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Abstract

Electromagnetism is the theory of electric charge and spin. Our study is on a spin-valued four bosons electromag-
netism. An EM under the charge exchange {-+,0, —} intermediated by four bosons {A,;} = {A,, Uy, V;F} where
A, means the usual photon, U, a massive photon, Vf charged photons.

EM should express electric charge and spin together. Understand from first principles on the spin role in the
electric and magnetic properties of particles. Theoretically, the spin is a space-time physical entity derived from
Lorentz group. Phenomenologically, it appears as a vectorial entity inserted in the magnetic moment and electric
dipole. A theoretical closure between them is expected.

A spin-valued four bosons EM is constituted by introducing Lorentz group Lie Algebra valued fields. Consider
the quadruplet fields as Aj, = A}, .y (£"")ap where (£"*),p is the Lorentz generator. It provides spin as an intrinsec
entity compatible with relativity and group theory. Similarly to the non-abelian gauge theory, where A, = A ata,
one incorporates the spin valued field through a Lie algebra.

From first principles. Electric charge and spin are unified under a constructivist Lagrangian. Spin effects are
studied through equations of motion and Bianchi identities. Enlarging the EM for interactions beyond electric
charge. Four types are derived. Usual electric charge interaction, neutral interaction, electric charge and spin,
neutral and spin.

A formalism is expressed. The spin valued performance is related through a Lagrangian. Spin interactions are
derived. The magnetic moment and electric dipole are expressed by vectors S and 5 respectivity. They are able to
couple spin with granular and collective fields strengths. Developing interacting terms constitutive as B- 5, E. s,

¢- S and so on. Faraday interaction between magnetic field and photon is reproduced from first principles.

Keywords: nonlinear electrodynamics; new Faraday lines; granular and collective fields strengths; potential fields

interacting with EM fields; self interacting photons.

1. Introduction

Electrodynamics incorporates electric charge and spin, but as two distinct physical entities. The first one imposed
from a Lagrangian; other written heuristically. Physics has to connect them through first principles. Express their EM

features from a common field theory.

Maxwell considerations were on an electromagnetism just based on electric charge [1]. Nevertheless the development of
microscopic electromagentism through elementary particles developed three new EM aspects. Electric charge ported by
particles with different flavours and spins, charge exchange AQ = 0,+1 and spin working as a magnet. Respectively,

adding to Maxwell an electrodynamics with spin 1/2, spin-0, spin-1 [2]; a four bosons electromagnetism with charge
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transfer {+,0, —} under four intermediated bosons {A,r} = {A,,U,,V,[} where A, is the usual photon, U, massive

photon, Vf charged photons [3]; and a spin-valued four bosons electromagnetism [4].

Electric charge has a long history in physics [5]. The spin history is recent. It may be divide in three parts. First one,
understoond by Tomonaga’s book "The story of spin’ [6]. He narrated the period between 1913-1925 when the Bohr
model was trying to describe the Balmer spectral emission rays. Relating that, there was a missing concept, the spin.
The second, 1921-1925, since Compton with the electron spinning, Stern-Gerlach experience, Goudsmit-Unlenbeck
introducing the elecron intrinsec angular momentum and magnetic moment to explain the Zeeman effect [7]. And by
third, between 1925-1928, with the spin incorporation into the physical equations. In 1926, Heisenberg and Jordan
introduced spin at Quantum Mechanics [8]; in 1927, Pauli the so-called non-minimal coupling by coupling the spin of
the electron to an external magnetic field [9]; and in 1928, Dirac describing the relativistic dynamics of the spin of the

electron [10].

Dirac equation introduced a four component function known as spinor which describes the behaviour of relativistic
particles. This wave function did not just describe the position of the particle, Dirac equation showed that besides

mass and charge the electron has intrinsec angular momentum and magnetic moment.

The magnetic moment relating quantities as mass, charge and spin become the next object of phenomenological study.

It was heuristically defined as

i =gr—3>S 1
A=gLy . (1)
Pauli equation found the interaction of spin with the magnetic field, i - B , where B represents of the external photon

EM field, S the spin of matter and g; the gyromagnetic factor.

Dirac equation introduced a gyromagnetic value g=2. In 1947, it was observed anomalies in the factor (g-2) for electron
by Kush and Foley [11]. Also shifts in the hyperfine structure hydrogen and deuterium fundamental states. In response
Schwinger proposer the 1-loop radioactive [12]. Actually, one gets the following precision for the (g-2) measurements:

10712 for electron, 10710 for muon, 102 for tau, 10718 for proton, 107 for neutron [13].

In 1992 Ferrara, Porrati, Telegdgi have shown that any elementary (point form) charge particle owes at tree level the
gyromagnetic factor g = 2, independently on its spin. Consequently, for spin-1, a massive charge vectorial bosons W*,

in order to obtain g = 2 has to introduce a non-minimal coupling given F,, WH*W"*.

Similarly, one obtains the electric dipole moment d interacting with the electric field

e =
2
<2m65 (2)

where ¢ is a dimensionless constant analogous to g; at magnetic case. The non-relativistic hamiltonian for EM

J:

interaction with spin-1/2 was found to be

H=—-ji-B—d-E (3)

The introduces os spin, spin magnetic moment and dipole electric dipole moment played a crucial role in electromagnetism.
However, the quest is how to derive eqs. (1.1-1.3) from first principles. Our insight is to interpret spin through Lorentz
Group [14]. Define the potential fields as Aﬁ;n » Where he first space-time index represents the space-time symmetry

= A 2 and the others are field rotation symmetry A:LI = (e%‘”aﬁzaﬁ)ZA,,I. Introducing the spin-valued fields.
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A;IL = A,{L;H)\(ZNA) (4)
with
(Buww)ap = —i(9uv9vs — Gupgva) (5)
obeying the Lie Algebra
[E s Zpo] = GupXvp + GupZup — GupXvp = Gvo Sup (6)

Eq. (1.4) introduces spin at ab initio. It is showing that, similarly to the Yang-Mills Lie algebra valued, A, = A,qtq,
there is a spin physics associated to generator (Ew)g. It rewrites the four bosons EM in spin terms. A vector spintronics

is generated.

A new origin appears to express an electromagnetism with electric charge and spin together. The required minimal

coupling between fields written as

L ~ gryFagAY (27), AY (7)
Thus, in order to identify the spin interaction, take the correspondent equation of motion

O FY = QFaﬁ(Eaﬂ)ZAM + other terms 8)

Expanding

Fop(SP)AT = Foi(2)L AT + Fy (SV)5 A7 9)

Defining the vectorial entity relate to electric field.

»oi = 5t (10)
one gets, for the first term
Foi(S") A7 = —(Eisi) A7 = —(E - 5)} A (11)
The vectorial entity corresponding to magnetic field is
Fiy(S)5 AT = —(einBr)(BV) A7 (12)
Defining other vectorial entity

Sk = eijkE]—k (13)
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one gets, for the second term

gF;(S9)5 A = —g(BySk)i A = —g(B - S)h AY (14)

Thus, the spin interaction is expressed in vectorial form as

9Fap(EP)L AT = —g[(E - 9 + (B - S)A7 (15)

Eq. (1.15) defines the presence of a spin charge. It provides a coupling constant g which can be the electric charge or
not. It may express the electric charge, modulated electric charge or a neutral charge. Something showing that EM

contains a spin interaction beyond electric charge.

The quadri-electric dipole and quadri-magnetic moment of a given field A} are expressed as

dh =AY = Sr Ay (16)
which yields

df = 4 AY+ Ay i = ShAY + St A (17)

Eqgs. (1.16-1.17) are defining the electric dipole and magnetic moment from first principles. They are extending the

usual definition given by egs. (1.1) and (1.2). New terms appear to be measured.

2. Spin valued Four Bosons Electromagnetism

The introduction of the concept of spin, starting with electron, become a beginning of a wide application of this physics.
Indead, after the electron the spin turned out an attribute to all elentarity particles. Our objective here is to study for

spin-1.

A spintronic with spin-1 will be studied based on an electromagnetism based on three charges transmissions {+,0, —}
and four intermediated by four bosons {A,,, U, V#+7 Vu_}' A fields set associated through the following spin-valued

gauge transformation.

A (57 = A (B%2) + k10
U;:;m(zm\) = Upr (25 + k10,00
Vira(22) = eV, (5
i (Z) = €71V 2 (5 (18)
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2. Spin-valued fields strengths

Recapitulating, the antisymmetric sector:

Fu =0,A, —0,A,, Fl,=Fu.
U =0U,—0,Uu, Ul =Up
Vi =D,V -DVE, VE =eFeyd

ng nv

where the covariant derivative is given by D, = 0, + i(q14, + ¢2U,). The couplings ¢; and ¢» are modulated electric

charge given by q1 = a - q; g2 = b - q, where aky + bky = —1.

