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Abstract: Electromagnetism is based on electric charge and spin. The study here corresponds to understand on spin
effects at a vectorial electrodynamics. Its scenario is a non-linear abelian electromagnetism where the electric charge is
transmitted through a four bosons quadruplet, constituted by the usual photon, massive photon and charged massive

photons. These four bosons intermediate the charge exchange AQ = 0, +1.

The spin is introduced at first principles. A spintronics Lagrangian for four vector fields is performed. Considering that
spin is a space-time physical entity derived from Lorentz Group, these vector fields are associated to Lorentz Group,
as Lie algebra valued. Similarly to non-abelian gauge theories where A, = A,4t,, one introduces the relationship

Ay = Ay a3 where ($°%) s the Lorentz Group generator.

af
Thus, based on three fundamentals which are light invariance, electric charge conservation law and vector fields Lie
algebra valued through Lorentz Group generators, one derives a spin-valued four vectorial electrodynamics. It is
given by the fields quadruplet A, = {A,,U,, Vf} where A,, means the usual photon, U, a massive photon and Vﬂi
massive charged photons. Two novelties appear. The first one is that, new terms are developed into usual four bosons
electromagnetism. They contribute to Lagrangian, equations of motion, Noether theorem. The second one is that the

equations of motion derive a renormalizable spin coupling with the electric and magnetic fields.

There is a spin-1 electrodynamics to be investigated. A neutral electromagnetism is mandatory to be analyzed.
Something beyond dipole, quadrupole and so on. Understand the role of spin in the electrical and magnetic properties
of particles. A spin vectorial expression S is obtained. It adds EM interactions not depending on electric charge and

with spin interactions through electric dipole and magnetic moments.

1 Introduction

The electromagnetic novelty is that Maxwell macroscopic equations [1] are extended into a microscopic electromagnetism.
The development of elementary particle physics introduced three new aspects at electromagnetic behavior. They are the
electric charge be ported by particles with different flavors and spins, charge exchange AQ = 0,+1 and spin working as

a magnet.

Thus, given these three features, a new Lagrangian beyond Maxwell is constituted. Quantum field theory contains
real processes where particles are created and destroyed. At the electric charge context this means that three types of
electric charge are interwoned. They are AQ = 0, +1. Consequently, given these set of three charges {+,0, —}, it is
necessary to develop an electromagnetism based on four intermediate bosons. At previous works we have developed the

so-called Four Bosons Electromagnetism [2]. The next step is to introduce spin at first principles.

There is a microscopic electromagnetism based on charge exchange and spin to be understood. Maxwell’s electromag-
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netism preceded the Quantum Mechanics. The electric charge was studied first than spin. However, today, there are
experimental apparatus to observe on spin effects. At this work we are interested to explain the role of the spin on
electric and magnetic proprieties including when unlinked to the electric charge. Although the spin concept has been
known for more than 90 years, it is a current topic of investigations. Considering that spin is a space-time effect, it
should be studied connected to Lorentz generators. Be defined before the EM fields by associating fields to Lorentz

Symimetry.

The spin was first thought of as an intrinsic angular momentum, associated with the rotation of charged particles,
such as the electron. Between 1913 and 1925 the empirical phase of the spin occurred. After the publication of the
two articles by Niels Bohr in July and September 1913 on which he based his atomic model[3], the Atomic Model of
Bohr, there was a great semi-empirical development subsequent to the model. They were trying to reproduce, through
elaborate mathematical expressions the Balmer spectral emission rays. This whole movement is faithfully reproduced
in Sin-Ttiro Tomonaga’s book "The Story of Spin"[4], one of the founders of the current formulation of QED together
with Richard Feynman and Julian Schwinger. It is very clear throughout the chapters of Tomonaga’s book that there
was a missing element to the former understanding of the mechanism that governs atomic spectral lines. The desperate
search for mathematical expressions that reproduced the emission series was the realization that there was a concept,

an idea, that was missing.

In 1921, Compton proposes the electron ’spinning’. In the quantized rotation of the electron the possible origin of
the natural unit of magnetism [5]. In 1922, the experience of Stern-Gerlach [6] shows the quantization of the angular
momentum of an atom. And in 1925, the concept of spin is made explicit, first by Kronig (but give up due to Pauli
criticism). However, with Bohr support, Goudsmit and Uhlenbeck in order to explain the Zeeman effect, propose that
besides mass and electric charge, the electron is endowed with another quantum attribute, of spatial nature, without
classical analog: the spin [7]. In 1926, calculations made by Thomas confirmed the Uhlenback and Goudsmith idea of
electron spin with m; = :I:% and magnetic moment 2m[8]. In 1927, Dennison discovers that proton spin is the same as

electron spin. Definitely physics had to face the spin presence.

Thus, between 1925-28, the spin incorporation into the physical equations appears. With the publication of Heisenberg’s
Matrix Mechanics in July 1925 [9], Heisenberg and Jordan published paper introducing spin at Quantum Mechanics
in 1926 [10]. After, the advent of Schrédinger’s Equation in December 1926, in the famous article "An Ondulatory
Theory of Atoms and Molecules", [11], Pauli, already in May 1927, launches his article where he proposes the so-called
Pauli equation [12]. It couples the spin of the electron to an external magnetic field, through the so-called Pauli term
of non-minimal coupling. Soon after, Pauli unsuccessfully tried to reconcile the electron spin (proposed by Goudsmit
and Uhlenbeck in a non-relativistic form and used by him, Pauli, in Equation of Schrédinger, also non-relativistic)
with Special Relativity. Nevertheless, it was Paul Dirac in 1928, in his two classic articles of January 2 and February
2[13], who was able to show the relativistic origin of the spin, using the so-called spinors of SL (2, C), and writing the
celebrated Dirac’s Equation which is nothing more than the description of the relativistic dynamics of the spin of the

electron.

Thus, in this new physical scenario of spin, the most relevant insight came from Dirac. Without even knowing in
a systematic way the non-unitary representations of the finite dimension of the Lorentz Group, but knowing the
relativistic spinors through the notes of Elie Cartan’s course on spinors. At his famous lectures of 1913 Cartan conceived
the general mathematical theory of a new category of geometric objects of a general space-time, the spinors. These
classes gave rise to the book of 1938 [14]. Dirac introduced the spin of the electron in Special Relativity and retake at

classical limit of his equation, the Pauli Equation of 1927. Dirac was able to show that particles having the charge and
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mass of the electron must have just the intrinsic angular momentum and magnetic moment attributed to them by
Goudsmith and Uhlembeck. In this way, the concept of spin of the electron becomes well understood and, from the
Dirac Equation, the relativistic corrections and the hyperfine structure of the spectral lines of the Hydrogen atom were

understood more systematically.

This is a bit about spin story. It says that although the literature emphasis on the Stern-Gerlach experiment as
responsible for the spin concept, its development was due to atomic physics experiments, Zeeman effect at spectroscopy
[15]. Next, the magnetic momentum became an precious object of phenomenological study. First, relates quantities
as electric charge, mass and spin of a particle through an dimensionless constant called gyromagnetic factor. The
gyromagnetic factor become the key for the introduction of new terms like we will see next. It also reflects on
elementarity. It relates that composite particles have a great gyromagnetic factor in comparation with the elementary

particles. These facts make it a physical entity to be studied.

Classically, a moving particle with mass m, velocity ¥ and electric charge e, moving around a close circuit, generates a

magnetic momentum dipole fi proportional to the angular momentum L. It yields

1 R Lo
uzi/d‘?’?“pe(rxv): 3 d*F ppn, (7 X ) (1.1)
which gives,
e -
i=g—1L 1.2
i=g5- (1.2)

where ¢ is introduced as the gyromagnetic factor.

Dirac equation has diverse consequences as antimatter prevision, quantum vacuum, spectral lines. However, at the
scope of this work, we should note that its introduction of electron with spin—% has violated the classical result at
eq.(1.2) for g = 2. Later on, when quantum field theory was established, a relationship between the gyromagnetic

factor g and the spin s of a charged particle was obtained [16].
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It was given by

9=75 (1.3)

Nevertheless, while eq.(1.3) supports Dirac theory for spin—%, it contradicts when it is applied for higher spins. At
early 70’ Weinberg showed through S matrix properties that g ~ 2 for massive charged particles with arbitrary spins
[17]. Two decades later Ferrara, Porrati, Telegdgi have shown that any elementary (puntiform) charge particle owes at
tree level the gyromagnetic factor g = 2, independently on its spin [18]. Consequently, for spin-1, a massive charge

vectorial boson W,,, it was necessary to introduce a non-minimal coupling given by

ieF,,, W*W" (1.4)
in order to obtain g = 2.

