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Abstract: We discuss a theory in which the left- and right-handed axial-vector photons refer to long- and short-lived
bosons of true neutrality, respectively. Such a difference in lifetimes expresses the unidenticality of masses, energies,
and momenta of axial-vector photons of the different components, generalizing the classical Klein-Gordon equation to
the case of C-odd types of particles with a nonzero spin. Together with a new Dirac equation for truly neutral particles
with the half-integral spin, the latter admits the existence of the second type of the local axial-vector gauge transformation
responsible for origination in a Lagrangian of an interaction Newton component, which gives an axial-vector mass to all
the interacting particles and fields. The quantum axial-vector mass, energy, and momentum operators constitute herewith
a new Schrddinger equation, confirming that each of them can individually influence on the matter field. They define at
the new level, namely, at the level of the mass-charge structure of gauge invariance another Euler-Lagrange equation such
that it has an axial-vector nature.

Keywords: mass energy and momentum matrices, a set-matrix duality, C-odd particles with a nonzero spin, mass energy
and momentum operators, gauge transformations of the second type, an interaction newton component, selected quantum
theory equations
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1. Introduction

Between nature of elementary particles and matter fields there exists a range of fundamental symmetries, which
require to raise the question about axial-vector (A) photons (y*) having with truly neutral fermions a nonzero interaction.
Their presence [1] restores herewith the broken gauge invariance of the unified field theory Dirac Lagrangian of C-odd
particles. If such fermions are the axial-vector leptons (4 = ¢4, u#, 74, ...) with neutrinos (v = vA, v4 vi )
and antileptons () with antineutrinos (V/'), they are not the invariant concerning the charge conjugation (C) and that,

IJ, )
consequently, the operator C leads each of them into its antiparticle

At the same time, C itself together with an operator of space reflection P constitutes another operator CP such that
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CPI* £, CPv} # V).
Insofar as an operator P is concerned, its action appears in each transition of
PlﬁR - lé,L? PVIAL,R - Vﬁe,u
Plg | — 1} g, PVip 1 — Vi g-

Simultaneously, as is easy to see, the left (L) [right (R)]-handed neutrino of true neutrality in the field of an
axial-vector emission can be converted into a right (R) [left (L)]-handed one without change of his own flavor. These
interconversions together with the unity of flavor and gauge symmetry laws [1, 2] express the unidenticality of masses,
energies, and momenta of truly neutral neutrinos of the different components. However, such a possibility, as was noted
in [3] for the fist time, is realized only at the spontaneous mirror symmetry violation of axial-vector types of fermions.
In other words, the left-handed neutrino of true neutrality and the right-handed axial-vector antineutrino are of long-lived
leptons of C-oddity, and the right-handed truly neutral neutrino and the left-handed axial-vector antineutrino refer to
short-lived C-odd fermions.

This difference in lifetimes establishes a new CP-even Dirac equation and thereby describes a situation when the
mass, energy, and momentum come forward in nature of truly neutral types of particles as the flavor symmetrical matrices

0 my 0 E4 0 pa
= E; = = 1
s (mA 0)’ y (EA O)7 Ps (pA O)7 (M

my, 0 EL 0 PL 0
= Ej = = 2
ma < 0 mR) ’ A ( 0 ER> , PA ( 0 pR) ) ( )

where s and A must be accepted as the indices of distinction. This does not exclude [3, 4] of course from the the further
the ideas of that s as a self-value of the helicity operator op; = s|p;s| with the Pauli spin matrices o is equal to s = £1,
the upper (lower) sign of which corresponds to the right (R) [left (L)]-handed neutrino of an axial-vector nature.

We recognize in addition that the same particle has no simultaneously both vector C-even and axial-vector C-
odd charges. Such an order, however, corresponds to the fact that the same C-even or C-odd particle cannot interact
simultaneously with both a vector gauge boson and an axial-vector one. Thereby, it opens in principle the possibility for
the classification of elementary objects with respect to C-operation, which reflects the availability [1, 2] of the two types
of particles and fields of C-invariant and C-noninvariant nature.