The corresponding antisymmetric vectorial fields strengths are written as

., = 1
I I I I I I I
F,u,l/ = a'uAV - &,AH; E’L = FO’L’ BZ = QGZJ’CF]]C

where AY = ((bl, /YI) and [ is a flavour indice I = 1, ...4 corresponding to A,,U,,, Vf

For the symmetric sector:
Swjl = 8MAV + 6VAH; SHVQ = 6MUV + 8VUM.

the invariance is under the condition
1’ 2 _ @l 2
S;w + SW - S;w + S;w
Charged fields are transforming as

S%, =D.ViF+D,VE

ng oo

+' _  +4iga gt
S, =e S

Longitudinal terms are written as
& =20,A%, 59, =20,U%.

al a2

with
Sgl/ 4 5242/ —_ ngl + 5;12

and

Sgd: — Dava:t, Sgd: — 6:tiqasgﬂ:

For the granular symmetric fields strengths, one gets

Spw = 0 AL + 0, A; Sol = 29, A

e

Collective fields strengths are expressed as

The antisymmetric collective fields strengths are written as

Cluv] = e[IJ]A;ILAgv € = €[04] b; = §eijke[jk]
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It gives,
ey 1 o1
€ T 302 (AU, —ULAL) = €[]
1 _ - _ 2
Clw] T B34 (VH+VV - Vi V.h) = L)
and
1
12
e{uu—}’_] = 2 €[12] [(A -U ) 1/+ + (Al/ - Uu) V;ﬂ
-] 1 A B A B
e[#l’] - 58[12] [( I UIL) Vu + ( v Uu) VH ]
transforming as
[12+]" _ jiga(z)g[12+]
e = e,
el12-1" _ g—iga(z)g[12-]
(wv]

The collective symmetric fields strengths are

e(W) = e(ll)AMA" + 9(12) (AMUV + UMAV) + e(gg)UuU,, = e/(

(+-) (+-)
€(uv) )

Hv)

= 6(34) VJV; =e
and

eg = e(u)AaAo‘ + 26(12)AQUQ + E(QQ)UQUO‘ =e

o = ey VIV = e

Other collective fields strengths are included

(i?,;r) leany Ay +eqz) (A + Uy) +epnU,] V'
W) = lean Ay +eqa) (A, + Uy) + e@)U,] V,
el = % (e(a) — ) VIV
S % (e@3) — ewn) Vi Vi
transforming as
=, ol ey

Similarly,

[e(ll)A +e2) (Aa +Uys) + 6(22)Ua] vte,
e‘(;z o = [e11)Aa + €(12) (Ao + Uqs) + €U | V7
1
et — 7e(34)VJV°‘+,e((;_)O‘ =e@yV, VO~
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ez(x12+)a _ eiqga(x)e((112+)o<7e((xl2—)a — e—tia(gc)eSZ—)a
egj—-‘r)a — e2iq2a($)eg‘++)oc’eg‘——)a — e—2iq2ae(a——)o¢

The simetric sector for collective

« _ I qad
Salg = e(IJ)AaA

SI‘] = e(IJ) (A{AJJ + UZJA_‘]])

j

Thus the corresponding spin-valued granular and collective fields strengths will transform as

with

and soon [4].

2. Lagrangian

F,, F* =

Fu = (Bw)pe F77

€luv] = (S pore!?]

BIS}LV — (Zuu)paﬁlsl)a

1 v RA\O 1 K vA\o
S ()5S Fw Frox + 4 (59)5(5)] Fyw Fro

The abelian Lagrangian is subdivided in three parts

L=Lx+L}+L7

where each one contains antisymmetric and symmetric pieces.

2.2.1 Antisymmetric sector

Considering eq. (2.40),

Lk = 6a1FWF“V + GG,QUMVUW/ + 6&3VJLV“U—,

L3 = —2i(Z,0)er[ (01 FM + b UM ) (el el=TlmAly
+b3(Vyu+e[12—][n)\] + V;w—e[12+] [I{)\])] _ Qi(zpn)uk[(blF“V +
bQUMu)(eUZ][R)\] + e[+—][f€)\]) + b3(Vuu+e[12—][m)\] + V;uz—e[12+][rc>\]>]

245

(55)



Journal of Advances in Physics Vol 21 (2023) ISSN: 2347-3487 https://rajpub.com/index.php/jap

and
L‘} = —4i(2uu)m>\[(6[12][”y] + e[+—][W])(e[12] [RA] 6[+—][f€>\]) + ell2H]lnv] [12+] [M]}

(59)

Notice that L3 contains the non-minimal coupling, eq. 1.7, which is the necessary fields theory condition for g = 2. It

also shows the photon spin coupling with an EM external field.

2.2.2 Symmetric sector

Ls = Lskx + Ly, + L%, (60)
where
LSK - _22.(2;“{)1/)\(615{“/ + 62S§V)(615f>\ + 52S;>\) - 2i(2pn)u>\suy+sﬁ)\7
+24(p185y + p2S%) (1S5, + p2Shy) + 24p3SSt S, (61)
L%] = —2i(Z ) ua (B84 + 5255'/)((3(11)(%/\) 4 e(@(rA) 4 o(12)(rA) 4 e(+*)(n>\))
2085 (Sy ) (592N g o(200N) 94,58, 4 pp§2) (D7
_~_e((112)a + e((lzz)a + e((j_)a) + 24p5 S0t + 24p35’g_e5312+)ﬁ (62)
and

L4, = —20(S o (€MD) L e@() | o12(m) | gl+=)(1)) (o(1D(A) 4 o(22)(s2)

+e(12)(fi>\) + e(—i——)(fc)\)) _ 22-(ZNK)V)\e(12+)(,uu)e(12—)(n)\) + 24(e(11)a + e((}lZ)a + e((122)a

(o3

_i_e((x+—)a)2 + eg12+)ae£¥12—),8 (63)
3. Fields equations
We should study now how fields equations are narrating the spin-valued physics. Four types of equations are derived.

3. Euler-Lagrange equations

A differential hyperbolic equations system is derived for four fields. It gives,

0, [240, 20 4 18021 — 83, 21 + 4(28; — 3p) g™ 2] =

= 12¢(771(2")ap 2P G + Ginerr 1) (Z,0) as 2P GV +

+8ie(1) (54)up 2 DG = Bine( ) (Sap)nre 210G +

—dr 23 G (64)
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where
Zl = gt 4 ppeltl (65)
20 = B9 1 prg ST 4 o) 4 gt (66)
and
Z% = (Br + p1)SY 4 €2 4 4w’ (67)

The above equations are showing that every field the quadruplet contains its own charge. It is expressed through the

correspondent continuity equations. Indicating that electric charge is no more the only one source for electromagnetism.
Considering, as example, just the photon field, one gets for the sin-1 sector.

9, {12a1 F"* + 6by (eP2H]  lH=llvmlyy — g (68)
one gets,

Jhr = i(Z0)aslens (1 FY + boU)UY + byejzq (VP VI™ 4 VOPmyrt)]

—i(Z) gulepg (b1 F*P + boUP YUY + bgezy (VOPHVY™ + VoP-yv)

+2¢e[12](2‘;)a5(e[12”"”] + 6[+*][a6])UV + i(gﬁ)aﬁ(e[mf][aﬂ]vw + 6[12+][a6]vvf) +
—Zi(Zg)ﬁ,(e[u”W] + e[+f][aﬁ])UV _ i(Eg)ﬂy(em*”aﬁ]V”* + 6[12+][a5]vvf) (69)

Eq. (3.6) shows spin-valued charged fields interacting with granular and collective fields strengths where modulated

electric charges and chargeless field are included.

3. Noether equations

A second type of equation from eq. (2.1) is the Noether theorem. It yields the following three equations.

Charge conservation:

duJN =0 (70)
Symmetry equation:
K" + J% =0 (71)
Constraint:
0,0, K" =0 (72)
where

JE = iq{[6azV" ™ + 3azel 2T _ 45,94 4 (4805 + B3) gV SO +

—4B5e2 ) 1 (485 + 48pg) g™ [P (B | — [BagVH Tt +

Bazel 2] — 48,517 1 (48p; + B)g ST — 452D 4

(485 + 48p3) g e PP (S™)V, -} (73)
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Considering the symmetry equation one gets the following electric charge conservation expression.

Op{k1[24ay F* + 120, (el 2] el F=1v]y —8(8, S8 + B1 82547
9" (88182, + 96p1S%, + 8615252 + 96p1p2SSy — 4B1e)) +
+g" (481 + 48p1)e®] + ka[24a UMY 4 12by (el 2] 4 g[H=llnv]y
—8(B255" + B1B251") + " (882552 + 96p2SGs + 88152501,
+96p19255; — 4B2e4)) + g (482 + 48pa)ed]} = —JN

where J§; means the electric charge working as fields sources.