Another consequence is on the anomalous magnetic moment. In 1947, it was observed anomalies in the factor (g — 2)
for electron by Kusch and Foley [19]. Also the hyperfine structure hydrogen and deuterium fundamental states [20]. In
response Schwinger proposed the 1-loop radioactive correction for the electron magnetic moment [21]. It became the
most precise experimental result in physics. Actually one gets the following precision for the (g — 2) measurements:

1072 for electron, 10~ for muon, 10~2 for tau, 10~® for proton, 10~7 for neutron [22].

The field evolved rapidly and many interesting developments in fundamental physics and materials science have occurred
only in recent years. Derived from spin the ferromagnetism phenomena is totally related to innovation. The success
story of giant magnetoresistance and its broad application to information technology - Albert Fert and Peter Griinberg,
Nobel Prize for Physics in 2007 - certainly contributed to this. But it would be a fallacy to consider possible applications
more important than the fundamental view provided by spintronics research. The spin is a purely quantum-mechanical
entity and its interaction with the charge of electrons or the atomic environment provides a unique opportunity to

understand the quantum nature of matter.

Nowadays, spintronics became an area of condensed matter physics that studies the properties of electron spin, with
the goal of improving the efficiency of electronic devices and enriching them with new functionalities. Such a broad
definition implies that the range of subjects falling within the umbrella of spintronics is inevitably very wide. At one
extreme, researchers explore the control of unique localized spins, performed at unique atomic sites on crystals - such
as nitrogen vacancy centers on diamonds - or semiconductor quantum dots. These are considered spin qubits, ideal for
quantum computing in a solid-state environment. At the other extreme, researchers explore spin transport and spin

dynamics in macroscale systems, coupling spin transport to spin dynamics in many ways.

The objective of this work is to study on spin effects at this Four Bosons Electromagnetism. As we know, a great
achievement was obtained with spin—%. However, much less is known yet about spintronics-1. The literature does not
report on Stern-Gerlach experiment type for spin-1. Its focus just on bosons intermediation and interaction [23]. Thus,
at section 2, one studies on spin at ab initio, as consequence from Lorentz Group rotations. Spin is a fundamental
physical entity that cannot depend on others. It has to be treated as a space-time intrinsec property. And so, before
other physical entities be defined, we associate to the potential fields the Lorentz Group spin generator. At section
3, field strengths and the corresponding spin-valued Lagrangian pieces are studied. These spin terms influence are

notified at section 4, where equations of motion are studied showing the fields spin interactions. Section 5 studies on
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quadruplet fields dynamics. At section 6, Noether theorem is considered. At conclusion, one understand that instead
of considering as rotation, the spin must be understood as a vector. There is a vector spin S determined from the

spin-valued equations.

2 Spintronics - 1

The scope of this work is to introduce spin from relativistic principles. Originally, spin is a quantum number derived
from light invariance. However, Maxwell does not explicit such discourses. It is limited to point out to electric charge
generating EM fields. However, a particle must be determinate by a chart of quantum numbers [24]. That is, spin,
mass, charge, C, P, T, CPT be well defined. Nevertheless the spin is included just empirically by the coupling of the
anomalous magnetic moment with the magnetic field and by the electric dipole moment with the electric field [25].

The non-relativistic Hamiltonian for EM interaction with spin—% was found out to be

H=—ji-B—d-E (2.1)
where quantically the magnetic moment is
eh %
i=gr—=S 2.2
A=grg - (2.2)

Pauli equation found the term fi - B to measure the interaction of spin with the magnetic field where B represents of
the photon EM field and S , the spin of matter.

The electric dipole classically is
= / Bip(r)F (2.3)

and quantically as

—

d=¢ (2.4)

2me

where ( is an dimensionless constant analogous to g at magnetic case. However, quantically, these spin terms are not

renormalizable.

The quest is to understand eq.(2.1) from first principles. Introduce on spin meaning more deeply. Although is not so
easy to define what spin is, the phenomenological eqs(2.1-2.4) are pointing out that spin is a vectorial entity, S. This is
the clue to look for the spin presence. Although physics considers the spin just as a matter attribute at least we know

that it appears as a vectorial object. An expression to be derived from theoretical models.

Our insight is to understand spin through Lorentz Group [26]. The insight is to couple the field with the generator of
rotations, A, .1 ¥#* in such a way that the interaction with the spin reveals the physicality of the electric dipole and
magnetic mements. Given this background we are going to define the field potential as A, where the first index
represents the space-time symmetry zH = Atx¥ and the others are field rotation symmetry A;L = (e%waﬂzaﬁ)l’Ay.
And so, one obtains a spin-valued field. Something candidate to rewrite spin interactions through a renormalizéble

Lagrangian.

11

The representation {3, 5} splits that potential fields carring spin-1 and spin-0. It yields,
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Ay = Ayn () (2.5)
with
(Z;w)a,g = _i(guaguﬁ - guﬁgua) (2-6)
obeying the Lie Algebra
Eprs Xp,] = GuoZup + GupBpe — GupZvp — GuoXpup (2.7)

Thus, similarly to the Yang-Mills Lie algebra valued, A, = A,.t,, we are going to construct a physics associated to

the spin generator (Euu)g- It considers that the fundamental information on spin comes out from Lorentz Group.
’ i aB\Y
Although Maxwell contains the spin present through degrees of freedom, it is under the rotation A4, = (65%3Z B) A,

n
that spin reveals its nature. It introduces the spin through the Lorentz group generators.
The expectation for spintronics-1 is to write the equation of motion in the following form

By (7 + 21) = (Fug + 2ap) (5°7)1 A% (2.8)

where equation above (2.8) will work as the relativistic equation for the spin-1.

The challenge is to find out a Lagrangian providing this type of equation of motion. Although Maxwell might be
derived from a spin-1 particle [27] instead of coming from charges and currents, it does not retreat the term f - B. It
does not contain the interaction with EM fields. Egs.(2.8) performance is the coupling between the spin field and the
electric and magnetic fields of the four bosons as (2.1). Its proposal is to couple spin with the granular and collective
fields strengths tensors, like the terms B g, E- g, &x S and so on. At this way, from (2.5) as origin one expects to
write first a Lagrangian with explicit terms of spin, and then, obtain the desired equation of motion (2.8). There is a
hidden vector S to be found.

3 Spin-Valued Four Bosons Lagrangian

The model Four Bosons EM introduces a quadruplet as intermediating the electric charge exchange. Originally, its
physicality expresses the charge exchange AQ = 0, 1 through four potential fields A,; = {A,, Uy, Vf} where A, means
the usual photon, U, massive photon, Vf massive charge photons transforming under the abelian U(1) x SO(2) global
symmetry.

The new fact is to associate the spin to these potential fields. Bosonic spin-1 particles were, in general, discovered after
the fermionic spin % particles, and incorporated as fundamental in characterizing physical interactions. However, EM
is being the theory for electric charge and spin. And so, a spin step forward to the four bosons electromagnetism is

expected. Keeping eq.(2.5) in mind, one gets the gauge transformations
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Al A (B = A () + k100
(B) = Upiea (5" + k20,00
VirA(E™) = e 1VE L (Z) + ki O,
(2 = ey (5N +k_d,a (3.1)

V/L;KJ)\ 2N

Thus, in order to look for the equation of motion (2.8), we are going to study a spintronic gauge theory based on
eq.(3.1) symmetry. Consider under eq.(2.5) the respective granular and collective fields strengths and mass obtained
previously with the Four Bosons Electromagnetic Model [2]. Develop from the initial Four Fields Lagrangian the

Spin-Valued Four Bosons Lagrangian.

A new Lagrangian able to build the so-called spintronics of spin-1 will be studied. Integrate eqs.(2.5) and (3.1). The

mapping between the former and the new Lagrangian is given as.

Fuy = (Bw)p, F°

2] — (Euy)paz‘)"

515;{1/ — (Euu)paﬁISIpo (3.2)
and so on.

We are going to rewrite every Four Bosons EM Lagrangian sector separately. Considering first the kinetic sector, one

originally gets

L=Lx+Lgr+Ls (3.3)
where the kinect term,
Lx =Ly + LY (3.4)
is given by
L = a1 Fu F*™ + agU, UM + 2a3V,H V™ (3.5)

L = bS5 + bigg) S 2, S
+2b33)S 5, 5" + c(u)S/flSy”l + c(22)S 1282
+2c(12)S 1 8Y? + 2¢(33 S ST, (3.6)
with the following definitions for the granular field strength tensors

Fuw =0,A, —0,A,,  Uw=0U,-0,U,  VE=0VF-0VF

py =

Sh, =0 A, +0,A,,  S2, =00, 40U, SE =0,V 40,V (3.7)

For the gauge-fixing term,
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1 1 1 _
Lar = 15(11)5;715;1 T 15(22)5;72552 + 5(12)S/M15V2 ™ §§(33)S;7+S; : (3.8)
For the mass term,
1
L= —ilfUUuU“ — iy V,ives (3.9)

Notice that eq. (3.9) does not require the spontaneous symmetry breaking. The mass inclusion is given by the symmetry

of differences. The gauge invariance for the term £, is obtained as a whole.

