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ABSTRACT

A whole electromagnetism carrying four electric charge messengers is studied. Based on light invariance and
conservation of electric charge, it provides a fields set {A”,UA,V;}. Something beyond Maxwell appears. The usual

photon is accomplished by others electric charge porters, which are a massive photon plus two charged photons. They carry
electromagnetic processes with charge exchange AQ =0 and |AQ|=1.

There is still room for an electromagnetism on electric charge transmission to be understood. Through such
so-called four bosons electromagnetism a new way to conduct the electric charge is proposed. It says that the
electromagnetic phenomena is something more than Maxwell’s charge distribution. It establishes the presence of four fields
association responsible for the electric charge transmission. It develops a quanta set which means electromagnetism based
on eight messengers with spin-1 and spin-0 to be analysed.

Thus given such fields collection Aﬂ, E{Aﬂ,Uﬂ,Vj} one studies the corresponding propagations and
interactions. Derive the corresponding Feynman rules for this electric charge transmission. The model shows itself
renormalizable and unitary. New features are obtained as selfinteracting photons. The photon is no more necessarily
coupled to the electric charge. A diversity of coupling constants is obtained. The electromagnetism universality is on the
ubiguous photon and not on the electric charge as coupling constant.

1 Introduction

The main theory explaining the electromagnetic phenomena is due to Maxwell who summarized two centuries of
experimental findings into his equations. Maxwell’s theory [1] works very well, as proven by experiments. But it has some
limitations too. In fact, three basic considerations can be done. Firstly, the masslessness of the photon can not be proven,
only a lower experimental limit can be given. Also, the superposition principle can be proven only to a certain precision.
Thirdly, adopting Maxwell’s theory in the quantum framework is not straightforward and is somewhat artificial.

There is still room for an electromagnetism beyond Maxwell. Currently there are 38 extended models [2]. Based on
two basic electromagnetic postulates which are light invariance and electric charge conservation this work studies a model
where while Maxwell focus on charges distribution its objective drives on electric charge transportation. For this, from an
abelian whole model [3], a four bosons electromagnetism is developed [4]. It proposes an electric charge transmission
where beyond the photon it adds three additional electromagnetic messengers.

Thus from Maxwell photon field one moves for a fields set {Aﬂ,U#,Vj} electromagnetism. It proposes the

electromagnetic transmission through the usual photon, plus a massive photon and two charged photons. They build up a
whole electromagnetic system carrying the electric charge for different physical processes involving AQ =0 and

| AQ |= 1. From an enlarged abelian gauge symmetry U (1) ® SO(2) transforming under a common gauge parameter,
an electric charge porter electromagnetism is derived. From [4], one gets

A=A, +kd,a,

U,'=U, +k,0,0a,

Vi'=e"V ) +k.0,a,

V,'=e"V, +k 0 ,a. 1.1)

where a(X) means the gauge parameter, (J = €(, the value of the coupled electric charge (€ being the electric
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charge and (], the charge intensity associated to fields Vj, ki are constants.

From egs. (1.1), one gets

L=L,+L, (1.2)
where
L, =L+L, +Ls (1.3)
and
L =L+ (1.4)
Decomposing the kinetic term, LK = Lﬁ + L?( , the corresponding antisymmetric and symmetric parts are written
as

Lﬁ :aiF/lvF/N+a2U,uvaV+2a3V,u+vV”V7’ (1.5)

LS Sl 6"+, S 28" "2
+2b5S 54" +€4yS !718;1 +CpyS :ZSVVZ
26455 1S, +2C88S 1S, (1.6)
where the granular fields strength are defined as follows
FﬂanuAf_avAu’ U,UVEa,UUV—aVU,U’ VjanﬂVvi_avV;’
S,,=0,A+0,A, Si=0U,+0VU,  S; =0V +0V;. (1.7)

Considering that physical fields are that ones which diagonalize the transverse sector, we should not consider terms like
1 uv2
S# ,S#" . Consequently, AU
abelian symmetry.

u Vj written at Egs. (1.2)-(1.3) are the realistic fields involved with the enlarged

The mass term is written as
1 2 A
LSn= —E(szﬂU “42miV, VA) (1.8)
In principle the gauge-fixing should given by

1 ] v 1 y
Ler = Zf(n)silsv i +Z§(22)S/725v ? +§§(12)stv i

1 I+ v— 1 +o v+
+Z(§(33)+§(44))S; S, +Z(§(33)_§(44))Re{5,7 S}

V2 N
+ 7 SilRe{[f(la) + '5(14)]81/ }

\/E ; v+ 1 +Q vt
+TS:2R9{[§(23)+|6€(24)]SV }_55(34)Im{5,f S, } (1.9)

