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Abstract. The initial P -invariance of the electroweak interaction Lagrangian together
with the low-energy results of the Weinberg–Salam model is provided by a local secondary
symmetry. Among the transformation parameters of this symmetry there are both scalars,
and pseudo-scalars with respect to the orthochronous Lorentz group. Such symmetry does
admissible existence of a light (massless) axial gauge boson and its possible nonuniversal
interaction with the leptons of various types.
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Introduction

The basic point of this report is a logic precondition for possible existence of a light (massless)
axial gauge boson which may interact with the electronic neutrino. This precondition is based
on a symmetry approach, which has been formulated rather recently, though separate examples
of its realization are known for a long time. Prior to passing to the basic theme of the report,
we consider it necessary to give some characteristics of the double symmetry concept used by
us, to list the existing undegenerate double symmetries in field theories, and to formulate the
principal positions of the initially P -invariant model of electroweak interactions.
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Some characteristics of the double symmetry

The concepts of the secondary and double symmetry is proposed by us [1] as some generalization
of already existing approaches to the field theories construction.
The double symmetry group GT is always the semidirect product GT = HT ◦ G of the subgroup G, which is the global primary symmetry group, and the invariant subgroup HT , which
is the global or local secondary symmetry group.
The secondary symmetry group HT is generated by transformations, whose parameters θ =
{θa } are vectors of the space of a set beforehand representation T of the primary symmetry
group G. Let us emphasize that in the general group theory, the situation when the parameters
of one group transform as a nontrivial representation of another one is not discussed at all.
We realize both a representation S of the primary symmetry group G, and the secondary
symmetry transformations in the form
Ψ0 (x) = exp(−iDa θa )Ψ(x)

(1)

in the same space of field vectors Ψ(x). Generally the secondary symmetry transformations (1)
connect among themselves both the vectors of the same irreducible representation, and the
vectors of various irreducible representations belonging to the representation S of group G.
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The secondary symmetry transformations do not violate the primary symmetry. It means
that the operators Da in equation (1) should be the T -operators of the group G, i.e.
Da = S −1 (g)Db S(g)[T (g)]b a .
If the secondary symmetry is produced by the adjoint representation of the group G and
the operators Da in equation (1) coincide with the group generators, then obviously the group
HT is locally isomorphic to the group G. In such a case we say that the double symmetry is
degenerate.
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Existing undegenerate double symmetries in field theories

A. The σ-model symmetry. The σ-model symmetry of Gell-Mann and Levy [2] is nothing but
an undegenerate double symmetry. Transformations in the σ-model connect the pseudoscalar
π-meson and the scalar σ-meson. Their infinitesimal form is
π 0 = π + iθσ,
0

σ = σ − iθπ.

(2)
(3)

Gell-Mann and Levy obviously note that in transformations (2) and (3) the parameter θ is
a pseudoscalar with respect to the orthochronous Lorentz group L↑ . Due to this, these transformations do not violate the spatial reflection symmetry P.
In the σ-model, the primary symmetry group G is SU (2) ⊗ L↑ . The secondary symmetry
is produced by the representation T = (isotriplet, pseudoscalar) of G. Its group is HT =
SU (2)L ⊗ SU (2)R . The parameters of one of the groups SU (2) are given by the sum of the space
scalar and pseudoscalar, and the parameters of the other group are given by their difference.
It is necessary specially to note that, unlike Gell-Mann and Levy, nobody except us [1] said
anything about the P -properties of parameters of the chiral symmetry group SU (2)L ⊗ SU (2)R .
B. Supersymmetry. Supersymmetry, both in the x-space and the superspace, can be considered as a secondary symmetry produced by the bispinor representation (by a direct sum of
two nonequivalent irreducible spinor representations) of the proper Lorentz group L↑+ , which
plays the role of the primary symmetry group. The set of generating elements for supersymmetry consist of transformations of the form (1), in which the parameters θ = {θa } belong to
the bispinor representation space of the group L↑+ . Therefore, supersymmetry transformations
connect bosonic and fermionic fields. This connection does not break the statistics of the field
states, iff the parameters θa are anticommutating elements of the Grassmann algebra.
C. The Poincarè group P as a double symmetry group. It is well-known that the
Poincarè group is the semidirect product P = T4 ◦ L↑ of the subgroup of orthochronous Lorentz
transformations L↑ and the invariant subgroup of four-dimensional translations T4 . Therefore,
the translation group can be considered as a secondary symmetry group produced by the polar
four-vector representation of the orthochronous Lorentz group, and thus, L↑ is the primary
symmetry group. The corresponding secondary symmetry (translation) transformations have
the form
Ψ0 (x) = exp(−iDµ θµ )Ψ(x),