Separating eq. (3.11) in transverse and longitudinal sectors, one gets

0, {(24a1ky — 8B1k1 — 851 Boka) F"F + (24asks + k15182 — 8B2kUYH)
+H12(byky + bokg) (el 4 elHIly = g —

where Ji, = 0" J, N

with
T = iq{ [6azV"~ + 3aze> T VE — [6a3VF + azel2HIm )yt

and

N L oy At prl 1 a TTH puv2

IN = *§Sa2A + e(ll)S A, + ie(QQ)SagU + e(22)S U,

1 , V

+§e(12)(532AV + SglUV) + e(lg)(Sf U, + Sé‘ Au) +

1

€ (SSTVAT + SETVI) 4 (ST 4+ STV
For spin-0:

0"{(96p1k1 + 8B2kz) S5, + (96p2k2 + 881k1)Sg,
+[k‘1(861 + 48,01) + k2(8ﬂ2 + 48/)2)]63} = JKIL — jx/

where Jy; = w J,N.

and

Jh, = iq{[— 4BsS"™ + (483 + B3) g™’ Se™ — 4Bze12 () 4
+(48s + 48p3)g" (P — [ — 4B ST + (48ps + B3)g" Sat
—4536(12+)(M”) + (453 + 48p3)gul/e(al2+)a] Vy_}

Considering on charge conservation law, one gets

For spin-1 sector:
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Ol for = 1a{~2¢e34 (1) ap[(Aa + Ua)Vy (Ay — Us) — (Ap + Up)VF (A, — U,)]VHT
+iega) (b1 F7 + boU ) (S8)ag VIV, —idesn (b1 F*P + boU ) (S4) g, VATV,
—ibsepsa VOt [(S8)ap + (Z8) ) (Ay + UV + 9,V [agVH ™ + bgel27111]
—2qe(34)(Z4)as[(Aa + Ua)Vy (Ay = Uy) — (Ap + Up)Vy (A — U,)JVHF

tiegay (L F? + boUP) (SEVY V. — ey (bt FP + boUP ) (SH) 5, VIV,
—ibseag VP [(Z)ap + () au](Ay + U) VT + 0,V [agV™ T + byel 2]}

For spin-0 sector:

Oudip = ig{V"" [ = 2qe34(Z8)apl(Aa + Ua)Vy (A = U.)

—(Ap + Up)Vi (Ay = U,)] = 2081577 (S4)sa VA~ + BaS57 (Sh)sa V] +

—ie(12) 83577 (S4) ga (AN + U?) + 24e(34) (01551 + p2S5) VI +

24e(19) 4355 (A* + U“)} — Ve [ — (A + Up)VH (A, = U)] +

—2i[B187P (24)pa VAT + B2S9” (B4) s A V] — ie(19) B3 ST (D)5 (A + TU*) +

+24e(3y) (p1 S5, + pzsgg)V’Hr + 24e(12)[335(0;+(A” + U”)]} (80)

Notice that Noether current and corresponding charge conservation one expliciting on fields spin valued interaction
with fields strengths.

3. Constitutive equations.

A third type of equation are the so-called constitutive equation. They are consequence from the fields set {4, U,,, Vﬂi}

interdepence under a common gauge symmetry, eq. (2.1). They join the Euler-Lagrange and Noether equation

A. Spin-1 sector:

o For the photon field A,:

Dp{ar F7 4 by (el el iy p gl 4 i =
24a,mpU" + jhr + jhy — JThr (81)
where a1, 131, are multiple of the constants a; and b;.
Eq. (3.5) may be composed. The first term is
Uiy = 6efiU, U A" — asU, U U + 3ef,9V, VT Al — 3ef, 5V, VYT UH
(82)

which is called the London term. It provides a mass term generating dynamically. A scalar with mass dimension 2, as
u.ur.
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The second termc’y. is identified as conglomerate term. It gives

ip = —6€f15 A, U U" + 6agefy U, A" A* — 3ef, 0 A, VTV +
+efig U VYTV 4 Gepzqeny V, U VI — GepgjeqsyV, UV VAT
—3agef; U, VYT VI + Gagepsyena VT AYVIT — Gepgepsy V, AVVHT
(83)

It provides another type mass, a scalar as A,U”. So egs (3.18) and (3.19) are showing mass terms to be analysed

through the dispersion relation [15].

The spin-valued term appears through the coupled current term.

Jar = —2qe19) () apl(Aa + Ua) V5TV — (Ag + Up)V V]

—2qen9)(24)asl(Aa + Ua)Vy Vy\ — (Ap + Us)Vy V1]

+iby(1+ az)ea [V (B)apV? ") + VO™ (S1)apV" 7]

—iepg (b1 P + boUP) (SH) 5, (U + a2 A”) +

—ibzepsy [Vt (Sh) 5, VY™ + VOO (3h)5, V7]

—(2iq1 + a3q2)(8“VV+V”_ -0,V V' + a“V;V”‘ — 8,,V“_V"+)

ie2) (b1 F*P + byU) (S8)ap(UY + G2 A”) (84)

e For the massive photon field U*:

By {asU"" + by (el 2] 4 el H Iy — 2amP UM + 1 + ¢y
+cpr = Jur +inre — Inr T @iy (85)
with
Iy = 6efi A, AV U™ + 462U, UY A + 3ef, V, VI UM
—3efiyV, VT AR, (86)

p = 6efig AUV A" — 6a,U, A”U* — 3efi U, VYTV +

+3e[212] U,,VV+VM_ + 66[34]8[12]VV+AVVM_ - 66[12]6[34] VV_AVVM+ (87)
*3&18[212]14”‘/”7‘/“4» + 36[212} UyVVi VM+ + 6(_119[34]6[12] V;’AVVN’*
—66[12]9[34] Vy7 UVV‘hL, (88)
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and

o = —2qep2) (38 ap[(Aa + Ua)Vy V" — (Ap + Up) VTV,

—2qgen19)(B)asl(Aa + Ua)Vy V5 = (A + Up)Vy V']

iep1g) (b1 FP + boU) (24 ap(A” + a1 UY) +

ibs (1 + @1 )eqsy [V T (S)asV"™ + VP (Z)apV ]+

ie(12) (b1 F*P + boU)(S1) 5, (AY + a1 UY)

—ibgeqsy [Vt (Sh) 5, VY™ + VOO (34)5, V7]

—(2iq1 + uzqg2) (O*V,F VYT = 8,V VV™ + MV, VYT — 9, VrT V)

—2iq1 (8, VFEAY —OFVVEA,) — 2iqy (8, VIEUY — 9*VVEA,). (89)

e For charged photons V#*:

Ou{(6as —45)V*H* + Bazel Iy —12mfVIE = 1 + o = i

(90)
with
U = 6edyy (VT VVEVET — Vo vvEyed), (91)
clip = 6elyy (VN UV A* — V,F AU
39[34]6[12] (V;_UVA/L — VV+ADU‘LL)
+3e[12]e[34] [‘AV‘/Vi (AM — UH) +
+U, VYEAr - UM, (92)
and
= —2qe0 () apl(Aa + Ua) Vi (A, — U,) — (93)
*(AB + U/J’)Vai(Au - Ul/)]
ie(3a) (0 F7 4 boU™) (24 )ap V" +
—iep) (b1 F*P + boU)(S1) 5, VI E +
—ibze(za) (V) [(0h)ap + (Zh) 5] (AY + UY) (94)
Spin-0 sector:
e For the scalar photon:
I"{(s7 +51)S% + (¢} +&1)ed} = 48(k} + My)ymBUH +
+(t + 84 + (5 + Bdb L+ — The (95)
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with

I, = —4deqryen AL AV AP — 2e(11ye (20 A AV UY — deqyye U, U UH

—8e%11)2AVA"A" + 8e(azye11) U, UV A — Se%n)AuA”U“ —8e(11)ea) UL, U U* +
+96e(12)e(11) A, AU + 96e(12ye(22) U, U U + 106e(12ye(11) A, AV A" +

+106e(12)€(20) U, U A" — 211 A, AVU" — 4l1e(11ye(12) A, A, U +

—dleq1yean) U, UY A — 8lef ) A, A" U* — 8L U, U U +

—8l1e)1) Ay AV U — 8elyy) LU, U” A + 961175y A, A A +

9611 e(19)€(20) Uy U” A" + 2e(zaye1ny V, VY~ A" + 2e(11ye(30) V, VUM +

+2l1e(12)€(30)V, VYT A" + 2 1€ (92)€(30)V, VYT U

—ded,p) VI VYT (AP + UM)] — 4L eV, VY (AF + UH), (96)

chp = —elinUpA"U” = 2en)ezn A U A" — 2e(1ny ey (V7 A"V — V7 AVVIT)

