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J.Chauca, R.Doria, |.Soares
CBPF, Rio de Janeiro, Brazil; Aprendanet Petrdpolis, Brazil
Quarks Petropolis, Brazil

ABSTRACT

Based on light invariance and electric conservation a four bosons electromagnetism is proposed. It enlarges the
electric charge conservation beyond displacement current and Dirac charge to a new physical situation where the
electromagnetic phenomena is mediated by the usual photon plus a massive photon and two additional charged vector
bosons.

Considering the enlarged abelian gauge symmetry U (1) X SO (2) transforming under a same gauge parameter

a non-linear electromagnetism involving four bosons is introduced. It deploys a Lagrangian containing massless, massive
and charged fields with three and four vector bosons interactions. The corresponding Noether's relations and classical
equations of motion are studied. They provide a whole dynamics involving granular, collective terms through antisymmetric
and symmetric sectors. It develops a new photon equation which extends the Maxwell’s one. Self interacting photons are
obtained.

A four boson electromagnetic flux is derived. It expresses an electromagnetism transfering AQ =0 and

|AQ |: 1, not more limited to just a massless photon. There is a new electromagnetic flowing to be understood, where

aside of electric charge conservation, it appears a neutral electromagnetism. There are six neutral electromagnetic charges
beyond electric charge as consequences from non-linearity. Two are derived from the second Noether identity and four from
variational continuity equations.

An electromagnetic flux being conducted by a whole physics is generated. Based on fields set, it develops a determinism
under the meaning of directive and circumstance. Interpreting that, light invariance concises the photon as directive, the
photon becomes a whole maker. It assumes the symmetry command which will control the conservations laws and
opportunities. Consequently, one combines the symmetry equation derived from Noether theorem with the four equations
derived from variational principle, and an effective photon equation is obtained. A kind of Navier-Stokes electromagnetic flow
is derived. It yields a four bosons electromagnetism preserving electric charge conservation plus introducting the meaning of
chance through symmetry management.
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1 Introduction

Electromagnetism is understood as the phenomena given by light invariance and charge conservation. Under this
focus, Maxwell equations are not a concluded paradigm [1]. The 900 pages of 'Treatise on Electricity and Magnetism’ (1873)
should be understood as a first part of a more complete description of electromagnetic phenomena. So, in a similar fashion
to Maxwell’s displacement current to preserve the electric charge conservation, one introduces here a context involving four
vector bosons intermediations.

We consider four physical principles in order to explore this extended electromagnetism: light invariance,
wholeness, gauge symmetry, charge conservation. They yield a dynamics not more based on an isolated Aﬂ -field but

rather through a family with four interlinked fields: {Aﬂ,Uy,Vj}, corresponding respectively to the photon, massive

1
photon and charged photons. The origin for grouping this family is the Lorentz group irreducible representation (E,E) .

They will share light invariance and charge conservation and will diversify through gauge symmetry.
In previous works, we have shown on a non-linear abelian gauge model [2] with charged fields [3]. The purpose
here is to construct an electromagnetism transmited by four fields {Aﬂ,UH,V;} associated to a common gauge

symmetry. The corresponding U (1) x SO(2) gauge transformations are defined as:
A'=A, +kd,a,
U,'=U,+k,0,a,

Vi'=e"V k.0 a,

)72 7]
=0 —iqa 3
V,'=e V] +k 0,0 (1)
Thus, from Eqg.(1) depending on a common gauge parameter, it will preserve the electric charge. As consequence, one

constitutes the minimum set allowing an electromagnetism exchange containing the cases AQ =0 and AQ ==1. it

proposes an extension to the electromagnetism phenomena where from charge conservation one gets a four fields behavior
as a whole.

2 Lagrangian

Eq. (1) leads us to the following fields strength non-linear abelian Lagrangian based on light invariance and electric
charge conservation

L=L,+Ls +L )
where the kinetic term, L, = L§ + L, , is given by
Ly =a,F, F“ +aU, U +2aV V", @3)
Ly =bgyyS,,8"" +byyyS 2847 + 2SS4
+2035/S 1,5 +€4,S 1S, +CyS 178,
+2Cy S48, +2C45S 1S, @
with the granular fields strength definitions
F,=0,A-0,A, U,=0U,-0U, V, =0V -0V,
S,,=0,A +0,A,, S;,=0,U,+0U,, S,, =0V, +0V,. ()

Notice that Eq.(4) is gauge invariant as a whole [4]. Appendix A relates on collective fields. The gauge-fixing term
associated to these fields set abelian transformations is
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1 V. 14 1 14
Lee =—Su1)S, ylS 1+ 5(22) #ZS 24‘55(12)5:1&/2

l *qQv- +Q v+
(5(33)+%Z(44))S”S +=— (5(33) Euay)RE{S, S}

V2 N
+ 7 SilRe{[fas) + '5(14)]Sv }

\/E J 1 v+ 1 +Q v+
+7S;2Re{[§(23)+lf(24)]3‘, }—55(34)“‘{1{8: S, }

.b

(6)

As usual the gauge fixing term takes just one degree of freedom of the system, however, at Eq.(6) it does not necessarily
specify which quantum is being suppressed.

The interaction Lagrangian is decomposed in trilinear term and quadrilinear parts:
granular and collective fields.

L, = LQ + Lg and L, = L4A + Li. It yields the following separately gauge invariants terms:
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=4BFL+bU) Z +8oRe((z z W}

[+]l#v )]

+4 7 (blF1+bU )+4(Z (ﬂl +ﬂ2uyv)

ALHY  (12HV @KV

L =2(8S,,+BS. )z +2z +1z )

12) (22)

+2(p18”1+p28”2)(z "+2z2'+2))

2) (22)

+2[(B,+4p,)S yl*’(ﬂz +4p,)S HZ](a) 20+ o)

(DAY (MY

+-3HV
+84.Re{(z + 2z )S;}+4z (BS, +BS,)

-1 (2

+8pRe{(z [+ z )S/"}

-1 2

+8(f; +4p,)Re{(w [+ » )S "}

+=3
+47 (S M+ p,S )+ 4B +4p) 0 S

+-3
+4(B, +4p,) @ :Syﬂz

121 [2] [12]1 [21] [13+] [13-] [23+] [23]
—_ nv nv u i v
Ly =2z ,,2"+2z ,,2""-4z 7z -4z 7,
[13+] [13-] 23+] [23-] [13+] [23-]
nv uv Hv
+4z ,,z"+4z ,, 7 "+8z , 1
[13+] [23-] [12] [+1] [13+] [24-]
—8Re{z //z }+8z , Re{z “}+8Im{z / z }
e D e B o B e B
+2z ,,z2"-2z ,,2"-4z7 112
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In addition, for physicity, one splits them in antisymmetric and symmetric sectors:
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(8)
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S (1) (ll)uv (22) (22)luv (11) (11)/41/ (22) (22)!”
L=z ,2"+z ,,2"+27 ,0""+27 o

11) 11) 22) (22) (11) 12) 12) (22)
y72% uv nv uv
+4a)wa) +4a)wa) +47 v Z +47z uv Z

a2 12) (@2) a) @ a2 @2
Hv uv uv uv
+8z ,,0"+8z  o"+16w , 0" +16w , @

a1 (@2 2 @2 2 @2 12 @2
uv uv vu vu
+2z ,,2"+2z ,,2""+8z , 0 "+16w , @

11) @2) 11) @2) 12) @12 1) (22) +-3
yz v H v vu Hv
+4z#cov+8a>”cov+22wz +4(zw+zw)z

(13+) (13-) (23+) (23-) 13+) (13-) (23+) (23-)

+t4z fz +4z V2 4167 fo ,+162 o)
13+) (13-) 23+) (23-) 13+) (139) 23+) (23-)

+R2w o +320 o +42 ,,72"+4z 72"

3+) (23-) (11) (22) 11) (22) 12) 12) +-3
+8z ,, 7 ""+8{z [+ 7 [+20w j+20 |+27 +4o }o |

12) 13+) (23-) (13+) (13-)
+8z Re{z “}+8Re{ z / z }+32Re{z § @ )}

(13+) (23-) 13+) (240) (23+) (14-)

+64Re{w | @ [}-8Im{z , o "}-8IM{z o "}

13+) (24-) (14+) (23-) 13+) (24-)

—RIfw ,, 0 2o ,, o “I+dn{z ,, 7 “}

14+)  (23-) 14+)  (23-) @4+) (13-)

-4m{z ,z"}+8Im{z o “}+8Im{z o "

+—4 -3 —+4 +) () +) ()

+2{z 2 “§%8{z o ST e}

() () (+) ) (+) +-3 +-4
-1{o ,, 0"~ o , 0 “}- 4Z“Z ,+82 )

+-3 +-4
)7 v
+160 o ) (10

Egs. (2)-(10) are broadening the electromagnetic phenomena. They are introducing a step forward to observe a
non-linear electromagnetism. Differently from Euler-Heisenberg [5], Born Infeld [6] and other effective models [7], they are
providing a non-linear electromagnetic model with four bosons fields {A# ) U# ,Vﬂi} at fundamental level. Egs. (7)-(10) are

bringing three new features. First, an abelian non-linearity where differently from Yang-Mills each term is isolately gauge
invariant; second, a dynamics with granular and collective fields showing that nature is a quanta and collective construction;

third, the meaning of chance through free coefficients as a,, b(11) and so on, which can take any value without violating

gauge invariance. At this way, eq(1) is producing a self-interacting whole electromagnetism carrying individual and collective
electromagnetic fields under a determinism directive and circumstance.

