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Abstract 

In this paper, we calculate the lifetime of ortho-positronium (o-Ps) in vacuum 

with Euler formula for Basil problem and our previous formulas of the fine-structure 

constant and the atomic unit of time (tau). Our calculated value of the lifetime of 

ortho-positronium in vacuum is 142.041358500909 ns in comparison to the most 

accurate measured value which was 142.043(14) ns and the latest QED calculated 

value which was 142.04606(20) ns. 

1. Introduction 

Positronium (Ps) is the bound state of an electron and a positron (antielectron) and 

somewhat like a hydrogen atom. Since positronium contains no protons or neutrons, 

nuclear interactions can be neglected, and it can be accurately described solely by 

quantum electrodynamics (QED). Hence, positronium is an ideal system to test QED 

and to look for deviations that could indicate new physics beyond the standard model. 

The triplet (13S1) state of Ps with paralleling spins of the electron and the positron, 

which is called ortho-positronium (o-Ps), decays into three photons in a lifetime about 

142 ns. Its decay rate (or lifetime) can be calculated with QED and measured 

experimentally. The theoretically calculated values have recently been improved to 

yield the decay rate λT=7.039970(10) μs-1 or the lifetime τ=142.04606(20) ns [1]. The 

experimentally measured decay rate once had a long history of inconsistency with the 

theoretical predictions, the so-called o-Ps lifetime puzzle. The most accurate 

experiments of the decay rate which resulted in λT=7.0401(7) μs-1 or τ=142.043(14) 

ns was in agreement with the theoretical predictions [2]. However, more precise 

experiments would regenerate new inconsistency with the theoretical predictions.  

In this paper, we try to calculate the lifetime of ortho-positronium (o-Ps) to a 

precision with 15 digits by a novel method. 
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2. Formulas of the Fine-structure Constant and the Speed of Light in Atomic 

Units Based on 2π-e Formula and the 112th element 

In our previous papers, we gave the formulas of the fine-structure constant and the 

speed of light in atomic units based on 2π-e formula and the natural end of the 

elements, i.e., the 112th element Cn* [3-15]. They are listed as follows. 
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Formulas of the speed of light in atomic units:
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3. Calculations of the Lifetime of Ortho-positronium 

Our method to calculate the lifetime of ortho-positronium is novel and differs 

from the perturbative calculation with QED. Employing Euler formula for Basil 

problem and our previous formulas of the fine-structure constant and the atomic unit 

of time (tau), our calculations are as follows. It is worth noting that the atomic unit of 

time tau=1.42888432658653278×10-17 s was determined in our previous paper [16-20]. 
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In the above calculations, we suppose that the composition factors of the lifetime 

of ortho-positronium in atomic units (τo-Ps/au) should relate to nuclides. And there are 

the characteristic factors 137 and 103 appearing, which indicate our calculation 

should be correct and precise. The reason for this relationship is that ortho-

positronium should be regarded as a special nuclide among all nuclides, like a mount 

among mountains, and a mount is like mountains from because of their fractal form. 

4. Discussion and Conclusion 

In the above formulas of the fine-structure constant and the lifetime of ortho-

positronium in atomic units (τo-Ps/au) there are some characteristic and repeatedly 

factors such as 112, 137 and 278 which are shown as follows. 
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And in our previous formulas of the anomalous magnetic moments of electron, 

muon and tauon [21, 22], there are some characteristic factors such as 109 and 278 

which are shown as follows. 
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These miraculous coincidences strongly indicate the following relationships. 
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These relationships can be illustrated with the following graphics with analogy 

(Fig. 1). From Chengdu to Shanghai, there are two ways, by train and by airplane, the 

former corresponds to the all elements and nuclides, the latter corresponds to our 2π-e 
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formula and Euler formula for Basel problem. Chengdu and Shanghai have two 

airports respectively, which correspond to the elements/nuclides H, He and Mt*, Cn* 

respectively. This also explains the formulas could only correspond to the start and the 

end of the elements. 
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