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Abstract

A numeric formula for the masses of composite particles made of three quarks is presented.
The formula, which uses “discontinuous” quantum numbers, predicts the masses of 13
baryons and one lepton (the tau particle), with an accuracy of, at least, 3 decimal places.
The maximum accuracy of the formula is 5 decimal places. The formula suggests the
existence of a general formula for the mass of all known particles, which is yet, to be
discovered.
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1. The Baryon Mass Formula

The formula for the masses of composite particles made of three quarks (baryons - see note
1)is

o

m N(Ei/i) Vmy . Xm, (1)

where

m= predicted baryon mass

n= “discontinuous” quantum number

a = fine-structure constant

m-=224.407 763 2x 1077 Kg (“Higgs*” mass)

m,=9.109 382 91x10~" Kg (electron rest mass) (CODATA 2010)

The “Higgs™” mass was calculated solving eq. (1) for m . and taking: m=m, (the mass

of the proton) and using a value of 256 for the quantum number n. Therefore equation (1) is
“calibrated” for the proton mass. This is the reason why the formula yields the mass of the
proton with an accuracy of 9 decimal places. The fact that the measured value of the Higgs
mass could be different (probably lower) than the value presented here does not matter. The
value we adopted is the value that allow us to use the quantum numbers shown on table 1
(this is the reason of using the asterisk). If we change the value of the Higgs mass we have to
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change not only the quantum numbers but also the form of equation (1) if we are to maintain
the target accuracy. Equation (1) can also be written as:

m ~(4.521 300 966><10‘28)(8\/ﬂ) )
(04

Note 1: There are other baryons, also known as “exotic” baryons, which are made up of four
quarks and one anti-quark (pentaquarks). We shall not consider pentaquarks in this paper.

2. Results

The results of equation (1) for selected quantum numbers are shown on table 1. The table
shows that the formula also works for the heaviest lepton: the tau particle (tauon).

Particle Symbol | Quark | Observed Observed Quantum Predicted mass
name content | rest mass rest mass number m (Kg)
or lepton | (MeV) (Kg) (n) (Equation 1)

proton 1.672621777
neutron 1.674
Lambda 0 1.9888
Sigma + 2.1202
Sigma 0 2.126
Sigma — 2.134
Delta ++ 2.19623
Delta + 2.19623
Delta 0 2.19623
Delta — 2.19623
2.343
2.3561

Omega — 2.980
3.16747

Table 1. The last column of the table shows the predicted mass for thirteen baryons and for a lepton: the tau
particle (last row). The decimal places shown in white indicate that these places coincide with the
corresponding places of the observed values.
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3. Conclusions

The equation introduced in this paper predicts the masses of 13 baryons and one lepton: the
tau particle, with an accuracy of, at least, 3 decimal places. Without taking into account the
calibration value, the maximum accuracy of the formula is 5 decimal places. The formula
suggests that there could exist a general formula for the mass of all known particles and that
this unknown formula could be a function of the fine-structure constant and, at the same
time, of several different quantum numbers.
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