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Quantum electrodynamics is the well-accepted theory. However, we fedl it is useful
to look at formalisms that provide aternative ways to describe light, because in the
recent years the development of quantum field theories based primarily on the gauge
principle has encountered considerable difficulties. Thereis awide variety of gener-
alized theories, and they are characterized mainly by the introduction of additional
parameters and/or longitudinal modes of electromagnetism. The Majorana
Oppenheimer form of electrody namics, the Sachs theory of Elementary Matter, the
analysis of the action-at-a-distance concept, presented recently by Chubykalo and
Smirnov-Rueda, and the analysis of the claimed ‘longitudinality’ of the antisymmet-
ric tensor field after quantization are reviewed in this essay. We also list recent &d-
vances in the Weinberg 2(2J + 1) formalism (which is built on First Principles) and
in the Majorana theory of neutral particles. These may serve as starting points for
constructing a quantum theory of light.

Maxwell’s electromagnetic theory perfectly describes many observed phenomena. The accu-
racy of the predictions of quantum eledrodynamics is without precedent [1]. These are widely
accepted as the only tools for dealing with electromagnetic phenomena. Other modern field theo-
ries have been built on the basis of similar principlesto treat weak, strong and gravitationa interac-
tions. Nevertheless, many scientists have felt a certain dissatisfaction with both of these theories,
almost since their inception, see, eg., refs. [2] and refs. [4-6]. In the preface to the Dover edition of
his book [7] A. Barut writes (1979): “Electrodynamics and the classica theory of fields remain
very much aive and continue to be the source of inspiration for much of the modern research work
in new physical theories.” And in the preface to the first edition he speaks of the shortcomings of
modern quantum field theory. These are well known. Furthermore, in spite of great expectationsin
the sixties and seventies after the proposal of the Glashow-Salam-Weinberg model and quantum
chromodynamics, attempts to formulate a unified field theory based on the gauge principle have
run into serious difficulties.

At the end of the nineties, we now have considerable experimenta data at our disposal which
are not satisfactorily explained on the basis of the standard model. First of all, we may single out
the following: the LANL neutrino oscillation experiment; the atmospheric neutrino anomaly, the
solar neutrino puzzle (al of the above-mentioned imply existence of the neutrino mass); the tensor
coupling in decays of p— and K™ mesons; the dark matter problem:; the observed periodicity of the
number distribution of galaxies, and the ‘spin crisis in QCD. Added to this are experiments and
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observations involving superluminal phenomena: negative mass-square neutrinos, tunnelling pho-
tons, X-shaped waves and superlumina expansion in quasars and galactic objects.

In the meantime, since the time the Lorentz-Poincaré-Einstein Theory of Reativity [8] was
proposed and the mathematical formalism of the Poincaré group [9] was introduced, many phys-
cists (including A. Einstein, W. Pauli and M. Sachs) have felt that in order to build a reliable theory
(which would be based on relativistic ideas) one must utilize the irreducible representations of the
underlying symmetry group—the Poincaré group of special relativity—and the Principle of Car-
sdity, i.e it must be built from first principles. Considerable effort has been made recently in this
direction [10-17]. Since the prediction and discovery of an additional phase-free variable, spin,
which all observed fundamental particles have, finding its classica analogue and relating it to
known fields and/or space-time structures (perhaps in higher dimensions) has been one of the chief
tasks of phydcists. Understanding the nature of mass, the parity violation effect on the kinematical
level and the reasons for the different scales of different interactions has been on the list as well.
We can now say that some progress has been achieved. At the end of thisintroductory part we note
that although the Ultimate Theory has not yet been proposed, the recent papers of D. V. Ahluwalia,
M. W. Evans’, E. Recami and several other works provide asufficiently clear way to this goal.

We dedl first with the historical development and ideas that may prove useful in making further

progress.

E =0 solutions. First of al, | would like to mention the problem of existence of ‘acausal’ solutions
of reativistic wave equations of the first order. In ref. [10] and then in [11] the author, D. V.
Ahluwalia, found that massless equations of the form'
D5 - p.ilf Dol =0, (12)
a5 +p,1{f Do =0 (1b)
have acausal dispersion relations, see Table 2 in [10]. In the case of the spin j = 1 this manifestsin
existence of the solution with the energy E = 0. Some time ago we learned that the same problem

has been discussed by J. R. Oppenheimer [18], S. Weinberg [19b] and E. Gianetto [20c]. For in-
stance, Weinberg has indicated that

“for j= 1 [the equations (1a,1b)] are the Weyl equations for the left- and

2
right- handed neutrino fields, while for j= 1 they are just Maxwell’s free space
equations for left- and right- circularly polarized radiation:

pral

'[E-iB]+iﬂ—ﬂt[E-iB]:0, (2

pral

'[E+iB]-i%[E+iB]:0 (2b)

The fact that these field equations are of first ader for any spin seems to me to be
of no great significance, since in the case of massive particles we can get along

Although | frequently disagree with Dr. M.W. Evans, his main ideais reasonable.
Here and below in this historical essay we try to keep the notation and the metric of original papers.
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perfectly well with (2j+1)-component fields which satisfy only the Klein- Gordon
equation.”