For the interaction part, where the collective fields are defined at Appendix A, one gets

Lr=L3+ Ly (310)

where

Ly=L45+ L5+ L5 (3.11)

with

£8 = aF, D 4 anu, B g py, T g, e g E, e

—2] [+1][

. " 2
14850 0+ bV N abgv T apgvis e gy T,

(3.12)

11 12 22
5 =258, B papst, D pogist P gl e

+28,82 (z)W+4ﬁs z)“”—|—2ﬁ , S ag,g2 T

iy ) )

+1
+4535+( M+ 48355, < M+ 4835, z)“”+4ﬂ351;(z w4

pv

+2,015”1 2y J+4p S"l( 2y J+2p S“1 )”+4p S“1+§35+

)y

12(81 +4p1) S w) +4(/31+4p1)5“1 Sy +2(8y+4p1) S Dy +

(22
+4(64 +4/)1)S”1 +2p25’“2 )”+4p25“2 z)”+2 2812 z)V+

1), )

T ++2(ﬁz+4p2)5“2 w +4(ﬁ2+4p2)5“2 Wy

22) ,

+2(Bs + 4p2) 5,2 Wy +4(8: + 4p2)5“2 y + 4(53 +apg) St WY+
2),

+4(63+4p3)5#“+( Dy + +4p S“+ B J +4p S#+ B S +4 35“*( S+
+
+4(Bs +4ps) S, W 4 a8y + 4ps) S0 T+ ap S“‘( v

(3.13)
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and

£t = e {20 Ay + UiV Vo = Vi Vi) + (@0dpo + 01l 02 o+ 2 )

12
+4 [Z]/u/ (aoApa + alUpo')}~ (314)

For the quadrilinear term
Ly=L4+ L5+ LY (3.15)

where

A — 2[1252][;;1/] [%2;2] (] | 2[1252][;;1/] [%2’1] ) 4[1?;;+][HV] [132*] vl 4
[23;][“”] [232—] ] 4 8[1:;+][W] [2?%—} lv] 8[122][W] [+Z—] ]

*8(122)[W] U ) _160D  Dpy 4<1§+>[W] Cal

14 (2%—&-)[”1/] (252—)[1111] (Z;—)ULV] _ 16 (+Z_)[;w] (—tu_)[“”] I

+- +- 13+ 24— 13— 24+
g2 4, il g 080 e g0, B

J(234)  (14-)p ((23-)  (144)p L(A34)  (24-)p,,
—43 ] W () 4 g7 ] W ] 160 w ] W ] 4

13— 24+ 144 23— 14— 23+
+162( w )[HV] (w )[“V] 722'( z )[Wj] ( Z )[“V] +2i( z )[HV] ( z )[u’y] +

+4

)
[nv]
(134)
z

+8 2

116i 67, S 16U, T e g MY, B
13— 24 — _
TR S PR T S T WA
140720 O i P, O e (3.16)
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£4 _ 2[12]( ) [122](,“,) +2[12]( » [Qz](uy) +4[13+]( ) [15;*](,“,) i

23+ 23— 13+ 23— + +-
1475 P 18150, P e g1, e

n (1,21)( » (121)(HV)+(222)( ) (Z)('m’) +2(11) ) (w)(’“’) +2(2Z’2)( » (33) () 4
+4(5)( ) (E)WV) —|—4(L2412)( ) ((23) (uv) +4(12’1)(,_“,) (?)(HV) +4(1Z2)( ) (222) ) i

2 W +8(1§)( ) @ 11600, Do 6(12)( , @) ()

+2<121)( , (22) () +4((1Zl)<w>+ (222)(W))+;3(W) +4(1Zz>( , (12 (o .

18, W 416D, @ 1150 U G

_~_4(2:’;+)(W) (212 ) () n 8(1:’;+)(W) (212 ) () n 8(122)( )+g3(W) n

#4720 12 14050, B 0 — iU, D e 4

+45 (2:?)(#1/) Ufu_)(uv) 47 (23 )(# ) (14 +) () 4 164 (13+)(W) (Qi;_)(w) +

16057 O ) g 040 O iy g 040 88 gy

—16i"w" ) o 162'(1&_)(#”) G '(1??)(#”) G 0w 4

12i'57,, CE e g U0 e U, B e

—4i 2 0 i O, N e

U 0y R B, by by B B,

+4[1?%] [ +1, [y [13 ] [?]5—41' [1?;-]‘7 [Qé—]5+4(1zl)ﬁ (25);,+

+8(5)g (33)5 . 4(1?;)5 <1§ vy 4<232+>5 ©30),

+16(1?z)“+)[j (15;)5 n 16(23+)# ( ) 32(13+) (15;);

32 By 4 120 03 )u” g1 B0y

+16(132+)“ (137); _ 16(1327);1 (13+) 439 (13+)M (257); n

_39 (13;)[; (2SJ+)5 _ 4(+z7)[j (+-), +8+ Bty n 167w 3}7 +a34; n

+8{ R S St 2(2)” + 4% H}*wgy

(3.17)
Py G B L o o B s YL S [—Zﬂpa)}
(3.18)

where the collective fields z,, are defined at Appendix A.

Thus, the objective of this work is to construct a spin physics associated to the spin generator (E,“,)g. This means to

rewrite the Lagrangian at eq.(3.3) as
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ESpin Lil(aln +£sp1n +£sp1n (319)

From egs.(2.5-2.6), we get the following relationships

(ZIM/)PU (EHA>UPFMVFH)\ _ 4FMVFHV
(ZMN)PU (ZUA)UPFMVFH)\ _ 2FIJ,VFMV

(3.20)
So we can write,
v 1 v K K 123%4
Fu P = o (2" )0 (52) FuvFx + (zﬂ )5 (572)" FruwFiox (3.21)
The new Ei?inA becomes,
; 1
Lpnd = S ()0 ()] alF#,,F,M + - (2“”) (Z"2)7 a1 Fyuw Fox +
1
+§(E’“’) (5%%)7 42U Upn + - (E‘“‘”") (2"*)7 a2Up Upa +
) () TV () () TV Vs
(3.22)
Applying eq.(2.6), we get
LM = a1 Fpy FM + ayU,, UM + 203V, 5V 1
(3.23)
Comparing this sector Li?inA with the term £ from the original four bosons Lagrangian
L =L+ AP (3.24)

where Ai?m’A = 0 means that there is no spin contribution being introduced in the anti-symmetric kinetic granular

sector.

For the symmetric kinetic sector, we can couple the Lorentz generator term with the granular terms. It gives,

(2 S Ser = 0

(245 (£2)) S Sur = =285 + 285)1Sy,

P (D)7 S58Y5 = —248K Sy

(3.25)
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. . inS
So we can obtain a new Lagrangian £32™

spin 1 K 123%4 1 K v
LR = =5 () (2N banSiuSun — 5 (55 (37) bz S, Sia +
— 1 K o [e3
ZHK ( ) 33)5}“/5}-6)\ 24 (E,{)\)Z (2 )\)pc(ll)sa 15[351 +
1 - 1 K
—51 Can)s (B een S350 = 15 (Baa) (5™) ez S1847 +
1

_ﬁ(zm\) (Em\> ¢(33) Soz-‘rsﬂ—

Using the relations in the previous section, we have

‘Cb}?inS:b(ll Sl Sle—i-b 52 SQUV—i-b S+S oy
+(can = ban) 82 Sﬁﬁ+c(12)5iasﬁﬁ+

2a 28 laaolB
+ (c22) — ba2y) S5 Sg" + (c33) — bzs)) Sa Sh

which yields,

EsplnS E +Ai}()in,5
spin,S __ laglp 2aq2B +ag—~B
AR = =b11)S5"S5" — b(az)S5"S5" — b(s3)Sa “S;
Eq. (3.28) shows that there is a spin-valued contribution at longitudinal sector.

