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Abstract An alternative description to the
Weinberg-Salam model of charged currents interac-
tion is proposed. The description does not use local
calibration symmetry and spontaneous symmetry
breaking. The description is based on the vector
boson representation governed by the modified Proca
equations. The proposed equations describe processes
with non-conserved charges. This modification changes
the boson propagator, thus the naive theory with
the vector-boson interaction becomes a renormalized
one. This approach to the description of the charged
current interaction leads to the same Lagrangian as the
Weinberg-Salam model.
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1 Introduction

It is known that massive W- and Z- boson exchange
is responsible for the weak interaction. The Weinberg-
Salam [1, 2] model uses local calibration symmetry and
spontaneous symmetry breaking for their description. In
this model gauged bosons of the SU(2) group described
by nonlinear equations, but no nonlinear behavior in
W- and Z- boson discovered yet. Besides, in order to
assign mass to the massless gauged bosons the Higgs
bosons are used. That is why it is reasonable to look for
another alternative to the intermediate massive boson
description.

The justification of the necessity of local calibration
symmetry and spontaneous symmetry breaking is the
non-renormalizability of the naive theory with the inter-
mediate massive bosons. The Proca equation is usually
used for the description of massive vector bosons:

∂µF
µν + κ2Xν = jνe . (1)

Where, κ = mc/~,

Fµν = ∂µXν − ∂νXµ, (2)

Xν is the vector potential, which is determined by the
equation

∂α∂
αXν + κ2Xν = jνe +

1

κ2
∂ν∂µj

µ
e . (3)

However, Eqs. (1)-(3) lead to unacceptable results. The
propagator of the boson described by Eq. (1) has the
form

Dµν = − ηµν
k2 − κ2

+
1

k2 − κ2

kµkν
κ2

, (4)

where ηµν = diag(1,−1,−1,−1), and kµ is the wave vec-
tor. The second term on the right-hand side of Eq. (4) is
the offending term and makes the theory with the boson
interaction a non-renormalized one. To save renormal-
ization, in the Weinberg-Salam electroweak model the
contribution from the second term is compensated for
by the contribution from the hypothetical Higgs bosons.

It should be noted that the second term in Eq. (4)
is associated with the non-conserved current in Eq. (3).
If the current is conserved, ∂µj

µ
e = 0, and this term is

absent.

2 Methodology

We propose another way to eliminate the second term
in Eq. (4). To describe the vector bosons let us use the
equation

∂νε+ ∂µF
µν + κ2Xν = jνe (5)

instead of the Proca equation. Where the scalar field ε
is given by:

ε = ∂αX
α. (6)

In this case the potential is given by the equation

∂α∂
αXν + κ2Xν = �Xν + κ2Xν = jνe , (7)

where � = c−2∂2/∂t2 − ∆ is the d’Alambertian. The
propagator of the boson described by equations (5), and
(7) has the form

Dµν = − ηµν
k2 − κ2

. (8)

Thus, the introduction of the scalar field ε improves the
propagator (4). The propagator (8) is only different from
the photon one by the mass in the denominator. It al-
lows continuous transition to the massless boson, and
coincides with the photon propagator when k →∞. The
most important consequence is that the theory based on
such propagator becomes renormalized.
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The necessity of introduction of the scalar field ε is
associated with a non-conserved current, but not associ-
ated with the mass of the bosons. Differentiation of Eq.
(5) yields the equation for the scalar field ε:

∂ν∂
νε+ κ2ε = ∂ν j

ν
e . (9)

As one can see the scalar field ε is generated only by a
non-conserved current, which does not satisfy the equa-
tion of continuity

∂ν j
ν
e = 0. (10)

We must note that should the electric charge not be
conserved, it will also be necessary to change Maxwell’s
equations in a similar way.

The above consideration of the vector boson descrip-
tion can be extended to the pseudovector bosons. To
describe them we propose to use the equation

∂κβ +
1

2
εκλµν∂λFµν + κ2Y κ = jκm, (11)

where

β = ∂νY
ν , Fκλ = εκλµν∂µYν . (12)

Potential Y ν is given by the same equation as potential
Xν :

∂α∂
αY ν + κ2Y ν = �Y ν + κ2Y ν = jνm. (13)

Bosons described by (7) and (13) we call vector and
pseudo-vector bosons because they are described by 4
- vector and 4 - pseudovector potentials. There are no
constraints on these potentials, that is why these bosons
have four internal degrees of freedom each. It’s mean
that they are multi-spinal and can exist in two states:
with spine 1 and spine 0. Properties of such bosons were
discussed by Kruglov [3, 4, 5, 6]. Conclusion about inter-
action of non-conserved currents via multi-spine bosons
can be checked experimentally.