_4e%11)UVAVAM — 2e1nye(12) (AU UM + U U A*) — 2eqpyesay (VT UV VY™ + V, UV
—eanenz AU A" —8eryen A UUY — 2e%12)(Al, +U,)Vr-vet

726%12)Vv+(‘4y + UY)VF™ +deaneqs) (A, + U )VVIVET +

+eaneaz) (A, + U,V VI — 2e%22)l~1UyA”A“ —2l1e(25)e12) AU U

—e(22)€012) 1 (AU A" + A UYU*) — 2lea9)e 30y (V,F AV VI + V7 UFVIT)

_81~1e(22)e(12)AyU'/UH — 8[1e(22)e(12)e(22)AyUuAu _ 2[19%12) (A, + U,V Vit

225y 1V (A” + UY)VH™ + deqryyeqinyhi (A, + U, VP V-

+4@(22)6(12)[1(141/ + U, )VV- vkt (97)

and
G = —2ieqa) (14 1) (S9)aa (81887 + BoSSP) (U™ + AM)] +
—Bye iy (14 1) (B)pa[SOPHVA~ 4 Sy 4

48e(12)(1+ 1) (P15 + p2SSaSaa) (UM + AM) +
F24(1+ D)pa(S5FVHT + 557V (98)

e For scalar UH:

"{(s5 + 82)Say + (¢ + C2)eq} + 1, + ¢y, — 48mp U +
+(t5 + )by + (15 + Bo)iby + e — I (99)
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with

and

ll[}L = *49(22)9(12)U,,UVU“’ — 28(22)8(11)U,/UVAM — 48(22)9(12)ADAVAu

8efy) U U UM + 8eaye(11) Ay AU — 8efyy) U, U A" — 8e(r1)e(a A, A” A +

+96e(12)e(22) U, U” A" + 96e(19)€(11) A, A” A" + 106€(19)€(20) U, U U +
+106e(12)e(11) A, AV U" — 2,U,U” A" — dle (a0 e12) U, U, A" +
f4l~2e(22)e(12)AyA”U“ — 8§e%22)Ul,U”A" — 8ly A, AV A +
—8lyely U, U” Al — e,y la Ay AU + 96lyed, 5 U, UV UM +
9612e(12)€(11) Ay AV U + 2e(34)€(22)V, VY U + 2e(22)€(30)V, V™~ A* +
+2lze(12)€30) V, VY UM + 2lre(11)e(30)V, VY A¥

—ded; ) VS VI (AP 4+ UM)] — dlaernyen) VT VY™ (AF + UM)

= —elon) AUV A" = 2e(29)€(12) U, AUH — 2€(99)€(30) (V, UV VHI™ = V7 UYVIY)
749%22) UVAVUH — 26(22)6(12)(AVUVAM + AVUVUM) - 28(22)6(34) (V;»Ayvyf + Vl;AVVNf"’

—e(2)€12) AU U — 8e(gg)e12) A, U A" — 2ef,5) (A, + U, )V VI

—2e(1)V, (A" + U")VH™ + de@yez) (Ay + U,V IV

+e ez (Ay + UV VT — 2e(211)l~2AyU”U“ — 2le(ye(iz) A, UY A

—ene(n)la (AU U + AUV A*) = 2leqryeqsn (VA VI + V, UFVI)

,8l2e(11 euA, UV A* — 8l2e(11)e(12)e(22)A UruUh — 212e(12)(A YUYV
2e(12 ZQV (AY + UV + 49(22)9(12)l2(A + U, )VVJFV”*

+4eyenz)la (A, + U,V VrT

b = —2ieqay (1 + 12)(D4)aa[(B1ST” + B2SsP) (U + A)] +
—Breaz (1 + 1) (Zh)ax [T TVAT + 8297V 4

48e(12) (1 + 12) (P15, + p2S2ySS) (UM + AF) +

F24(1 + ) (SOTVET 4 STy

e For scalar charge fields V++:

with

O {s3S5% + c3elPEOY L 1l + ey — 24mEVIE = Gt

U7 = — ey VI VIEVIT — defy Vo VIEVIT o degyyeqn) Ay ATV
de(zaye(20) U, U VIE 4 4ely, VIV TVIE — 26,5 A, AV VHIE —
_e%12)UuUVVHi + 48e(34)e(11)AVAVVui + 489(34)9(34)U,,U”V“i i
+48e%34) 1750 % vt
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i = —de(ay(11) A, VVEAR — desy) (22)U, VIEUH + de(zy)(22) A, UV VHE
—de(34) (12) (U, VVE A" + A VVFUH) — 26,5\ VT AV AF — 26, VF AU
—2ef,9) VEUY AF — 26715\ VFUYUH — 2€75) (A VI EA + A, VYU +

+U VIEAR 4 U, VEUP) + 4834 €(12) A U VIE,

and

s = —2i[B1S77 (D) pa VM + 52857 (D1)sa V] +
—ie(lz)ﬁ?,saﬁi(zg)ﬂ/\(“l)‘ +UM + 24e(34)(p1S51 + 255y VHE
24e(12) B3 S5 (A* + UM)

(105)

(106)

A new electromagnetism emerges. Vectors and scalars fields equations are developed. Their left-hand side are constituted

by their fields strengths dynamics and the right-hand working sources. A physicality based on potential fields is

explicited. Potential fields are not more subsidiary. Spin-valued potential fields became physical ingredients.

3. Bianchi identities

A fourth type of equation are the Bianchi identities. It yields for antisymmetric sector:

3.4.1 Granular:

8MFV/)I +6pr,1/I + 8VFPHI =0

3.4.2 Collective:

Auelup] + OrhoClu) + Ovelpn = eng)(Spn)a A U™
tez] (Epﬂ)nAAVUM\ e (Euu)m\APUm
—e(19(Zpu )i Up F™ — €19 (Spp) malUy F™
*6[12](EVIL)H>\A0FM

and

ey + duell )+ Opel ) = —iepy{ V(2 VA

FV (S A VAT + VI (E)\ VA = V7 (87) oV
*V;(EP#)KAVN)ﬁL _ VP(ZHV)R)\VK)\JF}
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3.4.3 For symmetric sector:

Collective neutral:

Collective charged

Ouevp) + Ove(up) + Ope(u) =

e {Au(E" ) a0 Shs + Au(Z7)AuShy

FA (D) Skt 0 ST A P SH AL + 9SS A,
tiean {97 AaduA” + g7 Aoy A% + g" A0, A%}
e@2){Uu(E"") 20525 + Uu(zpﬁ)/\usiu + U (B4 52, +
IS, + SR, 4 S,

+ie22){9" Va0, U + g™ Uad, U + g" UaOrnoU™ }
Fea{Uu (S )apS iy + Un(E7)auSix + Up(ZH) a0 Sty +
A (B )28 0x + A (EP)ruSen + Ap(ZH) a0 Sin}
+iez) {9 (S5 Uu + 852 Ay) + g7 (Sa' Uy + S52A,) +
g””(S’glUP + ngA,,) + "7 (Ua0, A% + An0,U)
+gPH(Ua0, A® + An0,U%) + g" (Un0,A% + An0,U}

el )+ Ovel )+ 0,elt ™) = ieqan (Vi (37%)xp Sy + Vi (57 a
X/;J"’(Z”“),\,,S;A + g”pSg‘_V;‘ + gf’ﬂsg‘—vj + gqug—VV—&-
"‘VM_(EM)APS/B + Vu_(zpm)AuS:A + VP(EW)AVS/B
+g"PSaTV, g SSTV, + g SSTV,  +
+e(34){g”"(Vj3HVO‘* + Vafauvaﬂﬂ;p“(vjayvaf+va6yva+)

+g" (Vi 0,V + V0,V T}

(pp)

Notice that Bianchi identities do not introduce electric charge as source.

4. Euler-Lagrange vectorial

(110)

(111)

Electromagnetism is a physical theory to be undersood in terms of electric and magnetic fields. It requires to rewrite

the previous covariant form into a vectorial expression. For instance, taking photon case, one gets.