For the gauge fixing term,

B
96
(E ) (EHA) 5(12)8104525

car = -
1
48

1

6
18 Zen)g (5] €a9)5355 7,

So, simplifying the above expression, one gets

soin 1 o 1 o 1 o 1 oo
Loy = 15(11)5(1X Séﬁ + 15(22)53 SEB + 55(12)52 525 + 55(33)5(;r Sg °.

and,

spin __ spm
Lap = Lar +Ag

spin __
Aip =0

For the mass term, we can use the following expressions
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g « 1 KA\ e
(Zan)? (Em)pf(u)si S}gﬁ 9*(25/\)/) (= A)pf(zz)si Séﬁ—i-

(3.26)

(3.27)

(3.28)

(3.29)

(3.30)

(3.31)
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(Spw) (BH)0 U U = —24U,U*
(zaﬂ)g(zﬁﬁ);’U“U“ = —6U,U*

(3.32)
to write
]_ v\ a 1 « K\9
UpU" = =45 (B )y (27) Ul = 5 (%) (25") ) UaU (3.33)
Then, we can write
in 1 a 1 o
£ = L (D) (S I UL (2 (2,) i Ul +
1 o 1 g
g (Bea) o (S pd VIV e 4 g(zak)g(zﬂ)puivjvﬁf (3.34)
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Using the expressions derived in the previous section, one gets

1
Ly, = *iﬂ%]UaUU - ﬂ?ﬁ:vjvﬂ_ (3.35)

Then,

E:};in _ [/m + Ai};in
ASPIR — (3.36)

Next step is to study the spin influence on interaction sector, at eq.(3.10). Initially, consider the trilinear antisymmetric

term
spin A 1 v KA\ 1 K UM\ (12] [12]
Egp = (4 (EP‘ )Z (E )\)p + 5 (Zl‘ )Z (Z )\)p <4b1F;w Z [k +462U’ul/ Z kAl +
[+-] [+-] (+-) (+-)
+4b1F,LLl/ 2 [k + 4b2Uuu 2 [k + 461Fuu Z [k + 452U,u1/ Z kA +
-1 —2 +1 +2
+4b3V, = ][m] + 4b3V, = ][m] +4b3V,, " ][m] +4b3V,, % ][m])
(3.37)
Making the same simplifications using the results of the previous sections, we have
. 12 12 - _
£ d = g,y P g apor, P gy my, BT g, e
— - - -2
+46,F,, 0 4 a0, (e 4 b3V}, e b3V, o
1 2
+abgv E y apgy P
(3.38)
We can write
spin A spin, A
£3P _ EéﬁlS 4 A;p
AP — (3.39)

The spintronics for the triliniear symmetric eq.(3.13) is
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S = (= L@ (27) (26080, B + 48180, D 128,50, D 14515k, 004

128,52, 2+ 4852, T+ 28082, D n 448252 0+

+43S,7, (;’1)KA + 4835, (EQ)KA + 45357, (J%l)m\ +4B3S,, (+Z2)n>\) +

(= 55 Bl (3N7) (2m580 D+ ams it D v omst Dy v ams Y

+2p25)! h2 (121)” + 4p 5“2 z)” + 2p25#“2 Dy , 4+ 4p2 S“Q 31," +
_

+apsSpt Gy L apgs it T 4 aps e z) pssp v
+2(B1 +4p1) S0 WY+ 4(8y + 4py) s Wy
+2(B1 + 4p1) S, (w) Y A(Br +dp) S T
428+ 4p2) S22 WY 1 48 + 4pa) 82 G )
+2(B, + 4p2) 5,2 & +4(B2+4p2)5“2+
+4(53+4P3)S“"+ “ +4(ﬂ3+4p3)5“+ )V +
+4(Bs +4p3) S WY+ 4(Bs + aps) s W)

(3.40)
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which can be written as

(12 (12)

&) w_ag get

. 11

LS =051, 2w o S’” (z)z+4ﬂls;
2 — —

1288, B ot By apisl T2 - agiset T2y o

(12) (12)
v z

11
+2625,2w(Z)“”—2ﬂ2552(z)5+4ﬁ253 w_agepz 4

128,52, 5 28,52 Y 1 apys 2, T —apasp Ty
+4035,/, w4 48581, P 4658, (+ V. 185, (422) w
—A4pBsSh e v 45355+ (; )y 48 (+1) 4Bt +2) Py,
+2p 8t B papis i Py op g By L ap gm0y

+2p9 5“2 P +4p5“2 Do —|—2p5’“2 P Y4 4p, S“2+ v

(+1 (+2
+4p3 S”Jr ) o +4p3S)] o ) y +4p3S)T )ll,’ +4p3S)T =z );’ +

12)

+2(61 + 4p1) S 1 5 Y4By +ap) st Dy
2(B +4p1) S Wy + 4B+ 4p1) S D

+2(52+4p2)5‘l“2 W +4(52+4p2)3“2 & Y4

+2(B2 4 4p2) 5,12 (w S+ 4(B2+4p2) S, u2

+4(53 + 4p3)S,f+ v+ 4(53 + 4p3)5 et )y +

+4(Bs + 4ps) S, WY+ a(Bs + 4ps) S W
It yields,

E;Piﬂs — Egs _’_A;pin,s

where

() () ()

A;pin,S 26 Sl,u
11)

— 4B 2

—ag,s2e G 45252“( ’V 28,521 %

(=1
z

25 Sz
22)

— 45 Sl“ +
v —4BSn vy

) (+) (+)y

—4B3 S g—wgsljﬂ 2L 4ByS, —4BsS e Y

Notice that eq. (3.42) shows the presence of spin-valued contributions.
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Simplifying, we have

Considering the

spin st
‘C3

oS —op s, B agsn B ey 2/51 st 4515;,, AT
128,52, 2w 4,2, D apys2 G pagg2 0wy
+48s55 B paggst G paggs s B pagig s ey
+2(p1 — B1)S1 B 4o - gyt D 4
( )S“l (22) +4(,01 ﬁl)S“l + 3,
+2(p2 — )82 20 4 4(py — B) 512 (12
+2(ps — )82 B0 4 a(p — )52 2
F4(ps — B2) S+ 20 4 A(ps — Ba) S ( s+
+4(ps — 5) S, B0 1 a(ps — Bs) S 22); n
+2(B1 +4p1) S/ w © S 4 4(BL 4 4p1) S, (12)5 +
428 +4p1) St B+ 4(By + 4pr) St S
+2(B + 4ps) 5,12 (w +4(Ba + 4ps) 52 W
+2(B + 4p2) S, (33) +4(Ba + 4p2) S 2 *& v
+4(B8s + 4p3)5;‘+ @ Y+ 4(Bs + 4p3)3,f+ )V +
+4(Bs + dps) S L+ 4 (B + 4ps) S0 W (3.44)

tri-valued semi-topological term, one gets

(1+] (1-]

ins 1
LEPinst — <_24 (ZH)° (zw)p> EWW{zz 2w Vo =20 2 1 Vih o+

(2+

+21 o pv Voo —

where we have

It yields,

[

2
2i z,“,V + (

[+ [=+] (12]
00 Fpy +0Up )i 2 o+ 2 )] +4 2w (00Fpe + 1Upo) .
(3.45)
+
[lz ]W: g (AMVVi — A,,Vui)
2+
= o (UVE - UVE)
(3.46)
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inst st spin, st
L3Pt = 50 4 A
3 3 3
A;pin,st =0

(3.47)

A further development is on the quadrilinear terms at eq. (3.15). Starting with EjpinA: quadrilinear antisymmetric

term, one gets

S in 1 v K o 1 K v (o
et = (g ()] + 5 (2 (2] £ (3.45)

where the term £} is defined at eq.(3.16). Simplifying, we have

spinA __ pA spin, A

AP™A =0 (3.49)
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For the symmetric tensor, eq. (3.17) gives cipins7

; 1 . [12] [12] [12] [21] [13+] [13—]
spin S K VA
LPNS =5 (55 (57, (2 Zgw) 2N T2 2wy Fen T E ) 2 ey
[23+] [23—] [13+] [23—] [+—] [+—] (11) (11)
42 Gy 2 T8 2wy 2 et 2 ) 2 et 2 ) 2 o(en) T
(22) (22) (11) (22) (12) (12) (11) (12)
T 2wy Z e tT2 2wy 2 ey tA 2 ) 2 e T2 2w 2 eyt

14 %) D o T4 Pt D) 7 oy 40 ) & oy +

14D W oy £16'W 0y @ o 116 ) @ ny + 169 ) & oy +

+2(121)<;w> (E)(m\) +2(2Z2)<w> (23)<m> +8(122)<w> (g)w +8(122)<w> W (rA) T

+8(122)<w> (g)w +4(135+)<w> (1?)<nx> + 4(2§+)<w> (23;)@) + 8(135+)(uu> (23;)@» +

412y O ey = 415 ) 7 oy + 45 ) 7 oy 0 7 o+

116067 ) G0 oy — 1605 ) B oy 1205 B oy =20 ) P oy +

1610 ) ey 4168y 7 ey =205 ) O oy 2 ) Ty
(144) (23) (14-)  (234) (241)  (13-) (240)  (134)

