Estimating the efficiency and purity for detecting annihilation and
prompt photons with J-PET using toy Monte Carlo simulation.
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Motivation Results

» Recently reported first positronium images [1] inspire the development of
methods for the registration of three photons from A% + y radionuclides.

» The Positronium Imaging (8" + y) technique represents a potential enhance-
ment of the PET imaging method and its core principle involves employing
a " radiation source that emits additional gamma (y) quanta referred to as
prompt gamma [2].

» Each isotope has unigue emission characteristics and energy levels. Under-
standing the efficiency and purity of specific isotopes is crucial for optimizing
Positronium imaging techniques.
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Physical properties of the isotopes

Isotope T4/ E, Yy | Yg+iy Ypro, | Delay Comp. E.

B
(MeV) (%) | (%) @ (%) | (ps) | (MeV)
1.275199.94 89.90 99.94| 3.6 1.062
1.1571 99.9 | 94.3 100 | 2.61 0.948
1.077 322 | 1.19 1.34 | 1.57 0.870
1.333 88 81 8748 0.735 1.118
1.791 454 | 42 45.36 1.567
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Figure 2: (A) Efficiency and purity measurements for different isotopes with an energy threshold
set at 341 KeV. (B) Efficiency/purity versus Energy threshold for 2°Na. (C) FoM versus energy
threshold for 44Sc. (D) Efficiency/purity dependence on fractional energy resolution for 44Sc.
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Table 1: The table incorporates information on the physical properties of all the isotopes [3,

» Klien Nishna formula for electron energy distribution

dAE —  (Eg- AE)?

do rémc? {
» Maximum energy attainable by an electron

AEmax — EO
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» The fractional energy resolution of the J-PET detector [5]
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1. Identifying Ideal Candidates for Positronium Imaging
2. Obtained the optimum energy threshold for different isotopes
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b N,(AE > 341KcV) @
P 7 N,(AE > 341KeV) + No(AE > 341KeV)

Where £, = Efficiency of identifying the annihilation gamma, P, = Purity of
selecting the annihilation gamma, &£, = Efficiency of identifying the prompt
gamma, P, =Purity of selecting the prompt gamma.
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Figure 1: (A) Definition of efficiency and purity for the case when the fractional energy resolution
IS incorporated (B) Schematic view of the modular J-PET with an exemplary two annihilation
gamma () and one prompt gamma (yp) event. (C) Simulated energy loss spectra for various
isotopes (D) Effect of the fractional energy resolution for 44Sc
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