However, although eq. (1.9) fixes the gauge parameter it does not introduces the SO(2) invariance. For this, one has to
consider the relationships &3y = $yuayr Suzy) = Spay = Spay = Say = 0. It gives the final gauge fixing relationship
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1 o 1 n 1 L1 .
Lee = Zg(ll)sﬁlsvl +Z§(22)8528v2 +§§(12)S;‘18V2 -}-55(33)8;’ SV (1.10)

Eqg. (1.10) shows that from one gauge parameter one obtains a gauge fixing term composed by four different
parameters. In a similar situation with spontaneous breaking symmetry models [5], the gauge fixing term provides the model
with four free parameters. Another aspect from eq. (1.10), is that differently from the standard QED, the gauge fixing
condition does not necessarily takes one degree of freedom. Consequently, by associating a common symmetry for four

11
fields embedded in the Lorentz representation (E , E) , one gets four particles with spin-1 plus four with spin-0.

The interaction Lagrangian is decomposed in trilinear term and quadrilinear parts: LI = L3 + L4. Physically, it is

possible to separate them in antisymmetric and symmetric independent sectors: L3 = LQ + L§ and L4 = L4A + Li.
However, differently from Yang-Mills, each sector of this enlarged U(1) symmetry is separately gauge invariant. It gives

2y [V (247

L3 4(bF, +bUW)z +8b,Ref(z 2z )W}

[+« (+)[e]

+4z  ([OF,+bUS)+4z  (BFL+BV,) (1.11)
and
@1)Hv (12)HV  (@2)H4V
5 = 2(58, +ﬁ23,,v)(2 +27 +1 )
@ e
+2(p S+ p,S,. "2)( z Y¥2z )+ 2!
. ) @2 @2
+2[(B,+4p)S," + (B, +4p,)S,! ](w 20+ 0,)
(CDHY (Y +-3HY
+84Re{l(z +2z )S,}+4z (BS,. +/5S,)
1) (2
+8p;Re{(z [+ z ))S,/"}
0, S\ B
+8(B; +4p,)Re{(w J+ @ )S, "}
+-3 —
+42 /(S +p,S, )+ 4B +4p) @ S
+-3
+4(8,+4p,) @ /S .°. (1.12)
Also,
[12] [12] [12] [21] [13+] [13-] [23+] [23-]
Ly =2z wl+2z 24z 72 -4z 7]
[13+] [13-] 23+] [23-] [13+] [23-]
+t4z ,,z*"+4z 7 "+8z ,, 2"
[13+] [23-] [12] [+-] [13+] [24-]
—8Re{z //z }+8z , Re{z “}+8Im{z / z }
[+ [+] [+ [+] [+] [+—]
+2z ,,z2"-2z ,,2"-4z7 127, (1.13)
and
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S (11) (11)!” (2) (22)ﬂv (11) (1l)yv (22) (22)/“/
L=z ,2"+z ,,2"+27 ,0"+27 , o

(11) (@1 22) (22) 11) @12 12) (22)
nv nv nv uv
t4o , 0 "t4o , 0""+47 7 "+4z7 7

a2 12) (@2) an @ a2 @2
Hv uv Hv uv
+8z ,,0"+8z2  o"+16w , 0" +16w , @

11) @22 12) @12) 12) @12) 12) (@12
uv uv vu vu
+2z ,,2"+2z ,,2""+8z , 0 "+16w , @

11) (22 11) (2 (12) (12) (11) (22) +-3
)7 v )7 14 vu nv
+4z#a)v+8(oﬂa)v+22ﬂvz +4(zﬂv+zﬂv)z

(13+) (13-) (23+) (23-) (13+) (13-) (23+) (23-)
)i v u v )7 v u v

+t4z fz +4z Jz 4167 J o ,+162 o )
13+) (13-) (23+) (23-) 13+) (139) 23+) (23-)

u 14 i 14 y72% uv
+320 0 +20 ;0 +t42 ,, 7 "+427 , 1

u u

13+) (23-) (11) (2) 11) 22) 12) (12) +-3
HV H H H H yz H v
+8z ,, 7 “+8{z [+ 7 [+20w j+2w +27 +4o [}o,
12) 13+) (23-) 13+) (13-)

+-3
+8z , Re{z “}+8Re{z § z [}+32Re{z | w }

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

+64Re{w | 0 J}-8IM{z , ® "}-8Im{z , & "}

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

-2{o ,, o "}+32I{o ,, 0 “}+4m{z 7z "}

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

—4m{z ,, z "}+8Im{z , o "}+8Im{z | o "}

+-3  +-4 +-3  —+4 +) () +) (-
+Az ,,z"+z .28z 0"~ 0"}

() ) ) () ) () +8 44

-1{ow ,, 0"~ 0 ,,0"}-42 /7 '+87 'o
+-3 +-4

+160 [ o . (1.14)

Preserving light invariance and electric charge conservation postulates, eq. (1.2) introduces through an U(1) X
SO(2) symmetry, the minimal model for electric charge transmission. It introduces a richest electromagnetic world than
Maxwell. Granular and collective fields, non-linearity, massive intermediary particles are among new aspects to be
observed.