(4)

where the parameters θµ are four-vector translations, and Dµ are the differential operators,
namely Dµ = i∂ µ .
D. An infinite-component field theory with a double symmetry. We have received
a number of physically interesting results in the theory of ISFIR-class fields, which transform
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as proper Lorentz group representations decomposable into an infinite direct sum of finitedimensional irreducible representations [3, 4, 5, 6].
The infinite number of arbitrary parameters in the relativistically invariant Lagrangians of the
free ISFIR-class fields was the serious reason for that until recently, there were no research of such
field theory. This arbitrariness is eliminated by the requirement for the theory to be invariant
also under secondary symmetry transformations of the form (4), in which the parameters θµ
are the components of the polar or axial 4-vectors of the orthochronous Lorentz group, and the
operators Dµ have the matrix realization.
It is proved [6] that there are such theories of the ISFIR-class fields with spontaneously
broken secondary symmetry, whose mass spectra are quite satisfactory from the standpoint of
particle physics. This result is especially important, because in all previous attempts aimed at
a consistent relativistic description of particles with an infinite number of degrees of freedom,
the mass spectra were physically unacceptable, as they had an accumulation point at zero.
Let us note that such attempts were undertaken in particular by the well-known physicists
V.L. Ginzburg, I.E. Tamm, H. Yukawa, Yu.M. Shirokov, and M.A. Markov (see the review
paper [7]) and mathematicians I.M. Gelfand and A.M. Yaglom (see the monograph [8]).
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Initially P -invariant electroweak model as a logical correction
of the standard left-right symmetric model

The Weinberg–Salam electroweak model with the gauge group SU (2)L ⊗ U (1) is initially asymmetric with respect to the left-handed and right-handed spinors and, therefore, noninvariant
with respect to the spatial reflection P .
The standard left-right symmetric model of electroweak interactions [9, 10, 11, 12] eliminating
the mentioned asymmetry reproduced all results of the Weinberg–Salam model in the region
of existing energies. Possible manifestations at high energies of the additional heavy bosons,
denoted as WR and ZLR , are a subject of regular experimental studies (see, for example, [13]).
The parameters of the gauge group SU (2)L ⊗ SU (2)R ⊗ U (1) of [9, 10, 11, 12] are scalars
with respect to orthochronous Lorentz group L↑ . Such group transformations violate the P symmetry. For example, they transform a P -even fermionic state into a state with uncertain
P -parity. Thus, the left-right symmetry of [9, 10, 11, 12] does not entail the P -symmetry.
The concept of the left or right essence is logically strict only concerning the irreducible spinor
representations of the proper Lorentz group L↑+ and the currents constructed of these spinors.
It does not bear in itself any sense concerning the integer spin fields and, hence, concerning the
gauge and Higgs fields. The mathematically exact concept, which bears a direct relation to all
elements of electroweak interactions, is the P -transformation of any field, any current, etc. The
P -transformation converts, in particular, the left-handed spinor into the right-handed one and
vice versa. The P -symmetry entails the left-right symmetry.
If we wish to have the initially P -invariant model of electroweak interactions, it is necessary
to construct it in the spirit of Gell-Mann and Levy [2]. Such construction has been realized
in the paper [1], where initial P -invariance and its observed violation has been ensured by the
local secondary symmetry produced by the representation T = (isotriplet, scalar) ⊕ (isotriplet,
pseudoscalar) ⊕ (isosinglet, scalar) ≡ (1, s) ⊕ (1, p) ⊕ (0, s) of the primary symmetry group
G = SU (2) ⊗ L↑ . The corresponding parameters of the secondary symmetry transformations
1A
1V
1A
and the gauge fields are denoted as θ 1s = {θj1s }, θ 1p = {θj1p }, θ0s ; B 1V
µ = {Bjµ }, B µ = {Bjµ },
Bµ0V (j = 1, 2, 3; the indices V and A mean the polar and axial 4-vectors, respectively).
As the gauge groups of both the standard left-right symmetric model of electroweak interactions [9, 10, 11, 12], and the primary P -invariant model [1] are locally isomorphic, the Lagrangian
structure for these models and, hence, all their numerical results are identical. But in the con-
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ceptual plan, the initially P -invariant model gives several remarkable consequences which are
absent in the left-right symmetric one.
First, the Higgs field Φ should have both scalar, and pseudoscalar components, namely, the
1
1
isodoublets φ 2 s and φ 2 p . If the neutral components of both of them take some nonzero vacuum
1