=42 )y W) T2 ) W) A 2 ) W) T 2 ) W) T

(12) +-3 +-3 +—4
8 2wy 2 en) t4 2 () 2 <~A>> +

~ 55 L

13+ 23— 13— 23+ 13— 24+ 34+ 24—
13+ 13— 23+ 23— 13— 234+

1 o [13+], [13-] (23+],, [23-] [+=1, [+
( @w”@“)p)(—‘* A N A

(1?;)}7 3y,

8l Gy g Oy 4 3 G By 0 W By g9 U D
11 22 13 13— 23 23— 13 13— 13— 13
10 By |0, 020, @0, G, 030, 02, (03, G20,

11 22 11 22 12
+8{(z)l’j + (z)l’j +2(w)[j +2(w)[f +2(z)

12) 1 +-3,
5—1—4 wﬁ} w )+

+-), +-3, +-
I
z J+8 z p It

4, +-3, +-4,
L, +16 w i w ) (3.50)
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Using the relations in the previous section, we have

£Zpins — £4S +Azpin,5
(3.51)

where

2 121, _ 502, B, 091, 03],

B B, e By e b,
11 11 22 22 11 22 12 12

_ (z)fj—(z)ﬁ(z)l’j—2(z)ﬁ(z)l’j—4(z)”(z)l’j+

Lo 2y @ 2y D @y, (D (D

B @2y 1600 @y W0 1Dy 16(W)Z w2,

spin,S __
A =—

(a1,
(=

—4wu

oW Wy @, 0D, (D, QD 02, @D, 02, @D,
1029 <1:; hy 4030, 01, _ 039, a1,

i Oy g M By g P O i O O
L1 By 108 @, 010, @), | ae, a1,

v

v

144) (23— 14-)  (23+ 13+) (24— 13—), (244
+16i(w)ﬁj(w)Z—l6i(w)ﬁ(w)z+2i(z)u( ) 2( )M(Z)Z‘f‘

L(144), (23-) (14-), (23+) J(244), (13-) (24-)  (134)
z How ' — z How Y i oz M v

+4i " s 2wy i " v—4 I v

AP P (3.52)

Eq. (3.52) is showing on eq.(2.5) contribution.

Finally, for £P™" one gets

s 1 v vpor ) 4 112 112
£y = < 24 (=) (Zuu)p> e’ {4 2w % pot

12 +- -+ +- —+ +- -+
+4[Z]W <[Z]pa'+[z]p0'> n <[Z]MV+[’Z]IU/) ([Z]pg+[z]po) }

(3.53)

Using the eq.(3.18) in the previous section, we have

£Zpinst — £Zt + Azpinst
(3.54)
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and

Aipin st _ 0
(3.55)

Summarizing, by considering fields Lorentz algebra value eq.(2.5), one gets a Spin-Valued Four Bosons Lagrangian

given by
Espin = LFour EM + AACalgebra valued (356)
where
s spin,S spin,S
A‘Calgcbra valued — ABP + Az,Lp (357)

showing that only trilinear and quadrilinear symmetric terms receive spin contributions, as egs.(3.43) and eq.(3.53) are

showing.

4 Equations of Motion

Eq.(3.56) provides a spin-valued antireductionist nonlinear abelian Lagrangian. Its hyperbolic system of equations of
motion contain spin dependence, propagates granular and collective fields, massive terms and with nonlinear sources.

The I-equation of motion to each field A, ; has the following general expression:

Dy <F,”“ +z£”#]> +8“( o1t 251) + M} + 1 +cf =47 (4.1)

Both spin dynamics are splitted by multiplying eq.(4.1) by the longitudinal and transversal operators. For this, we
0,0,

and wy, = .

O

“w au

O

must take the operators AZI =0,,A7 and Aﬁ[ = wy, AY where 0, =1, —

For spin-1 dynamics:
8V<F,”“+zyu]> + My U+ =08
For spin-0 dynamics:
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O (S +280) + MY+ 1+ e =
(4.3)
where jh., = ©Lj e ji | = wkj” and so forth.

Considering that covariance is preserved the separation of spin-1 and spin-0 sectors is valid. Eqs.(4.2-3) can be
considered as physical laws due to the fact that symmetry is mainteined. Thus, the physical continuity equation for

spin-1 is

0. <m2X$ + U+ — j%) =0 (4.4)

and the spin-0 wave equation is

D(ng + z;) =0. (mQXg + 1+ — jf) (4.5)

We should study now such coupled fields equations in terms of the fields quadruplet. Explicit their ingredients.

5 Fields dynamics

After the generic study on the spin-valued systemic relativistic equations driving the model, we have to make explicit

these equations of motion for each field in the quadruplet. For field A, (photon), one gets

A, -spin-1:
A (qu + ZB(’”) +lr+ e =Jar
(5.1)
A,-spin-0:
O (Sea+28a) + L+ =4,
(5.2)
where the antisymmetric sector is given by:
Fi'' = a; F"* (A-antisymmetric granular), (5.3)
v = 2, -l Gl : . :
21[4#] = a2< [z][ Ly [ z I ”]) + as el (A-antisymmetric collective) (5.4)
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and the longitudinal term is

S&, = (EL4S§‘1 + EL5S§‘2) (A-symmetric granular) (5.5)
11 22 12 -3
28, = 66( (z),f-i- (z)g +2 (z);" +2 (+z )§‘> +
1 22 12 -
+a7( (w o (W)a +2 (w)s +2 +w3£> (A-symmetric collective) (5.6)

The so-called London term is represented by I;.

v = (245 {(fA Des) L pa Phas) | pa Dlop) | pa ey o pa Deop)

(12 1)) = (DA 9 50 g P

+(&F a)ﬁu{fé{ o) g gy Do) 4 g ooy g1 Qoo 4 gy Qo0 1 gy (i’g)(ﬂa)}w

(5.7)
The conglomerate term ¢y is
im () g 1750 o (1 5 (0, ol
+(B) g {7 200 1 g (1 ) U+
(2R, (f2 B B L B S B S (T
i G el g O [ﬁa])v+v
(D)4 {f+ B o pb B0 o g OB | g B0 | (s
i B f+< )(ﬂa)+
G T VR T E S - I N B Sy S e S 1 VA
(X)) s ( PR I e A
T (li;r)[aﬁ] e (23J+)[ﬁa f+* [Ba])v—lj
(B { o B ey e BP0y | pee (39@0)
o C80(50) o pta 2800 | e e P o) | g GiP 8
o7 O g O g O Oy g W)
(5.8)

The non-linear current is
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Jas(

S ) g 8% 4 g (lispt) bo +
) (FEVE V1 (B8,) g, (1550 + g (£5507) )Vl +
Jas(

where the parameters @y, ...f;5* are defined in Appendix A.

The continuity equation is
D(SfA + ZfA) =0. (jA +la+ CA)

The corresponding expressions of the electromagnetic waves are:

A,,-spin-1:
A A _ A A a rA
D(FZ,M n zw) — 0,d} — 9,d} + 0 fL,,
where
dt =T+ eb 50T e S = aa(FE + AhY) +as s
A,,-spin-0:

D(s;A + ng) - a.(jA - cA)

The next field corresponding to charge exchange is a massive photon. It yields,

U,-spin-1:
d, (Fg“ + z,[J”“]) MY =
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vy (S (175 s s+

(5.9)

(5.10)

(5.11)

(5.12)
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U,.-spin-0:
O (Sgy+28u) + ML+l +1f L =i, (5.14)
Sector T
F"' = by UY"(U-antisymmetric granular) (5.15)
2 — by ( P, T ][”“]) +B tn (U-antisymmetric collective) (5.16)
Sector L:
S =082 + b552% (U-symmetric granular) (5.17)
U_b6<(11) (22) +2(12) +2(+ 3)a)+
+57( ((1/3)34’ @ o2 (w) +27 5‘) (U-symmetric colletive) (5.18)
Sector Mass:
M}, = m¢,U* (5.19)

Sector-London:
E [12] o ( 2)18al\ v

(11) 2 2
+(§]Ma)ﬁy{ a Py | ga )(ﬁa)+g 22(5a)

(11) (12) (22)
pgdt ') g ga tBa) 4 g L (ﬂa)}Av+

(11) (84 (12) g, (22) g, (12) 5, 22) 4., . " )
(D) g a8 D g 2gy D0 g gy Do g g (e ggy G 4 oo (g Br)y