Description of vector and pseudo-vector bosons with
the same mass can be combined. It is useful to do, be-
cause the weak interaction is just V − A character. We
can introduce such a joint description if we associate the
field Fµν with the two potentials Xν and Y ν simultane-
ously,

Fκλ = ∂κXλ − ∂λXκ + εκλµν∂µYν , (14)

and use both the Eqs. (5) and (11). We write down
these equations in three-dimensional form:

1

c

∂ε

∂t
+∇ ·E − κV 0 = ζcρe, (15)

1

c

∂E

∂t
−∇×B +∇ε+ κV = −ζje, (16)

−1

c

∂β

∂t
+∇ ·B + κU0 = −ζcρm, (17)

1

c

∂B

∂t
+∇×E −∇β − κU = ζjm. (18)

Here,

E = −1

c

∂X

∂t
−∇X0 +∇× Y , (19)

B =
1

c

∂Y

∂t
+∇Y 0 +∇×X, (20)

ε =
1

c

∂X0

∂t
+∇ ·X, V 0 = −κX0,

V = −κX, (21)

β =
1

c

∂Y 0

∂t
+∇ · Y , U0 = −κY 0,

U = −κY . (22)

The three-dimensional coordinates of the vectors and
tensors are given by the rules: E = (F01, F02, F03),
B = (−F23, −F31,−F12), X = (X1, X2, X3), Y =
(Y 1, Y 2, Y 3), ζcρe = ζj0e = j0e, ζje = (j1e, j

2
e, j

3
e), ζcρm =

ζj0m = j0m, ζjm = (j1m, j
2
m, j

3
m). The coefficients c =

1/
√
ε0µ0 and ζ =

√
µ0

ε0
are introduced in the definitions

of the three-dimensional variables so that in case the
κ = 0, jµm = 0, Y µ = 0, ε = 0, Eqs. (15)-(18) coin-
cide with Maxwell’s equations, written down in SI unit
system. In this case we postulate B = cB, X0 = ϕ,
X = cA and use the constants c and ζ instead of the
constants ε0 and µ0. This form of Maxwell’s equations
allows us to use all the advantages of the Gaussian unit
system, remaining at the same time in the SI unit sys-
tem.

Note that electromagnetic field definition via two po-
tentials (vector potential and pseudo-vector potential)
was used before for the description of the hypothetical
magnetic monopole fields [7].

The following equalities

1

c

∂V 0

∂t
+∇ · V + κε = 0, (23)

1

c

∂V

∂t
−∇×U +∇V 0 − κE = 0, (24)

1

c

∂U

∂t
+∇× V +∇U0 + κB = 0, (25)

1

c

∂U0

∂t
+∇ ·U + κβ = 0, (26)

are satisfied due to the definitions (19)-(22). It may seem
strange to introduce the fields V µ and Uµ, which are
different from the potentials only by factor κ. However,
Eqs. (15)-(18) and (23)-(26) allow the introduction of
the tensor, scalar and pseudo-scalar potentials also. The
fields V µ and Uµ are connected with such potentials by
differential relations like (19)-(20), and the fields ε, β,
E, B by the multiplier κ. So, the fields V µ, Uµ are
connected with all potentials in the same way as the
fields ε, β, E, B.

Substitution of the expressions (19)-(22) into Eqs.
(15)-(18) yields equations (7) and (13) for the poten-
tials.

The Eqs. (15)-(18) are the Euler equations for the
Lagrangian

L = Lb + Li, (27)

Lb =
1

2ζ
(−1

2
FαβF

αβ − ε2 + β2 + VαV
α − UαUα) =

=
1

2ζ
(E2 −B2 − ε2 + β2 + V 2

0 − V 2 − U2
0 + U2), (28)
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Li = −jαeXα + jαmYα, (29)

if we consider the potentials Xµ and Y µ as indepen-
dent variables. The interaction Lagrangian Li describes
the minimal interaction of the vector and pseudovector
bosons Xµ, Y µ with the currents jαe , jαm that produce
them. Even if these currents are not conserved the prop-
agators of bosons Xµ and Y µ have the form (8).

3 Results

Use of equations (5), (11), (14) instead of the Proca
equations allows describing the intermediate massive
bosons in a renormalized way even if they are produced
by non-conserved currents. The non-conserved currents
are met in the study of the weak interaction. Let us
use an example of the weak interaction of the charged
currents in order to show the usefulness of the Eqs.
(5), (11), (14) to describe the vector and pseudovector
bosons.

In the Weinberg-Salam electroweak model the charged
current interaction is given by the Lagrangian [8]:

Li= −
gc

2
√

2
ēγµ(1− γ5)W−µ ν −

gc

2
√

2
ν̄γµ(1− γ5)W+

µ e.

