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Abstract

A whole Yang-Mills symmetry is proposed. A grouping physics is constituted. It consists in inserting a given Yang-Mills
field A}, in a fields set {Az 1} constituted by other fields families, I = 1,..., N. Each field becomes part of a whole. A
set action physics happens preserving the Yang-Mills symmetry. However the usual properties of an isolated field are

extended to antireductionist properties.

An associative physics is formed. A Yang-Mills whole quantum system is constituted. A whole Yang-Mills physics is
obtained. The quantum corresponding to a specific Aj; field inserted in a whole develops features depending on the
fields set {Af,;} associativity. Properties established from a so-called constructivist gauge theory are identified. Usual

YM interactions are enlarged to YM interrelationships.

Classical equations are studied under set action. A Yang-Mills whole unity is constituted by a constructivist Lagrangian.
The reductionist approach substituted by constructivism. Physics under set transformations. A cause and effect
relationship is expressed based on whole unity. The whole is that moves to future. Minimal action principle, Noether

theorem, Bianchi identities are derived. A fields set with diversity, interdependence, nonlinearity, chance is expressed.

1. Introduction

Quantum has been considered the smallest energy packet. Classically, it was introduced by Planck-Einstein radiation.
Quantically, developed by wave-particle complementarity and relativity. Nevertheless physics is not constituted only by
a reductionist quantum behaviour. Nature contains a grouping performance. Principles as associativity, confinement,
complexity are ruling for a grouping physics. Associativity as the nature basic behaviour, confinement by cutting the
reductionist route, complexity as considering that physical properties are depending more on the context than due to

isolated parts.

Thus, a non abelian grouping physics is proposed. It provides different fields families transforming under a same
symmetry group. The usual Yang-Mills fields Aj are incorporated in a fields set {AZ 1}, where I means the flavour

index expressing the number of involved families. The Yang-Mills symmetry is preserved and amplified for
Ay =UA U + giauU.UA (1.1)
1

where A, 1 = A, /t, and U = e™ata correspond to the SU(N) symmetry group.
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A new physics is expected. Quantum physics based in conglomerate. Part inserted in the whole. A Yang-Mills whole
unity is constituted. A constructivist lagrangian will be performed. It considers the fields set {AZ 7} under a same
symmetry group. The corresponding quantum is called as non abelian whole quantum. It introduces new properties
beyond usual Yang-Mills theory [1]-[6].

The investigation is to consider the field A under set action. Study an isolated field inserted at fields set {Af;} =
{Ag, By, ... Nt} [7-15]. Identify the physical difference between an isolated field and in a grouping expressed through
the non abelian antireductionist gauge theory. The grouping physics develops conglomerates under associativity and
set. The quantum passage from interaction to interrelationship. Features are developed under the whole quantum. Set,
diversity, interdependence, nonlinearity, chance. A set determinism is derived. A whole quantum system is expressed

with evolution, emergence, complexity.

The classical whole Yang Mills physics will be studied. A non abelian constructivist physics performed. Classical
equations are considered. 2N equations of motion related to spin-1 and spin-0 are derived. Induction laws given by
N + 3 Bianchi identities are expressed. Three Noether identities obtained from gauge symmetry. They state a whole

non-abelian quantum physics.

2. Fields strengths

A non abelian constructivist lagrangian will be studied. It is constituted by fields strengths. They contain granular
and collective natures. Producing antisymmetric and symmetric terms. Eq. (1.1) symmetry is studied at Appendix A
through a field basis {D,,, XZL} There D, transforms inhomogeneously while fields X,i covariantly. The constructor

basis {D,,, X},} works to establish covariant field strengths.

1. Antisymmetric granular sector 7,

The antisymmetric granular tensor is defined at Appendix A in terms of the tensors D, and X [Z'W], according to:
Zjyu) = dDyy + a; X/ (2.1)

(]

where d and «; are free parameters. The physical basis {G};;} is expressed in terms of the  matrix [16]-[18]. From
Appendix A, one writes
Dy =G, X.=QuGl, i=2...N (2.2)

From D, = 0,D, — 0,D,, —ig[D,,, D,], one rewrites

Dy = 0,1(0,G}, — 3,Gy, — ig 4G, GY)), (2.3)
where I,J € {1,2,...,N}.
From X[i;w] =80, X, — 0,X], —ig([Dy, X}] — [D,, X}]), one rewrites

X{ = Qi 1(0,G] — 8,G) —ig(, 1% s + Qs 1)[Gy, G (2.4)

Using the above equations, it yields

Z[/Ll/] = a[(aﬂGljl - aVG[IL) - ige(IJ) [Gfm G;I] (25)
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where
ar =dQ 1+ il g, ey =d g + @i Qg+ @il Q.