2 Perturbative Lagrangian

Our intention here is to study the quantum perspective to the involved fields and associated particles. So a next
step is to organize the perturbative approach for the corresponding particles and their interactions. Taking the flavour

notation A, E{Ay,Uﬂ ,V;}, eq. (1.2) is rewritten for the propagating sector as
L, = a,(9,A))(0“A)) +b, (0,A)(0" AY)
+Cy (ayAly)(avA\‘]/)—'_le ALAN (2.1)

and for the interacting sector as

L =a (a,uA/I YA A +by (a)uAilu)A/J A+ aIJKLAyI A AN (2.2)
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Thus, from eq. (1.3), the kinetic term can be decomposed in three parts L, =L, +L,, + L5, where

L, =2(a, + b(ll))ayA SO A + 2(b(22) + az)aﬂUV 0'UY +
+4(a; +bgs))0 NV, -0V, (2.3)
Ly, = 2(b(11) - ai)aﬂA 0" A" + 2(b(22) - az)aﬂUV O'UH +

+ 4(b(33) - aS)ava+ : avv ,U—’ (2.4)

LK3 = (4C(11) + 5(11))8;,'&‘# 'avAV + (4C(22) +§(22))aﬂu g 'avU i
+ (8C(12) + 25(12))8 u A“.0'U" + 28330,V O+
+ (5(33) + i§(34))aﬂv OV +

+(Sen) ~15@e))0,V OV 2.5)

The interaction term gives, L, = L3I + Lf , Where

L = L3,(l) i L?(Z) (2.6)

Ly = 487a0.A - AN +4875,0,A -UU" +

+A4(byya + B0, A - AU + 4By a2 — )0 A -UA" +
+A4(Boras (Y — VeSO A VOV +

+4(BoYas — 1V — VB0, A -V V™ +

+4B7a0, U, - AN +48,7050, U, -UU" +

+4(B,7 02 t027u)0 U, - AU +4(By1 00— 0,000 U, -UXA” +
+Ai(Vaa, = VaB)O U, VAV +

+ A4 (Vs — V)0 U, VAV v

+A4(8:(Yas) —170a) =B (Ve = 17OV, VA" +

+A4(B5 (Y sy —170a) 0 (Vg —1704))0 V... - AV +

+A(B5 (¥ 23y — 17 2ay) — 05 Pz —1724))0,V, . V¥ U +

+A(B5(Yaz) 17 aay) +05 (Vs —1724))0 N, . UV +

+ 4B (Vg +17a9) =0 (g T1704))0, N, VA +

+A4(B: (Vs +1704) 03y +17a))0,V, . - AV +
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+4(ﬁ3(7(23) + i7(24)) _b3(7’[23] + i]/[zzl]))@uV‘,+ VAUY +
+A(Bs (Vazy +1704) +0:(Vaay +17p4))0, Y, -UNVT, 2.7)
Loy = 400, +702(B, +4p))0 A A A +
+8(y0, +7,(B +4p,))0 A AU +

+ (Y000, + 750 ( B+ 4p1))aﬂAﬂU U7+

+8(y3a0, + T35 (B + 4/71))6,, ANV VT +

+4(yy,0, + 715 (B, +4,))0 U A A" +

+8(y120, +71,(B, +4,))0 U¥AU” +

+A4(Y 005 + 700 (B, + 4p2))8ﬂU "y U+

+8(350, + 733(B, +4p,))0 UV

+8((V1o3) = 171041 25 + (Fpozy =1 7100)) (B +405))0, VN VA" +
+8((Vpa; =174 25 + (g — 1 704)) (B +405))0 N NCUY +
+8((¥ ey + 17041 25 + (T3 H1724) (B +405))0 NV VAT +