s

1

p

2
2
expectation values hφ−1/2
i = vs and hφ−1/2
i = vp with arg(vp /vs ) 6= ±π/2, then the masses of
the two W -bosons, which are connected with the left and right charged currents, are different,
i.e. the P -symmetry is violated. Hence the nature of P -symmetry violation is in that the physical
vacuum does not possess definite P -parity. Let us note that the relation

|vs − vp |  |vs + vp |
is a sufficient condition for reproducing all results of the Weinberg–Salam model, which are
obtained for already completed experiments.
Second, the fields of all intermediate bosons constitute a superposition of polar and axial
4-vectors, and these vectors have equal weight in the fields of W -bosons. In other words, the
P -properties of the weak currents and the W - and Z-bosons connected with the corresponding
currents are similar.
The formulas, confirming these two statements, will be presented in the following section.
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Initially P -invariant electroweak model
with the light (massless) axial gauge boson

Look at the parameters of the local group of the secondary symmetry, which are listed in the
previous section. The isotriplet parameters are both scalar, and pseudoscalar with respect to
the group L↑ . But, among the isosinglet parameters, we find only a scalar and we do not find
a pseudoscalar. Such inequality does not look sufficiently natural. We hope to analyse in the
future the physical consequences of its elimination, laying here the grounds for such analysis.
So, we shall enlarge the list of parameters of the secondary symmetry group, leading to
the initially P -invariant model of electroweak interactions, by one more parameter θ0p which
transforms as the representation (isosinglet, pseudoscalar) of the primary symmetry group G =
SU (2) ⊗ L↑ . The corresponding field will be denoted as Bµ0A .
In the fermionic sector we restrict ourselves to isodoublet ψ T = (νe , e) consisting of the fields
of electronic neutrino νe and electron e. Its transformations of the secondary symmetry under
considaration can be written in the form


i
i
i
ic1 5 0p
ψ 0 = exp − τ θ 1s − γ 5 τ θ 1p + θ0s +
γ θ
ψ,
(5)
2
2
2
2
√
where τ are Pauli matrices and c1 = 0 or 2 2.
1A
The global secondary symmetry transformations of the fields B 1V
µ and B µ are


B 1V
µ
B 1A
µ

0

 



  1V 
Bµ
t 0 1s
0 t
1p
,
= exp −i
θ −i
θ
0 t
t 0
B 1A
µ

where t = {tj } (j = 1, 2, 3) are the generators of adjoint representation of the group SU (2).
The doubly symmetric interaction Lagrangian of the gauge field and leptonic field ψ is fixed
in the form

1
µ 5
1A
µ 0V
µ 5 0A
Lint = − √ ψ gγ µ τ B 1V
ψ,
(6)
µ + gγ γ τ B µ − g0 γ Bµ − c1 gA γ γ Bµ
2 2
where the coupling constants g, g0 and gA are positive.
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We write down the transformations of the Higgs field Φ and mass terms of the Lagrangian
for the gauge fields


1

φ2s

0

1

φ2p






  1 

i 0 τ
i 0s ic2 0 1 0p φ 2 s
i τ 0
1s
1p
θ −
θ − θ −
θ
= exp −
,
1
2 0 τ
2 τ 0
2
2 1 0
φ2p