Thisisobviously aremarkable and bold conclusion by this great physcist.

Oppenheimer was also concerned with the E=0 solution [p.729,730,733,735] [18] and he in-
dicated at its connection with the electrostatic solutions of Maxwell’ s equations. “In the absence of
charges there may be no such field.” At first sight this seems contradictory: free-space Maxwell’s
equations do not contain r ¢ or 1, terms, the charge densities, but dispersion relations still tell us
about the solution E= 0. He deals further with the matters of relativistic invariance of the matrix
equation (p. 733) and suggests that the components of y (f g1 in the notation of [10,11]) transform
under pure Lorentz transformations like the space components of a covariant 4vector. This in-
duces him to extend the matrices and the wave functions to include the fourth component. A sini-
lar formulation was devd oped by Mgjorana[20]. If so, it would be already difficult to consider f g
as Helmoltz Hvectors because they have different laws for pure Lorentz transformations. What
does the 4-component function (and its space components) correspond to? Finally, he indicated (p.
728) tha ¢, the angular momentum matrices, and the corresponding density-flux vector may
“play in some respects the part of the velocity”, with eigenvalues 0, +c. Thus, in my opinion, the
formula (5) of the paper [18] may have some relations with the discussion of the convection dis-
placement current in [3], see bdow.

Finaly, M. Moshinsky and A. Del Sol found a solution of similar nature in atwo-body relativ-
istic problem [21]. Of coursg, it is connected with earlier considerations, e.g., with the problem of
the relative time in the quasipotential approach. In order to try to understand the physical sense of
the E = 0 solutions and the corresponding field components, let us consider other generalizations of
the Maxwell formdism.

The ‘baroque’ formalism. In this formalism, proposed in the fifties by K. Imaeda[22] and T. Oh-
mura [23], who intended to solve the problem of electron stability, additiona scalar and pseudo-
scalar fields are introduced in Maxwell’ s theory. Monopoles and magnetic currents are also present
in this theory. The equations become the following:;

TE
rotH - =i-grade, (33
%,
H
rot E+ =i+gradh, (30)
0
divE:r+ﬂe, (30)
x,
. fh
divH =-s + (3d)
%,

“Each of E and H is separated into two parts EV + E? and H® + H®: one is the sol ution of
the equations with j,s, h zero, and other is the solution of the equations with i, r, e zero.” Further-
more, T. Ohmuraindicated the existence of longitudinal photonsin her model: “It will be interest-
ing to test experimentally whether the g-ray keeps on its transverse property even in the high e+
ergy region as derived from the Maxwell theory or it does not as predicted from our hypothesis.”
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In fact, equations (3a)- (3d) can be written in matrix notation, which leads to the known Mgjorana
Oppenheimer formalism for the (0,0) A (1,0) [or (0,0) A (0,1)] representation of the Poincaré group

[20,18], see dso [24]. In aform with the Mg oranaOppenheimer netrices

0O -1 0 O 0 0 -1 0

rl:-l 0O 0 O D orr= 0 0 0 i ’ (4a)
0 0o 0 -1 -1 0 0 0O
0 0 10 0 -i 0 o

rd= . ’ I’°:|4'4, (4b)

-1 0 O 0

and T°°r°, T'° -1 theequationswithout an explicit mass term are written
Or "ﬂmny 1axr:f 1axT, (59)
Py LaxT=£,8xT (5b)

Thef; arethe “quadrivectors’ of the sources

F-r +isA Fr +is‘5
f,= L P L (6)
ij-i -ij-i

Thefield functions were considered to be

-iCE°+iB°h -ile° +ig°]
E! +iB* E'-iB!
mi| — * mf| — mf| — * mf| —
lep h—Cy 2Cp h_ EZ +i32 ’ ych h_cy 1Cp h_ Ez-iBZ ) (7)
E® +iB® E®-iB?
where E°© -h,B°° ¢ and
-1 0 0 O
o 0 1 0 O 1 —m
c=Cct'= catt=amM. 8
0 0O 1 O
0 0O 0 1

When sources are switched off the equations have relativistic dispersion relations E = +|p| only. In
ref. [20] zero-components of y have been connected with p, =1 ,,A™, the zero-component of the

canonically conjugate momentum to the field A, H. E. Moses developed the Oppenheimer’s idea
[18] that the longitudinal part of the electromagnetic field is connected somehow with the sources
which created it [Eq.(5.21)] [25]. Moreover, it was mentioned in this work that even after the
switchoff of the sources, the localized field can possess the longitudinal component (Example 2).
Then, he made a convention which, in my opinion, is required to give more rigorous scientific
basis: ...y * isnot suitable for afinal field becauseit is not purely transverse. Hence we shall sub-
tract the part whose divergence is not zero.”
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Finally, we should mention ref. [26]. The proposed formalism is connected with the formalism
of the previously cited works (and with the massive Proca theory). Two of Maxwell’s equations
remain unchanged, but one has additional termsin two other ones:

- D 1
N " H-—=1- A,
Tt m, (? 3
. e,
N>O:r-€—2V, (9b)

where ¢ is of the dimensions length and is suggested by Lyttleton and Bondi to be of the order of

the radius of the Universe. A and V are the vector and scalar potentials, which put back into two
Maxwell’s equations for strengths. So, these additional terms contain information about possible
effects of the photon mass. This was applied to explain the expansion of the Universe. The Watson
generdization, also discussed in [26h], is based on the introduction of the additiona gradient cur-
rent [as in Egs. (33, 3c)] and, in fact, repesats in essence the MaoranaOppenheimer and Imaeda
Ohmura formulations. On a scale much smaller than a radius of the Universe, both formulations
were shown by Chambers to be equivalent. The difference obtained is of order /=2 a the most. In
fact, both formul &ions were noted by Chambers to be able to describe local creation of the charge.
The question of the integral conservation of the charge over the volume still deserves elaboration,
the question of possibility to observe such atype of non-conservation as well. These questions may

be connected with the boundary conditions on the sphere of the radius /.

The theory of Elementary Matter. The formalism proposed by M. Sachs [27,28] is on the basis of
the consideration of “spinoria” functions composed of 3-vector comp onents:

F G, G,-iG,

Mo, +iG,A M -G,

where G =Hy + iE (k= 1,2,3). 2component functions of the currents are constructed in the fd-

lowing way:
_ r+13A .ﬁil-ijz‘s
L =2 =4 _
i1 plpjl"'ijz i2 p! i, 1Y

The dynamical equation in this formalism reads
S™ofa=ia- (12

f, , (10)

... Eq. (12) is not equivalent to the less general form of Maxwell’s equations. That
is to say the spinor equations (12) are not merely a rewriting of the vector form of
the field equations, they are a true generalization in the sense of transcending the
predictions of the older form while also agreeing with all of the correct predictions
of the latter ...Eq. (12) may be rewritten in the form of four conservation equations

ﬂmdf Ls ™ |=f L p+i 4f, [which] entailseight real conservation laws.

For instance, these equations could serve as a basis for describing parity-violating interactions
[274], and can account for the spin-spin interaction as well from the beginning [27d,p.934]. The
formaism was applied to explain several puzzles in neutrino physics. The connection with the
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Pauli Exclusion Principle was revealed. The theory, when the interaction (‘ matter field labdling’) is
included, is essentially bi-local.

“What was discovered in this research program, applied to the particle-
antiparticle pair, was that an exact solution for the coupled field equations for the
pair, in its rest frame, gives rise (from Noether’s theorem) to a prediction of null
energy, momentum and angular momentum, when it is in this particular bound
state.” [28]

Later [28] this type of equations was written in the quaternion form with the continuous func-
tion m=17/c identified with the inertid mass. Thus, an extension of the model to the general

relativity case was proposed. Physical consequences of the theory are: @) the formalism predicts
while smal but non-zero masses and the infinite spectrum of neutrinos; b) the Planck spectral dis-
tribution of black body radiation follows; c) the hydrogen spectrum (including the Lamb shift) was
deduced; d) bases for the charge quantization are proposed; €) the lifetime of the muon state was
predicted; ) the electron-muon mass splitting was discussed,

“...the difference in the mass eigenvalues of a doublet depends on the alteration of
the geometry of space-time in the vicinity of excited pairs of the ‘physical vacuum’
[*a degererate gas of spin-zero objects,” longitudinal and scalar photons, in fact!
V. V. D.]—leading, in turn, to a dependence of the ratio of mass eigenvalues on
the fine-structure constant” .

That was impressive work and these are impressive results!

Quantum mechanics of phase A. Staruszkiewicz [29,30] considers the Lagrangian and the action
of apotential formulation for the electromagnetic field, which include alongitudnal part:

2
s:-#Zd“x*ﬁmﬂn+zgﬁﬂmAm+iﬂmﬂ”s‘! . (13)
16p £

Sisascadar fidd caled the phase. As a matter of fact, this formulation was shown to be a deve-
opment of the Dirac-Fock-Podol’ sky model in which the current is a gradient of some scalar field

[31]:

4pjn:'ﬂnF- (14)

The modified Maxwell’s equations are written:
ﬂIFr’m"'ﬂanl +ﬂnFIm:Ov (15&)
1", +1,F=0. (15b)

Again we see a gradient current and, therefore, the Dirac- Fock-Podol’ sky model is a simplified
version (apparently without monopoles) of the more genera Majorana- Oppenheimer theory. Sta
ruszkiewicz posed the following questions [30], see also [23b] and [32]: “Is it possible to have a
system, whose motion is determined completely by the charge conservation law aone? Is it possi-
ble to have a pure charge not attached to a nonelectromagnetic piece of matter?’ and answering
came to the conclusion “that the Maxwell electrodynamics of a gradient current is a closed dy-

' The hypothesisof the non-local nature of charge seemsto have been first proposed by J. Frenkel.
Page 74 APEIRON Vol. 5Nr. 1-2, January-April 1998



namica system.” Theintepretation of a scalar field as a phase of the expansion motion of acharge
under repulsive electromagnetic forces was proposed. “They [the Dirac-Fock -Podol’ sky equations]
describe a charge let 1oose by removal of the Poincaré stresses.” The phase was then related with
the vector potential by means of [30e,p.902]

sicf=-e ] adx- ylimhylasy . w0y (=gily (. (16)

Formula (16) is reminiscent to the Barut salf-field eectrodynamics [33]. This should be investi-
gated by taking the 4-divergence of Barut's anzatz.