+8((7, 3t 1 [14]),03 1 (7[13] +i 7[14])(ﬂ3 +4p,))0 N VU (2.8)
Similarly,

L} = LT(l) + L?(z)’ (2.9)

where
L‘I‘(l) = (27’(11)7(22) O 87(12)7(12) "'167(212) 3 27(212) + 27[12]7[21]) Ava AU+
+ 4701y 63— [is] + 327(213) +487,57 03 47 (213)) A AV T+
+ (Y o0y 3 — 47, [ga] + 327(223) +167 55703y + 47, (223))U UV e
+ (A 75T gy = M T 4507 04y — 16171317 ey +
+4i TaayY sy — 4 Tos))aa T 4 ToaYas) — 2iy, a3/ sy T
+ 2i7(14)7(23) + 47(12)7(33) +4i Yu et 4 Y pa — 47[13]7[23] +
+3273)T o3y + 47/(13)7/(23)) AUN™V V4
+ (161 7,5, 7 4y — 4 714307 o4y =161 71517 3y +
+4i TaayYes) — 4i TogyYaa + 4 TonyYas) — 2y, asyyean T

+ 2i7(14)7(23) + 47(12)7(33) —4i Yo Ba — 4i T pa — 47[13]7[23] +
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+32745)T o3y + 47/(13)7/(23)) AUV T 4
(—47& 41167337 sy + 87 a5 Ty + 47é 4))V;V;\/ VA (2.10)
and
Uiy = (ay + 22 anyan +4zan) AA A" +
+ (7/(222) +2T 0V 02+ 47(22))U M UUY +
+ (47/(11);/(12) + 8r(11)7/(12) + 162'(11)1'(22)) Aﬂ A ANUY +
+ (47/(11)]/(12) + 87(11)7/(12) + 161'(11)1(22)) A# A ANUY +
+ (47/(12)7/(22) +87007 12 +167(22)T(12))AﬂU LU+
+ (87(11)2'(22) +47 01T + 27/&2]) A AU U Y+
+ (4y[i3] + 4}/(213) +487 )T (33 + 81(33)]/(11)) A, ANV VT
+ (4}/[23] + 4}/(223) +167,5)T 55 + 8}/(22)7(33))U pe NV T+
+16745)733AU NV TH +
+ (167 0y +8Y aay + 2 ey way — 27V V VLV T+
+ (167 +87 0y 00y + 2 ey sy — 27V V VIV
3 Feynman rules

A non-linear electromagnetism is obtained. A next step is to express the corresponding Feynman rules. The
effective action of the classical field is defined by the functional Legendre transformation,

T(A) =W[JI]- [d*xJ, ()A () (3.1)

where

W=-ilnZ, (3.2)

ijd4x[L(A)+J#| Al']

Z[J]= J'DAﬂ,e (3.3)
Expanding in powers of A, , one gets
_ uv...p
T(A)=— jd X 0 TG O X0 ) Ay 00 AG (%) Ay (%) (3.4)
where 0" )ﬁ r\f(Xl,..., Xn) is e sum over all 1Pl Feynman diagrams with N -external lines. In terms of a functional
Taylor series (3.4) yields
n
(n),uv P l 5 F(A)
N (X %) = |ao - (3.5)

A (). A (%)

An advantage of this formalism, written through the effective action I, relies on the fact that it allows an expansion
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in terms of the number of loops. This series is written in terms of powers of the Planck’s constant,

r=>7""T(L). (3.6)
L=0

Physical interpretations from (3.4) are in general more explicit in momentum space. Thus in order to calculate the Feynman
rules we will follow the Fourier transform conventions,

d*k

20)° f(k)e™,

f(x):j

f(k) = jd‘*k f (x)e ™

and
) S(K +...+ k)T (k... k )=
= '[d A A T (X x Je 0 e, 3.7)
It yields,
Lo 0% M s
r(A)=27,— | o i o TR (K. kA (=K. Ay (k) (3.8)

where K +K, +...+k, =0.

The conventions for the momentum flows are indicated in Fig. 1. (3.4) and (3.8) show that propagators and vertices
can be read off as coefficients of Fourier transform of the fields. This useful derivation of the Feynman rules is because at

tree level, F(A) means the classical action plus the external source terms. So, by taking the action,

S(A) = J‘d4X L[A,,@A ], and making its Fourier transform, we can read off ™. ¥ (K,,...,K_) by adjusting the

factors (i) and (l')
n:

Fig. 1. The convention to compute the effective action.