For photon Gauss law;

V- {6a1]i4 +b1(€av + €4-)} = par
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where

—,

par = —ze[12]b1[(EA§')lU + (Ba - 8)00] + ibgegy[(E* - 5)0V
+(B+ S) Vot ( aoer +( 5)0‘7+] + 2iepy[(€av - 5)?5
+Fav - ST + (@4 00 + (B - ST +il(Eav - IV
+(bav— - SOV + (Cavy -3V +baps -9V ]+ 6[12](b1EA n
+Ey) - U + byepy (B4 V™ + B~ V) 4+ 2@a0 + &) - U +

. n . | VA Y
Sy VT 4 Bars +_
+(€au— VT +Eavy - V7)) + 2iqa( 2 o + 5 v 5

S
B~

o

Vot Vo VT Vo™ V) —gi (20707 0a + 2V - V7 gs

For photon Ampére law;

V x {6a1B 4 + by (bav + by )} — 0{a1E1 + by (Gav + &)} = jav

Jav = iepy [(Ead)you + (Ba - Sydu + (Ead)iU7 + (Eas)iU7)
+ibsery(EF5)h¢ + (By - S)oo™ + (E-8)jot + (B- - 8)o" +
HETHIVIT + (B 8)LVIT + (E79)iVIt 4+ (B - §)ivIit] +
+2eq12)[(Gav - )odu + (bav - Sodv + (Fav - H)3U7 + (bav - 9);U7] +

+il(Bavy - 9)igd— + (bavs - S)ood— + (Eavs - VI~ + (bavs - S)iVI~ +

(Eav— - ot + (bav— - S)odr + (Eav— - VT + (bav— - S);V77]
+2e[12][(5AU + ng,) X [j + (gAU + €+7)¢U] + €[34 [EAU— X V+ +
+Cau—¢T +bavy X VT 4+ Eavyd7) + 2iq1 (Voo™ +

— — + [/~
V.-Vt V*——‘W ¢+ Vo pt + V- VU - vz

(113)

(114)

(115)

For simplicity we just study the photon equations. They show a nonlinear EM with polarization and magnetization

described from first principles and the presence of spin interaction. Similarly this physics is extended for other

quadruplet fields

5. Noether Theorem

Considering the three Noether’s laws

adpJ" + 8,0 {0, K" + J'} + 0,0,aK" =0

For antisymmetric sector:

(116)

V- [4k1(a1 + B1)Ea + 4ko (a2 + B2) By + 2ky E_ + 2k_E + 2 (arky + azks) &4 —| = pL (117)
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with
oy = —q{as {(ZNVE B} + {os (55 [6-a + 8 0]} (118)

and

V x [4/41 (a1 + B1) Ba + 4 (az + B2) By + 2kyasB_ + 2k_as B + 2 (a1ky + asks) B+_} +
- % Ak (a1 + B1) Ea + 4k (ag + B2) Ey + 2k yasE_ + 2k,agﬁ,} =7 (119)
with
J7 = —q{dasIm{E_ - (S"N)¢f, + B_ x (S")V A} + 4bsIm{8_4(2")¢f, +
b x (VA1 (120)

For longitudinal sector:

1o} 1 1 1
&{4(11/?1171 + 57920251 + 11p1p2 + Zk2€(12))SgA +4(11kgpa + iklplﬂfr

1
+ 11p1p2 + Zklf(m))SgU} = PqL (121)

with
L = _q{4r1 MV S 16 YAt SO
py = —q{4Im{B b (X" HV IS + (16p1p— + pyB- + p-B4) (B")e S5} +
Im{By (F-a+5-v) - (EVE + (B +17p4) (s5_4 +50_0/) (ZM\W:,\}} (122)
and

0i{4(11k1p1 + %k2f)251 + 11p1p2 + ik2§(12))SgA + 4(11k2p2 + %klplﬁz‘f'
+ 11p1p2 + iklg(w))ng} = jiq (123)
with
Jty = —{AIm{ By B (S NV ST™ + (16p1p— + pir B+ p-By) (B ViSa ) +

4B (514 ) (EIVihs + s p (S + (UTps + 82) (54
o) SV (124)
Concluding, the Noether theorem provides two kinds of electric conserved charge. The transversal continuity equation

obtained as

apg

o +V-il=0 (125)

is introducing the correspondent spin-1 charge. The electric dipole and magnetic moment interaction writen at eq.
(1.15) are expressed at eqs (5.3) and (5.5)

Similarly, one gets the longitudinal continuity equation
— +Vji7 =0 (126)
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given by eqs (5.7) and (5.9)
Performing eq. (5.10), one gets.

igIm{ — 4g50; - (A = U)[(A; + Up)Vy" — (da + dv)V;']

—4q50;[(¢a — dU)ViT (G4 + du) — (4 — du)dT (A; + UV ™

+iesq) [ (b1 Eaoj +bsEuo;)30; - Ve~ — (biBajk + b2Buji)8jn - ‘77¢+]
+iea [(01Eaoj + baEuoj)3o; - V= ¢+ — (b1 Baji + baBuji)8in - Ve~
—iepq[(b1 Eaoj +b2Epo;) - 5050 ¢~ + (b1 Baji + baBujy,) - Sido" ]
—iejzq) [ (b1 Baw + b2Eur) - Sup VT + (blBAJk + bQBU]k)S]k Vte~ ]
—ieg3) [(b1E a0 + b2Eyvoy) - 50,V ¢~ + b3 Eo;(50; - (A+U))g™ ]

—ibseq{ B}, [5jn - (A+U) + 55, (Ai + U;)] ¢~ B Si(da + dv)o~ }
—17:),63[3,4]@;-?c (6 + ¢v)Fjk - V] — ibsesa BixBjr - Sjk(6a + ov)

. L o - .
—ib3€[34] [E;:gkj . (A + (])Vj+ + Blekl . (A + U)VlJr] + §V+ . [(LgEi +

+b38au—] — Vo - [a3E™ + bséau-]} (127)

Communing eq (5.11), one derives

iq{o" | — 4qe(34)50; - (A-TU)V' (¢pa+ ouv)] +

—4gesa ik - (A= D)WV (A + U7) — 4i(B1S) - 50, V7~ +

+B255 - sojVj_) - 16(12)B35 - sjk(Ak + gk) +

+24e(34) (p1S51 + p2San)¢” + 24e12)355 (¢a + du)] +

V. [~ 4qe(zaBoj(da + du)VI~ (¢4 — du) — 4ge(zaySjon(da + du) V™

*4118(?,4)5;%1(/_17C + UMYV — 2i(B18y;1 - 5jo¢~ + 255 jod ™)

—2(8187* S V'™ + 8253 S V™) — ie(12)835% Foo; (A7 + U7) + (128)
—ie(12)835% " 8o;(da + du) — ie(12) B35 Sir(da + dur)

—ie(12)B357F S (A + U') + 24e 34y (1S5, + p2SS)V ™ +

+24e(19) 8382 (A +U)] + &‘ﬁ (5559 4 chell2) 4

vVt (3597 + 636827)0‘] } (129)

6. Vectorial constitutive equations

Physics has to understand the determination of the EM flux. The fields set {A,,U,, Vf} does not work as isolated
fields. It provides a quadruplet with on interdependent fields dynamics. The four bosons electromagnetism is a physics
based an fields conectivity. It gives, by coupling the Euler-Lagrangian and Noether equations the following vectorial

constitutive equations.

A. Spin-1 sector
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6. For A, photon field:

e Nonlinear spin-valued Gauss law:

V Aar1Ea +b1(Cav + &)} + g + oy = 249mPdu + par (130)

where a; are multiplicative terms from a; respecivaly.

Eq. (6.1) introduces a photon field dynamics beyond Maxwell. It contains a dynamics with granular and collective
electric fields, masses terms from fields condensation into scalars writen at London and conglomerated terms, plus

sources constituted by external masses and densities related to spin. Introducing sources that are beyond electric
charge.

The London term is

= —2qas(b? + ab)(¢t o™ + VIV gy +

—2qaz(a® + ab)(¢* ¢~ + VIV " )ga (131)
{efi6(¢ud + U -U) +3(¢" ¢~ + V- V) }da +

—{efig2(Pada + A-A)+3(¢T¢ + VT V) }ou+

Conglomerate term

p = —6eliy(duda + U - A)(¢u — dacpa)

—3ep)(pad’ + A VT —gugt —U- V)

+6ep12) (€34 + 1/2ep19)) (G o™ + U- Ve~

—6epig)(e[zq +2 €ng)) (Pud™ + U-vo)et

+62eqig1ep3q (0T P + V- A)p™ —

~@i (6T oa+ V- A" + (07 da+ V™ - A)g]

—2a3¢3((¢* b + V- U)g™ + (¢ du + V™ - TU)o'], (132)
Density term is expressed as

pAT = pele +pneut +pspin—neut +pspin—cha7'ge (133)

where the pure electric charge term is

o = —q(2ia+ asb)(ET - V- + E— - V1),

-,

pneut — +e[12] (blﬁA + bQEU) . (Ut + 61214)
+bge[34] (E+ . ‘77 + E_. ‘7+) (134)
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the pure spin term is

pspm — z'e[12]{b1 [(EA@?(621+ (7) + (EA . §)?(2A'+ (j)}
Hal(Bu oA+ D) + (By - S)) + A+ D)}
+i(1 + d2)eqy[(Ey - IV + (By - STV +