Next, the operator of a number of zero-frequency photons was studied. The total charge of the
system, found on the basis of the Noether theorem, was connected with the change of the phase

between the positive and the negative timelike infinity: Q =- ;—p[s a+¥T- Sa-¥T]. It was shown

that €S, having a Bose-Eingein datistics, can serve itsedf as a creation operator:
Qe o) :[Q ,ei5]|o) =-e¢e|o) . Questions of fixing the factor g by appropriate physical cond-

tions were also answered. Finaly, the Coulomb field was decomposed into irreducible unitary
representations of the proper orthochronous Larentz group [34]. Both representations of the main
series and the supplementary series were regarded. In my opinion, this research can help to under-
stand the nature of the charge and of the fine structure constant.

Invariant evolution parameter. The theory of electromagnetic field with an invariant evol ution
parameter (t , the Newtonian time) has been worked out by L. P. Horwitz [35-37]. It is a develop-
ment of the Stueckelberg formalism [38] and | consider this theory as an important step to under-
standing the nature of our space-time. The Stlieckd berg equation
X
Ty =y (17)
Mt

is deduced on the basis of his worldline classical relativistic mechanics with following setting up

the covariant commutation relations [xm, p”]: ig ™. Remarkably, he proposed a classical ana-

logue of antiparticle (which, in fact, has been later used by R. Feynman) and of annihilation proc-
esses. As noted by Horwitz if one insists on the U(1) gauge invariance of the theory based on the
Stueckelberg-Schrodinger  eguation (17) one arrives a the 5-potential electrodynamics
(i1 ® i, +e,a ;) wherethe equations, which are deduced by means of the variational principle,
read

Tof® =j%, (18)
(a,b=1... 5), with an additional fifth component of the conserved current r = ly; ()F. The u+
derlying symmetry of the theory can be O(3,2) or O(4,1) “depending on the choice of metric for
the raising and lowering of the fifth (t) index [35]”. For Minkowski-space components the equa:
tion (18) isreduced to 9, f ™ + 9, f ™ =j ™. The Maxwell theory is recovered after integrating
over t from —¥ to ¥, with appropriate asymptotic conditions. The formalism has been applied
mainly in the study of the many-body problem and in the measurement theory, namely, bound
states (the hydrogen atom), the scattering problem, the calculation of the selection rules and ampli-
tudes for radiative decays, a @variant Zeeman effect, the Landau-Peierls inequality. Two crucial
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experiments which may check validity and may distinguish the theory from ordinary approaches
have also been proposed [p.15] [37].

Furthermore, one should mention that in the framework of the special relativity version of the
Feynman-Dyson proof of the Maxwell’s euations [39] S. Tanimura came to rather unexpected
conclusions [40] which are related with the formulation defended by L. Horwitz. Trying to prove
the Maxwell’s formalism S. Tanimura arrived at the conclusion about a theoretical possibility of its
generdization. According to his consideration the 4-force acting on the particle in the eectromag
netic field must be expressed in terms of

P, il =6 il + (Fm cxn), (19)
where the symbol <...> refers to the Weyl-ordering prescription. The fields G r“axT, Fm nElx]\
satisfy8

2Gn - ThGm=0, (209)
ﬂanr +ﬂnFrm+ﬂann =0. (ZOb)
This implies that apart from the 4vector potentia F,, = TAm - T, A, there exists a scalar field

f () such that Gy,= Ti,f . One may try to compare this result with the fact of existence of additional
scaar field components in the Majorana Oppenheimer formulation of electrodynamics and with
the StueckelbergHorwitz theory. The latter has been done by Prof. Horwitz himself [35¢] by the
identification Fs = —Fsm= G and the explicit demonstration that for the off-shell theory the Tani-
mura s equations reduce to

ﬂmFﬁ' +ﬂn FrS +ﬂr an =0 1 (216)

M0Gn - ﬂnGm'i'T“:rTn =0, (21b)
qt

mx™=G "t x[+F™  xIx, . (210)

Finally, among theories with additional parameters one should mention the quantum field
model built in the de Sitter momentum space pz - pZ- p2- p3-p2 =M?2, ref. [41]. The pa

rameter M is considered as a new physical constant, the fundamental mass. In a configurational
space defined on the basis of the Shapiro transformations the eguations become the finite
difference equations thus leading to the lattice structure of the space. In the low-energy limit
(M ® ¥ ) thetheory isequivalent to the standard one.