(5.20)
Sector-conglomerate:
&= l/)a ( [+~ ][ga])Al,Jr (Eu )51,{9%4 +23(8a) | 5a(g (Jro;S)[ﬁ’)}A”Jr
+(E“ gu{208 F00 20y TS0 tUr 4
+HZM), (g (13T ap) +gf 14Ny +gt + 23 jap +gt R CT & (135)(8a) )V*”
(2 ) g (05 150w o gr By ee) g P hem) | gr U570 o o U5 0e) 4 ot B3 )
+gg W N 7+ 9l (2‘%)‘?)>V+V i
H()) (o 198 ag) e ¥ | o B30ag) | e O30ag) | e (lfu+)[ﬁa1)v—v+
+HE%) s (92** 50 g g PR g PR g g UV g DD Ge) 4
gt C20E g OG0 g OGP g (g P57 — g BE
+g4* (l?éJr)pp +g3* (2?;)5 +g3* (lgu+)5 + gy (Q?uﬂpp)) v (5.21)
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Sector current:
it = (Euz/)aﬂ (glAFﬂa +g§4Uﬂa)A” + (EMQ)QV(Q?SBOA + gP« (gf‘lS,fl +g{425pp2))A" +
(20 g (9 571+ g7 (o S+ g¥ 512) ) U +
+(3") s (gfvﬁa*)v“ +(Z",) 5, (ggsﬁa* + g (glﬁsg*))vyf +
(T g VY4 (5) g (557 4 g8 (g5 ) 7o 522)

The corresponding equation of continuity is

D<S§U + ZO?U) =0. (jU +ly +cu + MU) (5.23)

where the parameters by, ... are defined in Appendix B.

The corresponding electromagnetic waves expressions are

U,-spin-1:
O(FY, + 2f),0) = 0ud? = 0] + 0, MY — 9, M +6° 1L, (5.24)
where
d =17+l 50T e 0, =B (2 4 ) 4 Bl (5.25)
U,.-spin-0:
D(&?U + ZSU) =0. (jU —lu - CU) (5.26)

Another two fields responsible to the microscopic electromagnetism are the charged fields. For the charged field V,j‘

(Massive Photon with positive charge), one gets

+_anin]-
Vv, -spin-1:

8u<Fi“+Z[+W]> +MiT+liT+ciT:j\lj+T (5.27)

+_anin0:
V. -spin-0:
(S oy ) MY Y = (5.28)
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Sector T

Sector-L:

Sector Mass:

Sector-London:

=g vir- (V*-antisymmetric granular)

—1 —2
zﬂf“ - 62( 5 ][”“]—i— S ][”“]) (VT -antisymmetric collective)

Sy =385 , (VT-symmetric granular)

1 1 2
2y, =04 ( “ ) >+ < )s) + s ( (w) o+ % )a> (V*-symmetric collective)
MY =i v

11 22 11 22
= (X, )ﬂyg (h;l((z)‘ur( )”+2(w)§+2(w);))v—”

Sector-conglomerate:

= (") as (hé‘ 15 Niga) | pa P57 0e) | gy 571800 | pa B3 Nige
whg Bl A G (qu‘>[a/3]) yun
+(Eﬂl/)aﬁ <h124 [1%_](604) + h174 [22’_](’80‘) + h’s4 (132;_)(50‘) + hZA (232,_)(50¢) +

(23 )(

whg G pa e pa Ces

13— 23— 3— (13— (23—
ot (= ng " - ng P g ey " g, w)5)>A"+

(E,u ) <hU [1 “Jlap) hU (14 ][alﬂ h4U [2327][554 hU (13 )[aﬁ] + hU (14 )[aﬁ] N

+hY a8l gy U es) 4 0 “éﬂ[aﬁl) U

+(E”a)6u<h§][13]aﬂ> hU[ s hU[ Jas) hU( Tes) hU ERCON

1y P20 g UL G NGV g gos (8 My PR 4
13— 23—
+hY 70y P +h§f2(w),f+h§f2(w);)>U”+
E:u‘ _n 2] [Ba]
+(3)) s (n5 Z PNV 4

11 22 12 - +—
+(E'u0z)ﬂlj <h6_ (Z)(ﬁa) + hG_ (2)(50‘) + h7— (Z)(ﬁa) + QhE +Z 4(5(1) + h7— [ z ](50‘) +

_ 2 2 -
+hy o) 4 gpo (2 R S R A B p)> .
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Sector current:

s (BVE )07+ (B, 5, (1Y 5% + g2 (nErsp7) ) +

B
ap (AFTFP + hgUP )V~ 4

_|_
N /N N
g
Tt
— S~—"

By (hgsﬁo‘ Ut hy P2 4 ghe (hgsppl + h;05p92)> Vi 4
The corresponding continuity equation is
D(S;; + zg+) - (j+ Flyep+ M+)

where the parameters ¢y, ... are defined in Appendix A.

The corresponding electromagnetic waves expressions are:

V. -spin-1:
+ + ) — + + + + o p+
D(FUM + Z[uu]) = Oudy, = Oydyy + O My — O, My + 0% fo
where
dE =T+l vl e flL=0 (f,L;}/] + fé;?)
+_anin.0-
V. -spin-0:

D(S’O‘fﬁr + zo(er) = 8.(j+ —ly - c+)

For negative charge field, V- (Negative Massive Photon), one gets

V,, -spin-1:

6,,(Ff“+z[f”]> F MY =

V,, -spin-0:

(Sl ) ME I =

120

= (2o (nitvoe)ar + (37, g, (s + g% (b)) +

(5.36)

(5.37)

(5.38)

(5.39)

(5.40)
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Sector T:
F"M = ¢ VI + (V™ -antisymmetric granular) (5.42)
1 2
P ’2( [J% ][”“]—i— [-E ][”“]) (V™ -antisymmetric collective) (5.43)
Sector L:
So  =e382", (V™ -symmetric granular) (5.44)
1 2 1 2
20 = 64( o, )3) + 65( % )0‘3‘4— ¥ )O‘f‘) (V™ -symmetric collective) (5.45)
Sector Mass:
M! = 3 ves (5.46)
(5.47)

Sector-London:
n_ (O (11) (22)p an, (22) e
s ( )ﬁVg (h (2 Zh+2 wh+2 wp))V

Sector-conglomerate:
(E/J’ ) (hA* ! +][50t] hgl* [2%4-][,@@] + hf* (2§+)[ﬁa] h?* [ +][,8a]
pas o) | pas CEPlas) | pa (2§,+>[am) A 4

(E.u ) (h,24* [1?’);!‘](,804) 4 h,74* [2?%4‘](5(1) + hgl* (1?’);'_)(6‘1) —|—hf (23+)(5a)
(22)+)(aﬂ) + s (2§U+)(a5) n

* (24+) « *
+hyt T2 4 hig
+gﬁa< ha'* DBH — hj [23+] e +) oy ” Tty 57 >>AV

13 4 23 3 14
+HZH), (hU* WHag U B es) | pue B3 isa) o (800 o (4P1ag)

+hU* ( +) Ozﬁ] hU* )[aﬁ] + hlljo* (13)+)[aﬂ]>UV

(E/j’ ) <hU* [124-](045) + h?[)]* [1‘é+](aﬁ) + hg* [23Z+](a5) hU* (13 +) (aB) hU* (14+)(aﬁ) N

o= B0 L gue (P es) o pue Ui | aﬂ(hU* AU A

. (13 e 3+ 3+) .
+hY + Y + % + Y p)>U +

2 —* (12] o v
+(2 V)aﬁ(hg z I8 ]>V+ +
+(Z") 4 (h— R S I A I PR CO N S L

thyt )(5“)+gﬁ°‘(2(z)9+4(w +h e ny e gn ot )>v+”
(5.48)
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Sector current:

g = (B8) gp(ntviet)ar 4 (89, g, (nisot + g% (niy sp7)) +

M U* o v 1% Ux «@ « U
+(Z Z/)a ( Ve +)U (E a)ﬂy(hs St 4¢P (h11 S,)p+)) +
+(35,) g5 (b7 Fo 4 hgm U vt
+(20) o [ sPet + by rsPe? 4 gﬁa< o S+ h;o*s,52)> Ve 4
(5.49)
The corresponding continuity equation is
(SO‘ + 2z ) 28.(3'_ +l_+M_ —|—c_)
(5.50)
The corresponding electromagnetic expressions are :
V,, -spin-1:
Ot 20y ) = Oy = Dudy; + 0uM; = My, + 0% [,
where
b =T e 4t e fa = (S50 + 152) (5.51)
V, -spin-0:

