of emitted positron with the mate-
rial. The registration of the prompt gamma
emitted from the 22Na source just after the
positron emission (within the time interval
of ≈ 3.7 ps) can be used as the start sig-
nal. We can determine the positron lifetime
in the used material by measuring the time
difference between the registration of prompt
gamma (start time counter) and delayed reg-
istration of photons (originate either form di-
rect e+e− annihilation or from the decay of
positronium atom (lifetime of p-Ps is → fast
decay (ps) while o-Ps is → relatively slow
(ns)) [18, 19]. Based on the time difference
between interaction of de-excitation and an-
nihilation photons, one can separate the con-
tribution from the above mentioned possibili-
ties. This will allow us to estimate the branch-
ing ratio (p-Ps→ 3γ/p− Ps→ 2γ).

Conclusions
We presented the plan to test the C - forbid-

den decays from the para-Positronium atom
using the J-PET detector. It is expected that
with high angular and time resolution of the
plastic scintillators used in the J-PET detec-
tor, a better sensitivity to study such decays
can be achieved.
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