The quadratic part of the Lagrangian containing four potential fields is
— 2
L, = _A,ul [(@, W —my)n*"+ (b, +c,;)0“0"]A,. (3.9)

Thus, taking the Fourier transformA. and using the delta function one gets
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(3.10)

Propagators are obtained from the block matrix inverse of the kinetic part. Observe that A, B,C,D are nxn

real and symmetric matrices. Each matrix can be individually diagonalized by an orthogonal transformation. However, the
diagonalization is not in general simultaneous. Writing in terms of the transverse and longitudinal projection operators

<TA > =j 1 1 KK,
i A\g T—'[m 1 (77;”—7)
) 1 L kK,
<TA/1IAVJ >L:|[D |J1 ((lz
Bk?+M

-1

i
_icof (k*=B M), L . k“k¥
]
-B

—=(B )kj?

det(k: =B M)

0
where B=A+B+C.

(3.11)

(3.12)

For the vertices, the correspondence between the interacting terms that appear in the Lagrangian and the
Feynman vertices is not one-to-one. The introduction of more potential fields in the same group enlarges the possibilities for
playing with the Lorentz indices and also appear different possibilities for distributing the flavour indices. Thus, it appears a
kind of topology of gauge invariance where a determined graph incorporates different contributions from the Lagrangian

terms.

Thus three-gauge-boson proper vertices are systematized in three structures. They correspond graphs with three
different fields, two fields being equal and the case where all fields interacting in a vertex are the same. Taking the Fourier

transform of the action corresponding to

L3 = aIJKan(a,uAlp)A:]uA;; +bIJK77vp(ayAlﬂ)A\fAl‘;

one gets the following Feynman rule for the first case,

'lj"\ ,,Jr.‘
.}1 .")
St
¢
\
/
\ T
T
¢
Fig. 2
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=aqn,P,+ by 17.,P,

with p+qg+r=0.

(3.14)

For the case with two-equal fields, the vertex receive contributions from ten different terms. It gives,

Fig. 3

=[a,, +a, +ay ]77vp P+ [by, +2b,, +b, ]vapp

+a,17,.4, tayn,r, + by, 1,4,

+ a'JII 77/,,; pv o bIJI 77,uprv

with p+qg+r=0. (3.15)
Finally, when the three involved fields are equal, one gets the expression
\L"' #y
At _JA,
I L\r J_4J
P\ _q
L(
/
y
{
2t
Sa
Fig. 4
=—{q, +2b, ]'[nﬂvpp +n,,4d, + nyprv]
with p+qg+r=0. (3.16)
Similarly, for the four-boson vertex
Ly = Qi 7,770 P A A A (3.17)

which yields the following cases
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=1, . 1,,7,1

with p+qg+r=0. (3.18)

Fig. 6
=—ilay, +aw 1., 1w,

with p+qg+r=0. (3.19)

Fig. 7
=—i[a,;; +a,, ]nvpn,ul —2iq,;, U

with p+qg-+r=0. (3.20)

=—2ia, [77vp77 wa Ty nvflnﬂp]

with p+qg+r=0. (3.21)
4] v
AN Afﬂ
q ot
:\ ('J) 4“
\ :1_\
A, Al
Fig. 9
3392 |Page Council for Innovative Research

March 2016 www.cirworld.com



(B

ISSN 2347-3487
Volume 11 Number 6
Journal of Advances in Physics

==8iay, [7,,71,, + 1,715 + 11,7111
with p+qg+r=0. (3.22)

Four features can be taken from these Feynman rules. First, the above Feynman rules structures a new approach
to a non-linear electromagnetism. The first relevant try was due to Born and Infeld in 1934 [6]. The difference here is that the
non-linearity is on potential fields. Three and four vector bosons vertices are developed independently.

We should also observe that this non-linearity is not ruled by electric charge. Egs. (3.13-3.22) are showing different
coupling constants which can take any value without breaking gauge invariance. As consequence this welcomed fact
release the model on facing the crucial result from electrodynamics which is the accuracy on the electron anomalous
magnetic moment measurement. The possibility for a model adding new vertices to agree with the experimental value to
more than 10 significant figures [7] is to be free for adjusting the coupling constants being included.

As a third aspect, the above graphs are showing on deviation from linearity in the quantum regime at tree level. A
result for justifying processes as light-light scattering. Usually it requires the uncertainty principle support which allows the
momentary creation of electron-positron couple on subsequent annihilation with creation of two photons. Eq. (3.20) is

enough for considering two plane waves defined by the wave vectors k1 and k2 scatter, transforming into two different

waves with vectors K, and K, .

Finally, we should observe on the presence of self-interaction photons. Egs. (3.16) and (3.22) are showing three
and four vertices where photons are coupled to themselves. The photon can not be taken as a single particle. A non
point-like photon structure appears to be understood.