Lmass = |(Mµ )† Mµ |,

(7)
(8)

where
 



1
τ 0
0 τ
1V
0V
Mµ = − √ g
Bµ + g
B 1A
µ + g0 B µ
τ 0
0 τ
2 2


  1s 
hφ 2 i
0 1
0A
Bµ
,
+ c2 gA
1
1 0
hφ 2 p i

(9)

c2 being an arbitrary constant.
As it was pointed out by Weinberg [14], an essential element in the analysis of any gauge
theory is the reduction of the Lagrangian mass term to a diagonal form that means the elimination of field oscillations, i.e. the elimination of transitions of one fields into others. As a result of
this procedure, there appear the orthonormalized physical fields with their masses and coupling
constants. The physical fields represent linear sums (orthogonal rotation) of the initial gauge
fields. In the Weinberg–Salam model, such rotation involves two neutral gauge fields and is
characterized by one angle which is the Weinberg angle. In the model under consideration, an
appropriate orthogonal rotation involves four neutral gauge fields and it is convenient not to
introduce any angles.
As it follows from equations (8) and (9), only two neutral gauge fields of the four ones
possess masses, and the other two fields are massless. One of the massless gauge fields Aµ is the
electromagnetic field and is described by the polar four-vector
1

Aµ = p

g2

+

g02


1V
g0 B3µ
+ gBµ0V .

The other massless gauge field Yµ is described by the axial four-vector
Yµ = p

1
g 2 + (c2 gA )2


1A
c2 gA B3µ
+ gBµ0A .

(10)

The axial gauge field Yµ can get some small mass due to another Higgs field (besides the field Φ),
or due to a mechanism we yet know nothing about.
Only such situation seems interesting to us when the axial gauge boson interacts with the
electronic neutrino and there is an energy region in which this interaction can in principle be
experimentally detected.
As to the interactions of the axial field Yµ with other fields, there are two essentially different
scenarios.
1A has
In the first variant the condition c2 6= 0 is satisfied and consequently the field B3µ
a nonzero projection on the state Yµ . It means that the axial boson Y interacts with one or two
components of each fermionic isodoublet and with the massive gauge fields. The axial boson
interacts with the electronic neutrino, if c1 6= c2 .
In the second variant the constant c2 is zero. Therefore, the axial gauge boson can interact
only with fermions, and only with those ones, whose transformations of the type (5) really
contain the parameter θ0p . In particular, it interacts with the electronic isodoublet, if c1 6= 0.
So, in this variant of the electroweak model, the universality of all interactions of the charged
or neutral leptons is not obligatory.
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(1)±

(1)

(2)±

The fields of comparatively light Wµ , Zµ and heavy Wµ
their masses are described by the following relations

(2)

, Zµ intermediate bosons and



1  1V
1A
1V
1A
B1µ − B1µ
∓ i B2µ
− B2µ
,
2


1  1V
1A
1V
1A
Wµ(2)± =
B1µ + B1µ
∓ i B2µ
+ B2µ
,
2
s


g
g 2 + g02
1V
0V
1A
(1)
(gB
−
g
B
)
−
B
Zµ =
0 µ
3µ
3µ + O(x) + O(gA ),
2g 2 + g02 g 2 + g02

1
1V
1A
Zµ(2) = 2
gB3µ
− g0 Bµ0V + gB3µ
+ O(x) + O(gA ),
2
g + g0
g2
m2W (1) = |vs − vp |2 ,
4
2
g
m2W (2) = |vs + vp |2 ,
4


g02
2(g 2 + g02 )
2
2
2
2
1 − 2 x + O(x ) + O(gA ) ,
mZ (1) = mW (1)
g
2g 2 + g02


2
2
g02
(2g + g0 )
2
2
2
2
1 + 2 x + O(x ) + O(gA ) ,
mZ (2) = mW (2)
2g 2
g
Wµ(1)± =

where x = g 2 g02 (2g 2 + g02 )−2 |vs − vp |2 |vs + vp |−2 .
The electroweak interaction Lagrangian is


ggA
Lint = e0 eγ µ eAµ + p
(c1 − c2 )ν e γ µ γ 5 νe + (c1 + c2 )eγ µ γ 5 e Yµ
2
2
2 2(g + (c2 gA ) )
i
g h
− √ ν e γ µ (1 − γ 5 )eWµ(1)+ + ν e γ µ (1 + γ 5 )eWµ(2)+ + h.c.
2 2
s
"  


g 2(g 2 + g02 )
1
2(g 2 + g02 )
1
µ
µ 5
−
νe
1−
x γ − (1 + 2x) γ γ νe +
2
2
g2
2
2g 2 + g02




2
2
2
1
g0
2(g + g0 )
1
µ
µ 5
+e
− + 2
1−
x γ + (1 + 2x) γ γ e
2 g + g02
g2
2
#
2
+ O(x2 ) + O(gA
) Zµ(1)

s

" 