Given that this work intention is to generalize the electromagnetic phenomena, we should make a brief comparision
with previous efforts in the sixties in order to extend QED with massive vector bosons. In 1962, Lee and Yang have

introduced the longitudinal vector bosons propagation, and the term Fy VW WY for obtaining the correct expression of

the magnetic moment [8], in 1963 Salam introduced the term ﬂ,(\NﬂW”*)2 for establishing renormalizability [9].
Comparing with the Lagrangian being proposed here one notices that these three terms appear at egs.(4),(7),(9),
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respectively. Nevertheless is still necessary a further study on renormalitability [10], unitarity [11] and on corresponding
gyromagnetic terms.

3 Equations of motion

Taking the variational principle, the kinectic identity 0,S"* =0 F"* +n*"0,S7, and the Bianchi identity

aﬂZ(';) + 26‘,2(‘2 =7 J)ALS“,’ +2y, J)NS; , one expresses the following four compact equations of motion:

For field A# (photon),

pafvAl  [lvAd ()l

of{aF“+a,(z +1z )+a,z +

) 1) (22) 12) (+-3)
+9" (@S +aS? +a,ReS " +a,(z ‘+ 2 42272 942 7 N+

(11) 22) (12) (+-3) .
o o o o —_ g M
+(o+o0+20+2 o 0)}—-wU” = ji

where

] L7207 a2)lv
E=A{AR Ut (2 vz )+t + SRS 4

ants) a2 (-3)m) @2)(v1) ante) a2 @2)(v1)
+fMz +2z +2z )+frz +ffMeo +20 )+flie +

=

22) 3)
+9"( flﬁsjl + fIQS:Z Y flg\ @ ;+2 f9A @ ;)

p2fvAl  lvA a2l @1)(va)
+U {f'F*+ U+ (z +z )+fl o +1'S™+f 'S+’ 2z +

@2)v) @2)va) (+-3)(va) @an(va) 22)(v4) @2)(v4)
+f(z +2z +2z )+fl o +fg(0 +20 )+

an (+-3)
_,_gvu(fllisgl_'_ flgso?z—i_ flg a);’+2f1% @ )}

pa-1lva4l a-0v41 [23-10v41 Ra-10v4 @s-)lv4l

FVEV e +f 2 +ff 2z +f Sz +f o+ +
a4l @3-)lvl a4yl @3-l a4l (234
iz T 7 "z 1T 0 T 0 1 Lo

a4 [13-10v4) [L4-102) [23-10) [24-10v)
+f, 0 +1,8"+1f, 2z +f"z +fiz +f"z2 +

@3-)(va) (14-)(va) @3-)(v4) @4-)(vH) @3-)(va)
+fez +fz +f;z +f5 z +f,0 +

(14-)(va) @3-)(v1) @4-)(va)
+f, 0o +f,0 +f,0 +

N N [13-] [23-] N 13-) (23-) N 13-) (23-)
Vi a— a a a (94 a (04
+0"(feS, +fe(z J+ 2 D+fu(z J+ 2 D)+ (o J+ o )+

[13+]v4l [a+0v2d 23+]lv4l a4+l @3l
- * v+ - *+ - *+ -
+V {f, v +f, 2z +f,7 2z +f, 2z +f,7z +f, 7+
4+)[val eanbdl  anld  asnbal aanlid o eanDa

- + + + +
z +f;z +f,7 2z +f) 0 +f] 0 +1, 7 +

*+

+ f;
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@a)lval w3104 opanta) et pan0)

*

+f,y 0 +f7S™ -1,z +f7 2z +fz +f7z +

L @0 a0 @000 eantw  asnm) wan )
+f,z +f,7z +fy z +fy0 7z +f) 0o +f) @0 +

L @30 e
+f, o +1 0o +
[13+] [23+] 13+) 23+) 13+) 23+)
v, *+oQ a+ *4 a a *+ a a *4 a a
+gﬂ(f18 Sa +f19( z a+ z a)+f20( z a+ z a)+f21(a) a+ w a))}' (11)
Notice that Eq. (11) enlarges the Maxwell photon. It relates on a pure photonic with self-interacting photons. For field U p
(massive photon),

pafvAl  [lvA (=)Dl

ofpU™+b,(z +2z )+byz +

3 ) (11) (22) 12) (+-3)
+9"(b,SS +bSS +bReS +b,(z S+ 2 2427 2+2 7 2)+

a @2 a2) (+-3) J _
+hy(@  + 0 +20 42 0 )=V =)

where
p2fv4l  lvA a2l
§=ALOIF" +g,U" 0l (2 +7 )+0f @ +07S" 40"+
an)(va) @2)(va) (+-3)(v) @2)(v4) 11)(v4) @2)(va) @2)(va)
A A Al a2
+0;(z +2z +2z )40,z +Q9(w +20 )+g,0 +
Ag al Ag a2 A Al
Vv a. o a a
+07(90S,” + 95,5, + 05, @ ;+20y @ ;)}+
ol pelved a2l 1))
+U{0 F"+Q U™ 495 (2 +2 )+0) @ +058"+9s8" +07 2 +
5 @) ave)  (-3)) " @n)(va) ’ el a2)v)
+0s(z +2z2 +27 )+g o 400 +20 )+
Ugal , sUg a2 T O =)
vV, . o a o
+9"(9S, + 01,5, + 0 @ ;+20;, @ J)}+
[13-101 La-0v4 23-101 [4-10v4 @as-)lv4l

+V, 10 Ve, -+ IR 7 L afiie——r T

@4a-)lval (23l a4 @3- a4yl @3-)vl
+ + + + + +
+0,;, Z +0; Z +0y Z +0,0 +0,;, 0 +0, Z +

a4l [13-10v) [L4-10) [23-10v) [24-104)
+ + Qvu— *+ + *+ +
+0 @ +0,5" -0, z +0;z -9, Zz +9s z +
@3-)0u) (14-)(ve) @3-)(v4) @4-)(va) (3-)(va) (14-)(ve)
+ + + + + +
—0O Z +0; Z —0g Z +0y Z + 0 @ +0,; @ +

@3-)(va) (4-)(va)
+ +
0 ® +0 o0 +

3-] 3] a3 @3) a3-)  (@3-)
v, +Qa- + a a + a a + a a
+0%(9155, +06(Z o+ Z )+057(Z2 ;+ z2 )+05(0 J+ o )i+
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. [13+]0v4l . [14+]0v4l 3+]0v4l . R4+]0v4] @3+
+V {g,V* +9, z +0;" z +0,Z +05 Z 40, Z +

@4+)lva] @3+)[v] @4+l @3nlvl (@4+)va] @3+l
+ - *+ *+ *+ *+
+9; 2 +Qg 2 +Qy 2 +Qpy ® +0y o +0, Z +

L (anDl L et pagta) e e ()

0 @ +9,S" -0y 7 49z -9z +g 7+
@zn) v @4+ (va) @3+ (v @a+) () @3+ (v (@a+) ()
*__ *+ — *+ *+ *+
—0s Z +0;, ¢ —0s Z +0y Z t0, @ +0, @ +

@3+) () @4+)(va)
*+ *+
+0, o +0,; ® +

[13+] [23+] (13+) 23+) 13+) 23+)
v *+o a+ + a a + a a *+ a a
+0%(955,  +05( 2 J+ 2 )+95(z J+ 2 ))+0( o ;+ o )} 12

For field V; (massive positive charged photon),

where
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4] [~ 24
ofcvV* +c,(z +z )+

) (2
+0(c,S2 +¢,S2 +6.S5 +¢,S2 +¢,(Z2 S+ 2 )+

SN i /
+C8(wa+ a)a))_ll’l+ = JV+

| A 1 [23-0vl A 23-10v41 . 2a-0val A @3-l \ @3-l
j\;’+:A,{h1VV”_+h2 z +h''z +h’ z +h’ o +h z "+

a4 (23l a4 [13-10) N [23-104)
+h* z +hf o +h o +hfS™ +h}z +h*z +

- [24-1(v4) @3-)(va) \ (23-)(v4) ) @a-)(va) (23-)(va) . (4-) (i)

*

+h* z +htz "z +h*z +hf e e 4+

v Ac a— A [137]0( [237]0: A (13_)0( (23_)0: A (13_)0( (23_)11
+gﬂ(hllsa _hZ( z zx+ z a)+h5( z zx+ z a)+hlZ(a) zx+ 2 a)}+

3-]iv4 (410 2310l @3-)v4l (14-)lval @3-)lv4]
+U{h’vV* +hl z  +hi z +h) z +h' @ +hl z  +h) z  +