The antisymmetric collective tensor is defined at Appendix A as

2} = (i) [ X XJ] 4 brigg (X, X0} + 413 X, X0
Using the relation Xfl = QLJGI{, it yields

2] = arnGhy Gl + b {GL, G} + v GLG)

where

acryy = a0, bug =010, v = Vi $ia$-

2. Symmetric granular sector Z,,)

%

The symmetric granular tensor is defined in terms of the tensor X (uv) according to:

Z(w) = BiX(iw) + 5igﬁan)i

(a
where
X{wy = 0, X, +0,X], —ig([Dy, X)) + [Dy, X})).

Replacing the above definitions in terms of physical fields we have
Xy = it (0,Gy + 0,GL — 1901, (1GL, GF] + [GL, G])).

QUGI one gets

Considering X (Z ()

n)

Also
X =, ;GO

(a (a
Thus,
Ziuy = Bi 1 Gl + 0219, G

(e
which can be written as
)l
Ly = BrGlo) + 019G

where 8r = 5, 1 and 05 = 6;Q 1.
The symmetric granular tensor is first defined at {D, X} basis. It gives
Sy = biig) [ X0 X0) + i X X0} + iy gy [X o X + (i) 9 { X, X7}

which yields
2wy = b [Ghy GOl + can{GL, G} + urngw!GL, G + v gu{GL, G}

where b[]J] = b[ij]Qi,[Qjﬁl, cun = C(ij)Qi,IQj,Ju uirg = u[ij]Qi,IQj,Jv vag) = v(ij)QiJij]’
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3. Symmetry of difference consistency

Eq. (1.1)) is showing different fields under a common SU(N) gauge parameter. It yields a symmetry difference. A
quanta pluriformity is obtained. Diverse quanta are expressed under a common symmetry. Next we should analyse on

the consistency of this symmetry.

Physics does not depend on the fields basis. The symmetry results obtained in the constructor basis can be transposed

to the physical basis {GZ 7} A first consistency that the above fields strengths are also preserving the covariance
property

ZM,,(G[) — ZH,,(G[)/ = UZH,,(GI)U_l,

Z/“,(G[) — zuu(GI)/ = UZHV(G[)U_I. (2.17)

A further consistency on how such non-abelian symmetry of difference is implemented at SU(N) gauge group. Analyzing
through the constructor basis one derives eight aspects attached to group generators and gauge parameters. They
are from group generators: algebra closure through Jacobi identities and Bianchi identities. From gauge parameters:
Noether theorem, gauge fixing, BRST symmetry, global transformations (BRST, ghost scale, gauge global); charges

algebra, covariant equations of motion plus Poincaré lemma [19].

As example to express the consistency for introducing gauge families, let us take the Jacobi identity unification. Taking
the infinitesimal transformation from eq. (|1.1))

0G = Opw(z) + gfﬁcGZIwcwc(m)
= [Dprw ()] (2.18)

one has to verify Jacobi identity acting on the field G,

{[61, (62, 03] + [0s, [01, 2] + [02, [03, 61]]} Gy = O (2.19)

Given that,
61.621G; = 9/ ((Dyraz)’af = (Dyran)'as ) = gffeDyr(abas) (2:20)
one verifies eq.(2.18]) similarly to the YM case.

Thus, eq. (1.1)) is saying that it is possible to derive a Lagrangian where the number of potential fields is not necessarily
equal to the number of group generators as ruled by Yang-Mills theory. The introduction of Yang-Mills families in a
same SU(N) group becomes a realistic whole physics to be understood. Gauge theory does not follow group theory
[20-21].

3. Constructivist Yang-Mills Lagrangian

We are going to consider a family of fields with a Yang-Mills type structure given by an additional internal index a.
Introduce the fields set {G],} where G/, = G} ,t*. Given the SU(N) group, t* is a set of matrices that satisfy the
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following relations:

[t?, tb} = i fapet®,  fape are constants, (3.1)
1
{t?, tb} = NéableN 4 dapet®,  dape are constants, (3.2)
(") =0, (3.2)
(t"t") = Nogp, (3.4)
N
(t* %) = i = fabe, (3.5)
2
N
(t*4°t°t™) = Sap6cd + Jaddpe + Z(dabfdcdf — dacsdpas + dagrdpey), (3.6)
where fupeq 1S completely antisymmetric at every pair of adjacent indices: fope = — fach = feab = —feba = foca = — frac-
dape 1s completely symmetric at every pair of adjacent indices.
The non abelian constructivist lagrangian will be formed through the fields strengths. It gives
L=L*+1°+1M (3.7)
where
LA = )\1 (Z[HV]Z[’W]) + )\2 (z[m,]z[“”]) + )\3 (Z[#U]Z[’WU, (3.8)
S = 51 (Z(W,)Z(MV)) + 52 (Z(NV)Z(#V)) + 53 (Z(M,/)Z(lw)>. (39)

The Yang-Mills extension becomes realistic. Eq.(3.7) underly the basis for deriving a whole non-abelian gauge theory.