The mass, energy, and momentum of the neutrino of a C-even charge are strictly vector (V) type [4]. In contrast to
this, the neutrino of a C-odd electric charge [5] has the mass, energy, and momentum of an axial-vector (A) nature [3]. In
other words, the matrices (1) and (2) refer to those elementary particles in which the vector C-even properties are absent.

Of course, these matrices from the point of view of nature itself give the right to write the unified field theory equation
of truly neutral types of particles with the spin 1/2 as a unification of the structural parts of their four-component wave
function (15, X) in a unified whole

. d A
la—tsl[IS—Hsl[IS. 3)
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So it is seen that

Ay = o ps+ Pms, 4)

and the sizes of my, E, and py correspond in a mirror presentation [3] of matter fields, namely, in a matrix presentation
of their axial-vector mass, energy, and momentum to the quantum operators

. d . d . d

=—i—, E;=i— = —i—. 5
ms laTS7 s lal57 Ps laxs Q)

The presence of an index s in (1), (4), and (5) implies the unidenticality of the space-time coordinates (7, X;) and the
lifetimes 7, for the left (s = L = —1)- and right (s = R = +1)-handed particles. They are of course the consequences of
spontaneous mirror symmetry violation and describe [3] its dynamical origination. On this basis, nature itself has separated
Minkowski space into the usual left (right)-handed and the mirror right (left)-handed spaces in which a neutrino of the
same true flavor [1, 3] is characterized by the different masses, energies, and momenta. Then it is possible, for example,
to use [3] any of earlier experiments [6, 7] about a quasielastic axial-vector mass as the first laboratory indication in favor
of an axial-vector mirror Minkowski space-time.

We see in addition that the Dirac matrices y* = (8, ) for the case d;; = d/ oxil = (9/dts, —V,) when

. (0 a¢ ko
9u=<&ﬁ *5)7 ‘)3:(0”35)’ (6)

can replace an equation (3) for

(195 —my)y, = 0. )

In these circumstances the free Dirac Lagrangian of a C-noninvariant [C/4 = [A(Cv{* = ¥)] fermion [I4(v')]
becomes naturally united and behaves as

L?ree :Ws’ys(l,ylla:t *ms)llls' (®)

The latter does not imply of course that the mass, energy, and momentum of the neutrino of true neutrality at the
level as were united by the author [3] in a unified whole do not transform the left (right)-handed axial-vector neutrino into
a right (left)-handed one without violate of Lorentz symmetry. Thereby, it does not exclude [1] the fact that regardless of
whether or not an unbroken Lorentz invariance exists, the same neutrino may not be simultaneously both a left-handed
fermion and a right-handed one. This is exactly the same as when each type of gauge boson constitutes a kind of physical
current, which follows from the unified mirror principle.

To follow their mathematical logic at the new level, namely, at the level of hitherto internally undisclosed mirror
structure of an axial-vector gauge invariance, we investigate here the questions implied from the invariance of the
free Dirac Lagrangian (8) concerning the two forms of the local axial-vector gauge transformations including a unified
theoretical description of the origination of mass of truly neutral types of particles and fields.
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2. Mass structure of axial-vector types of photons

The importance of our notion about an electric charge of a C-noninvariant nature lies in the fact [5] that between
leptonic current structural components there exist some paradoxical contradictions, which admit their classification with
respect to C-operation. This emphasizes the circumstance that the classical anapole [8, 9] must be considered as the C-odd
electric charge. It has a crucial value for axial-vector types of local gauge transformations.

