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G. López Castro∗
Departamento de Fı́sica, Centro de Investigación y de Estudios Avanzados,
Apartado Postal 14-740, 07000 México D.F., México
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An empirical formula relating the physical masses of elementary particles and the
Fermi constant is proposed. Although no mechanism or theoretical model behind this
formula is advocated, we seek for a possible physical interpretation. If not a simple
numerical coincidence, this formula may motivate theorists to search for relations
among the different sectors of the Electroweak Standard model.
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The finding of successful empirical relations among the physical parameters of a system
have provided a valuable guide in the formulation of physical theories. Well known examples
are the roles of Planck’s formula for the black body radiation or Balmer’s formula for the
spectrum of hydrogen in the formulation of the quantum theory. Even if they were considered
as fortuitous at the beginning, their successfully properties served as a suitable constraint
to be reproduced by a deeper theory aiming to explain the related phenomena.
In the present note we propose an empirical relation between the physical masses of
fermions and bosons and the (precisely measured) fundamental Fermi constant GF [1] in
the Standard electroweak Model. Although at present we do not know any mechanism or
theoretical model giving rise to this relation, we consider it to be very appealing and worth
to receive attention by particle theorists. We also address some comments aiming to seek
for a possible interpretation of this mass relation.
Using the measured values [2–4]of the fermions and bosons of the Standard Model, it is
easy to check that the following relation is satisfied
X
m2f = v 2 ,
m2H + m2W + m2Z +

(1)

f=q,l

where v is the vacuum expectation value of the scalar field H [5] and W and Z are the weak
gauge bosons. The sum in the left-hand side extends over all quarks and leptons. Using
mH = (125.6±0.4) GeV [2, 3, 6] and mt = (173.5±0.9) GeV [3, 4] and other masses from the
PDG compilation [4], the left-hand side of Eq. (1) is in full agreement with the right-hand
√
side because v 2 = 1/( 2GF ) = (246.2 GeV)2 according to [4, 7, 8]. Observe that in the
left-hand side of Eq. (1) there are almost equal contributions of fermions and bosons. Thus,
the Fermi constant GF gets fixed from the sum of the masses of all elementary particles.
Another look at the above sum rule can be endowed by noticing that, in the electroweak
model, the couplings of all particles to the H field are proportional to v [7, 8], namely of
the form mi /v. If one divides Eq. (1) by v 2 it yields:
2λ +

g 2 g 2 + g ′2 X yf2
+
+
=1,
4
4
2
f

(2)

where λ, g, g ′ and yf being, respectively, the effective and renormalized [9] scalar, gauge and
Yukawa couplings.
On the other hand, in the electroweak model the potential for the scalar doublet Φ is
given by:
V (Φ) = λ(Φ† Φ − v 2 /2)2 ,

(3)

with m2H = 2λv 2 , the square of the mass of the physical scalar. Therefore, if Eq. (1)
is admitted, the scalar potential becomes interrelated to other sectors of the electroweak
Lagrangian. Indeed all couplings are included in Eq. (2) through v 2 .
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The fulfillment of Eq. (1) may be just a numerical coincidence. Instead, let us try to
speculate about its possible physical interpretation. First, let us invoke an analogy with
general relativity where gravity is seen as the curvature of space-time, which in turn is
produced by the density of energy/mass. This interpretation is radically different from
Newtonian interaction in terms of force fields that are generated by the distribution of
matter. Similarly, in the electroweak model after 1967 [8], the masses of particles are seen as
generated from their interaction with a scalar field which has a nonzero vacuum expectation
value, a mechanism that differs from the original Glashow’s model [10] where the masses of
elementary particles would have to be introduced by hand. In turn, in Eq. (1) v can be
viewed as the yield of the masses of fundamental particles, all of them lighter than v, which
result from the quantum fluctuations in the electroweak vacuum. On the other hand, given
√
that v 2 = 1/( 2GF ), Eq. (1) lends the alternative interpretation that the Fermi constant
may be fixed from the interactions of particles with the electroweak vacuum.
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