It also contains scalar and vector sectors to be understood. This fact is already predicted from Lorentz Group

representation (5

1. LA sector

Taking into account the general properties of trace, (AB) =

27 2)

A next step is to open it through the fields variables.

(BA), (A+B) =

are matrices and «a is a scalar, we obtain the following results:

(Z[W]Z[’“’]) =aray ((QLG

(z (1]

L - 0,GL) (@G — oG
— 2igage KL)((G e 8VG£)[G“K,G”L]>

— gPere( KL)([G ,GlGME, G”L])

Z[W]) =a(1)a KL)([G GJ][G“K GVL])

+birnbixr) ({G;Iu GIHaGHx, GVL})
+ YKL (G{LG'JG“KGVL)
+2apbc (G GG, G Y )
+ 2015k L) ([G GJ}G“KG”L)

+ 2b1.0) VK L) ({G{u GZ}G“KGVL)
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(Zin 1) =arageny (0.GL - 0,GLIGHE, G4
+arbixr) ((8MG£ - 0,GI{G"", GVL})
+aryx ((@Gi - ayGﬁ)GHKG”L)
—ige(17) (K L) ([Gfu GlGHE, GVL])
—igernbikr) ([G;Im GyH{GHE, GVL})

—iger VKL ([G;Iu GZ{]G”KGVL)

Splitting the lagrangian in kinetic, trilinear and quadrilinear terms, one gets
LA =L+ L5 + LY,

where

Lit = 2aarax ((0,G1)(0"G™) — (9,G1)(0*G*") )

L? = 2a1()\3a(KL) — 2ig)\1e(KL))((8MG,{)[G”K, GVL])
+ 201t (GG, GV )

+ 2A3a1v (K L) ((@LG;{)G”KGVL),

Lf = (*)\1926(1J)€(KL) + P\za(u) - )\3i96(1J)]a(KL)) ([G;Iu Gi][G"K, GVL])
+ A2birnbik ) ({G,IN G GrE, G”L})
+ XYk L) (G,ZGZG“KG”L>
+ (2X2a(1.7) — igAser )bk 1) <[G,Iu GI{GHE, GVL})
+ (2A2a(1.5) — igAse(r.)) VK L) ([G,I“ G,{]G“KG”L)

+ 2201 VK 1) ({G;Iu GZ}G”KGVL> .

Working out the above equations, one gets for the antisymmetric kinetic sector:
L3t =l ((0uGL)(@GL¥) = (0,GL,) (0" Gi™)),

where

l[K = 2N)\16LICLK.

For antisymmetric trilinear sector:

L3 = 01k, abe(0u Gl ) GE R GEE,

where

015 L,abe = 2Nar(idsak Ly + 29 ek L)) fabe
+2NdapeAzarbirr) + iNAsaryx ) fabe-
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For antisymmetric quadrilinear sector:
K
L = 01k L,abedGra GG G + wisk LGl Gl GL Gy E, (3.18)
where

015k L.abed = N (MgPernexr) — Maqnaxr)
+ iXsge(r.)a(k L)) fabm fedm
+ NX2byrnbix rjdabmdedm

N
+ Z’V[IJ]’Y[KL] (dabmdcdm — daemdpam + dadmdbcm)
+ N (2ighza(r.) + gAse(r.)) bk L) fabmdedm

N .
-3 (29 2015y — igAse(r.r)) Vi 1) fabm fedm

+ iNA2bir 51V L) dabm fedm, (3.19)

1
WIJKL = N/\2b[IJ]b[KL] + Ao ('Y[IJ]’Y[KL] + ’Y[IL]'V[KJ])

+ 2Xb VK L) (3.20)

2. L% sector

Working out L, one gets

(Zuy24) = 8161 ((0,GL + B,GL) (@G + 9 GrE) )
- ﬁIBKngL(([G,I“ Gl +[GE, G;{D([G“K, G"F + [GVE, G”L}))
+ 4010 (99" (0 G 1) (DG )
— 40189191 (99" (GL, G2 [GE, G1)
+ 21818k gL ((%G,I, +8,GL)([GM, G [GVE, G“L]))
+ 4610k (" (0,1 + 0,GL) (0.G°F) )
+ 4ifrdk gL (gﬂ"(aﬂag +0,G)[GE, GO‘L])
+4iBrorgs (" (G GI) + [GL. Gl (@aG5))
~ 4810x9s (9" (G}, G + G, GIGE, 6"

