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Abstract. We observe a certain linear relation between the masses of the

proton, neutron and three generations of electron, and discuss whether or not

this is purely a coincidence.

1. Introduction

It is easily observed that the mass mτ of the tau particle is nearly twice the mass
of a nucleon. Moreover, adding the mass mµ of the muon we find that mµ + mτ

is almost exactly twice the mass of a nucleon. Substituting current best estimates
for these values gives agreement to within 0.2%, which is roughly 2σ in terms of
the main component of experimental uncertainty, that is the mass of the tau itself.
Given the complexities of the whole concept of mass, there is no reason to think
that this is anything other than a coincidence.

2. The formula

If, however, one were to attempt to make this more precise, one would need to
distinguish between the mass mp of the proton and the mass mn of the neutron.
Moreover, one would need to consider whether to try to incorporate the mass me

of the electron as well, and if so, how. Since the experimental uncertainty in the
mass of the tau is of the order of me/3, it would appear to be meaningless to try
to adjust the formula by incorporating electrons, without some guiding principles.

If such a formula is to have any physical meaning at all, it should surely be
symmetric in the three generations of electron. And if we are to distinguish between
protons and neutrons, then we must surely use the charge somehow. The obvious
thing to do is to insist that the charge is the same on both sides of the equation.
Finally, we must exclude anti-particles, because otherwise it becomes too easy to
satisfy the charge condition.

These three principles lead to a unique possibility for such an equation, namely

me +mµ +mτ + 3mp = 5mn.(1)

Since four of these values are known to much higher accuracy than the fifth, it
makes more sense to regard this equation as a prediction of the mass of the tau,
that is

mτ = 5mn − 3mp −mµ −me.(2)
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3. Experimental evidence

We can now compare with experiment. Taking the values in MeV/c2 to be

mp = 938.272046
mn = 939.565378
me = .510999
mµ = 105.658371

with experimental uncertainties reaching into the 5th decimal place, we calculate
the estimate

mτ = 1776.841382(3)

with uncertainty now reaching into the 4th decimal place. Eliminating spurious
accuracy, our prediction becomes

mτ = 1776.8414± .0002(4)

This is in complete agreement with the CODATA recommended value of

mτ = 1776.82± .16(5)

Moreover, it predicts at least two more decimal places of the value of mτ .

4. Discussion

Let us compare this prediction with that made by another notorious unexplained
empirical formula for mτ , that is the Koide formula

(
√
mτ +

√
mµ +

√
me)

2

mτ +mµ +me
=

3

2
(6)

which, used in the same way, predicts

mτ = 1776.9689± .0002(7)

This prediction is nearly .01% greater than the new prediction, which makes it
difficult to see how both could be valid, given that experimental accuracy for the
masses used is claimed to be at least two orders of magnitude better than this. Nev-
ertheless, it is conceivable that there might be some way to reconcile the two using
neutrino masses. Such speculation is however premature, since neither formula yet
has a shred of theoretical support.

The statistical evidence for Koide’s formula accumulated over the years is positive
but not overwhelming. At the time of Koide’s publication, the experimental value
for mτ was 1783± 4, and since then the experimental accuracy has improved by a
factor of 25. His prediction is within 1σ of the new value, an achievement which
could have happened by chance, with probability around 8%.