@s-)lval a4 [13-1020) [14-1070) [23-104)
+h o +hl ® +h3S™ +hY z  +hY z  +hY z  +

@3-)(va) (14-)(va) @3-)(v4) @3-)(va) (14-)(va)
+hY z +h’ z +hY z +h'’ @ +hY 0 o+

vigmUoal  RU I S L@ ey ) e
+g (hllsa —h4(Z 0t+ z a)+h12 z a+h7 z a+hl3 () a+h14 @ a)}+

gl

+V AN F* +h U™ +hy 2 +h,S"™ +h S +

antva) 2y @2)(va) (+—a) () [+=102) (+-) ()
+h(z +z +2z +2z )-hbz +hjo +
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) @2 12 @ @2) 12
+g“”(th;1+h;sz+hl‘0( 247242710420 +20+4 0 )+

1

[+ +) 4
+hy z J+h, z J+h, z 7))} (13)

For field Vﬂ_ (massive negative charged photon),
(v [revA
o{dv* +d,(z +z )+

(+1) (+2)
+97(d,S*+d, S22 +d. S +d S +d,(z “+ z X))+

1) (+2)

vdy( 4 o D) -V =

where

x A [3+]0v4l @3+]v4 R4+10v4 A @s+)lval A @3+)lval
N A 3 : .
j\;’f—A/{I1V” +i, z +ip Z i,z iy, @ Hig 7+

@4+l @31l @4+)lv4] [23+](v4) [23+](v20)
: ; : SAQuut | A A
+ig M, o0 +f o +LST+L R +L0z B

o a0 _A(13+)(V#) @30 @an () A, @300 4 ()
+i,oz +ip oz 47+ 4y 0 4@+
" A [13+] [23+] " 13+) (23+) A (13+) (23+)
V) H a+ H a o H a o H o o
+g /u(lllsa _IZ ( z a+ z a)+l5 ( z a+ z a)+|12( @ a+ @ a)}+
_ Copsat o paabi pagd - asnled el eanlil
+U iV +i) 2+ 2 +i) 2+ o 4z 40 7+
_oaenbdlaanbA N €25 GO R 75 (0 A v 15 (U B CE SO
+ig @ +ig @  +iRS™T 4z +i oz i)z 4+ oz 4
o (14+)(vA) 4 @3-) (1) \ ¥ @3-)(va) - (@4-)(2)
+ig 2 +i; z +ig @ 4y @+
[13+]  [23+] 34 @31) @3 (@34

vufiUgal U a a U e a a a
+g (Illsa _|4( z o:+ z )+I12 z a+|7 z a+|13 @ a+|14 w a)}+

a

241
+VHiTF  +iU +i 2 +ifS™ +if S +
anva) @2y @2)(va) (+—4)(vad) [+](v) (+)(va)
+ig(z +z +2z +2z )-ijz +i, 0 +
_ _ oan @ 12) 1) @2) 12)
+gW(|gs;1+|gs;2+|;o( 24724271420 +2wi+4 o )+
[+] () -

+-4
+iy z S+ z 2+, 2 9} (14)

As expected U(1)xSO(2) symmetry separates {Aﬂ,U#,Vj} in two groups at equations motion. Appendix B

presents the relationships between the above parameters and the original Lagrangian free coefficients. It shows how some
terms can be avoided without breaking gauge symmetry. This means on-shell propositions be derived without violating the
original out-shell symmetry proposition.
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4 Noether’s identities

The model proposes the symmetry U (1) X 30(2) invariance under a common gauge parameter which should
be studied under the gauge invariance of first and second species. It yields the following three Noether identities,

0,4 =0 (chargeconservation), (15)
0,K*+J =0 (symmetryeuation), (16)
K#'0,0,a =0 (symmetryonstraint). 17)

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 Vj - ei'anﬂi. It gives,

i =iq(v,” a(;:;:) -V, 6(6ibv)) (18)
with

I =) + (3R + (33 +(33)", (19)
where

()" =—208,Im{V,"'V*"}
(J 2 )" =-8qIm{V, (b(ss)sﬂ‘/i + C(ss)gﬂvsﬁi)} (20)

(a1 2]
(35" = ~160ab,Im{V," (z 1"+ z 1)} (21)

E (-1) (=2)
(35)" = 1605, ImV,’ (2 “I+ 2 )}
-1 (-2)

(-1)
—1600;Im{V, 9""(z J+ z )}

D (2
—16q(B; +40:)IM{V," 9" (@ ;+ @ )} (22)

Observe that every term defining J,{f conserves electric charge individually.

The second Noether identity is the symmetry equation. Being dynamics it is a consequence from the gauge
invariance of the second kind. It gives

[2v] ~( V) Ve o v —
0,K¥"+0, K¥” +0"K; +Jy =0 (23)
where
ok, oL ok, oL ik al_+ n al_i o
o@,A) “oU,) o@)VN,) a0V))
and IZ(”V) is a traceless symmetric tensor. Working on it,
K#1 = (KK)[#V] +(K3:"\)[ﬂ"] (25)
with
(K ¥ =4k a, F*" +4k,aU"" +8a,Re{k V*“} (26)
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el plev (+)luv

(Ks)[# 1= 8(kb, +kb,)(z +z )+8(kB +k,pB,) 2z

e [2lev]

+16b,Refk (z +2z )} @27
and
K®#Y) = (KK)(.UV) +(K3)(.UV) (28)
with
(K )" = 4(kby,, + kzb(lz))S’”l +4(k;by, + klb(lz))S”V2
+49“{(kCyy, + kZC(lZ))Sppl +(KCpop) + klc(lZ)))Sppz}
+8b55Re{k, S#" }+8Cp50“ "Refk, S} (29)
AV 2HV  aHv 3uv)
(K" =4k B, +k,B,)z +2 +2z +2z )
)  @2) (12) +—
+a(kp, +k,p,)9" (2 04+ 2 0+22 £+21 ")
1) @2 (12) +-3
+A(k[B +4p ]+ K [B, +4p,1)9" (0 0+ 0 2420 "+ 20 7)
(-2 (-1 (-2
+163,Refk, ( z (‘”)+ z (”V))}+16p39’”Re{k (z2+2 %)}
(-1 (-2
+16(3, +4p)Refk. (@ "+ 2)}. (30)
Another equivalent equation to the second Noether identity can be written in terms of Lrn 3 L3 and L4. Itis
K#“+J5 =0 (31)
where
K#=k, A +Kk, %G +k, 8L+ +k_ aL_. (32)
oA, ‘aU, Tavr Tov,

Splitting the K # vector as
K= (K )+ (K + (K3 )+ (K + (K™,
one gets,

(K, )" =2k,mU* +4m’Re{k*V*“}, (33)
(KM = 4k, M, (B, F#Y +b,U ") +8k b Re{(yy5 — 17V, V*}

— 4K, 75 A (0, F#" +b,U ") +8K, 0, Re{(yp5 — 174V, V" }

80, Re{K, (o +17u) AV ™ 3+80,Re{K., (7 + 175U,V

+87p MKV, (B, F“" +b,U“")}+8y 5 IM{K.V, (BF*"+ BU“")}, (34)
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(K3)* =4k {(ranA +70U ) (BS" + B,5"7)

+(anA + 70V )08, +0,8,%)

+ 2ty A + 7,V NB +401S)" +[B, +4p,18,7)

+ 2B Re{(y 05— 170V, S*" 3+ 20,Re{ (v 5y — 170V S}
+2(B;+4p3)Re{(z 3 — 704V S, }}

+ 4k A, + 7 ANBS  + ,57)

+ (Vo + VA N2, +9,8,7)

+ 27U " + Ty AL +41S) " +1B, +4p,18,7)

+ 2 Re{(V ) —17a))V, S 3+ 20,Re{(05) — 170V S}
+2(B, +4py)Re{( ) 7oy V* S 3}

+8Re{k, L5 ([7us) + 1700 ] A + Vg +1700 U, )S

+K,7eaV, (BS"" + B8 ) +K, o3 (Vg +iaa) AS)”

+K, (Bs +4p:)(73) +1704)) A“S) +K, 03(V 3y +1704))U S,
+Kk, (B, + 4p3)(z'(23) +i 1(24))U #S) T+ k+)/(33)V by (/olsvv1 + pZSV"Z)

+k, (B, + 4,01)7'(33)\/ ﬂ_SvVl +k, (B, + 4,02)7(33)\/ H_SVVZ}

nzjuv 13-] 23]

(Kf)# :8k1{7[1z]uv z _7[13]Re{vy+( z +z))}

[13-] [23-]

[+]
+]/[13]\/v+( g ‘8 #V)+7/[12]UvRe{z “
1 B, 1 e,
_57[13]|m{vv z ”}_'_Ey[lll]lm{.\/v z "}
24l [m3-1 23]

+8k2{7/[12]'b\/ z —;/[23]Re{\/”+( z )+ )}

. [13—]/”/ [23—]/1 [+—]’u
+7paVy (2 “F 2 )=y ARe{z “}
14 13-

1 1 651,
_57[23]|m{vv z #}+§7/[24]Irn{\/v z "}}

13-] [23-]

[
+8Re{k+[7/[13]'6\/ z Vy+7/[zspv z ™

3]  [23- 23-]