(30)
Here, γ5 = iγ0γ1γ2γ3. The potentialsW+

µ , W−µ describe
the charged bosons. Let us show that the Lagrangian
(30) coincides with (29), if we choose as the currents jµe ,
jµm the following combinations in Eq. (29):

jµe =
gc√

2
(ν̄γµe+ ēγµν), (31)

jµm = i
gc√

2
(ν̄γµγ5e− ēγµγ5ν). (32)

Really, the Lagrangian (29) for the currents (31)-(32) is
the following:

Li = −jµeXµ + jµmYµ =

− gc√
2

[
(ēγµν + ν̄γµe)Xµ + i(ēγµγ5ν − ν̄γµγ5e)Yµ

]
=

− gc√
2

[
ēγµ(Xµ + iγ5Yµ)ν + ν̄γµ(Xµ − iγ5Yµ)e

]
=

− gc

2
√

2
ēγµ
[
(1 + γ5) + (1− γ5)

]
(Xµ + iγ5Yµ)ν−

− gc

2
√

2
ν̄γµ

[
(1 + γ5) + (1− γ5)

]
(Xµ − iγ5Yµ)e =

− gc

2
√

2
ēγµ
[
(1 + γ5)(Xµ + iYµ) + (1− γ5)(Xµ − iYµ)

]
ν−

− gc

2
√

2
ν̄γµ

[
(1 + γ5)(Xµ − iYµ) + (1− γ5)(Xµ + iYµ)

]
e.

(33)

Due to the fact that only the left neutrino exists, all
terms with the factor 1 + γ5 are zeros, and Eq. (33)
becomes:

Li = − gc

2
√

2
ēγµ(1− γ5)W−µ ν −

gc

2
√

2
ν̄γµ(1− γ5)W+

µ e.

(34)

In this expression

W−µ = Xµ − iYµ, W+
µ = Xµ + iYµ. (35)

The Lagrangian (34) coincides with (30). In such con-
text, we must conclude that charged current interaction
is V-A in its’ nature, because only left neutrino exists.
The potentials W+

µ and W−µ are given by the combina-
tion of the Eqs. (7) and (13) :

�
W+µ

W−µ
+ κ2W

+µ

W−µ
=
ζ(jµe + ijµm)=ζ gc√

2
ν̄γµ(1− γ5)e

ζ(jµe − ijµm)=ζ gc√
2
ēγµ(1− γ5)ν

.

(36)
We can introduce fields:

E± = −1

c

∂W±

∂t
−∇W±0 ∓ i∇×W±, (37)

ε± = −1

c

∂W±0
∂t

+∇ ·W±, V ±µ = −κW±µ . (38)

These fields are determined from the equations

1

c

∂ε±

∂t
+∇ ·E± − κV ±0 = ζcρ±, (39)

1

c

∂E±

∂t
∓ i∇×E± +∇ε± + κV ± = −ζj±, (40)

where ρ± = ρe± iρm, j± = je± ijm. As can be seen the
superpositions of the vector and pseudovector currents
jµe ± ijµm create the potentials W+µ and W−µ. Each
superposition creates those potential, with which it in-
teracts in Eq. (34). Though the currents (31) and (32)
are not conserved, the propagators of the bosons W+µ

and W−µ still have the same form (8).
It is also follows from Eq. (35) that the charged bosons

can be considered as the superpositions of two states.
These states are determined by the modified Maxwell’s
equations (15)-(18) with the currents (31) and (32). One
of them is described by the vector potential Xµ, the
other by the pseudovector potential Y µ. These poten-
tials interact minimally with the currents (31) and (32),
respectively.

4 Discussion

Thus, massive intermediate bosons can be given a
renormalized description with no reference to local cal-
ibration symmetry and spontaneous symmetry break-
ing. Non-renormalizability is not connected to the boson
massiveness but with inappropriate application of the
Proca equations to the non-conserved currents. Non-
conserved currents have to be described by equations
(5), (11), (14) instead of the Proca equations. The
bosons, the leptons and the weak interaction of their
charged currents can be described by the Lagrangian

L = Lb + ~c2Ll + Li, (41)

where

Ll =
i

2
(ēγµ

∂e

∂xµ
− ∂ē

∂xµ
γµe)− mec

~
ēe+

+
i

2
(ν̄γµ

∂ν

∂xµ
− ∂ν̄

∂xµ
γµν). (42)

It should be pointed out that the interaction Lagrangian
in (41) can be used as (29), which is similar to the elec-
trodynamics interaction Lagrangian. The boson prop-
agator is different from the photon propagator by the
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mass term in the denominator only. That is why such
interaction is renormalized. Because the Lagrangians
(29) and (30) coincide, the results obtained with the La-
grangian (29) and obtained with the Weinberg-Salam
model Lagrangian (30) coincide also.

We do not touch on here other aspects of the weak
interaction, as the aim of the article is to show the use-
fulness of use of the equations (5), (11), (14) instead
of the Proca equation for the description of the vector
and pseudovector bosons in the case of non-conserved
current interactions.
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