Action-at-a-distance. In the paper [42] A. E. Chubykdo and R. Smirnov-Rueda argued on the ba-
sis of the analysis of the Cauchy problem of the D’ Alembert and Poisson equations that one should
revive the concept of the instantaneous action-&a-a-distance in classical electrodynamics. The e-
sential feature of the formalism is in introduction of two types of field functions, with the explicit
and implicit dependencies on time. The energy of longitudinal modes in this formulation cannot be
stored locally in the space, the spread velocity may be whatever and so, they believe, that one has
aso E=0. The new convection displacement current was proposed in [3] on the basis of the de-
velopment of this wisdom. It hasaform jg,, =- j—pav »N[E . Thisis a resurrection of the Hertz

8 one may wish to repeat the Tanimura proof for dual fields and obtain some additional equations.
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ideas (later these ideas have been defended by T. E. Phipps, Jr.) to replace the partial derivative by
the total derivative in the Maxwell's equations. In my opinion, one can also reveal some connec-
tions with the Mgjorana-Oppenheimer formulation following to the analysis of ref. [p.728] [18].

F. Bdinfante [43a] appears to come even earlier to the Sachs' idea about the “physical vac-

uum” as pairs of some particles from a very different viewpoint. In his formulation of the quan-
tum-electrodynamic perturbation theory zero-order approximation is determined in which scalar
and longitudinal photons are present in pairs. He also considered [43b] the Coulomb problem in
the frameworks of the quantum electrodynamics and proved that the signa can be transmitted with
the velocity greater than c. So, this old work appears to be in accordance with recent experimental
data (particularly, with the claims of G. Nimtz et al. [44] about a wave packet propagating faster
than c through a barier, which was used “to transmit Mozart’ s Symphony No. 40 through a tunnel
of 114 mm length a a speed of 4.7¢”). As indicated by E. Recami in a private communication the
E = 0 solutions can be put in correspondence to atachyon of the infinite velocity.
Evans-Vigier B® fidld In a recent series of remarkable papers (in FPL, FP, Physica A and B,
Nuovo Cimento B and books M. Evans and J.-P. Vigier have indicated the possibility of consid-
eration of the longitudina B® field for describing many electromagnetic phenomena and in cos-
mological models aswell [12]. It is connected with transverse modes

aOT
gl = %hii i, (229)
gl = Ej/a_—jb i+ e (22b)
f =wt - k %, by means of the cyclic relations
shl- gl =jghlghd 23)
plel - ghl =jglolghl (230)
glel - ghl —jglolglal 230)

The indices (1), (2), (3) denote vectors connected by the relations of the circular basis and,
thus, the longitudinal field B® presents itself a third component of the 3-vector in some isovector
space. “The conventional O(2) gauge geometry is replaced by a non-Abelian O(3) gauge geometry
and the Maxwell equations are thereby generalized” in this approach. Furthermore, some success
in the problem of the unification of gravitation and electromagnetism has been achieved in recent
papers by M. Evans [45]. It has been pointed out by severa authors, eg.[13,46] that this field is
the simplest and most natural (classical) representation of a particles spin, the additional phase-free
discrete variable discussed by Wigner [9]. The consideration by Y. S. Kim et al., see ref.
[47aformula (14)], ensures that the problem of physica significance of the Evans-Vigier-type
longitudinal modes is related with the problem of the normalization and of existence of the mass of
a particle transformed on the (1,0) A (0,1) representation of the Poincaré group. Considering ex-
plicit forms of the (1,0) A (0,2) “bispinors’ in the light-front formulation [49] of the quantum field
theory of this representation (the Weinberg-Soper formalism) D. V. Ahluwalia and M. Sawicki
[158] showed that in the massless limit one has only two nonrvanishing Dirac-like solutions. The
“bispinor” corresponding to the longitudinal solution is directly proportiond to the mass of the
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particle. So, the massess limit of thistheory, the relevance of the E(2) group to describing physical
phenomena and the problem of what is mass deserve further research.

The idea of longitudinal modes related with the electromagnetic field is not so new as it g-
pears at the present time. E. T. Whittaker in the beginning of the century [48] considered the gen-
eral solution of the D’ Alembert wave equation and concluded that “the functions which define the
resulting electrodynamic field ... can be expressed in terms of the derivatives of two scalar poten
tial functions’. The direction of corresponding vectors may be chosen in such a way that they are
aligned themselves. The physically observable fields are then

1.
d = curl curl f+ curl —g, (249
C

1 -
h =curl—f - curlcurl g, (24b)
c

where d and h are the eectric and magnetic vectors. The field created by arbitrary moving elec-
trons also can be expressed in the terms of f and g. In modern language, these “longitudinal” func-
tionsf and g (with magnitudes [f| = F, |g| = G) may be related to the Hertz potentials H™ ,**

F™=qm H'"- ' H™ (25
Reducing the Whittaker’s general solution to the plane wave (which are in overal use) is straight-
forward from his formulation.