4 Spin-1 and spin-0 propagators

11
The representation (E,E) provides a fields collection {A,} which is consistent with the introduction of four

electromagnetic messengers. So after Feynman rules be derived one has to derive the corresponding propagators, poles,
residues and the quanta spectroscopy. Lorentz group introduces not only the space-time correlation but also the spin as

guantum number. Given the fields set {Aﬂ, } E{Ay U, ,V;} it yields two families with spin 1 and spin 0 whose quantum

numbers must be understood. From eq. (3.9) one gets,

o= A"y A,

where the propagator expression is i(O’”’)l_Jl.

Substituting eqgs. (1.4-9) in eg. (3.10), we obtains

O*"= A6"" +Ba"" (4.1)
where A, B are 4 x4 matrices derived as
Dm0 0O
s 0 p, O 0,
0 0 0 ¢
0 0 q O
with
P =—2(a,+by )W, p,=-2(a, +by )W-m;, q=-2(a,+bg)W-mi, (4.2
and
r s 00
5= s r, 00
0 0 0 tf
0 0t O
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with

r,=—2a,W, T,=-2a,,W-2mZ,
s=-2a,W, r=-2a,W-2m?, (4.3)

where

1
Q= _4(b(11) +Cupyt+ Z 5(11))1
_ 1
Qy) = _4(b(11) *+Cay + 1 68(22))1
_ 1
Q= =2(Cyy + > $uz);

1
Oy = —2(2b(33) +Cggy + E 5(33)). (4.4)

For the transversal sector, the corresponding propagators are

i
3 @)
< A,u A\/ >T Tl F R,u v,A (4.5)
i
<U U >=——_R® (4.6)
Y7 v T 2 2 ‘uvU
K*—mg
+\/— i -\/+ .l I @)
<V V) >=<V_ V' >=—"TR",. 4.7)
k®—my
where the corresponding residues expressions are
1
i &
;(43,A A (9,uv (4.8)
a +by,
1
i) .
/(la’U - 6’,uv (4.9)
a+ b11
1
L = ———8uv. (4.10)
a; +b,,

Reading off propagators, one obtains information on mass and spin contents. Egs. (4.5-4.7) are saying that the
2
2

a, + b(11)

model carry four poles with spin-1. They are a massless photon, a massive photon with a mass M, = and two

2

charged photons with the same mass mv+ = —E) Notice that due to the addition of a SO(2) symmetry to the
g+
3 T M@E3)

primitive U(1) symmetry splits the coefficients that determines the masses. Coefficients that are related to neutral fields do
not contribute on the charged physical masses and vice-versa.

A second step is to understand on the corresponding spin content. The spin study is on the residue of the

propagators. Taking as reference system K* =(m,0,0,0), one gets the general expression

mvit Wt = (m.0,0,0)

R® = idiag (0,-1,-1,-1) (4.11)
r|
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where eq. (4.11) is saying that for avoiding ghosts the condition is I, < 0. This means that given the relationship

a + b11 <0, one gets three physically health degrees of freedom for the field Aﬂ . Similarly for the other fields under
a,+b,, <0 and a,+b,, <0, respectively.

For the longitudinal sector, the corresponding propagators are

.

<A A >L:Xli (4.12)
U u, >=>2

<U,U, > =, (4.13)

S

<AU,>=<U, A > =2 @14)
ViV > =1

VIV = (4.15)

with a common pole given by

2
A=nr, - s? = 4o, W((ay, _@)W it m22]1 (4.16)
11

and the longitudinal charged boson pole is I defined at eq. (4.3).

As result, there are four spin-0 quanta. They correspond to a massless longitudinal photon mﬁ =0, a scalar

2 2
: ) o _ M ! . o _M

massive photon with mass M, = —2-, and two charged massive scalars, with the common mass mv L= -4
a a

22 33

Considering =-2C,,, one gets
12 2

<A A>=RY

k2 Hv,A? (4.17)
i
= (L)
<U,U, > = > R (4.18)
k2 0
- mU
i
+\/ - —_ -\/+ b (L)
<V,V, > =<V, V, >L_ﬁvaf’ (4.19)
k®—m, '
where the residues are given by the following expressions
1
© =
Roa=—0a,, (4.20)
oy
1
0 —
< R,uv,U - a),uv' (4.21)
22
1
® =—a,,. (4.22)
v 33
Taking again as reference system k* =(m,0,0,0) one gets the general expression
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RO = idiag (1,0,0,0) (4.23)
u|

#vl et =(m,0,0,0)

which requires &, «&,,, (33 be positive defined in order to avoid ghosts.

As an important result, considering that the parameters that define the transversal and longitudinal parameters are
independent, one can get the solutions where the model does not depend on ghosts. This means that it is unitary.