]
— (A" +7psM (2 S+ 7 )+ 29A 7 7]}

4+

[12] [+] [
+aInfk, [47,.V, (2 gz (W))_47/[34]V Tz
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[23-] [4-]

"‘7[14]'6& z ”V—J/[ls]pv z

[13-] [14-]

+7/[24]Uv z W_?/[zs]uv z "1} (36)

any @2

(K= A{(anA +raV (2 2 1)

uv

@2) +-3

+ 27y +27(11))(Au Z (W)+ Ay ® ”V+ Aw’+2N o)

1) (22) 12) 3
+ 2(7/(12) + 2T(12))(UV @ ”V+UV "'+ 2UV o"+22U"w Vv)

(12) (12) 3
(uv) (uv) (uv)
+87,yA @ ¥+ 2y U, 7 I+ 2y oA +vaY,) 2

13-) (23) (13-) (23-)

+27(13)Re{v (Z S+ Z ;)}"‘27(13)\/;( z "+ ")

13-) @3-)

+8(¥ s + 275 )RV “(o )+ )}

23-) (24-)

(7(14) 27(14))|m{v z "+ (7(13) 21(13))Im{\/ z "}
+(23—) +(24—)
+2(]/(14)+4T(l4))|rn{\/v 2 Vy}_2(7(13)+47(13))|m{vv o "}}

) @2

+AK (Y2, +7anANZ “+2 1)

@2) @2) @ 3
+2(Y o2y +272)U, 2 (”V)+UV o""+U"0'+2U"w )

(1) (22) 12) 3
+2(7(12) +27(12))(A, "+ A/ ) ﬂv+2AV "'+ 2A" @ :)

(12) (12) A
(uv) (uv) (uv)
+87pU, @ “U+2y1)A 7 T+ 2y U, F7anA) 2

13-) (@3) (@3-) (23-)

+2yp5R eV (z J+z 2803V, ML acy”

a3-) (@3)

+8(Y o3y + 2703)RV " (@ [+ @ )}

3-) (14-)

(7(24) 21(24))Im{\/ z y}+(7(23) 27(23))Im{\/ z "}

(14-)

+2(7(24)+4r(24))lm{\/ 50 y} 2(7/(23)"‘A'T(zs))lm’{.V o "}}

1) ©2) 2)

+8Re{k, [y@s)V, (2 “"+ 2 “"+2 2 %)

w @ @ @ 12
+2r V(2 )+ 2 )+ 2 420 +20 [ +4 0 )

3-)  @3)

+H (Va9 +2709) A" + (Vg + 2709V "H o [+ @)
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(13-) (23-) @3-)
+7anA 7 T+ reY, 7 T2y A 7
A (uv) 4 ,
+ 27(33)\/1/ Z # =+ 4(]/(33) + 2’[(33))V H w V]}

23-) @4-)

(
+AIMK, [2(y g0y +4700) A @ “"=2(y 5 4705 A @ 7

(23-) (24-)

- (7(14) - 2T(14)) Az "+ (7/(13) - 27(13))A/ z "

13-) 14-)

1
2(7(24)+4T(24))UV = 2(7(23)+4T(23))Uv o "
13-) 14-)
~(Yay =27V, Z "+ (Vg — 2705, 7 “
K =
—16(yaay + 27V, @ “7=4y o,V 2 1} @37

Egs. (23) and (31) are relating two ways to figure out the symmetry equation. They relating propagating-sources and
massive-sources, respectively. They contain two alternatives for complementing the basic Egs.(11)-(14).

The third Noether relationship, Eq. (17), leads to the following symmetry constraint on the K*" tensor:
K“"=—K", orequivalently, K““ =0. (38)

Notice that eq(41) does not cancel LS . This condition can be weaken through the relationship

0,0,K*"=0. (39)
(uv) (#v)
Furthermore, making the decomposition: K*" = K4 K —%U”VK;‘ , where trK =0, we get the
following equation:
8,0k ~Lwke =, (40)
uCv 5 p

which can be useful for further considerations on a symmetric charge conservation.
5 Directive Photon Equation

The minimum action principle lead us to the expression
B = [dx o~ 0, =, + [do,
op,  "o(0,d))

LéB“q)l +LX“]1=0 (41)
5(0,@,)

where ch E{Aﬂ ) Uy ,Vj}. Consequently the electromagnetic model proposed in this work we will have four equations

of motion plus three Noether identities. For simplicity, we will take X“ = 0.

Given the previous equations one has to build up the fields system. A whole dynamics must be constructed
originated on five equations of motion. Our viewpoint is to select the photon. Being a special particle, that one associated to
light invariance property, we consider as compulsory to develop an effective photon equation. An expression where at left
hand side one writes the kinematics obtained from the photon variational equation plus the symmetry equation, while at the
right hand side the others fields equations are included acting as source. It yields an expression propagating just the photon
quanta

p2lved bl (+—)val
of{aF“+a,(z +1z )+a,z +
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) 11) 22) 12) (+-3)
+g“”[a4851+a580‘f +a,S " +a, S +ag(z 2+ 22422 5+2 7 2)+

(1) (22) (12) (+-3)
(24 [24 o a —_ 1l
tag(o j+ o +20 ;+2 o J]}=I4 (42)

Eq.(5.2) will be called as the photon directive equation. It is an interpretation from eq.(5.1) where it contains a whole
electromagnetism combining minimal action principle, light invariance, Noether theorem and electric charge conservation. It
provides a photon effective equation with a dynamics beyond Maxwell and the original photon variational equation. It
describes a systemic electromagnetism mixing fundamental laws plus chance. It yields a kind of Navier-Stokes
electromagnetism.

The right handed systemic current is written as

J/U

syst = ‘]X - ‘]lfll (43)

where
i = AL +rf U e N e S ST

2fv4 a2l @an)va) 12)(v4)
Agvu+ AgQvu— A A A
+S"™ S+ 7+ 4] 7 41,7+

@2)(v4) +-3(va) [+-1(v4) @1y(va) @2)(va) @2)(v4)
+rh 2 +hL 7 4+, I +h e +rfe +rhe +

B3 [23+][v41 @3+ () Rasiiy @3 @30 A[23+](Vﬂ)
+hy Z +0h Z +hy Z +5, Z +h, Z +0; 2+, Z +

[24+]4V @301V @a+)Hv [13-]VH R3]« @3-)([nuu]
+Ip 2 +lp @ +L) 7 TG 7+ 2 40y Z +
(@4-)Hv [23-1(#V) @3- @3-)(#M) @4-)1v @3-V

A A A A A A
+h) 2 0y 2 A6, 2 4+, 2 g 2 4l @

A s Acal | JAca2 | A A A A3
74 . (24 a+ 74~ a a
+I; @ +9"(NgSS + 0SS, + 1SS +1,SE +0, @ 241, @ I+

[13+] P [23+] B (13+) i (23+) ) 13+) o (23+) N [13-]
SBNZ T2 T, NA T+ 2 4T3 S0 [+ Ll
[23-] (13-) @3-) @3-) @23-)
+hy 2 SH0S Z 41 Z S4rh o f4rh @ O)+
+U {r’ F* + U™+ V™ 40V 4 S r 7% +
2fv4 a2l @n)(va) @2)ve)
U o vu+ U ovu- U U U U
+ 8"+ Sy 7 A0 4+ 7+, 7+
@2)(va) +=30v) [+-1(v&) END) @2)va) @2)(va) [13+]V4

u u u u
+r; Z +r, Z +I; Z thgw +l;0 +lho +0y 2 +

0 [a+]lv4l 0 [23+](v4) 0 s+l y @3+ (v 0 (23+)VH L4+)HV y (13+)4V
+r20 YA +r21 Z +r22 YA +r23 Z -H"24 VA +r25 z +r26 w +

L @R N S S == amy - aaam
+h;, @0 +hg Z +h, Z +hy 2+ Z +Ip Z +

g @AY @AY WY Vit 2, Ucal, Uca2 , yUca+ , yUga-
+I 2+, @ 0 @ +07 (KM, + 1S + 1578+ 1558, + 10,5 +

U 11) U (+-3) U [13+] U [23+] U (13+) U (23+) U 13+)
o @I+ @ 240, Z 240, 2 540, 2 240, 2 240, @ 0
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U (23+) U [13-] U [23-] U 13-) U (23-) U 13-) U (23-)
+ly, @ S+ Z 240 2 240 2 240 2 2415 o 2+, o D)+

L2fv4l
+V AL FY 4+ U V4 S S 4 S v 7+

a0 @2)va) a2)va) o _alvu) [+—](v) [13-]4V [14-]VH
+ +

+r5(z +z )+r,(z +2 )+rnyz 46, 7 4r, 7 +

[23-]0v4 [23-104) [R4-TVH a3l @3-) v (14-)(va)
+ + + + +

"
+r; Z +r, Z +hs 2 +0g Z +r, Z +hg Z +

(23-)lval @3-)(va) @4-)(va) (13-)vH (14-)VH
+ + + +

+
+h, Z +hy Z +r, Z +h, @ +h; 0o +

@ ey ()Y , . )
th, @ 4l @ +6hy o +0% (KM +60,58 +1,S 5 +1,,S +
L an @ @2) L0 12 @2 [+] +)
(2 4+ 2422 )+ (@420 + @0 0)+1, 7 J40,, 2

a
o

_|_

[13-] [23-] 13-) 23-) (+-4) @3-)
tlys Z J40, 7 040 Z 240 Z 240, @ SHh @ O+
@3-)
P o
+h; o J)}+