Antisymmetric tensor fields. To the best of my knowledge, modern research into antisy mmetric
tensor fields in the quantum theory began from the paper by V. |. Ogievetskii and I. V. Polubari-
nov [50]. They claimed that the antisymmetric tensor field (notophin the terminology used, which
| find quite suitable) can be “longitudinal” in the quantum theory, owing to the new gauge invari-
ance

Frm® Frm +ﬂm|-n'ﬂn|—m (26)
and applications of the supplementary conditions. The result by Ogievetskii and Polubarinov has
been repeated by K. Hayashi [51], M. Kalb and P. Ramond [52] and T. E. Clark et al. [53]. The
Lagrangian ( F = i€y, Fin o)

L" :éFka =- %CﬂanahCﬂanah+%0ﬂanahCﬂnFmah (27

after the application of the Fermi method mutatis mutandis (comparing with the case of the 4
vector potentia field) yields the spin dynamical invariant to be equal to zero. While several authors
insisted m the “transversality” of the antisymmetric tensor field and the necessity of gauge-
independent consideration [54-56] perpetually this interpretation (‘longitudinality’) has become
wide-accepted. In refs. [57,58] an antisymmetric tensor matter field was studied and it appears to
be aso “longitudinal”, but to have two degrees of freedom. Unfortunately, the authors of the cited
work regarded only a massess real field and did not take into account the physical redlity of the
dua field corresponding to an artiparticle. But, what is important, L. Avdeev and M. Chizhov

¥ Compare this formulawith the dynamical equations of the antisymmetric tensor field, eg., ref.[46,60]. It induces
speculations about possible significance of the normalization of the corresponding functions of the momentum
representaion.
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noted [58] that in such a framework there exist d¢-type transverse solutions, which cannot be in-
terpreted as rel aivistic particles.

If the antisymmetric tensor field would be pure longitudinal, it appears failure to understand,
why in the classica eectromagnetism we are convinced that an antisymmetric tensor field is a
transverse field. This induces speculations about the incorrectness of the Correspondence Principle.
Moreover, this result contradicts with the Weinberg theorem B— A =1, ref. [19b]. This situation
has been later analyzed in refs. [59,13,60,46,61] and it was found that indeed the “longitudina
nature” of antisymmetric tensor fields is connected with the application of the generdized Lorentz
condition to the quantum states: T,F™"[Y > = 0. Such a procedure leads aso (like in the case of the
trestment of the 4-vector potential field without proper regarding the phase field) to the problem of
the indefinite metric which was noted by Gupta and Bleuler. So, it is aready obviously from
methodological viewpoints that the grounds for regarding only particular cases can be doubted by
the Lorentz symmetry principles. Ignoring the phase field of Dirac-Fock-Podol’ sky-Staruszkiewicz
or ignoring ¢ functions [62] related with the 4-current and, hence, with the possible non-zero vac-
uum value of f[,F™ can put obstacles on the way of creation of the unified field theory and embar-
rass understanding the physical content dictated by the Relativity Theory. Thisis my opinion.

The Weinberg formalism. In the beginning of the sixties the 2(2j+1)- component approach has
been proposed in order to construct a Lorentz-invariant interaction Smatrix from the first prind-
ples [63,64,19,65-68]. The authors had thus some hopes on adequate perturbetion calculus for
processes including higher-spin particles which appeared in the disposition of physicists in that
time. Thefield theory in that time was in some troubles.

The Weinberg anzatzen for the (,00A (0,) field theory are simple and obvious
[19a,p.B1318]: @) relativistic invariance

UL aly . dxlu 2L )= & Dun[L 2w fixcal, 29)

where D, [L] isthe corresponding representation of L. b) causality

v xdy Dyg]i =0 (29)

for (x—y) spacelike, which garantees the commutator of the Hamiltonian density [H(X), H(Y)] =0,
provided that H(X) contains an even number of fermion field factors. The i nteraction Hamiltonian
H(X) is constructed out of the creation and annihilation operators for the free particles described by
some H,, the freeparticle part of the Hamiltonian. The (j,0) A (0,j) field

j
yif = (30)
cix
transforms according to (28), where

I
D'“Q[LFED M 11 oM[L]=5 L], oMT =eo L, e

Eng[L ’
0 1
b :El o's ' (22
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and, hence, for pure Lorentz transformations (boosts)
o ALl ] = exp - 5 oM, (339
Bl = exp b 0l (@)
with sinhq © |p|/m . Dynamical equations, which Weinberg proposed, are (Egs. (7.17) and (7.18)
of thefirst paper [19]):

Pl- iﬂgj dxT=mzicixl (34a)
P- i) cixT=m2j 8. (34b)
These are rewritten into the form (Eq. (7.19) of [194])

[0m™ ™ iy Ay, +m 2 =, (39)

with the Barut-Muzinich-Williams matrices [63]

MMMy — _ 52 0 tmlmz'"nbk
g T e, . : (36)
The following notation was used

Pbsjg bqg" a-1f2jtssmlmz“m“qnwy..q% , (37)
EE‘E bqg" a-lejt_S@”‘lmz"'”‘ZJ Um Qmy--- Qm,, - Ebjg*bqg:CijgC'1 : (39)

with C being the matrix of the charge conjugation in the 2j + 1- dimension representation (cf. [14]).
Thetensor tis defined in a following manner:

tog ™ isad + 1matrix withs,s'= +j,j-1,...- jim.m..m, =0,1,23
tissymmetricinal nis;

tistracelessindl nis ie, § ymtse 2> and with al permutations of upper indices;

tisatensor under Lorentz transformations,
Dbjg[L][ mm,...m,; Dbjg[L]t - L:ll ...Lmz' tnlnz...nZJ , (39a)

nzl
Sbiﬂ[L]t‘"lszsz Sbig[l_]T =L L’;j e (39%).