O(se+z5) =0.(j-—1-—c) (5.52)

6 Noether’s Theorem

The model proposes the symmetry U (1) x SO(2)global invariance under a common gauge parameter. It contains the

global gauge invariance of first and second species. It yields the following three Noether identities [2§]

duJN =0 (electric charge conservation), (6.1)
O K" +J5 =0 (symmetry equation), (6.2)
K"0,0,a=0 (symmetry constraint). (6.3)

The first one means the total electric charge conservation is a consequence from the first specie gauge invariance. Any
Lagrangian which respects electric charge conservation will automatically be invariant be invariant under the first kind
transformation. Thus considering that the photon and massive photon carry no charge, they will be invariant under

the transformations A, — A, and U, — U,,, while the charged photons will transform as Vf — etiae Vf. It gives,

122



Journal of Advances in Physics Vol 19 (2021) ISSN: 2347-3487 https://rajpub.com/index.php/jap

OL OL
JN =g <VV+ -V, — ) (6.4)
8(0,V,') 90,V )
wo_ + v — i — [—1][,, ] [—2][,, I (—1)(V ) (—2)(1, )
Jy=ig( V"l VT + c3SYF —1—02(2' M4z ”)—1—04( z WH4 2 “)—l—
-1 —2 -1 —2
+g"* <C5S(31 +6S°% 47897 + cs( (z )fj—i- (z )g‘) + 09( (w )§+ (w f)) — uiV”*}—F
V,{dﬂf”’“ +ds ST+ dz(  n sz][”“]) - d4< oy (22)(”“>)+
+1 +2 +1 +2
+gH <d5551 +dsSE% + dr S+ ds HPay & )g;) + o oy G {g)) + uivw}
(6.5)

7 Conclusion

Electromagnetism is the theory of electric charge and spin. Nevertheless spin is not a well understood physical attribute.

ehS

5> Consequently, physics has to investigate on S

Its heuristic presence is given by the Pauli term [i - B where =

origin. Although classic and quantum mechanics provide own arguments it is necessary to be considered under field

theory. Given a field relate its spin physics. Explicit the S vector at equations of motion.

The field theory performance is to systematize the quantum numbers inserted in a field. Mass is obtained as the pole
of a two point Green’s function, charges from conservation laws, discrete symmetries directly from fields properties.
However the field-spin physics is not clear. Although the Lorentz group associate quantum numbers to spins the

equations of motion do not show their presence. Maxwell and QED propagates spin-1 but does not show its interactions.

Thus, despite all heuristic and technological developments, spin is still a not well understood physical entity. The
difficulty is that QED does not contain a term F),, A as a source. Consequently, it is unable to provide a term like
A - B from an initial Lagrangian. Something is missing on Maxwell electromagnetism. It provides the photon degrees

of freedom but does not explicit on its spin contents. Eq.(2.1) is introduced by hand.

The argument here is that spin is an intrinsic entity compatible with relativity and group theory. Based on that, one
should derive spin as a vector with angular momentum properties. Experimentally, we know whether a particle has
spin S it will interact with magnetic field as B.S. Theoretically, the challenge is to find out a Lagrangian able to

derive [i - B from equations of motion.

Our effort here is to introduce spin at ab initio. Be created before other physical entities as fields strenghts. For this,
one introduces Lorentz Group Lie Algebra valued fields. At this way one associates fields and group theory through

eq.(2.5). And so, eq.(3.1) becames a new origin to express an electromagnetism with electric charge and spin together.

Spintronics has been quite developed for spin—%. The novelty is that the vector bosons quadruplet opens a new working
hypothesis for vector spintronics. Proposes an electromagnetism based on vectors bosons spin currents. Understand

that physics laws are challenged regarding on the understanding of spin currents [29].
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Eq. (2.5) understands that the spin physical picture should be originated from fields associated to Lorentz group.
Taking this definition to the nonlinear Four Bosons Electromagnetism, it yields the eq.(3.56) spin-valued Lagrangian.
Then, in order to identify the spin interaction we are going to reduce the Lagrangian comprehension. Rewriting eq.(3.7)

in spin terms, one gets the minimal coupling between fields as

LPM x g Fag Al (7)) A (7.1)

pv

where eq.(7.1) introduces a constant gy which is not necessary the electric charge, Fi,3 means the EM field, the spin
density A (Zaﬁ)w A%, and EﬁfA? the spin valued field.

Thus in order to identify the spin interaction we are going to focus the generic eq.(4.1) into

O F[" = gFup (Eaﬁ): Al + other terms (7.2)

Eq.(7.2) shows the spin matrix acting on the field A%. It introduces the coupling between an external photonic EM
field F,g with the spin of a generic field A} as (£ ): A Expanding

Fop (3°9)) AY = Fy; ()" A + Fy; (59)" Ay (7.3)
and considering no presence of electric field, it gives
Fag (2°7), A7 = — (i Be) (£7),, A7 (7.4)

Defining as the spin vector field

Sk = €ijk2jk (7.5)

eq.(7.5) rewrites the equation of motion as

9Fas (5°9)1 AY = —g (BuSu)s A7 = —g (B 5)" A7 (7.6)

Thus the quadri-magnetic moment of a given field A% is expressed as

it = Sk Ay (7.7)

A covariant magnetic moment is obtained. Eq.(7.7) determines the spin as a vector entity as expected from the Pauli
relationship /i - B. It provides two extensions. It contains an index p which is related to the space-time equations of

motion. It couples with scalar and vector fields.
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It yields,

iy = Sy AY + St A] (7.8)

Notice that the spin introduces the meaning of potential fields as considered by the Ahranov-Bohm effect [30].Including
the electric field at eq.(7.2) one gets the Ahanov-Casher term /i x E. Another interpretation for eq.(7.6) is to consider

the magnetic moment as a tensor F,z3 (Eo‘ﬁ)w AY=B. Py -
For the vector field case, one gets for eq.(7.7)
. eh =
[0y oy = 97095 7.9
Nz,s_l g 2mnc ( )
where (S5;);, = —i€;j are the matrix elements corresponding to SU(2) adjoint representations (s = 1,25 +1=3). It
gives,
0 0 O 0 0 4 0 —i
S1=10 0 —i|[,5=]0 0 0f,5=1]¢ 0 O (7.10)
0 —i 0 i 00 0

As a conclusion, we notice that three aspects are derived by taking fields Lorentz valued as ab initio. Eq.(2.5) prescribes
the spin as a physical entity preceding the EM fields, eq.(7.5) discovers the spin vectorial nature and the Pauli term is

rewritten by eq.(7.6). This conciseness introduces Lagrangian (3.56) as candidate for describing spintronics-1 [31].

Appendix A. Collective Fields

Alongside the usual granular fields, new collective fields appear, defined by:

Zyy = ’Y[JG{LGZ

= 111GG +M2GLGs + 113G LGo + 714G, Gy +

+121GL Gy + 722G G + 723G G + 721G G +

131G Gy + 132G5,G) + 133G G + 131G Gy +

+ GG, + 142G Gr + 113G Gl + GG, (A1)

The collective antisymmetric fields are

0 z[lvz] Z[l’+] 2[17_]
_ 2] 0 (2,+] (2,-]
z z z
Z[lw] = _Z[Jr’l] _Z[Jﬁg] 0 ZH’*] (A2)
_Z[_vl] _Z[_’Q] _Z[_a""] O
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there are also 10 symmetric collective fields,

2(1»1) 2(1»2) Z(l»“") 2(1»7)

3(172) 3(272) 2(27"") Z(Qv_)