2g 2
g02
1
2(g 2 + g02 )
1
µ
µ 5
νe
+
(1 + 2x) γ +
1−
x γ γ νe
2 2g 2
2
g2
2g 2 + g02





1
g02
1
2(g 2 + g02 )
µ
µ 5
+e
− + 2 (1 + 2x) γ −
1−
x γ γ e
2 2g
2
g2
#
g
−
2

2
+ O(x2 ) + O(gA
) Zµ(2) ,

(11)

p
where e0 = gg0 / 2(g 2 + g02 ) is the positron electric charge.
Any extension of some known chiral gauge model demands new consideration of a question on the axial anomaly of Adler–Bell–Jackiw [15, 16], which must be cancelled to avoid the
breakdown of gauge invariance and renormalizability of the theory. The Adler–Bardeen theorem [17] guarantees that the axial anomaly only receives contribution from one loop diagrams,
which are [18] the AVV or AAA triangle diagrams. Freedom from the triangular chiral gauge
anomaly was first proved for the Weinberg–Salam model with SU (2)L ⊗ U (1) [19, 20], then
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for the standard model with SU (3)c ⊗ SU (2)L ⊗ U (1) and the left-right symmetric model with
SU (3)c ⊗ SU (2)L ⊗ SU (2)R ⊗ U (1) (see, for example [21]). It is remarkable that in all mentioned cases, the anomaly exactly cancels between leptons and quarks for each their family.
The anomaly-free conditions do not demand the existence of several generations of fundamental
fermions.
In our initially P -invariant electroweak model with light (massless) axial gauge boson, the
gauge group is locally isomorphic to the group SU (2)L ⊗SU (2)R ⊗U (1)⊗U (1)A . So, it is enough
to consider the conditions of the axial anomaly cancellation for triangular diagrams with one,
two, or three axial gauge bosons. It is easy to be convinced that such cancellation will necessarily
occur, at least, when the constant c2 from equations (7), (9), (10), and (11) is equal to zero,
and the constant c1 from equations (5), (6), and (11) is equal to zero for one of the three lepton
(quark) generations and takes opposite values for the other two. Note that nonzero values of
the constant |c1 | for leptons and quarks are not connected in any way with each other.

6

Existing models with a light or very light gauge boson

A gauge boson, which may be very light and very weakly coupled, was proposed a long time
ago in the context of a supersymmetric theory as the spin-1 partner of the goldstino (gravitino)
[22, 23]. It was supposed, that the new boson is axially coupled to leptons and quarks.
A new light gauge boson introduced also by the consideration of an extra U (1) gauge symmetry for extension of the Weinberg–Salam model or the left-right symmetric model [24]. Let
us notice that in the work [24] the extra gauge group is U (1), but is not U (1)A . Therefore this
gauge boson interacts with the current, which is pure vector or it also includes an axial part.
Some experimental consequences of the possible existence of a new light gauge boson are
discussed in the paper [25]. I would like to add the following to it.
The fundamental question, it would be desirable to receive an exhaustive answer to, concerns
an old problem of the solar neutrino (see, for example, the review [26]). Can the interaction
of the light (massless) axial gauge boson give, as a result, such energy spectrum of the solar
neutrino which leads to the reduction of the observable rate of transitions 37 Cl → 37 Ar and 71 Ga
→ 71 Ge in comparison with the rate expected in the standard solar model?
It is admissible to suppose that the light axial gauge boson contribution to the elastic scattering of reactor antineutrinos on electrons is comparable with the Z-boson contribution. This
statement is based on that the charged current gives the dominating contribution in the cross
section of ν e e elastic scattering
[27], and the experimental errors and background are large
√
enough [28, 29]. If c1 = 2 2 for the electronic isodoublet, then the corresponding estimation of
the ν e e coupling constant gives the following upper limit
αA ≡

2
gA
∼ 10−8 α,
4π

where α is the fine-structure constant. It is necessary to emphasize especially that this estimation does not contradict to the experimental value for the gyromagnetic quantity g − 2 of the
electron [13], having in mind the replacement of the standard formula [30] g − 2 = α/π + O(α2 )
2 ). For the letter expression, the value
with the formula g − 2 = α/π + αA /π + O(α2 ) + O(αA
of α must be extracted from all available experimental data [31], except the ones regarding the
g − 2 factor itself.
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