2fv4
VAL FX+ LU VY 4+, S+ SRS+ 7 +

an0e)  @2)(va) @) a4 [+-1(v4) [13+]uv
ez +2z (e +2.0 )+rg2 trn; 2 +

13+« v) [14+]"4 23+ [23+](v4) [24+]"H DI
B, Z +r, Z +n, Z T Z +henZz +0h; Z +

@3+)#v) @a+) () @3+l @3+)(va)
+r1;3 z +r1; Z +r;0 yA -i—l'271 Z +

@4+)VH (13+)VH (14+)VH (@3+)VH @4+)VH (+) v
+h, Z +h, 0 +hL, 0 +h ® +h o +I;, © +
) h " 11) (22) (12)
+ 0% (KM + 1, S, + 0,8+, Sy +r (2 5+ 2 7+22 )+

1) 12 @2 [+1] (+) [13+] [23+]

(@20 5+ @)+ 7 5405, Z D40 Z S+ 2 0+
13+) 23+) (+-4) 13+) 23+)

e Z 40 Z 40y 0 J+hg @ J+; o )}

Thus, based on photon as directive, a systemic model is defined through eq.(5.2-4). At appendix C the coefficients
corresponding to the source terms are determined. It enlarges the electromagnetic description with photon plus three
messengers, where the photon assumes the symmetry directive while the others fields the symmetry circumstances. It
propitiates a complexity performance by introducing the meaning of chance [12].

6 Charges

Eq.(1.1) proposes an electromagnetism beyond Maxwell. So one should understand on the charges provided by
the model. It yields seven conserved charges. The first one is the electric charge conservation. Eq(4.1) means the

d
electromagnetic current. It antecedes the Lagrangian performance. It leads us to EQN =0, where QN is the charge
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operator, QN = jd3XJ,?, . The time-independence of QN implies that QN commutes with Hamiltonian, and hence also

with the S-matrix, [Qy,S]= 0, which means an algebraic condition on the S-matrix.

The second and third ones are derived from symmetry equation. It is that we learn by adding gauge invariance of
the second kind to gauge invariance of first kind. Eq (4.2) which can be splitted as

0,j4=0 (44)
o, =ava#k*<””>—%wr<g =0 (45)

where
(46)

jA = avK[”V], Jél — 8VK(ﬂV)
are introducting an electromagnetic region beyond electric charge. They are showing on the existence of charges QA and

QS independent from QN . They are consequences from fields non-linearity and contain some terms depending on

charged fields.
There is also at eq.(4.18) an alternative description. It relates masses, trilinear and quadrilinear vertices. It gives

Ho—
0,K“=0 (47)
There are more four charges conservations corresponding to each equation of motion. Four continuity equations
expressing sources and current depending these four electromagnetic fields.

For the field Aﬂ :

If =048t +20) - i

where
Seh=(ay+2,)S." +(8s +8,)S,* +a,S. " +8,,S;
I a4y @ 12) (+-3) any  @2) 12) (+-3)
O :(aﬂ+?6)(z vr2+421+2 7 Dta(oi+to+t20+2 o ),
B — 8'— a6 2 Svyl Sv,uZ v Sal Sa'Z
Ja —aT_?{Av( (7(11) + 712 )+49 (7(11) « TVa2)¥u )+
y7i
+U, (20712 T Yo %)+ gt (7/(12)85[l + 7(22)852)) +
+V+( S 4 g™ 7/(33)805— +V - Sv,u++ Vi 7/(33)8a+
v 33 g Ty Va )+V, (7’(33) g Ty Ve )} (48)
For the field Uﬂ:
3 =08 vzl —miu) - i
where

S = (by +b,)S;" + (by +b5)S . + b, +byS.

11) 22) 12) (+-3) 11) 22) 12) (+-3)
24242242 7 Db (oi+0o+20+2 o ),

Ua — b6
20 = (0,2

Ju U

7]

. aL b v v, Vv a. o
b= __EG{A» 2(7apS™" +712S™) + 9" (VanSa™ +7a2Sa ) +
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AU, 208" + 78" + 0™ (ranSE* + 7an SN +
V] (S 4 0% TELS ) 4V, (158 407 T2 51} o)
For the field Vﬂ+ :
3 =0+ m )~
where

ST =¢S5 +¢,S % +¢,S 5 +(Cy +C5)S,

. c, (D, D 2
Za:(CQ+E)( z a+ z a)+clo(a)a+ a)a)’

H aL C H Wii= Vi a— 1 vi— V, a—

1\7+ = 6\/_+_Z4[AV(7(13)_|7(14))(28 “+9%S,)+U, (Vs —1704)(2S™ +9™S,7 )+
u

+V, (Vs —1704))(2S v 95 )+ (Y3) —1724))(2S 2+ gvsz:tZ))] (50)

For the field V ﬂ‘ p

N IR L e

\

where
S =d,S™ +d,S*?+d,S +(d,+d,)S*,

A d4 (+1)a (+2)a (+1)a (+2)a
Za:(d9+?)( z a+ z a)+d10(a)a+ a)a)

- 8'— d H v+ \7 a+

1\7_ :av_,_f[pv(V(m)‘H?/(u))(zs ™S )+
U

+Uv(7(23) + i7/(24))(281//H +0"S,) ") +

+V,’ ((7az) t1704)(2S "t gvusgl) + (¥ 3y +1704))(2S " gvuS;Z))]

Eq(5.2) also yields the systemic charge conservation:

JGs =0, (Sgsn + Zgs,) — I8 + 34
where
Sge =2,y +8,S, % +a:S, " +a,5; "
P B B B G
Zgsa =z +z2422+2 7 O+
1) @2 12) (+-3)
+tag(0+ 0 +20+2 o ()
Jg’:—ﬁ—(kﬁ s ) oL -k, all—k_ 8L7+
oA, b, + by ou, ov, v,
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~ALAS™ 748" 1 g (T2 AS P+ T2 AS )]

U, DS 4 1S L4 g (2 A8 + T2 857)]

+ 7/33 viu— \7 7/33 a— - 7/33 v+ Vv 733 a+
=V =22 ASY + g =2 AS =V [Z22AS™ + g™ 222 AS
v [ 2 g 1 o ] V[ 2 g 1 o ]

Eq.(6.9) shows that the systemic charge is just a linear combination of all the four charges. We can imagine the systemic
charge as a river receiving its volume from the charge of every field charge.

Concluding, one notices that this four bosons electromagnetism produces seven conserved charges. The first one
corresponds to the electric charge it means that one associated to the parameter (, as eq.(1.1) gauge transformation is

showing and eq.(4.4) conservation law expliciting. The others six are neutral charges. Egs.(6.3-6.8) are showing conserved
current depending on free coefficients as parameters, although they are involving charged fields.

7 Chance

Eq.(1.1) develops the meaning of symmetry management by associating different fields under a common gauge
parameter. As symmetry management one understands to take opportunities without violating symmetry. It manipulates with
the free coefficients of theory and the gauge fixing terms. There are two ways of doing that. The first one means interfering
on equations but respecting the original Lagrangian at eq.(2); the second to cut off some terms at original Lagrangian but
preserving the gauge invariance.

The fields set {A,,U, ,Vﬂi} develops a determinism under directive and circumstance. By directive is

understood those relationships derived directly from light invariance and gauge symmetry and, as circumstance that ones
derived indirectly. Both features are fundamental for understanding the model. Thus under this whole physics light should be
responsible for the directive on symmetry management. It yields from eq.(1.1) a massless photon and from egs.(5.1-2) a
directive photon equation. So, it is still missing an interpretation on the others fields participation. From [2] one gets that a

linear whole gauge transformation develops a volume of circumstances equal to 1+ (N —1)[N® +2N —4], where N

is the number of involved potential fields. For our case N =4, one gets a space for circumstances equal to 231, which
means the number of free parameters that the model provides for opportunities to be taken. They are not occasional
chances, but are being determined from fundamental laws.

The new feature is that Lagrangian, equations of motion, currents and charges can be shortened according to the
chances that the model develops. Physically, it means that inside of the fundamental equations there are opportunities to be
taken. Mathematically, expressions can be simplified. Consequently, there are more than one physical solution inside of the
whole gauge model. A propitious variety for complexity be understood [12].

Let us take some symmetry management examples. The cases involving equations of motion and charges
conservations. Given the generic equation of motion

0,(T* +g*' T =g, X (XU + X 4 g™ X&) (51)
where X;I, E{Aﬂ,Uﬂ ,V;}, we get as circumstance the minimal photon self interactive equation

uv — uv
0,F“ =gAF (52)
by playing with coefficients at Appendix C. Eq.(7.2) shows the meaning of chance inserted on theory. Based on light

invariance and charge conservation it derives a pure photonic charge. It enlarges the possibility of the photon to interact with
EM-fields with a coupling constant different from electric charge.