—

(E--80V* +(B-- 8))VH] (135)
the charge-spin associated term

psvin—charge _ _ { das {(EM)VJA . E_} n {b3(2m)17$ 64 +6_U]}} (136)

e Nonlinear spin-valued Ampére law:

6 X {&1§A + Bl(EAU + g.;__)} — 8t{&1ﬁl + 61(€AU + €+_)} + fAT + Car =
24m? U + jar + jnr (137)

Similarly, one gets

[ar = —q*2a3(b> + ab) (¢t o~ + V- V)T +

—q?2a3(b* + ab) (¢t~ + V- VA

{etiy[6(¢uou + U -U)+3(¢T¢~ + V- V)A+

—{eligl2(Gada+ A A)+3(¢Te™ + VT VOJU+ (138)

and

-,

Gar = —qa®[(¢T oA + VT - AV + (¢ g+ V™ - A)VF]
—2qasb?[(¢t oy + V- U)W~ + (¢ ¢y + V™ - U)VT]
—6e7)5)($uda + U - A)(¢r —2 $a)
—3epy(¢adt + AV — gyt T -VHV-
+6eq19)(egzq) + 1/2ep19) (oo™ + U - VIV
2] (epaa) +2 epz)(pre™ +U - V)V
+6asepgey (9T oa + VT AV (139)

—6e 12] e

The current term fAT is decomposed as
jAT _ j'ele + j’neut + j’spinfneut + ‘;'spinfcha'rge (140)

with

5 = a(2ia+ asb)[(EV¢~ + E-¢¥) + (By x V7 + B_ x V1)
(141)
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and

TG = ey (b1 Ea + b2Ev)(¢u + daa) + (b1 Ba +
+b2By) x (U + as A)] + bsepqy (Er ¢~ + E_¢T) +
+b3€[34] (§+ X ‘7_ =+ g_ X ‘7+)

Jopnrent = ie[12]{b1[(EA§)6(2¢A +ou) + (E_:Ag);(&Q/TJF U)

(Ba - S)i(20a + ¢v) + (Ba - S)i(aA+U)] +
bol(Eud)? (e A+ T) + (Bu - §)2(A+ )]}
+i(1l+ do)epq(Ey - 8)ho~ + (Ey - 8)iV ™
+(By - Spo™ + (By - SV + (B o™
H(E_ -8V + (B S)jo" + (B- - §)iV]

jepin=charge — _gfdazIm{E_ - ("N ¢t 4+ B x (2*NVEY 4 dbgTm{&_ 4 (2o, +
b_a x (S*MVE 1

(142)

(143)

(144)

The nonlinear above equations are expliciting that the associated currents are beyond the electric charge current

An enlargemente to the electromagnetic phenomena is obtained. Gauss and Ampére laws are obtained where the

correspondent EM fiels are no more a consequenceof eletric charge. Fields generate fields and electric charge is extended

to modulated electric charges, neutral charges, spin charges and electric-spin charges.

6. For massive U":

e Nonlinear spin-valued Ampére law:

Similarly,

V- {a2 By + ba(Eav + &)} + I + r — 20midu = pur

I = —2qaz(a® + ab) (67 ¢~ + VIV )y

—2qaz(a® + ab)(¢pTp~ + VIV )da +

{eli[6(dada + A- A) +3(¢T o™ + V-V )hou +
—{efigli(¢ueu + U -U) +3(¢7¢~ + VT -V7)}ga

261

(145)

(146)



Journal of Advances in Physics Vol 21 (2023) ISSN: 2347-3487 https://rajpub.com/index.php/jap

—

r = =2¢°ast’[(¢7 du + V- U)o~ + (¢~ gu + V™ - V)]
PP oa+ V- Ao~ + (7 da+ V™ - A)pT]

—6ef) (puda + U-A)(pa — arov)

pudt +U -Vt —papt —A- Vg~

+6ep15)(e[3q) + 1/2e13) (9ad™ +A- V)¢

—6ep19)(e[34 + arepig)(pad™ + A V7)o"

+6azezepsa(¢F oy + V- U)g~

—39 [12]

(
(
(
(

and
puT = pUSS + pptt + petat
where
piles = —q(2ia+ asb)(ET -V~ + E~ - V™)
PUT" = e[12](b1EA +baEy) - (A+al)+ bsez] (Ey -V +E_.VT)
il = iepa{bi[(Ea®)) (@ U + A) + (Ba - 9) (@l + A)] +
ba[(Eu )Y (arU + A) + (By - )Y@ U + A)]} +i(1+ ar ey [(Ey - 5V +
+(By - SV 4 (E_ - VT + (B - §)0VH]
and

pspin—charge =g {4@3 {(Em\)v‘;& . E_’,} + {bg(E“/\)V;& e_a+ 67U]}}

e Nonlinear spin-valued Ampére law:

V x {asBy + ba(bay + by_)} — 0 {asEy + ba(Guv + €4-)}
—2m} U + lyr + Cur = jur + @rjav
where
fUT = 72q2a3(a2 +ab)(¢pT o™ + V*V’*)[f+
—2¢%a3(a® + ab)(¢T ¢~ + VIV U
{etiy[6(pacy + U -U)+3(¢ ¢~ + VT -VIIU +
—{efiglar (pvdu + U-U)+3(¢te~ +VT-V)JA
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(151)
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Gur = —¢*0*[(¢T oy + VT - U)W+ (6 ¢u + V™ - U)VH]

—2a3¢%a?[(¢T¢a + V- AV + (¢ dpa + V™ - A)VH]
6ef15 (duda + U-A)(pa—arov)

—3epi)(padt + AV —gyet —U - VIV

+6e(12)(egaq + 1/2ep12)) (GudT + U - VIV

—6epi9)(e[3q +2 €n1g)) (Pu P~ + U-v- )VJr

+6a1ep12e(34 (97 v + vVt o)W

Zelec “neut Zspin—mneut Zspin—charge
JUT—]UT +J +%° + 7% g

Ji5° = —q(2ib + aza) (Bt ¢~ + E-¢*) + (By x V™ + B_ x V)]

Jost = epg[(b1Ea + b2 Ey)(¢a + a1¢u) + (b1 Ba +

+b2BU) X (A + CNLlﬁ)] + b3€[34](E_:+¢7 + E_¢+) +
+b3€[34] (§+ X ‘77 + é_ X ‘7+)

gih = iepay{bi[(Ead)y(20a + du) + (Ead)i(a1U + A)
(Ba - S)ylardu + ¢a) + (Ba - 9)i(aU + A)] +
bo[(Ev5)} (U + A) + (Bu - ) (a: U + A)]}
+i(1 + 1 ey [(Ey - 8)5o™ + (Ey - 573‘7_
+(By - )b + (By - S);V™ 4+ (E- - 9)po*
HE SV + (B St + (B §)ivH]

and

-,

b x (VA1)
6. For charged photons V**:
e Nonlinear spin-valued Gauss law:
V- {(6as — 4ﬂ3)ﬁi + 3az€ap+} — 12my ¢T + l(‘)/iT + c(‘)/iT = p‘%T

where

WV = —q?a*{pada + A Ao — ?v*{ouou + U - Uls™
befy {670 + VIV )g* — (97 ¢ + V VE)pt}
+oToE+ VT VE),
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jerm=eharse = —qfdasIm{E_ - (5", + B_ x (S")V.E} + dbsIm{&_a(X"")p )1y

+

(155)

(156)

(157)

(158)

(159)

(160)

(161)

(162)

(163)
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c% = @V {¢*pu + VE - Uy + 6efy { (6T du +

Dpa — (0F¢a +VE- Aoy} +
+3e[34]e[12]{(¢i¢u +VE U)pa — (6Fpa+VE - A)pal
+3epgepa{(0ad® + A-VE)(da — o) — (6Tou + VE - U)(pa —
¢yt + ai{o5da +VE - A}oa,

and
p“g,leTCti —2iqaE* - A + 2ighE* - U

—

I = (B 9))(A+U)] + epybsE* - (A4 1)
and
Pt = ey {bi[(Ea - 90V + (Ba-§)IVH] +
+ba[(Ey - 8)IVE + (By - S)IVE} + epguybi(Ea + by Ey)VE + ey bs[(EF
_[j')

e Nonlinear spin-valued Ampére law:

6 X {(6&3 — 4ﬂ3)§i + SQBEAU:I:} — 8t{(6a3 — 4ﬂ3)E_H: + 3a3€AUi}

—12m?VE 4 I, =T,

l\jﬁT = —?a*{pada + A- AWV — @Hopoy + U -UIV*
befyy[(pT g™ + V- VEWT — (p7¢* + V- VEVT,

= Pa{oFpa + VE- AV A+ PV {¢F oy + VE - UU
+3epqenz{(0 oy + VE-U)A - (¢Fpa + VE- AU} +
+3epgepz {(gag™ + A VE)A-U) + (¢uo* + T - VE)(A -
0) = (pada + A- AVF — (¢uou + U - 1)V}
6e%y (6 6u + VE-TUA) — (¢ pa + VE- AU,
and

Zelect “neutt

+
JVT—JVT +Jvr +Jgpm

Jip = —2igh(BT x U + E*¢,)

jg?ti [34]b3[B:t X (K+ (7)+Ei(¢A+¢U)]
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and

FobiE = ey {bal(Ba - $)p¢™ + (Ea - 31V +
+(Ba - 8)pot (Ba - 9);VE] + ba[(Eu - ot +
+(Eu - )5VE+} + (Bu - 8)j*] + ejsa (01 Ba +
+byBy) x VE + (b Ea + by By )] +
eabs[(E* - §))(da + dv) + (EX) - )5(A+0) +
+HEE - 8)i(a+ dv) + (BT 9)j(da + dv) +
+(B* - 9)i(A+ D)

(175)

Thus, while at Maxwell laws, electric charge appears with the function of attracting and repelling bodies, at four bosons

electromagnetism it assembles fields. This is the picture shown by the above equations. The quadruplet is assembled

beyond electric charge.