Z(l“j) - Z(lv+) 2(27+) Z(+7+) Z(+7_)
2(177) 2(277) Z(+77) 2(7’7)
Considering the fields set {A,,, Up, Vf} one gets the following group of collective fields,
(11)u i (22),, _ w12, _ -
*’7(11)/1 AY, z :’7(22)U U”, z :7(12)14 U”,
Y pav Dy w22, iz
z2 M =y UrA z ) =vanAudr, 2 =0 UU",
(12),, L2, w21, "y
z ) =va A0, 2 =g ARUY, 2 =y UM AY,
13 13— 13
( Z+)NV =~ 13)ANV + ( 2 )NV = {( +)MV}* _ 7(13)AMVV_7
(1é+)” = 14)AHVVJr (1%27)’“’ = {(14+)NV} = 7(14)A‘uV
13 13— 13
2 = garyer, U = (P < g anye,
[144] [14-] {14+ .
z —"}/[14]14#‘/ + z M E{ s } _’)/[14 ARV
23+ 23— 23
( > )NV = ,y 23)U”V + ( P ),“'V = {( ;,uj}* — 7(23)qulj—’
P (2o U*VT U — {(24+ MY =y UFVY™
23 23— 23+
[ Z—HI'L — W[QS]UMV -+ [ > ]/“/ = {[ MV}* — 723]UMVV_
[244] [24-] [24+ .
z —7[24]U“V + z H E{ ® } —’}/24]UI'LV
R e A AN A A A 7(33>VM*VV+,
+Z—4uy = "}/(44)VH+VV7, _2_4/’1’11 = {+Z_4P’V}* _ ’}/(44)VH7VV+,
C e = —iyE) VIV, G = {(+Z_)W}* =iy V"V,
o = —iyg VIV e = {Hzi]w}* = iy VIV,
1 -1 1
P — (vas) + ivaa) ) A*VPT, G = {(t«’ )W}*,
+2 -2 +2
e = (Y23) + 1v(20)) UMV, o = {( z )m/}*a
1 -1 1
= (Vag) + v ) ARV, e = {[E ]W}*7
2 -2 2
e = (Vi2g) + 772 UH VT, e = ey, (A4)
Similarly, one adds the w collective fields associated to 7;;
(ll)a a (22)a a (12)a o
W o E7(11)14 Ay, w5 ET(22)U Uay, w5 ET(12)A Ua,
_ 1
+w3aa = 7’(33)Va+Va—, (Z’ )aa = (7(13) + iT(14))AaVJa (A.5)
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Rewriting z[,,) and z(,,), one gets

or

And,

1 ‘
) = Yiz) (AuUs — AU) + —= (Mg + i) (AuV,5 — AV,) +

V2
1 . - o .
+\ﬁ (vas) — i) (AV — AV ) + 7 (Veg) + ivp20) (UL = ULVE) +
1 . - B o
7 (Vo3 + vp2a1) (U = UV, ) =y (VIV = Vo VF) (A.6)

[12] [+1] 1] [+2] (2] [+-]
] =2 2 )+ V2 2 ) V2 2 ) 2 7 )+ V2 2 gt 2
(A7)
1
2(w) = 1M1ApAL + 722U, U, + 3 (va3 —vaa) (VIV, + VI V) +
1
+§ (y33 +7aa) (VIV + Vi Vo5) + 902 (AU, + ULAL) +
1 _ 1 . _ _
BV5 (vag) +ivan) (AW + AV, + NG (vaz) = 1vae) (AuV +AV) +
1 _ 1 . _ ~
7 (V23) + v(20) UV +ULV) + 7 (Y23) = 1v20) ULV +TLV,) +
+ivisy (VIV, +V, V) (A.8)

Appendix B. Equations of motion free coefficients

The equations of motion develop the following parameters written in terms of the original free Lagrangian coefficients,

eq(2.2):

B.1. Field A,

B.1.1. Left Side

a) = 4<a1 + b(ll))7 az = 8by, asz = 8f,

ay = 4<b(11) + C(11)> + &
as = 4c(iz) + §(22)
ac=2(200 = B1), ar=4(B1+4p) (B.1)
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B.1.2. Field A, Right Side : Field A,

f1A = 47(11)52 - 4517(12) f{‘ = 4’Y(11) f:§4 = 2f§4>
ff = 8(’}’(11) + 27(11))7 féq =2fy,

fé =271y (201 — B1) + 8711y (B1 + 4p1),

f = dya1yp2 — 2B17(12) + 8711y (B2 + 4p2)

(B.2)
B.1.3. Field A, Right Side : Field U,
= —dyugb, £ =—dyugbi, Y =82,
ff = 16(’)’(12) + 27(12)), fsfj = —47(12)52 - 4517(22)7
1§ =4(vaz) +2102), ¥ =8va2), f§ =4va9),
1= 167(12), flo = 8(va2) +27(12)),
F1 =421 — 2B1702) + 8712)(B1 + 4p1),
f1U2 = dy(12)p2 — 2617 (22) + 87T(12) (B2 + 4p2)
fis = 4(v12) + 27012)) (B.3)
B.1.4. Field A, Right Side : Fields Vlf and V-
fi==8bs(vus) + i), fo = —4vpss  fi = —8ypg — 2Dy
fi =8Bs(vas) +ivae), [ =—(f)*  fi =2ivps
[ =43, f§ =-8vas) +2i(vae +2709), fo =—(f)"
fio =2i(vas) +2703)), S = 4i(vaae) +41ag), S =4i(vas) + 47as),
f15 = 8p3(va13) + Iv1a)) + 8(Bs + 4p3) (T(13) + i7(14)) — 2B17V(33)
ffl = _f2+7 f1J% = 16(’}’(13) + 27'(13))
(B.4)
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B.2. Field U,

B.2.1. Left Side

by = 4(112 + 5(22)), by = 8by, by =8P,
by = dci2) + £a2)
bs = 4(b(22) + 0(22)) +&(22)

bo=2(200—52), br =48 +4p)

(B.5)
B.2.2. Field U, Right Side : Field A4,
91 = dypgbt, 98 =4vngbe, g5 =8z, g4 = 16(7(12) + T(12))
gi = 4(517(12) - 527(11))7 9¢ =402y, 95 =8v12) gi = 4(7(12) + 27(12)>,
Q= 8(’)’(12) + 27(12)>7 910 = 167(12), g = 4(P1’Y(12) + 27012y (81 + 4P1)) — 2B27(11)
= 4(P27(12) +27012)(B2 + 4P2)) —2B27(12)
B.2.3. Field U, Right Side : Field U,
U __ 4 _ U __ 4 U _
g1 =4 ve2)B1 —va2)B2), 92 =4v@2), 93 = 8(V(22) T 27(22)
95 = 4(’7(22)P1 + 27(22)(B1 + 4,01)) —2B27(12)
g8 = 4(7(22)111 + 27(22) (B2 + 4,02)) — 232 (22)
(B.6)
B.2.4. Field U, Right Side : Fields Vlf and V,~
g7 = —=8b3 (V23 +iV2a))s 93 = 20V, 97 = 2iV)e3)
95 =403 95 =8B3(V23) + iv(2e)) — 4B2v33), 98 = 2i(Y(2a) + 27(24))
97 = =2i(v23) — 2723)) 98 = 423
g5 = —4i(V2a) +2729))s 9Ty = 4i(V(23) + 47(23))
917 = 8p3(V(23) + 1V (24)) + 8(Bs + 4p3) (T(23) + iT(24)) — 2B27(33)
912 = 16(7(2s) + 2723)) (B.7)
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B.3. Field V

B.3.1. Left Side

1
c1 =4(as +bss)), Co=8bs, &3 =4(b@s) +cis) + 55(33)
c1=4(2p3 — B3), & =38(B3+4p3)

(B.8)

B.3.2. Field VIL+ Right Side : Field A,

hit =4bs(vuz +ivpg), B =4yps, g = 8yus) + 204,

h = 8vas) — 2i(vaa) — 2714)),  hE = iy

hit = 8Bsivay, hi = 8yus) — 2y

hg =4yas),  ho = 2i(yas) — 27(13))

hip = —4i(y14) + 27(14)), hiy = 4i (vais) + 47(13))

hiy = 4<P3(’Y(13) + ivaa)) + (B3 + 4p3) (T13) + iT(14))) —2B3(va3) — iv(14))

his = 16(Y(13) + 27(13)) (B.9)
B.3.3. Field Vj Right Side : Field U,

hY = 4bs(yug) +ivpay),  hY = 2ivpa,  h§ = —2iyps,  hY = dyps

hY = 8Bsivay, h§ = 2i(V2a) — 27T20)), Y = 2i(y(23) + 27(23)),

h8U = 4v(23), hg = —4i (7(24) + 47(24)), h1Uo = 4i(7(23) + 47(23))

hty = 4(P3(’Y(13) +iv14)) + (B3 +4p3) (T(13) + iT(14))> —2B3(7v(23) — Y(24))

hiy = 16((23) + 27(23)) (B.10)
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B.3.4. Field Vj Right Side : Field V~

hi = —4i(biyzg + B1Y3e)),  ha = —4i(b2va + B2V (34))
hy = 8ivza, hy = 4vi33)61 — 4B83(Vvas) — iv(14));
hy = 4y(33)82 — 4B3(V(23) — 17(24))
hg =4v@3s), hy = —=8iva, hg = 32i(v34) + 27(34)),
hg = 8y@33)p1 + 4(B1 + 4p1)7(33) — 2B3(v(13) — 17(14));
hio = 8v(33)p1 + 4(B2 + 4p2)T(33) — 2B3(V(23) — Y(24))
hiy = 87(33), hiy =8iv3e, hiz = 8iy(34),
hiy = 16(7(33) + 27(33)),
(B.11)
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