Similarly, the model offers opportunities to four conserved charges
o,j{'=0 (53)
be obtained. From the variational principle, one gets the following photonic charge:
0,Ja=0

under the chance
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B _ _oay o .
8y = 8,8 = 8,8, =~ 8 =8, =, =0 &9
where
cu oL a6 vl vi2 Vi al az
Ja = a_?{'% C(ranS™ +7a25™) 9" (ranSa +7a2S. N+
74

+U, (20712 Kl Y2)S )+ gt (7’(12)80?l + 7(22)80?2)) +
4 Vi vu 733) @ a- - Vit v V(33)  ar
+V, (7(33)S +9 T Se )V, (7/(33)8 +9 T Se )} (55)

Similary for the photon massive field Uﬂ:

0,1 =0

under the chance
b

b7:_b4fb8:_b5'b11:_36’b9:blo:b12:0 (56)
where

HY) i | aL b6 vl vu2 v al a?

IF W _E{A» (2(7(11)8 - 7/(12)S )+4d (7(11)Sa + 7(12)Sa )+

U

+U, (207425 oy Ye2)S ) +g* (7’(12)85[l + 7(22)552)) +
+ Vi~ Vi 7/(33) a— - v+ vu 7/(33) a+
R, (7/(33)S +d T S, )+V, (7/(33)S +9 o S, )} (57)

For the field V /j :

a/,l j\7+ =
with the chance
C
c3:—c8,cg:—E“,cszcezqzclozo (58)
where
. oL ¢ .
Ho = _ 4 _ vu— VUQ a—
| N4 [A (Yas) —1704)(2S™ +9™S)7) +

+U, (Vs —1704)(2S™ +09S,7) +

+V, (Vs 170028 + 978 +

+ (Vo5 = 1764252 +9"S )] (59)
For the field V

o j* =0

2y
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under the chance

d3:—d7,d9=—d—24,d5:d6=d8=d1020 (60)
where

. oL d .

i =—=1A (Yaz + '7’(14))(28‘41+ +0"S; )+

V.oV, 4

+U, (7(23) + i7(24))(28W+ +0"S,)") +
+V,7 ((ras + i?’(14))(28wl1 +9 Vﬂsa{le) +

+ (Y3 +1704))(2S "2 gWS;Z))] (61)

Symmetry management and chance are a new physical possibility being introduced by this whole gauge physics. It opens
to the fact of nature be moved by chance.

8 Conclusion

Eq.(1) is based on the meaning of grouping. It gets together four electromagnetic fields, {Aﬂ,Uﬂ,Vﬂi} based

on light invariance and electric charge conservation. It yields a systemic electromagnetism which classical aspect was
partially studied in this work. It processes an electromagnetism transfering AQ =0 and |AQ|=1.

Eq.(2) shows a new possibility for understanding the electromagnetic phenomena. Originally electrodynamics
started with charged spin-% particles and later on it was extended for scalar particles and vector bosons. Based on four
bosons electromagnetism this work enlarges this limit by grouping spin-1 and spin-0 fields as Lorentz group irreductible
representation (%,%) New electromagnetic fields, charges and interactions are derived. Classical equations were

studied and an electromagnetic flux with seven types of conserved charges is obtained.

Eq.(5.1) develops an electromagnetic flux. Six features appear. They are granular and collective dynamics, fields

interdependence, symmetry management, chance, neutral electromagnetism, photonics. The first two ones are explicitly
x u . . + . g

shown in the equations of motion where fields strengths Fﬂv ] qu' V,uv and ZW are moving on space-time through
coupled equations of motion. The third one emerges from a set determinism based on directive and circumstance which
interpretation challenge us. For this, being responsible for light invariance, the photon should be taken as a singular particle,
one interprets it as responsible for symmetry management. Consequently, its variational equation is incorporated into the
Noether symmetry equation, resulting an effective photon equation, eq.(5.2). As fourth, one gets the meaning of chance
derived from fundamental laws. Things can also be determined at random, by accident, by chance, but connected to basic
principles. For instance, eqs.(7.4-11) relationships are defined based on free coefficients which can be take any value
without breaking gauge symmetry. Fifth, a neutral electromagnetism beyond electric charge is performed, according to new

charges derived at section 6. For this, notice that the gauge symmetry U (1)>< SO (2) estabilishes not only the JD

electric charge conservation law, as the neutral currents O, ja = 0, j&= 0,K* =0 and four continuity equations at

egs.(6.5-6.8). At last, a photonics with self-interacting photons not depending on electric charge is realized. They can be
found out by propagating on space-time or by acting as sources.

Concluding, originated from light invariance and conserved charge, one obtains an extended electromagnetic flux
{Aﬂ \ Uﬂ ,Vj} carrying whole physical laws. There is a more vast electromagnetic aspect to be investigated than Maxwell

equations. Now, Maxwell becomes just a sector of the electromagnetic phenomena introducting electric charge
conservation. Adding to it, there is an enlargement on the electromagnetic phenomena associated to more electromagnetic
fields, coupling constants, self-interactions and a new determinism. A further contribution is to couple the whole symmetry

current (5VKV” +J ,f,‘) to the photon field. The challenge will be to associate this four bosons electromagnetism to the
electroweak interaction.

9 Collective fields

A new physical entity derived from the whole gauge approach is the gauge invariant collective field
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Z,,=7 J]ALN . However notice that individually each collective field in the above matrices are not gauge invariant.
Their physical meaning restricts to the space-time dynamics as eqs.(11)-(13) are showing.

There are the following Z -fields for four bosons electromagnetism:

O Z[lvz] Z[lv+] Z[lvf] Z(lvl) Z(lvz) Z(lv+) Z(lvf)
Z[Zvl] O Z[2v+] Z[Zv_] _ 2(211) Z(2’2) 2(21+) Z(Zv_)
e I O R e ] G IO T S S o)
Z[_vl] Z[_12] Z[_v+] 0 Z(_xl) Z(_vz) Z(_r+) Z(_v_)
where
ansv @2)+V @az#v

7 = y(ll)A"AV, Z =ypJ Y, oz o= ]/(12)A”U Y

1MV 11) (22)

_ upv “_ u - u
z =7V A 2 =V AR T E YUY

12) [12]#V [21]#V

Z Z‘: 7/(12)A,1Uﬂ’ V4 Eyllz]A”UV, V4 E;/[ZHU”AV,

(13+)H#V (13-)Hv (13+)H#V

z  =yuaAVT, 7 ={z Y = YanAV',

Q4+) 4V @4-)HY  (@14+)HV

2 =paagAV", Y ={ 2 Y= YanAV',

[13+]4V m3-]14V  [3+]H4V_

z =npaAVT, oz ={z } =AYV

[14+]4V R4-1#V Pa+HY

yA E;/[M]A”V”, z ={z } =y AV,

@3+)#Y @34V (23+)HV

2 =y, 2 ={z Y UiVt

@44V @4HY @4k

20 StV 2 {2 }*:7(24)U#VV_!

[23+]4V R3-]4Y  [23+]4V
- v+ — * - v—
z 27[23]U#V oz ={z } —7[23]U/1V '
[24+]4V R4-14V  a+]HV
_ v+ - R v—
z =y MV, oz =z Y EypIVT,
+-3HV —+3HV +-3HV

Z 57/(33)V”+VV*, z ={z }*:y(as)V”VH,

+—4HV —+4HV +—4HV

Z =y, oz ={z }*:7(44)\/#Vv+,

(+)HY (—)HV (+)HY
_ v— _ *o_ v+
2z =—yg VOV oz ={z } =iye ViV,
[+-147 A O L
_ - v— _ * . v+
z =_|7[34]V/HV , z ={z } = '7[34]VHV )
() (DAY Y

z =Yy tivey) AV, oz ={z },
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(24 (24 MY

z =Ypy tiye)U VT, 2 ={1z

[+147 147 Y

z E(7/[13]"'i7/[14])'6‘y\/v+’ z ={z

24 24V 2l

z E(7/[23]+i7/[241,])uﬂvv+’ z ={z
Similarly, one defines @ -fields by replacing, in the above definitions, Z by @ and ¥ by 7 .For example:

an#v @Y a#v
o =t AN, o =71,UU", o =1,AU",

+-3HV (+1HY
— V= — H v+
@ =teV VT, 0 =(thtitg) AV,

and so on.
10 Equations of motion free coefficients

The model develops the following parameters written in terms of the original free Lagrangian coefficients, eq(2):