6. Continuity equations

An electromagnetic flux is constituted by the quadruplet.Continuity equations are developed. All above equations

contain a respective continuity equation. The difference here is that they enlarge the electric charge meaning. It holds

the generic expression

) .
— V-jir=0
atPITJr JIT

where

pi = =197 — ) +24m3dr + prT + pNr

Jir = —lir — G + 24miAr + Jir + It

7. Scalar constitutive equations.

B. Spin-0 sector

7. For photon spin-valued scalar field:

e Time evolution.

°{(s1 % +51)501 + (c1 % +¢1)(Saan + 5aav + oy + 547}

+H0p + Sy = 48(ky * M) mF U° + 1159, + 0I5, — 5%,
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with

and

lr = (—dezenn) — 86%22) + 96[29(11)6(22)) + (UoU° + U;UH U,
+(200e(2)€(11) — 8efys) + 98l2e(22)€(11)) (UoU" + U;U*) Ag +
(—12e(22)e1,, — Be(22)€(12) + 10612 (12)€(11))(Ap A’ + A; A7) A°
(—8eaz)e(11) + 96e? (12) )(AgA® + A;AHUO,

hr = (—2e(i1) — 8e(ineqs) — 2lie(ine(as) — 2l1€(19)€(22)) (Up A° + U; A')U°

+(-

+

(=
+(-
+(-

[

10e(i1ye(12) — 4e%11) —2 — 8l~1e(22)e(12))(A0U0 + A, UHAY

2e(11)€(34) — l1€(20y€(30))[(Ao VT + AV VO 4 (A V07 + A, V7)) V0T
2e11)€(34) — l1€(22y€(30)) [(Uo VO + U VIH)VOT + (UgVO™ + U V7)) VOF]
2¢” — 8l1ef,9) + l1e(12ye(11)){[(Ao + Uo) V™ + (A + Up)VITIVOF 4

+ (Ao + Uo)V0+ (Az + Ui)VH_]VO_}

3oL = 2(1 + 1)eqa)[(B1Sh + B2SH) (A" + U") — (B1SS + B28%)(A° + U°)] +
+2(1 4 1) Bzera) (S7TV'T + 577 VI) +48(1 + h)ern) (11Say + p2S3)(A° + U°)
24(1 + 11 )eq2yp3(SSTVO™ + 82~ VOT)

e Space dynamics:

with

O {(s1 % +51)851 + (e1+ +61)(sGaa T 56av + sGvv + 54"}
g, + = 48(ky * + My )mg U + 1% + BJf — e

Iy = (—de@ayei1) — 8elyy) + 96lze(in)e(2z)) + (UoU° + UiU*)U*
+(200e(22)€(11) — 8e%22) + 98[26(22)9( 1) (UoU° + U;U" A" +

(- 12e(22)e ,,, — 8€(22)€(12) + 106l2e(12 e(11) )(AOAO + A; A’)A’
(—8e(22)€(11) + 96€7,9)) (A0 A” + A, AU,

car, = (=2¢fi1) — Seqnenz) — 2ieanes) — 2heazew) (U’ + Ui AU

+(—

+(=
+(-
(=
[

+

10e(11yeq12) — 4e%11) — 2l — 8l~1e(22)e(12))(A0U0 + A UH A

2e(11)€(34) — l1€(29y€(30))[(Ao VT + A V)V 4 (AV0 + A,V IV
2e(11)€(34) — l1€(22)€(30)) (U0 VO + Ui VIV~ + (UoVO™ + U, V7))V
2e” — 8l1ef,9) + l1e12y€(11)){[(Ao + Uo) V'™ + (Ai + Up) V"IV 4

+[(Ag 4+ Ug)VO + (A; + U) VI Vim)
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and

dar = 2(1 +1)eqsy[(BiSer + B2Sha) (A% + U°) + (815, + B2S%,) (A7 + UY)
—(B1S% + B2S%) (AT + U] + +2(1 + 1) Baeuay [(SeT VO™ + 85~ VOH) +

H(STVIT 4 SITVIT) 4 48(1+ D1 )e (1) (1S5 + p2S5) (AT + U

24(1+ lh)eq2)p3(Sa TV~ + 857V

7. For massive photon scalar fields:

e Time evolution.

O {(s2 % +52) 55 + (c2 % +E2)(Sean + 524y + Sopy + 5574}

HYp + Y —48mPU° = 50, + IS, — 5%

with
lOUL = (746(22)6(11) - 86%11) + 96[26(11)6(22)) + (A()AO + AzAZ)AO
+(200e(22)e(11) — 86%11) + 98[26(22)6(11))(140140 + AiAi)Uo +
(—126(11)9(12) —8e(11)e(12) + 106526(12)6( )(U()UO + UiUi)UO
(—8ea2)€(11) + 96€7,4)) (UoU° + U;U") A°,
C(T)JL = (—26%22) — 88(22)8(12) — 2[26(11)6(22) - 2?28(12)8(11))(U0A0 + UlAZ)AO
+(—10e(22)e(12) - 46(222) — 2[2 - 8[26(11)6(12))(A0U0 + AzUZ)UO
+(—2e(22)€34) — lenyeEy) [(UoVOT + U,V VO™ + (U VO™ + U;Vim) VO]
+(—2e(9y€(31) — len)e(sa)) (A VO + A, V)V + UV + U;V7)VOT]
+( — 8l2€(12) + lle(lg)e 22)){[(A0 + UO)VO_ (AZ + Ui)Vi_}VoJr +
+[(Ap + UO)VO+ + (A + )V Vo)
and

o =21+ l)ean)[(B1Sh + B2SH)(A* + U') — (81551 + B2Sas) (A° + U°)| +
+2(1 + I3) B3e(12) (SYTV'™ + SP7VH) + 48(1 + la)e(12) (01551 + p2S3) (A° + U?)
24(1 + la)e2)ps(Sa VO™ + 537VO)

e Space dynamics.

O'{(s2 % +52) 5% + (c2 % +E2)(Saan + 50y + oy + 54 %)}
'HiUL + C%JL - 48m%]U0 +inJL + Z2J5L —jhe
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with

I, = (—4e(22)€(11) — Se%n) + 96l~2e(11)e(22)) + (AgA® + A; AN A
+(200e(11)€(22) — 8€fyy) + 98T1€(22)€(11)) (A0 A° + A AU +
(—12€(11)015 — S€(11)€(12) + 106l2€(12)€(22)) (UpU® + U;U' U
(—8e(az)e(11) + 96€7,5)) (UoU° + U;U") A,

cirp = (—2€fyy) — Be(z)e(12) — 2l2€(11)€(22) — 2l2€(12)€(11)) (Vo A® + U; A" A’
+(—10e(22)€(12) — 4€{q) — 2l> — Blre(11)€(12)) (AU + AU U’
(—2e(a2)€(34) — l2e(11)e(30)) [(UoVOT + U V)VI™ + (UgVO™ + U, V)V
+(—2e(aye(3a) — leen e [(AoVOT + A VI)VIT 4+ (A V07 + A, V)V
(=
[

+

+

262 — 8[26(12) + lge(lz)e(gz)){[(Ao + UQ)VOf + (Az + UZ)VZ*]VZJr +
+[(Ao + Uo)VO + (Ai + U)VTFIVIT}

and

Jirr, = 2(1+ l2)eqn) (81561 + B2502) (A% + U°) + (1S} + B2S5) (A7 + U7)
—(B1Sa1 + B2Sa) (A + U] +2(1 + o) Baea) (S5 VO™ + 557 VOF) +

+(S;'+V]_ + S;ivjﬂ] +48(1 + I2)e(12) (1S5 + p2S3) (A + UY)

24(1 4 l2)e(12)p3(SSH VI~ + S27ViT)

7. For spin-valued charged photons scalar fields

e Time evolution.