Concluding on these two quantum numbers masses and spin, being studied through the poles and residues of
propagators, we should also notice that them are explicitly showing on the antireductionistic character of the model. Their
expressions are depending on the system as a whole. As result, one can control on tachyons and ghosts through free
coefficients and also given their different poles and residues, the spin-1 and spin-0 quanta can be identified as different
particles.

5 Discrete symmetries

A next aspect is to study on discrete symmetries at eq. (1.2). For this, as example, we are going to select the
following possibilities:

@) J7° =1, asthe photon, J/y, p(770). Call such particles as A,
(i) J°° =1"", asthe b (1235). call such particles as B, .

i) I°° =1"" asthe #,(3510). Call such particles as C,, .

Then any composition between such possibilities or between themselves as

Acce (aﬂCV)CyCV Apacs A;IA\/C”BV

aggc (0,B,)B“C” d,ACH (5.2)

preserves CPT. This verification confirms the basic theorem where a local and Poincaré invariant Lagrangian as eq. (1.2)
should preserve CPT invariance [8].

6 Photons possibilities

A possibility emerged from this work is the photon not be necessarily associated to the electric charge.
Experimental collisions between photons are showing events that suggest new sorts of couplings for the photon. An
increasing amount of data on the reaction ) —> mesons at low and intermediate energies has been available since 1987

[9]. Three-gamma modes were already detected. The known J/y7(3097) decays obtaining three-photon final states are:
the radiative decays towards a 7° , 77' or 7., followed by the decay of the meson into two photons, and the predicted
direct electromagnetic decay J/y — yyy . The non-resonant QED process e'e > yyy also contributes. In the

five-photon final state, only the radiative decays towards a pair of 7z° or 17 mesons were studied up to now. Thus, these

facts are perhaps indicating that we are in front of a new physics for the photon whose systematization would be behind
QED. For instance, reactions like

¥ — pp
KK

vy — K7K™

vy o>

are indications from Tasso and Argus collaborations of a new structure for the photon to be described. Most of these

reactions are expected to be understood through effective Lagrangians, QCD and (q ({ models. Our search will be to

justify them with such an extension of the U(1)-model. In this regard, a first hypothesis is based on the existence of vertices
involving photons.

The presence of selfinteracting photons could perhaps be interpreted as a contribution AErom the non-point-like
constitution of the photon. Graphs involving only photons as external lines would indicate the presence of partons inside the
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photon. They would correspond to the photon structure function. A second class of graphs would be the ones involving the

coupling of photons with vector mesons as p, @, ¢ .J/(//, ¥, or with the weak interaction vector mesons W™ and
Z°. Thus, vector-photon reactions do not necessarily need to be reassessed by the effective Lagrangian approach [10]. A
possible meaning for eq. (1.2) is to treat the p -meson, for instance, as a gauge boson and not as an approximate gauge
boson associated with isospin [11]. Therefore, a challenge will be to compute such reactions not through perturbative QCD,
but taking eq. (1.2) as guideline.

7 Conclusion

This work considers the electric charge participation on the physical processes as as whole. So preserving the
electromagnetic postulates of light invariance and electric charge conservation, this work enlarges Maxwell to a four bosons
electromagnetism. Instead of just considering on charge distribution, it considers the electromagnetic phenomena for

charges transmission. It adds to Maxwell, physical processes exchanging | AQ |= 1 where the photon is no more the only
one propagator of the electromagnetic phenomena.

Thus given its gauge invariance, renormalizability, unitarity a first question should ask on the origin of these four
messengers. Literature is rich on vector bosons opportunities. We should start on investigating about situations where they
already exist. For a neutral massive photon we select three cases. They are virtual photon, Z° intermediating leptonic

currents preserving parity, vectorial mesons. Also that physics proposes a z beyond Standard Model [12] and derived
from superstrings theories [13].

Virtual photons make the function corresponding to a neutral massive photon. Reactions as €€~ —> ,u+,u_,

L1 p— puX (X means any hadronic function), 7P —>e’e  are showing situations identified in the literature with
virtual photon which could be intermediate by a possible neutral massive photon. A second case is reactions like

p_p—>e+e‘x where Z —>e'e” and X is a hadronic state. The general form for their coupling is

Line = [0y I7“1+ 9,1y, 75112, - Then, the suggestion here is the appearance of a leptonic current purely electromagnetic

(g, = 0). Finally, one can observe cases involving vectorial mesons as d)(sg), J/ l//(C(_I), Y(bB). These particles

can suffer decays to €€~ via massive neutral bosons. Similarly from p(uU,d), @*(U,d) decaysto € (e")v, via
intermediate charged bosons.

