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Abstract 

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

corresponding applications along with a model for the masses of elementary particles. 

And in recent papers, we redefined Hartree atomic units to Hartree-Chen atomic units 

and gave formulas which determined the precise value of the Higgs boson mass. In this 

paper, we apply our mass model of elementary particles and Hartree-Chen atomic units 

to determine the exact values of the masses of the W and Z bosons. Based on our 

hypothetical formulas, the masses of the W and Z bosons in Hartree-Chen atomic units 

should be 157415.999881172 and 178449.921171171 respectively, and the exact values 

of the masses of W and Z bosons should be 80439.410424(24) MeV and 

91187.722114(27) MeV respectively. Compared to the latest and most accurate values 

of 80433.5(9.4) MeV and 91187.6(2.1) MeV which were measured by the Detector 

Collider at Fermilab (CDF) collaboration and Large Electron-Positron Collider (LEP) 

respectively, our calculated values are almost absolutely precise if they are correct. 

Keywords: masses, the W Boson, the Z boson, atomic units. 

1. Introduction 

The W and Z bosons are carrier particles that mediate the weak nuclear force, much 

as photons and gluons are the carrier particles for the electromagnetic force and the 

strong interaction respectively. These bosons are among the heavyweights of 

elementary particles. With masses of 80.4 GeV and 91.2 GeV respectively, the W and 

Z bosons are almost 80 times as massive as the proton – heavier, even, than entire iron 

atoms. Their high masses limit the weak interaction to a very short range [1]. 
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Before 2022, measurements of the W boson mass appeared to be consistent with the 

Standard Model. For example, in 2018, experimental measurements of the W boson 

mass were assessed to converge around 80379(12) MeV [1, 2]. However, in April 2022, 

a new analysis of data that was obtained by the Fermilab Tevatron collider before its 

closure in 2011 determined the mass of the W boson to be 80433(9) MeV [1, 3, 4], 

which is seven standard deviations above that predicted by the Standard Model.  

Compared to the complicated situations in the measurements of the W boson mass, 

the measurements of the Z boson mass are more steady and more accurate, the latest 

measurements determined the Z boson mass to be 91187.6(2.1) MeV [1, 2].   

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

corresponding applications [5-15] along with a model for the masses of elementary 

particles [16]. In recent papers [17-19], we defined the natural number axis (NNA) and 

redefined Hartree atomic units to Hartree-Chen atomic units. In another recent paper 

[20], we had applied our mass model of elementary particles and Hartree-Chen atomic 

units to determine the mass of the Higgs boson to be 125.33782309(4) GeV. In this 

paper, we use the same methods to determine the masses of the W and Z bosons. 

2. Determination of the W Boson Mass 

Based on our mass model of elementary particles [16], we constructed the following 

formulas of the W boson mass in Hartree-Chen atomic units (au) [19]. It is also 

supposed that the number factors in the formulas are meaningful and related to nuclides. 
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If a W boson became a photon, what would be its frequency in Hartree-Chen 

atomic units (au)?  
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This frequency (νW/au) could be called the characteristic frequency of the W boson 

in atomic units. It is notable that νW/au is miraculously an integer number. It means that 

in the atomic unit time (tau = 2.4188843265857(47) × 10-17 s [15]) the photon 

corresponding to the W boson would vibrate integer multiple times exactly 

(470715576). This amazing coincidence should be a very strong proof to our formulas 

and the value of the W boson mass because of the Sagan Standard “extraordinary 

claims require extraordinary evidence”, and it could be explained in analogy with 

Chinese poetry as follows.  

1. W boson is analogous to Chinese characters

2. Atomic units is analogous to poetry which

should be the most refined form of a language.
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3. Determination of the Z Boson Mass 

Based on our mass model of elementary particles [16], we constructed the following 

formulas of the W boson mass in Hartree-Chen atomic units (au) [19]. It is also 

supposed that the number factors in the formulas are meaningful and related to nuclides. 
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4. Comparison and Analysis of the Measurements of the W Boson Mass 

Because the Standard Model (SM) of particle physics places tight constraints on 

the W boson mass, measuring the mass provides a stringent test of the model. So far, 

there have been a number of measurements of the W boson mass，which are listed in 

Table 1 in comparison with the SM expectation [3] and our calculations. Our 

calculation is much consistent with the average of the “more than average” values of 

the measurements. If our calculation is correct, there would be some systematic errors 

in the “less than average” values of the measurements. 

Table 1. mW measurements, the SM expectation and our calculation. 

Measurements mW Uncertainty Less than average More than average 

D0 I 80478 ±83  80478 

CDF I 80432 ±79  80432 

DELPHI 80336 ±67 80336  

L3 80270 ±55 80270  

OPAL 80415 ±52  80415 

ALEPH 80440 ±51  80440 

D0 II 80376 ±23 80376  
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ATLAS 80370 ±19 80370  

CDF II 80433 ±9   80433 

Average 80394.4   80338 80439.6 

Note: 1. The SM expectation of mW = 80357(6) MeV; 

2. Our calculation of mW = 80439.410424(24) MeV. 
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