0%{s 3 S5 + 3 % sqaus} + g + & — 24mP VO = G0

with

l?/ji — 4e%34) (V()Jrvoi + VfVii)VO_ _ 4e?34)(VO+V0:t + Vi-'rVi:I:)VO+ +
+4e(34)e(11)(A0A0 + AiAi)VOi + 4e(34)e(22)(U0U0 + UiUi)VOi
delsy (Vo VO™ + VIVIT) VO — 26, (40 A% + A; AV O*
—2e,) (UoU° + U;U")VOE + 48e(11)e(30) (AgA° + A; AT VO*
+48e(34)€(22) (UoU° + U;U")VO* + 48efy, (Vo' VO~ + VI Vi) V0=

Ny = —deanen (AgVOF + A V) AY — deag e as) (UgVOF + UV H)U°
—49(34)9(12)[((]0‘/0:‘: + UiVZi)AO + (AOVOi + AiVii)UO + 48(34)6(12) (AOUO +

+AUYVOE] = 26, [(V5EA® + ViEAY) (A + U°) + (VU + VEU) (A + UO)) +

+48e(34)e(12) (A()UO + ArLUZ)VOi
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and

Jvi = 2BV + SHIVE) + Ba(SGVOE + SRV +
Bse(1a) [S0T (A + U°) + SPE (A" + U] + 24ezq) (152 +
p2S852)VOE + 24e(12) B3S5F (A" + U°) + 2(B1S0 + B255,) VO]
(198)

e Space dynamics

V x {@2By 4 ba(bay + b))} — 8{a2Ey + ba(Cav + E+_)} + lar + Gar +
—24m?][7 = .;UT + .;NT (199)
with

l%/iL _ —4e%34)(V0+VOi + Vi-&-vi:t)vi— _ 4e%34)(VO+VOi + Vi-i-Vi:I:)Vi-&- +

+Hegpeqn (AoA’ + A AV + degyen) (UoU° + U;U )V

4elyyy (Vo VO™ + VIV )V — 2ef ) (ApA° + A, AV

—2e715) (UoU° + U;U )V + 48e(11ye(34) (Ag A” + A AV

+48e(34)€(22) (UoU° + UiU" )V + 48ely, (Vi VO™ + VI VTV (200)

clyp = —depenn (AgVOE + A VE) A" — de gy e (U VOE + U VU

—degayeqn(UgVOE + U VE) AT + (AVOE + A VE)U + degzayeia) (AoU° +

+AUYVE] = 200, (V5" A + VEAN) (AT + UY) + (VU + ViU (A" + U] +
+48e34y€(12)(AoU° + AUV (201)

and

I = 2B1(S VOE + SIVIE 4 53 V) + 28,5 (S5,VOE + S5, VIE +
+83VIE) + Bse(z) [STE (A + U°) + SIF(A7 + U7) + S3E(A + U]
+24e(34) (P1951 + p2S52) V' + 24e(12) B350 (AT + UY) (202)

8. Bianchi identities

A. Spin-1 sector:

A new result from four bosons electromagnetism is Bianchi identities with composite sources.

8. Antisymmetric granular identity

The granular electromagnetic fields remains the same.
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V-B; = 0, (203)

8. For antisymmetric neutral collective fields

The collective fields introduce sources. It yields,

=,

V X Eav + Oibay = 9[12]{(EU . 5')0;'/T+ (Ep - 5)ija + (By - S)o, A
(Bu - S)ijoa — (Ea - 8)o;U — (Ea - 8)ijév + (Ba - S)o;U — Ba - S)ijou—}

(204)
and
V- bav = epy{(Ev - 8)ijA+ (By - §)ij - A= (Ea - 8)iU — (Ba - §)ij - U} (205)
8. For antisymmetric charged collective fields
V X &+ Ohby = epy{(Es - oV~ + (Bt - 8)ij6~ + (By - 8)o; V™
(By - 8)ij¢~ — (B_ - 8o,V = (E_ - 8)ij6" + (B_ - §)o,VT = B_ - S);;67}
(206)
and
Vb =epy{(Ey - 8)i V" +(By-8)ij- Vo —(E_-8);VF —(B_-S)i; -V} (207)

Eqs. (7.1-7.3) are showing composite magnetic poles. All sources are spin dependent Spin-valued sources coupling

granular fields strength with EM potential fields.

B. spin-0 sector:

8. Neutral collective fields

0" (s + sy + sthy) + P (84 + %y + s0u) + 0 (s + sy +

su) + 0°(s5a + 55y + sgu) = ean{AiSoj1 + A;Sion + AoSij }

+ie1) {90 Aa0; A% + g7 Ag00A* + g% Aq0; A%} + e(22) {U; Soj2 +

U;Sioz + UpSija} + ieaa {9 Uad;U* + g7 Ua 00U + g% U, 0,U} +

Jre(m){Az‘S()jz + A;Si02 + AoSijo + U;Soj1 + UjSion + UpSijn } +

+ie2){g""(Aa0; A% + Ua0;U%) + ¢7* (Aa 00 A* + Ua8oU®)

+9% (A0 0; A% + U 0,U*} (208)
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and

Y4 + sy + 8%} = eq1){240S0i1 + AiSoo } +

+e(12){2(A0Soi2 + UoSoi1) + AiSoo2 + UiSoo1 } +

+e(22){2U0S0i2 + UiSoo2} + ie(11){g™ A 0; A +

+29"0 A0 09 A%} + i€ (92 {g" Ua0; U + 290U, U}

+ie(12) {9 Ua0;A” + g A0 0; A® + 29" (Aa0oU* +

+UaD0A%)} (209)

8. Charged collective fields

sV + s+ %" = ey {(VITSYT 4+ vItgi0- 4
—|—Vi750j+ + Vi— gi0+ + VO*gij#*} + iQI{AiVO+ + ‘/j+AiV0_
VT AVy } +ige{UVE" + VT UV + VT UV} (210)

and

97§+ 0" = ieqa{V T Soim + VIHSNT 4 VITSUT 4y g0y
+iq {VOTAVIT L VO ATV O L VI A0 g {(VOrUOVET 4
VOrUitv O p vityty oy (211)

9. Conclusion

Spin is being studied for one century. Its electromagnetic interaction with charge and uncharged particles developed
the spintronics. A research mainly focused on the electron. A subject exploring univoque localized spins, atomics
sites in crystals, semiconductor quantum dots, neutrino anomalous EM moment. For qubits quantum computing, spin
transport, spin dynamics in macroscopic systems, couplings between spin transport and spin dynamics in many ways.

However, the spintronics referred to spin-1 is not a developed subject.

Our objective here is to introduce spin-1 effects by studying a spin-valued four bosons electromagnetism. Although the
spintronics literature for spin-1 is not much developed [16], new feautures appear to be considered. Given eq. (2.1), one
gets new terms in the Lagrangian, new couplings between potential fields and external EM fields strengths (granular

and collective), spin charges.

An electromagnetism enlargement is proposed by the four bosons electromagnetism. The electric charge {+,0, —}
transmission by a quadruplet {A,,U,,, Vui} reinterprets the meaning of EM in terms of charges and fields. While
in Maxwell EM fields are consequence from electric charge the four bosons EM associates each field at quadruplet.
They create ther own pair of EM fields E; — By and collective fields due to the fields interdependence composition. A
four-four EM is generated [17].

Electric charge is no more the isolated coupling for EM effects. The Noether theorem and the constitutive equations
are showing continuity equations based on electric charge, modulated electric charges, neutral and spin charges. Spin
charges are due the interactions of two types of spin vectors, S and §, with magnetic and electric fields respectively.

These relationships are registered by constitutive equations and Bianchi identities.
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Given these results one should consider on spintronics-1. There is a short literature due to the spin-1 bosons are in
general unstable. Decay in a short time and not establish stationary currents. On other hand, the interaction between
a magnetic field and the photon is known since 1845 with Faraday [18]. An effect which Maxwell equations did not
provide. It requires to introduce a term gFC‘B(Z“B)ZA,, as eq. (1.8). It appears at sources egs. (3.14, 3.19) and Bianchi
identity eq. (3.38).

Thus, spin effects are introduced by enlarging the EM by four intermediate bosons. While in Maxwell, fields are
generated from electric charge the EM microscopic approach reverts the approach. The EM origin is in the quadruplet
{4,,U,, Vui} . Based on eq. (2.1), it redefines what EM is. From this primitive fields set physics is constituted.
Constitutive and Bianchi equations are generated with masses depending as fields: Spin interactions appear from first

principle.
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