One of them expresses, in the Coulomb (C) limit, the idea about that

v = USC%7 USC - eiﬁs(xx)i's’ )

and the Lagrangian (8) loses at the local phase f3;(x,) his gauge invariance.
For restoration of such a broken symmetry, it is desirable to introduce the photon Coulomb field A, (x) corresponding
in a system to an axial-vector transformation

/ i
A = A5+ VB (10)
N

including the Coulomb mirror interaction constants e; at the level of an electric charge of the C-noninvariant nature.
Insertion of

o = — e (11)

in (8) leads us to the Lagrangian

LP =12 4L, =WV (iY* 0 — ms)Ws — ie W,V V' WA (12)

Its invariance concerning the acting local gauge transformations (9) and (10) becomes possible owing to the
interaction with an axial-vector photon Coulomb field of truly neutral types of fermions.

However, the fact that the very equation (7) does not exclude the symmetry with respect to its matrix structure
indicates the role of the unified principle in all Lagrangians of its structural objects. Therefore, if it turns out that one
such an object may be any of >, 7*, 8‘5“ my, e, Yy, and Y, the field A}, equalized with the Coulomb field of an
axial-vector photon (y!) must not in an interaction Lagrangian Lﬁ, be usual two component field, because it can appear
only in conformity with the acting quantum operator 8; as a consequence of 4 x 4 matrix, which is absent in a classical
C-noninvariant Dirac Lagrangian.

So, we must recognize that the gauge state such as A, says about the existence in an axial-vector photon of a kind of
inertial mass. In other words, each of C-odd left- or right-handed Coulomb field from

A AL BL
AS:(“> A:(“) B:(“) (13)
u ) u ’ u

By AR BR

corresponds in a Lagrangian (12) to a kind of fermion field [3] from
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A (v (o
%_<¢>7 1//—(%), ¢_<¢R>. (4

The coexistence, in the case of the Dirac Lagrangian (12), of both types of fields (13) and (14) expresses the idea of
the mentioned experiments [6, 7] about neutrino scattering on a nucleus as an indication in favor of that the left (right)-
handed axial-vector neutrinos due to the spontaneous mirror symmetry violation have no interaction with right (left)-
handed photons of true neutrality. They possess with all the left (right)-handed C-odd gauge bosons the same interaction
as the truly neutral electrons [1] of left (right) helicity.

It is already clear from the foregoing that the left- and right-handed axial-vector photons are of long- and short-
lived bosons of true neutrality, respectively. Such a difference in lifetimes of photons of definite helicity can explain the
spontaneous mirror symmetry absence, which comes forward also in the universe of C-noninvariant types of particles
and fields as a spontaneity criterion of gauge invariance violation [10]. Thereby, it says about axial-vector photons of
the different components possessing the unidentical masses, energies, and momenta. These properties have important
consequences for generalization of the classical Klein [11]-Gordon [12] equation from the quantum electrodynamics of
spinless particles [13] to the case of C-odd particles with an integral spin, because they give the possibility to directly
define the structure of the latter for the four-component wave function ¢y(%,, X) in a mirror world as following:

(9508 +m)p, =0 (15)

in which appears one more connection such that

(@ _ oL _ XL .
q’“(%)’ ¢ ((PR)’ x (m) (16)

The Lagrangian responsible for an equation (15) must have the form

1 * s
le‘;ree = E(ps ');(auas“ +m?)(PS (17)

In this definition, we have used the matrix y°, because a set-matrix duality principle [14] is the unified for all the
quantum theory equations. Insofar as its role allowing us to reveal the structural connections of the mirror equation (15)
and to include in the discussion their aspects is concerned, it calls for special presentation.

At a choice of an axial-vector gauge transformation

(P: _ U;C(pn UC — eiﬁs(xs)'ys (18)

N

having his own local phase fs(x;), the invariance of the free boson Lagrangian (17) is violated without loss of possibility of
further restoration. We can, therefore, introduce an axial-vector field A}, in the presence of a kind of gauge transformation.

