N From discrete symmetries in leptonic systems ,~>
\,l J-PET to morphometric imaging of the human body \,l J-PET
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l -PET Jagiellonian PET \%'l -PET
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'AFOV: 17¢cm — 50 cm :  TOF: 520 ps — 300 ps (EWHM)


C:/Users/admin/Desktop/PET/ANIMACJE_ZDJECIA/PET_lego_final4.mp4
C:/Users/admin/Desktop/PET/ANIMACJE_ZDJECIA/PET_lego_final4.mp4
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Y.H. Wang et al., PRA89 (2014) 043624+
T =125 ps

130 para-positronium p-Ps

-
Nw@g:fi

38, ortho-positronium o-Ps
T =142 ns



http://www.chem-eng.kyushu-u.ac.jp/e/research.html
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g POSITRONIUM

CP = + Para-positronium tau(p-Ps) = 125 ps

MA/@f/_ﬂ CP = - Ortho-positronium tau(o-Ps) = 142 ns

€S -8 vEsoN K
m L
?\/\J\/@\/\/\/ﬁ CP~=+ tau(KS) = 90 ps
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ODE TO POSITRONIUM

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

The lightest known atom and at the same time anti-atom 3
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
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and their properties with respect to
the C, P, T, CP and CPT symmetries.

[ operstor 1€ [PIRIICRIIGRT] Operators for theo-Psoyprocess

+ - + -

B O kq| > |Ks| > [Ks

K T, CPT ) *.,
K. £ )
k. ; K,

So far best accuracy for CP and CPT violation was reported by

-0.0023 < CP <0.0049 at 90% CL T. Yamazaki et al., Phys. Rev. Lett. 104 (2010) 083401
CPT =0.0071 £ 0.0062 P.A. Vetter and S.J. Freedman, Phys. Rev. Lett. 91, 263401 (2003).
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Al layer porous material
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diamctcr
S0 - 60 nm

200 mm



http://www.chem-eng.kyushu-u.ac.jp/e/research.html
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upper limits of 3 102 for T, CP, CPT .
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V> = 0° < @ <45°
H>= 45° < ¢ <90°

IGHZ > = 1/sqrt(2) (J[HH H> + [V V V>)
|W> =1/sgrt(3) (HHV>+ [HVH>+|VHH>)
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It is an open question whether or not the three-photon entanglement can be reduced

| s

to the two-photon entanglement and decoherence of the two-photon states does imply

__ decoherence in photon triplets. This hypothesis can be tested by comparison of measured
- two- and three-photon correlation functions. There exist three-photon states maximizing
the Greenberger-Horn-Zeilinger (GHZ) entanglement and they can be used to test quantum
local realism versus quantum mechanics.
D.M. Greenberger et al., Am. J. Phys. 58(1990)1131

A. Acin et aI
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Phys Rev. A63(2001) 042107; N.D. Mermin, Phys. Rev. Lett 65 (1990)1838
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Patent applications: P. M., PCT/EP2014/068374; A. Gajos, E. Czerwinski, D. Kaminska, P. M., PCT/PL2015/05003¢
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0-Ps Lifetime(ns)

) s 20
Age of Tumour (day)

1
25

2.15}

The age of mice’s tumour \':”’
ith o-Ps lifetime ’

A.H. Al-Mashhadan et al.,

Iraqi J. Sci. 42C, 60 (2001) 3.




BT

224 }
: bt
s ool RN S
16 _yacuum air water vapour water|
L n . - Ei
i
120 = g "
= o IR .?-ﬂ
0.8 +—t++1++f++t++t+—t++t++t+++++Ttfr+
28 - ty Krakow POLAND
24 -

20?:%: ..li.{liaiﬁPF

= 161
| .
12 - {i
8_§ ¢ E ¢ } i iiﬁ
4& ® ® %
K ;
(]
0 I I PR TR (N TN I T I A [T Y ST T I N
0 4 8 12 16 20 24 28 32 36 40 44 48 52

TIME, h

4 J-PET: E. Kubicz, et al.,
Nukleonika 60 (2015) 749.
Studies of unicellular
micro-organisms
Saccharomyces cerevisiae
by means of positron
‘ annihillation lifetime

I | spectroscopy

Environmental Scanning Electron Microscopy images of lyophilised yeasts (upper)
and dried under normal conditions, after addition of water (bot-tom).
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