Thus it is possible to build up a physics associating eight messengers responsible for the electric charge
transmission AQ = +1. Based on section 3 spectroscopy, the model requires massless photon and scalar photon and

other quanta with different masses. Consequently a variety of four bosons choices is possible. Given that the physical
source is just the electric charge we can consider composite particles as intermediate bosons, without being classified as
effective theory. This means that vectorial and scalar bosons can work together with photon to fill the four bosons picture.

For instance, for spin-1 family (¥, J/w, @") and for spin-0 family (scalar photon, z°, z7*) . For instance, proton and
neutron reactions including these 8 intermediating particles.

After such realm for introducing an electromagnetism with a new performance based on four bosons, we should
comment on three features. They are non-linearity, self-interacting photons and electromagnetism beyond the electric
charge as coupling constant. They redefine the meaning of electromagnetic interaction. They bring a new scale on energy
and distance. There is a more rich electromagnetism to be considered [14].

Different subjects as condensed matter, plasma, non-linear optics, astrophysics are requiring a description based
on a non-linear electromagnetism. While Maxwell laws are valid for the earth’s electric field of 600 N/C and magnetic field of

10°% Tthe guestion is whether in a magnetar with E = 10 24 N/CandB=10" T, non-linear effects should not be included.
As we know, when gravity increases as in the case of Mercury perihelion or black holes, one has to move from Newton to
general relativity approach. So the question is whether the electromagnetic model appropiate for earth should be the same
for a magnetar or inside the atomic nucleus.

Eqg. (1.2) develops a non-linear electromagnetism. Differently from most non-linear systems, as Born-Infeld and
Euler-Heisenberg, a new approach to non-linearity is obtained. Instead of electric and magnetic fields the non-linearity is on
potential fields. Although being an abelian model, classical non-linearities are present in the Lagrangian, section 1 and
guantum non-linearities are studied through Feynman rules at section 3.

A second aspect is on photon selfinteraction. Photons interactions are being a challenge for modern
electromagnetism. In section 3 one derives three and four photon vertices. A first phenomenology is on light-light scattering.
Instead of studying this phenomena through loop contribution, one gets at tree level. It says that photons can interact with
photons without the presence of electrons and with a coupling constant not depending on electric charge.

Feynman rules obtained in section 3 show the appearance of vertices with self-coupled photons. Although the
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Landau-Yang and Furry theorems are constraints for vertices involving real photons, physically, such photon self-interaction
and with other massive vector particles, may be interpreted as an indication of a non-point like structure for photons. The

J/ Iy decays are an important source of spectroscopic information to exploit about the relevance of such vertices. The
J/l// decay into photon-vector-vector is an interesting field of study to test a possible non-linear QED.

Thus, selfinteracting photons also rises the question on the photon nature. Are they point-like particles or
composite? Photons combine the point-like nature of the leptons and the composite nature of the hadrons. The existence of

a point-like component in the photon allows the study of high-P; reactions even at moderate photon energies and to

compute those reactions in the frame of perturbative QCD. The contributions of the non-point-like component can be split
into two parts. The first one is due to the presence of partons inside the photon, described by the photon structure functions

that can be extracted from yy collisions in €°€” machines. This contribution is computable in perturbative QCD. The

second one is related to the coupling of the photon to vector mesons. However, this contribution is not computable in the
framework of perturbative QCD. Considering also that QCD does not have a good agreement with charm hadroproduction, it
is propitious an investigation with a Lagrangian that works with non-linear photons.

A third aspect being considered are the relationship between photons and the electric charge. The question is how
to associate a photon beyond electric charge. Since its isolation through a capacitor in 1745 by the german scientist Ewald
von Kleist, the electric charge become the electromagnetic origin. Consequently the photon couplings should be associated
to electric charge. This universality rules QED and the Standard Model [5]. Eq. (1.2) provokes this situation. Through a
non-linear abelian model it shows in section 3 different types of vertices which coupling constants encompasses the electric
charge. It says that electric charge as pure coupling constant appears only when fields are coupled to the global Noether
conserved current.

Thus, eg. (1.2) dissociates the strict relationship between the photon and the electric charge as coupling constant.
Given the photon singularity it is expected from it a new electromagnetic scale. This means an ubiquous lux as the universal
reference and no more the electric charge coupling constant. For this, the four bosons electromagnetism preserves the
electric charge conservation and develops the coupling constants diversity. It achieves a kind of light universality by
performing interactions under different coupling constants. Perhaps, this is a good requirement for dark matter, a
photon-matter interaction different from the fine structure constant. This photonic electromagnetism appears through eq.
1.2).
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