Unification of (11) and (17) convinces us here that at the local axial-vector transformations (10) and (18), the
Lagrangian
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B B B
L= + Lint

—Hfree

., s
=5 @7 (90} +m)es (19)

1 * s * N * N
+ E [es((ps ’},53/4 (pSAI;l — @ 7/5811 (PSA/,J,) - ef‘Ps YS(PSA;;AQL]

steel remains gauge-invariant.

3. Axial-vector photon fields of coulomb and newton nature

The Lagrangian Ll% as a part of the Dirac axial-vector interaction corresponds in (12) to the C-noninvariant electric

charges

= A gA
m_n Vi
Ce, =e¢,, Ces' =¢

of the interacting objects. But, as was noted in [15] for the first time, any interaction between the fermion and the field of
emission includes not only a kind of Coulomb (charge) part but also a kind of Newton (mass) part. This in turn implies
the coexistence, in the case of the Lagrangian (12), of both types of the Dirac interaction structural components. Such a
connection is realized owing to a mass-charge duality [16], according to which, each of the electric E, weak W, strong S,
and other innate types of charges testifies in favor of a kind of inertial mass. The masses and charges of a C-odd particle
constitute herewith the united rest mass mY and charge eV coinciding with all its mass and charge:

mS:mgj:mf—i—mzv—i—mf—&—..., (20)
es=eV =ef reV S 21

We encounter, thus, the fact that nature itself characterizes each free Lagrangian both from the point of view of charge
and from the point of view of mass. Thereby, it admits the existence in any free Dirac or boson Lagrangian not only of a
kind of Coulomb (C) component but also of a kind of Newton (N) component, the invariance of each of which concerning
a kind of local gauge transformation leads to the appearance of the same interaction corresponding part.

Tnis correspondence principle may serve, in the limits of m; = mf and e; = £, as an invariance criterion of
any Lagrangian from (12) and (21) concerning the action of one more another type of the local axial-vector gauge
transformation. One can define the structure of such a second type of an axial-vector transformation, which has the
different local phase f3,(7;) for fermion y; and boson ¢; fields by the following manner:

v =0V, UY =P, (22)

o, =UNg,, UN=eB®7, (23)
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One more characteristic moment is that the Newton component with mass m; in any Lagrangian from (8) and (17)
is general concerning the corresponding axial-vector gauge transformation (9) or (18) and does not depend of whether it
has a local or a global phase. Additionally, all conditions of gauge symmetry of a Coulomb part with operator 8& hold in
each Lagrangian from (8) and (17) regardless of whether the suggested second type of an axial-vector transformation is
or not present in it.

Therefore, to conform with all quantum operators (5) and (6), we must choose a particle mass m; = —id; in which

0 04 ok 0
as:( r)7 aA:( T > (24)
= \aa o) "~ \o or

From their point of view, the free Dirac Lagrangian (8) accepts the naturally united form

LY oo = 10,7 (Y3}, + 03) W (25)

responsible for an equation

(Y49 +97)ys = 0. (26)

At first sight, the latter says that either y; comes forward in it as a function (¢, Xy, T;), namely, as a function of
the fermion space-time coordinates (f;, X;) and lifetimes T, or our reasoning about the quantum operator presentation of
mass is not valid. Such an implication, however, does not correspond to reality. The point is that the spin properties of
a truly neutral particle depend not only on its axial-vector mass, energy, and momentum but also on the nature of space
[3], which characterizes it by space-time coordinates and lifetime until this is forbidden by symmetry laws. Therefore,
without loss of generality, the axial-vector operators 8‘SL and 93 can individually influence on the fermion field y; as well
as on each of the existing types of wave functions. By the same reason, we conclude that

a/jll/s = lillls(xs)a axs'l//s = agw_v(fs)v (27)
aﬁﬁs = 0 Ps(xs), 92Bs = 97 Bs(Ty). (28)

