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The last six years have seen great strides in measuring the neutrino squared-mass splittings and
heavy quark masses. It is therefore timely to reconsider the mass formulas introduced by the author
in 2010, which then disagreed with the ratio of the neutrino squared-mass splittings.

I. MASS RATIOS

Let

n = 3

f = 4.1

}
for the four leptonic mass ratios below,

and

n = 1/3

f = 10

}
for the four quark mass ratios below,

where:
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Table I shows that Eqs. (1a) and (1b) fit the 2014 CO-
DATA [1] values for the tau- and muon-electron mass to
one part in ∼2400 and one part in ∼40 000, respectively.
And Tables II and III show how Eqs. (1c) and (1d) repro-
duce the quark masses and ratios reported by the Particle
Data Group [2] within their limits of error.

II. NEUTRINO SQUARED-MASS SPLITTINGS

Equations (1a) and (1b) determine the following ratio
between neutrino squared-mass splittings:
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4.13.0 × 3− 1
≈ 34.2 . (2)

And a recent global analysis of solar, atmospheric, reac-
tor, and accelerator neutrino data [3] gives

|∆m2
31| = 2.457± 0.047× 10−3 ∆eV2 (3a)

and

|∆m2
21| = 7.5+0.19

−0.17 × 10−5 ∆eV2 . (3b)

TABLE I: The charged lepton mass ratios calculated using
Eqs. (1a) and (1b) are compared against experiment.

Ratio Calc. Exp.

mτ/me 4.15 × 3 ≈ 3475.69 3477.15± 0.31a

mµ/me 4.13 × 3 ≈ 206.763 206.768 2826b

aRef. [1]. Fit to one part in ∼2400.
bRef. [1]. Fit to one part in ∼40 000.

These values form this ratio of neutrino squared-mass
splittings
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=
2.457× 10−3 ∆eV2

7.5× 10−5 ∆eV2 ≈ 32.8 , (3c)

which is fit to within five per cent by Eq. (2).

III. NEW VERSUS OLD EQUATIONS

Equations (1a)–(1d) incorporate changes to the follow-
ing set of similar equations, introduced in 2010 [4]:(
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The above equations predicted mb/mc = 3, whereas the
new equations predict mb/mc = 10/3. The new equa-
tions also resolve the “major discrepancy” — noted in
2010 [4]— between the above equations and the ratio of
the observed neutrino squared-mass splittings.

Despite the new equations’ simplicity they manage to
fit today’s improved measurements much better than the
above equations fit 2010 data. Whether the new equa-
tions retain the simplicity of the above older equations
the reader can best judge for himself. Note that the un-
usual constant 4.1, upon which Eqs. (1a)–(1c) all depend,
occurs naturally in analogues of the Koide formula [5].
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TABLE II: With the aid of Eqs. (1c) and (1d), the c- and
b-quark masses are calculated from the top quark’s mass of
173 210 ± 510 ± 710 MeV (from direct measurements) [2].
Below, these calculated masses are compared against their
corresponding experimental values, which they fit to within
one or two per cent.

Mass Calc. Exp.a

mc 1267 MeVb 1275± 25 MeV

mb 4225 MeVc 4180± 30 MeV

aRef. [2]. It is important to recognize, however, that the experi-
mental values for mc and mb are the “running” masses in the MS
scheme at µ = mc and µ = mb, respectively.
b173 210 MeV/(4.11 × 10× (10/3)) ≈ 1267 MeV.
c173 210 MeV/(4.11 × 10) ≈ 4225 MeV.

TABLE III: With the aid of Eqs. (1c) and (1d), three light
quark mass ratios are calculated. Below, these ratios are com-
pared against their corresponding experimental values, which
they fit within their limits of error.

Ratio Calc. Exp.a

mu/md

√
3/10 ≈ 0.55 0.38–0.58

ms/md 10
√

4.1 ≈ 20.2 17–22
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√

10/3
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√

10/3)/2
≈ 26.2 27.5± 1.0

aRef. [2].
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