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* Cost effective total-body PET
* Light, modular, configurable and portable
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ODE TO POSITRONIUM

Eigen-state of Hamiltonian and P, C, CP operators e

The lightest known atom and at the same time anti-atom €D
which undergoes self-annihilation as flavor neutral mesons

The simplest atomic system with charge conjugation aigenstates.

Electrons and positron are the lightest leptons so they can not decay
into lighter partilces via weak interactiom ...

effects due the weak interaction can lead to the violation at the order of 10-14,
M. Sozzi, Discrete Symmetries and CP Violation, Oxford University Press (2008)

No charged particles in the final state (radiative corrections very small 2 * 10-19)

Light by light contributions to various correlations are small
B. K. Arbic et al., Phys. Rev. A 37, 3189 (1988).
W. Bernreuther et al., Z. Phys. C 41, 143 (1988).

Purely Leptonic state !
Breaking of T and CP was observed but only for processes involving quarks.
So far breaking of these symmetries was not observed for purely leptonic systems.

10° vs upper limits of 3103 for T, CP, CPT

P.A. Vetter and S.J. Freedman, Phys. Rev. Lett. 91, 263401 (2003)
T. Yamazaki et al., Phys. Rev. Lett. 104 (2010) 083401
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Violation of CP and T
confirmed experimentally
for hadrons only
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_ Operators for the 0-Ps—3y process,

and their properties with respect to
the C, P, T, CP and CPT symmetries.
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J-PET detector overview

Small annihilation chamber used for
production of positronium:

14 cm

5 mm
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Genvuine Multipartite Entanglement
in the 3-Photon Decay of
Positronium

Beatrix C. Hiesmayr! & Pawel Moskal?

The electron-positron annihilation into two photons is a standard technology in medicine to observe
e.g. metabolic processes in human bodies. A new tomograph will provide the possibility to observe

not only direct e"e~ annihilations but also the 3 photons from the decay of ortho-positronium

atoms formed in the body. We show in this contribution that the three-photon state with respect

to polarisation degrees of freedom depends on the angles between the photons and exhibits

various specific entanglement features. In particular genuine multipartite entanglement, a type of
entanglement involving all degrees of freedom, is subsistent if the positronium was in a definite spin
eigenstate. Remarkably, when all spin eigenstates are mixed equally, entanglement —and even stronger
genuine multipartite entanglement— survives. Due to a “symmetrization"” process, however, Dicke-type
or W-type entanglement remains whereas GHZ-type entanglement vanishes. The survival of particular
entanglement properties in the mixing scenario may make it possible to extract quantum information in
the form of distinct entanglement features, e.g., from metabolic processes in human bodies.
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Witnessing EntanglementiIn
Compton Scattering Processes Via
Mutually Unbiased Bases

Beatrix C. Hiesmayr® & Pawel Moskal?

We presenta quantum information theoretic version of the Klein -MNishina formula. This formulation
singles out the gquantity, the a prior visibility, that quantifies the ability to deduce the polarisation
property of single photons. The Kraus-type struocture allows a straightforward generalisation to the
mu ltiphoton cases, relevant in the decay of positronivm which is utilized e.g. for metabolic PET-
imaging (Positron- Emission- Tomograph). Predicted by theory but never experimentally proven, the
two- or three-photon states should be entangled. We provide anexpenmentally feasible method to