With the use of the second type of an axial-vector transformation (22), the Newton part with operator d¢ must lead
to the appearance in a Lagrangian (25) of one of its gauge-noninvariant components and that, consequently, the further
restoration of such a broken symmetry requires one to introduce the Newton field A% (7,) in conformity with an axial-vector
transformation

, i
AS = A5+ — Y 35 B (29)
5

including the Newton mirror interaction constants m; at the level of an electric mass of the axial-vector nature.
Taking into account (11), (27), (28) and that
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95 = 03 —m,AS, (30)

from (25), we are led to another new Lagrangian L, which is invariant concerning the local axial-vector gauge
transformations (9), (10), (22), and (29), because it consists of the C-odd Dirac interaction following parts:

LP =18+ LD, == iy (Y*0) + 05) W — ie jo A}, — img jRA. @31)

Here jg and j§ describe the Coulomb and Newton components of the same axial-vector photon leptonic current

A=V, 32)
K=V (33)

One of the most highlighted features of these types of currents is their unity, which involves the commutativity
conditions of matrices 1, 93, and 9 expressing the idea of the coexistence law of the continuity equations

e =0, (34)
97 jn = 0. (35)

Simultaneously, as is easy to see, the field A, and

A AL BL
4= (5) 4= () 5= ()
T\ B, T\ AR fABR

arise in a Lagrangian (31) as the Coulomb and Newton parts of the same axial-vector photon field.

The structure itseif of the Lagrangian LD

in (31) testifies in addition that at the availability of an interaction
Newton component with an axial-vector photon field, the neutrino of true neutrality must possess an axial-vector electric
mass. Insofar as its C-noninvariant electric charge is concerned, it appears in the Coulomb part dependence of the same
interaction.

The quantum mass operator in turn transforms (17) into a latent united Lagrangian of the unified field theory of

C-odd bosons with a nonzero spin

1

This connection suggests another new equation
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(9p0f — 0797 )es =0 (38)

and thereby confirms the fact that the operators 8ﬁ and 9 can individually influence not only on the fermion but also on
the boson ¢, wave function

aji(Ps = 8&%(&), 97 Qs = 97 0s(Ts). (39)

Uniting (37) with (11), (30) and having in mind (28) and (39), we find that the Lagrangian L? invariant concerning
the local axial-vector gauge transformations (9), (10), (23), and (29) must contain the following components of the C-
noninvariant boson interaction:

L? :L?ree + Ly

int

1

(40)
1
+5 les(JGAY —JEAY) — €2 07 Y @,A} AY]

1
= 5 s (JTAT = J5AT) — mi QY @ATAT].

Coulomb and Newton electric currents, J& (Jﬁ) and J%(JY), interacting with axial-vector fields A} (AY) and A% (AT)
respectively, constitute the two parts of the same axial-vector boson current

It =@y ol s, IS =700, (A1)
=Yg, JY =@y 95, (42)

As well as in the systems of axial-vector leptonic currents, conservation of each boson current here must carry out
itself as a consequence of the coexistence law of the continuity equations

9t =0, IS =0, (43)
AI5 =0, TN =o. (44)

In particular, about sizes of m; and e, should be mentioned, corresponding in a Lagrangian (40) to the fact that owing
to the interaction with Newton A7 and Coulomb A}, fields of the same axial-vector photon, any of truly neutral bosons
with a nonzero spin must possess simultaneously each of the axial-vector types of electric mass and charge. Such a boson
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can, for example, be photon itself. It is not surprising therefore that m?ASAY and efALAél describe in (40) its Newton and
Coulomb interactions with another photon of an axial-vector nature.

