Developing a phantom for the positronium imaging
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Abstract

In this contribution a new phantom for PET measurements is described. The proposed phantom (much like NEMA IEC) will consist of 6 volumes of high activity accumulation immersed in the lower activity background. Each volume will feature
different mean lifetime of ortho-positronium. Isotopes used for measurements must not only exhibit B+ activity, but also need to emit prompt gamma quanta (i.e. Sc or Ga) [1], [2]. In this contribution a method for controlling ortho-positronium
lifetime is discussed along with preliminary results. In order to evaluate a method for the prepration of media with different ortho-positronium lifetime we have studied the ortho-positronium lifetime in water suspension of XAD4 porous material.
XAD4 is characterized with the average pore size of 50 A and can absorb water up to 60% of its mass [3]. Five samples of XAD4 with controlled amount of water were measured using PALS technique. Additionally one dry sample of XAD4 and one
sample of pure water were measured. Obtained spectra were fitted with PALS Avalanche [4] and components corresponding to the ortho- positronium annihilation in XAD4 pores were established [5]. The results showed the correlation between the
lifetime and production intensity of ortho-positronium and the concentration of XAD4 in water.

Motivation

New imaging method was developed by Jagiellonian PET collaboration that
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Emitted positron together with an electron from

allows for simultaneous measurement of annihilation density distribution and
positronium lifetime. Measurements of cardiac myxoma shown that ortho-
positronium lifetime in cancerous tissue is different to that in healthy tissue.
This phenomenon may be used to raise specificity of the imaging[6-9].

surrounding matter may create a meta-stable atom
called positronium. Positronium occures in two
forms: para-positronium that lives 0,125 ns in

The source of positrons used in experiments was 22Na isotope, which
undergoes f+ decays according to the decay scheme shown in Figure 4:
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Fig. 2. SUV image with positronium lifetime images of experiment from
Positronium imaging with the novel multiohoton PET scanner
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Fig. 5. The order of events used in positonium imaging. The
timeline is not to scale.
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The obtained results of lifetime and intensity dependance of long living component on
mass percentage of XAD-4 in water is presented in Figures 10,11 below. The trend lines
are preliminary as there is a need for further measurements to estimate statistical error of
the measurement. Nevertheless there is correlation between lifetime of ortho-positonium
in pores of XAD-4 and mass percentage of XAD-4 in water and there is correlation
between intensity of component 2 and mass percentage of XAD-4 in water.
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The results of the measurement show a correlation between the lifetime and production intensity of ortho-positronium and the concentration
of XAD4 in water. This results can be used to create a NEMA-like phantom for measurements of ortho-positronium lifetime alongside activity
concentration to determine the precision of the new imaging method developed by Jagiellonian PET collaboration. This method has a
potential to enhance the specificity of PET diagnostics.
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