10.1 Field A,

Defining:

b
A S (62)
a, +b,,

10.1.1 Left Side
a =a,+by;,—byA 8, =8(b—Ab,), a,=8(8,—AB,), 4 =-2Am;
a, = 4(Dy) +Cpyy)) + Sa1y — A(ADy o) +4C5) + Eia)
a, = 4(b(12) + C(lz)) + 5(22) — A(4b(12) +4C,, + 5(22))
8 = Re[V2((&5) +1504) ~ Aoy +iden)]
&, =2Q2p, = —A2p, = ), 8 = 2(f, +40, — A(f, +4p)) (63)
10.1.2 Field A, Right Side: Field A,
flA = 4A7[12]b1, f2A = 4A;/[12]b2, f3A = —8A7[12], f4A :16A(7/(12) +z'(12))
£ = 4A(Borany = Brun):  Te =40(Borany = Bruz) T =4y —Aaz)
fSA = 4(7/(11) —A(}/(lz) + 21(12))), ng = 8()/(11) + 22'(11) —A(}/(lz) + 21'(12))), flg = —16Ar(12)
fi2 =208, = AB,)ray + 7 +8(2 01y — A7) ) (B +4p)
fl/; =-2(4 —A,Bz)yf(lz) + 1:7A,02 +8(z'(11) —Ar(lz))(,ﬁ2 +4p,), fl’; = 8(7/(11) + 22'(11))

10.1.3 Field A, Right Side : Field U,

B =40y £ =407, £ =8Ayy,, 1) =16A(rw, +274,)
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fs' =4A(Boyun =~ Bren) fs =40(Boruny=Bren) 17 = 4(uy + 22— A7)

f8U = 4(7(12) - A;/(ZZ)), fgU = 167(12), flg = 8(7(12) + 27(12) —A(}/Qz) + 22'(22)))

fio ==28,~AB) 7o + To P +8(a — ATy ) (B +41,)

flg =-2(4 —A,Bz)y(zz) + f6U yo) +8(T(12) —Ar(zz))(ﬂ2 +4p,), flg = —8(7/(22) + 22'(22))
10.1.4 Field A, Right Side: Fields V,/ and V,

f,' = 4b3[(}/[13] + i]/[M]) —A(}/[23] + i}/[24])], f, = Ay + 2i}/[24]A, f, = —2iA}/[23]

f = ~8jpa + A0V sy — 2i7[14], fo = 2i7[13], fo = ~4y 5+ 2iA(2r(24) —7(24))

fr= ZiA(y(ls) - 2r(13)), fg = 8Yus) — 2i(22'(14) - }/(14)), fo = —2i(;/(13) - 21'(13))

fio= 4iA(4T(24) + 7/(24)), fi= —4iA(4r(23) + 7/(23)), 5= —4i(4z'(14) + 7/(14)),

fs = 4i(4zgs)+70s)  fia = (FAB = AL V) + 4V sy +17aay) =3V 3y +170)) B

fis= 81131+ 40V o3y + 2y fie = ~4Y 3+ 2N 27 54y~ Vo))

f;= 8¥ s+ 2iA(22'(14) - 7/(14)), fs ==2(8, —A,Bz)y/m) =

+ 4(}/(13) + i)/(l4) - A(}/(zs) + i)/(24)))p3 +4(f; + 4p3)(z'(13) +i Taay — A(z'(zs) +i 7(24)))

flo= ~AY 3+ A0V foo = 4(]/(13) —A}/(zs)), f = 16(7/(13) +275 —A(}/(23) + 2r(23))

f, = —47/[13] + 2iA7[24] +8A7/[23], f, = —4A7/[23] + 2i7/[14],

fo = —4Vus) + (Bs —21 (470 +7px))A, T3 = 212704 — Y1)

10.2 Field U,
b
Defining A, = e
a +by

10.2.1 Left Side
b, =@, +by, —byA, b, =8(b,—AD), b, =8(8,-A,8,), u,=2m;
b, =40y, +Cuz) + Sz — A, (A0 +4C1) +E01)
by = 4Dz +Ciz)) + Sz = A2 (40 +4Caz) +Sz))
b, = Re[V2((§aa) +1&00) = A2 (s +1600))]
b, =2Q2p, =B, —2,@p = B)), 0 = 2B, +4p, — A (B +4p1))

10.2.2 Field U, Right Side: Field A,

g, = 4y by, g9, = 47120 gy = 872y 9 = ~16(702) +702)
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05 =4(BVuny~Bo¥an): 96 =48,05, 97 =4(Var) —As¥an)
O =40+ 2000~ Ac¥an)r 9o =8(aey + 2700 — A (ary + 2741))
gﬁ) =167y, gg =-8A, (7(11) + 22'(11))
051 = =208, = M, B) 7 any + 4z = Bo¥ ) 1 +8(Tzy = By (B +41)
01> = =208, =8Bz + 4V a2y = DoV uny) P2 +8(F 0y = ATy ) (B, +40,)
10.2.3 Field U, Right Side: Field U ,
07 =407 95 =40 05 =8Au s 95 =164, (yup) +270,)
05 =40,(Bron—Bo¥un) 96 =40,05, 97 =A4po+ A (Vaz) +2742))
Os =40V on = Do¥un): 95 =16A,705, 15 = 8(Vpa) 2700 — Ay (Vo) +272))
001 = =208, = 838)V a2y +4(V 02y = DoV a2) P +8(T 0y = AT ) (B +4101)
O = =208, = Do) 7 02y + 4V 02y = DoV 02) P2 +8(To0) = DyT 1)) (B, +4,)
013 = 8(V2) + 27(02))

10.2.4 Field U, Right Side: Fields V,” and V,
O :4b3[(7’[23]+i7[24])_A2(7[13]+i7[14])]a 9; :_4A27[13]+2i7[24]A2! s :_ZiA27[23]

0s = —8A, g~ 4oy + 210004y 95 =200,00g, s = B0, 4s + 21204 — 7V 24)
07 = —21(Yps)—270)s U5 =8A2%05) =473~ 22704y~ V1)
g, = —2iA, (Va3 — 27 43):s 0, = —4iA, (47 oay + 7 0a))s 0,, = 4iA, (4 53) + 7 03)
0,, = 4iA, (47 4y * Vaa))s 0,5 = —4iA, (4745 +Vas)
Ora = —4(B, = A2 BV a5y + AV 3y + 17 00)) By = MW a3y T 17 00)) B
15 = =208, =82 ) ¥ a3y + Al 3y + 17 0a) — 2o (ay + 170103 +
+4(f; + 4,03)(2'(23) +i Toa— A, (r(ls) +i 2'(14)))
Ui = —Hpa T80, (V) 917 =43y~ Do¥us)y Gis = 16(¥ gy + 2705 + Ay (Vuz) + 27 23))
g, = 4A27[13] +87[23] + 2i7/[24], 9, = —47/[23] + 2iA27[14]
s = 4027 us) + 212704 = Va) =873 T = —47(s) — 21852714y = V14))

10.3 Field V'

10.3.1 Left Side
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J2 J2

¢, =4(a; +bgz), €, =80, C;= 7(5(13) +i8uq), €4 = 7(5(23) +1&p4)
1 . . 1
Cs = 5 (Saay = Suay) +1daay o = 4Dz +Cpy)) + 5 (Say +Saay)
C; =42p;— ), C=8(B+4p,), w = 2m§ (64)

10.3.2 Field V,  Right Side : Field A,
h' =40 + 7)1 = Arap 1S =8y + 20, D=2y
h = 49 43y, h' = 87 a3y — 204y — 2704))s h = 2i(y 43— 2743))
0 = 4i(ruy —4700), 0o =—4i(Ves +474g), NG =8By
Ny = 20205 = Bo) Vs 1205 + L)V ay + 2By +405) (T g3 +170s))
h/s = 16(]/(13) + 27(13))
10.3.3 Field V, Right Side : Field U ,
=40y (g +i7pg)s 12 = 2000, 0y = =2irps, hy =47y
W = 2o —270n) N = 20705 —2705)r D = 4705, N = 4i(Vge +470s)
hg' = —4i (75 +4705),  Dio =8i0s0ay, Ty = (Vs +470s)
hi = 2(ps - B)7, 02 TH203+ )7 ay + 25 + 403 )(T 3y +17(54)))
hyy = 382705, Ny =16(7 s +2745) (65)
10.3.4 Field V,  Right Side : Field V
hy =40 ypy+ Bres) N =400+ BoVes) N =20y,
h; = 406755~ By ~1700)). N = 4(Bosy = By ~170)
e =47as, 1y =321(Ven+20=(34)), Ny =205 +2(8,+49) 75— B (Vuz) ~170e)
hy = 20,733+ 2(5, +4Pz)7(33) AV @3) i7 (24)) = 8753), h,, =8iy (34)
M, =163 +275))
10.4 Field V,
10.4.1 Left Side
d,=¢, d,=c¢,, d,;=c¢c,, d,=c,, d;=c¢,, ds=¢
d,=c, dy=c¢, u =2m? (66)

10.4.2 Field V, Right Side: Field A,
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A * A _ LKA fA W AF A RWA* A _ KA A WA*
Il _hl’ IZ_hZ’ |3_h3’ |4_h4’ I5_h5’ |6_h6

A _ KW A* A WA* FA _ KW A* A _ KWA* A _ WA A _ KA
I7_h7' I _hS’ |9_h9’ IlO_ (U] Ill_ 1 IlZ_hlZ