For instance, inthe j=1case t°=1, =t°=3 and t' ={J, J} —d;, with J beingthe j =1
spin matrices and the metric g = diag (~1,1,1,1) being used. Furthermore, for this representa-
tion
MMMy = My (40)
the sign being +1 or —1 according to whether the nis contain atogether an even or an odd
number of space like indices.
The Feynman diagram technique has been built and some properties with respect to discrete
symmetry operations have been studied. The propagator used in the Feynman diagram technique is
found not to be the propagator arising from the Wick theorem because of extra terms proportional
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to equal -time d functions and their derivatives appearing if one uses the time-ordering product of
field operators <T ly . axfy_ b hy gS> . The covariant propagator is defined
0

3 bx- gex ni >bx- €B+

d’p yVexp I y

Sabbx - yg:azpf'3im'“Mabb- iﬂgz 2wbpg&q+qby - Xgexpnip>by - x$ : (41)
=-m My -iﬂgDC X - yg

where

m2 P bp g‘s
Mlpl= o, 42
o] E?ng et @)
and D°(X) is the covariant j = O propaggtor.
For massless particles the Weinberg theorem about connections between the helicity of a parti-

cle and the representation of the group (A B) which the corresponding field transforms on has been
proved. It says:

“ A massless particle operator a(p, | ) of helicity | can only be used to construct
fields which transform according to representations (A, B), such that B-A=1.
For instance, a left-circularly polarized photon with | = —1 can be associated with
(1,0), (34 %), (2,1)... fidds, but not with the vector potential, (*2%2)... [It is not the
case of a massive particle] A field can be constructed out of 2j + 1 operators a(p,
s) for any representation (A, B) that “ contains’ j, such that j= A+ B, or A+ B—
1... or |A-B|, [eg., a j=1 particle massive] field could be a four-vector
(*2¥5).. [i.e., built out of the vector potential ].”

In subsequent papers Weinberg showed that it is possible to construct fields transformed on
other representations of the Lorentz group but unlikely can be considered as fundamenta ones.
The prescription for constructing the fields have been given in ref. [19¢,p.1895].

“ Any irreducible field y “® for a particle of spin j may be constructed by applying
a suitable differential operator of order 2B to the field y 9, provided that A, B,
and j satisfy the triangle inequality |[A—B |0 jO A+ B”

For example, from the sdlf-dual antisymmetric tensor F™ the (¥4%9) fidld TF, the (0,1) field
em + 1 TsF S have been constructed. Moreover, various invariant-type interactions have been tabu-
lated [19b,p.B890] and [19¢,Section I11]. While one can aso use fields from different representa
tions of the Lorentz group to obtain some physica predictions, in my opinion, such a wisdom
could lead us to certain mathematical inconsistencies (like the indefinite metric problem and the
subtraction of infinities [4]). The applicability of the procedure mentioned ove to massless states
should still be analyzed in detail.
Finally, in another paper [66c] Weinberg wrote:

“Tensor fields cannot by themselves be used to construct the interaction H'(t)...
The potentials are not tensor fields... It is for this reason that some field theorists
have been led to introduce fictitious photons and gravitons of helicity other than
1j, as well as the indefinite metric that must accompany them. Preferring to avoid
such unphysical monstrosities, we must ask how what sort of coupling we can give
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our nontensor potentials without losing the Lorentz invariance of the S matrix?...
Those in which the potential is coupled to a conserved current.”

Thus, hetried to provide some basis to the gauge models from the Lorentz invariance. In the recent
book [69] he dightly changed hisviews:

“Interactions in such a theory [constructed from f™ and its derivatives] will have a
rapid fall-off at large distances, faster than the usual inversesquare law. This is
perfectly possible, but... theories that use vector fields for massless spin one parti-
clesrepresent a more general class of theories...”

My opinionis: all reliable theories must have well-defined massless limit and be in accordance
with the Weinberg theorem. While many recipes were developed to handle with interactions med-
ated by virtual particles described by the 4-vector potential, the questions, which theories “are ac-
tudly redized in nature” and which is the more general theory, remain to be opened.