In both Lagrangians (31) and (40), as is now well known, the mass m; and charge e;, each of which is present jointly
with a kind of axial-vector photon field, appear in the mass-charge structure dependence of gauge invariance, so that there
exist the axial-vector tensors

Fi = 0uA§ — Ay, (45)
FN = 0.AY — 95AY. (46)

With their availability, the structure of the unified field theory Lagrangian of C-odd neutrinos and particles with an
integral spin has fully definite form

L=iy, 7 (Y9} + )y

[ K K
+ E(Ps Vs(auas/l - arasr)(ps

7 ‘u),FCI‘L + ZF»LI-\,_{;F]\‘L/-G - lengA/s.L - lmA‘J]f/AfL' (47)
1

5 les(AY = JeAL) — @77 puAuAL]

1 .
- 5 [ms (J{'VA;- - qu\:/Afz:) - m?‘l)s YS(PsAi:AsT]'

Its components reflect just the fact that each of the axial-vector types of fermions or bosons possesses the C-
noninvariant electric charge at the interaction with the Coulomb A}, field of an axial-vector photon. This in turn implies
the origination of an axial-vector electric mass of the investigated particles as a consequence of their interaction with the
Newton A} field of the same type of photon.

We recognize that a characteristic part of the standard model [17—-19] is the chiral presentation of the Weyl [20] in
which a matrix 5 allows one to choose only the left components of the fermion field. In this situation, the presence of
mass of any particle in an interaction Lagrangian violates its gauge invariance.

At first sight, such a violation requires the existence of one more another type of the scalar boson [21] responsible
for origination in a Lagrangian of mass of the interacting particles and fields. This, however, is not in line with nature,
since the availability in it of the second type of the local transformation expressing the idea of the mass structure [22] of
gauge invariance has not been known before the creation of the first-initial electroweak theory.

One more consequence implied from a set-matrix duality principle [14] is that we need to go away from the chiral
definitions of the structure of matter fields taking into account that o, 3, and ¥5 come forward in the Weyl presentation
as the matrices having an internal undisclosure. Therefore, from the point of view of the mass, energy, and momentum
matrices, the existence of a kind of set criterion [23] for selected quantum theory equations [24], namely, for the Dirac,
Klein-Gordon, Euler-Lagrange, and Schrédinger equations, must be accepted as the absence of a place for internal
undisclosure of internally disclosed sets [25].
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4. Concluding remarks

Another of the most highlighted features of the quantum energy and momentum operators from (5) is such that they
together with a relation

2
E,= 2 (48)

2my

constitute in a mirror presentation [3] of axial-vector matter fields, namely, in a matrix presentation of their mass, energy,
and momentum a new Schrodinger equation

Tt T 2mvs 9%, ax, (49)

having the C-noninvariant nature.
With the availability of a particle quantum mass operator m; = —id?, it suggests one more highly important equation

1
0 W03 s — E&,f%&,fyfs =0. (50)
As well as in (26) and (38), the axial-vector operators d; and d5 can individually influence here on the matter field

FYs =9 Ys(ts), KxYs = Iy Ws(Xs). (51)

Turning again to the equation (7), we remark that to it one can also lead by another way inserting the Lagrangian (8)
in the Euler-Lagrange [24] equation, which in a mirror world has the fully regular form

L2 oL?
s free 'free
9, < 5 ) - (52)

(93 ¥s) IV,

Furthermore, if it turns out that the latter is not in state to establish (26) on account of (25) and (27), this says about
the existence in the same action of both Coulomb and Newton parts [15]. They constitute in a mirror presentation the
Euler-Lagrange equation at the new level, namely, at the level of the mass-charge structure of an axial-vector gauge
invariance:

as &L]L?ree +as aL?f@e aL?ree + aL]l‘)ree (53)
#\ 2095 ¥,(x0)) F\ V(W) ) IV (%) IV ()

It states that
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3;3;1' Vi(xs) =0, 3‘;1//5(173)8“1 Vi(xs) # 0, (54)
90 s(T5) =0, I Ws(xs) 97 W (1) # 0. (55)

A fundamental role in nature of nonelectric components of the axial-vector mass and charge of truly neutral neutrinos
and bosons with a nonzero spin and some above unnoted aspects of new equations of their unified field theory call for
special presentation.
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