10.4.3 Field V, Right Side : Field U,
U * U uU* U /U™ U _ KU U — RKuU* U U
b =h", i =h, iy =hy, i =hy, 0g =he, g =hg

U _ U U _ U* U _ U* U _ U* U _ *
|7 _h7’ I8 _hB’ |9 _hQ’ IlO_ 0 Ill_hll

U KLU U LU U KU
I12 - hlZ' I13 - h13’ I14 - hl4
10.4.4 Field V, Right Side : Field V
i =h,oip=hy, ig=h i =hy i =hT i =hy
ip=hy, g =hy, ig =hg, i =hp, iy =hy, i =hy
11 Directive Photon Equation Coefficients
11.1 Field A,

LA = —4ky, b = —4ky,b,
r3A = -4k b, (;/[13] —i ;/[14])r4A = -4k b, (7/[13] +i 7/[14])
6= =400 ~K¥ao) B = Yan AT = —4(Van = KVa2) B~ Vapd
7 = 4K 3 (V) ~ 1700t = 4K, B (V) + 1704
rgA = —8k}/(12)r1/8 = —16k(7/(12) + 21'(12))
B2 = 4(an —KVaahs = 47 as — 2K7ga)
rlg = 4(7(11) - k(7(1z) + 21(12)))r1§‘ = —8k7/[12]
s = 8[(Y 1)+ 2701)) —K(Vo) *+ 22096 = 16[(¥ 1) +270)) =K (¥az) +2702))]
rl‘; = —16kf(12)r1/§ = —4k77[13]
I‘l/; =2k (47/[13] —i )/[14]) I’z’g =-2ik_ (7/(14) + 21'(14))
rﬁ = 2ik77/(13)r2§ = —4k77(13)
r;; =2ik_ (7/(14) - 22'(14))I’2/?1 =2k (47/[13] + i;/[14])
rz"; =-2ik_ (}/(13) - 21(13))1‘2/2 =-4ik_ (]/(14) + 42'(14))
rz‘; =4ik (7/(13) + 42'(13))r2/?3 = —4k+7[13]

rzg =-2k, (7, nat 1y [14]) r3/3 =2k, (47, sy~ i(7, s~ 27(14)))
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ra/; =2k, (47[13] - i7[14]) |'3§ = _4k+7(13)

rsljt =2k, (47 as T i(7, a4~ 27(14))) rsg\ = -2k, (7, 3~ 27(13))

ra/g =4ik, (7(14) + 27(14))"39 =—4ik, (7(13) + 47(13))

le = 41V ano0 + 2000 (B +40) —K(P1y 1oy + 2705y (B +4p))] +

4[7(11):02 + 22'(11) (B, +4p,)— k(pz7(12) + 22'(12) (B, +4p, )]+ ———

—2k_ (47[13] '7/[14]) r41

A7/(11)
2

7(12)
2

—4K. [, (7(13) + '7(14)) +(Bs + 4,03)(7(13) +i 7(14))]

I‘4/2 = 8(7(11) . 22'(11))"4/; . 16((7(11) - 22'(11)) o~ kT(lz))

= 4K _ypqf, 4 = 2ik AT

6 = —4k (13)"4/; =32k 75

r46 "

r4/3 =-16k_ (7/(13) + 22'(13))I’4/; = 4k+7[13]

_4k+7(13) 51 = —16K (7(13)

11.2 Field Uﬂ

e = 167(12) 17

=—4by, 12]

=—4b,y, [12]

+27,5 )equationl

=4k b (7[13] '7[14])

4kb(7[13]+|7[14] —4ﬂ1(7(12) k7(22)) A7/(12)

4ﬂ2(7(12) k7(22)) A7/(22)

=44k, (7(23) < i7(24))r9U .

=48k (7(23) '7(24))

-8y, 2]

o = 16(7(12) " 27(12))r1Li = 4(7(12) + 22'(12) 5 k7(22))
= 4(7(12) - k7(22))r1l; = 8(7’(12) - k7(22))
= 8(27(12) - k7(22))r1té = _87[12]

16((7(12) + 27(12)) k(7/(22) + 27(22)))

M = —8k(Ypp) + 27(22))'1% = -2k yp4
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u

I = —4ik_ (}/(24) + 47(24))I‘2U7 =4k ()/(23) + 42'(23))
rz% = 2ik+7[24]r2% = —2ik+7[23]

I = —4k+}/[23]r3Li =-2ik, (}/(24) - 22'(24))

r, =—2ik, (7/(23) + 21(23))@; = —4k+7/(23)

ry, = 4ik (7/(24) + 22'(24))r35 —4ik (7(23) +4T(23))

Y
g = 8(¥uz) + 2702 — 2K(Ypp) + 27(5)) — A (;)

Y2
2

w Y

L; = 4(,017(12) +2(B,+ 4/01)7(12) k(P17(22) +2(B,+ 4,01)7(22)) A——

Lo = ~4K, 103 (Vaa) +170) + (B +40:) (75 +i74)]

Fo = —4K_[03(Yg) —1704)) + (s +403)(7(5) =1 704))]

o = —8k(7/(22) + 21'(22))r4u1 = 4[,027/(12) + 22'(12)(,82 +4p,)— 4k(y(22) + 21(22))]
r, =4k Y. 43 -4k (;/(23) + 41(23))

rjj E —32k_r(23)l‘4l:3 = 4k+7/[23]

r4U —4k+}/(23) W = —16K_ (}/(23) + 21(23))

equationl

11.3 Field V;
=4k O+ Aren)ls = 4K 0750+ BoYow)
3 = =805 (g +170a) + Koy + 1700000 = 4Bk
e = 45,7 ek

7 33)

ry = 8B:[(r sy +1704) —K(Vg) ¥ 17a)1—A 2

r, =-8i ;/[34]k7r8+ = —8k77/(33)
ry = —4k_7(33)r13 = 8k_]/[34]
47/[14] 2|k7[24] = 2|k7/[23]
fs = 2(—47/[13] + i7[14] — 2k7/[23]) N, = 2(47/[13] +i Ya _2k7[23])
M= —2ik(}/(24) + 21'(24))r1fi =4y 5

L7 = 47 s = 20K (7 03) = 2703 g = 2K (7 05) = 2753

2638|Page July 31, 2015



ISSN 2347-3487

Mo = 2(—4}/(13) + i(}/(14) + 21'(14)) - 2k7/(23))l‘2+0 = 2(47/(13) + i(;/(14) + 2r(14)) - 2k;/(23))
r, = 2i(7/(13) + 22'(13))r2+2 = 4ik(7(24) + 21(24))

My = —AiK (7 o3 + 41(23))I‘2+4 = 4i(y 14y + 47 04))

M =4i (7/(13) + 41(13))r;3 =-16ik (7/(34) + 21(34))

N7 = —4K_ (P17 ey + e (B +4P)) s = —AK (027 3y + 75y (B, +4102))

Fo =803 (Y sy +1700) + (Bs + 4P )T a) +1704)) —

733)
4

k(s (7(23) + i7(24)) +(B; + 4/73)(7(23) +i 7(24)))] -A
Mo = —8k_2'(33)l‘3+1 = —16k_z'(33)

Iy, = 8K %, [34]r3+3 = -8ik_y(34)

Fy = _47/[13] + 4k7[23]r3+5 7 47/(13) ™ 4k7(23)

6 = 16(7(13) + 27(13)) B 4k]/(23)l’3+7 3 16((7(13) v 27(13)) 1 k(7(23) + 27(23)))
equationl

11.4 Field V,
= 4K (075, + L) = 4K, (0,750 + Lo es)
By = =80, (103 =~ 17a) + Koy = 17a))Ws = =487 a3k,
I = =45 eaK.

o)
2

& =80 ey~ Vo) + Ky +5 107~ 2]
r, =-8i s 4]k+ R, = —4k+7/(33)

= —8k+}/(33)r15 = 8ik+)/[34]

r,= —47[13] +8k(7/[23] - i7/[24])r1_2 = 4)/[13] + 2ik7[23]

.= 2ik}/[23]rl:1 = 2i]/[14] +4k7/[23]

rs= 2i}/[14] —4k7/[23]rl’6 = —2i7/[13]

7 =470+ k(87/(23) +2i (7/(2 AT 4)))

s = 4713y —K(87 3y = 21(¥oay = 27(2s))

o = 2ik(7(23) + 27(23))r2_() = 2i(7/(14) + 27(24)) + 4k7(23)
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r,=2i (}/(14) + 2r(24)) - 4k;/(23)l‘2’2 = 2i(7/(13) + 22'(13))

s = 4ik(7(24) + 47(24))r2_4 = 4ik(7(23) + 47(23))

—4i (7(14) + 47(14)) e = _4ik(7(13) + 27(13))
Ny = —4K, (027 53y + Ty (B, +40,))
Ne = —4K, (0 3y + Ta) (B +40)) e = 4K, (027 53y + Tiag) (B +42,))

7 33)

I =8Lo, (7(13) - i7(14)) +(B; + 4/93)(7(13) I 2'(14)) —k((B; + 4/93)(7(23) +i 2'(24)))] —A 4

F = —8K, 7 g5, = —16K, 735,

3 = —8IK_Jjgaylas = —8iK, 734
ls = —4% s T 4K patfss = 4(Vps + 4K gy
Iy, ==16K. (¥ @3 T 27(33))

r3_8 o 16[]/(13) + 27(13) i 2 k(7(23) 2 27(23))]equati0n1
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