We have reached this conclusion on the basis of our development of the Weinberg theory
[19,66] and its reformulation by A. Sankaranarayanan [70]; 1T of the Magjorana concept of the neu-
trality [71] and its reformulation by J. A. McLennan and K. M. Case [72]; and &fter reading the
important work of B. Nigam and L. Foldy [73] and useful suggestions of the referee [11] of the
work [14b]. Here we are not going to discuss our recent work in detail and only list some impor-
tant results:

It was proposed another equation in the (1,0) A (0,1) representation space[70]:
AR
E

mPmPn + m*y =o0. 43)

In such a framework a boson and its antiboson have opposite intrinsic parities [14]. The con-
clusion was aso reached in the Fock space. The essentia feature in deriving the equation (ref.
[7Q]) in ref. [14] was the Ryder-Burgard relation in the form f g = =f . The presented theory
[14b] isthefirst explicit example of the theory of the Bargmann-Wightman-Wigner type [9b].

The concept of the complex (1,0) A (0,1) fields as parts of the degenerate doublet was proposed
(ref. [60] and private communication from D. V. Ahluwalia). The represantation is spanned by
the two six-component functions in the coordinate space (eg., y 1 ad gy 1, or F™ and F my.
The mapping between the antisymmetric tensor and Weinberg formulations has been found.
Properties of the field functions with respect to P° g4 operation have been studied. The dy-
namical invariants for the Weinberg field [60] and for the antisymmetric tensor field [46] have
been dbtained.

The boson-boson interaction amplitude appears to be very similar [74] to the fermion-fermion
amplitude in the second order of the Feynman perturbation theory if one works in the Lo-
bachevsky momentum space. The only difference is that the denorrinator in the former has to

be changed: 1/ D® 1/ ZmaDO -m T The spin structure of the numerator remains to be wn-

Tt Unfortunately , the author of the cited work did not realized in 1965 himself that his equation describes particles
with different physical properties compared with theinitia Weinberg formulation.
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changed. (D, , f)) is the 4vector of the momentum transfer in the Lobachevsky space, see,
eg. ref. [75].

The Maorana-Oppenheimer formulation [see equations (5a,b)] has been generalized to the
massive field case [76] by using some ideas of the paper [77].

The relativistic covariance of the B- cyclic relations has been proven [78].

In the (¥2,0) A (0,%%) representation space the self/anti-self charge conjugate spinors | *(p"
[and related to them r S*(pMspinors] have been introduced [16]. One can note interesting fea-
tures of these spinors: they are not eigenspinors of the parity operator; they are not eigenspinors
of the hdlicity operator h of the (42,0) A (0,%) representation (but, the new operator —gsh of the
chiral helicity was introduced); for massless particles | SAA identically vanish; they form bi-
orthonormal set in the mathematical sense (see formula (41) in [16]). Inthe (1,0) A (0,1) repre-
sentation it isimpossible to construct self/anti-self charge conjugate objects in the similar way.
But, the eigenvectors of the GSS[“q operator have been introduced there [16].

The Majorana representation (MR) and the corresponding unitary matrix y™ =Uy%W of the
transfer to the MR have been defined [79]. In this representation | Sandr” keep to be purereal
and | * and r ° keep to be pure imaginaryfor both spin-4and spin-1 case (cf. [71]).
On the basis of the generdization of the Ryder-Burgard relation (see the formula (11) in [17b])
the dynamical equations in the covariant form have been derived in both the (¥,0) A (0,%) and
(1,00 A (0,1) representation spaces [17]. The explicit form of these “MAD” equations in the
j=Ycaseis
ig”‘l]mlsaxT—mrAaxTZO, igmﬂmrAaxT—mISaxTzo, (449)
ig™ | AT +mrsdxl=0, g™,y SdxT+ml1 8 =0. (44b)
A fermion and its antifermion appear to be able to carry the sameintrinsic parities [80] in the
framework of the similar congtruction in the Fock space. So, the BargmannWightman-

Wigner-type quantum field theory [9b] can be redlized in the (420) A (0,%) representation
space too.

Gauge transformations for the | 3 and r 5 spinors take the form, ref. [17b]
| ¢® Ccosa-igssinam aXT, (459)

r¢® (cosa +igssinahl’aXT. (45b)
Thus, we have automatically parity-violating currents.
It is interesting to note that oscillations such as <I A |I ShatT>~ sin 2bEt/hg are possible. This
induces alot of speculations on the foundations of quantum mechanics.

Constructs presented in refs. [81,82] seem to have similar physical content comparing with the
MajoranaAhluwalia construct. The authors of [82] aso proposed the doubling of the Fock
space; investigated field functions which are not the eigenvectors of the parity operator, while
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are the eigenvectors of the operator of charge conjugation (defined in a different way). They
also regarded the pseudoscalar charge. At last, they agued that “The usua ‘CP-mirror’ sy me
metry of the weak interaction should quite gener ally be re-interpretable as a pure P-mirror one.
The result is that now the PRmirror image of the actual process n ® p +¢ +n should just be
identified with the actual antiprocess T ® p +& +n.

Finally, in the papers [83] it was shown that the solutions of the Maxwell equations and the
Klein-Gordon equation (and presumably other relativistic equaions) are not necessarily re-
quired to be plane waves.
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