+ 8i515K9L (g,ul/g“y(aaGaI)[va GﬁL])v (321)
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(Z(W)Z(“ ) = brybixr) [ JIGHE, GVL})
+eanern) ({GM,G HEs, Gny)
+unucs (99" [GL, GG, G71))
+ VUK L) (guug‘”{G ,GTHGE, GﬁL})
+ 2by i) ( L, GG, G"L})

+ 2 ucr (97 (G, GLIGK GBL])

+ 2byr 0k (g’“’ G, GIHGE, GBL})
+ 261w (911G, GGE, G
+ 2¢(1) V(K L) ””{GI G} {Gé(,GﬁL})

+ 2 o) (gw,g’“’ GL, GG, GﬂL}), (3.22)

(Zun27) = Bibuscry ((0uGL + 0,GL)[GH, 67
+ Breqen (0uGL + 0,GL{GHE, 61}
+ Brug (g“” (9,GL + 0, G’)[GK,GBLD
+ B ( " (9,GL + 0, GI){GK,GﬁL})
+1B819sbK 1] (([Gfu G+ (G, Ga)GHE, GVL])
+iBrgscacn) ((1GL G + [GL GIN{GH, 6*1)
+ iigsucn (9 (GL G+ [GLL GIIGE . G71)
+i8195v(k L) ( (G, G+ [GiaG}{]){GK,GBL})
+267bicry (gw(aaaaf) [GHE G”L])
+207¢(Kk 1) (guu(aaGal){GMK7 GVL})
+ 26Uk (gng(aaGaf)[Gg , GﬁL])
+ 2070y (g0 (0.GOTHGE, G2}
+ 201950k 1) (QW[G LG G, GULD
+2idrg5¢(K L) (g,uu G, G {GME, GVL})
+ 210719 UK L] <QWQW (GL,G*] [G,{i’(7 GﬁL])

+ 2id1g0cr) (09" [GL GOTHGE . GPFY ). (3.23)

Rearranging the terms, we obtain the following form for L°:

L% =Ly + L5 + LY, (3.24)
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where
L5, = 260818 ((9,G1)(0"G¥) + (9,G1) (0" G5
+&1010K (gwg“”(aaGo‘l)(aﬁGﬁK)>

+ 861810k (9 (0,G1)(0G5)), (3.25)

L5 = 4i&1B1Bkgr (9,616, 671))
+ it b1 Breon ((0,G1) (G, GH)
+ (8i€1Br0kcgL + 2aBruen) (9 (0.GL)[GE, G
+ 81181019 (9" G G1(0a G5 )
+ (8i1Br0rcgr + 26sBrupcny) (99" (0.GGE, G71))
+ 26381bpceny ((9,GL) (G, 67
+ 26aBreuer ((0.GD{G",G1)
+ 268100 (9 (0.GD{GE . G7Y)
+ 26501biscr (g (02GT)GHE, GV
+ 26501¢(cn) (910G D{GHE, GEY)

+ 26501051 (909" (0aGTHGE  GPFY), (3.26)
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1§ = 261 818kgs9: (GL, GG, 6
= —26181Bregs9. (1G], GLlIG"F ¢

+ (—48010Kx 9791 + EouprnuK L)) (g;wgw [GL, GG, GBL])

+ (=88B10K gs9L + 2i€39197u[K 1)) (g"”[Gi, GlGE, GQL])

+ Gabyrbyen (G, GG, 67

+ &2crn kL) {GI G} {G“K7GVL}>

+ &U(10) V(K L) (%»WV{G ,GTHGE, Gy

+2€2b[m0<m>( w ;]{G”K7G”L})

+ (262bruircr) + 21630 grb ) (g“y[Gﬁa GllGE, GﬁL])

+ (282b1.1v(x L) + 21'535K9LC(1J))(9W G, GIH{GE, GﬁL})

+ 26acyuey (9 1GL GIYIGK . G7)

+ 28210 V(K L) (g‘“’{Gi, GI{GE, GﬂL})

+ (282ur.v (kL) + 2i§35IgJU(KL)) (glwg‘“j (GL, GG, GBL})

+ 2i§36819sb1K 1) nGerE G”L])

+ 2i€sBrgsccr) (G GI{GrE G"L}>
+ 26 Brgsvicr (9 (G GINGE . G7FY)
+ 2iadigsupien) (909" [Gh, GHHGE G71)

(3.27)

After some algebraic manipulations and simplifications, we obtain the following results. For symmetric kinetic sector:

L5 =muxc (0,61 (0" GEF) + (9,G1,) (0" GAE))

+ n1x (0o GOT) (05 GEK). (3.28)
where
mix = 2N& BrPk, (3.29)
nix = 8N& (2010 + Brok). (3.30)
For symmetric trilinear sector:
L5 = wik1,abe(0,GL )G GYE + 01k 1, abe(0,GHT)GE,GYE, (3.31)
where
WIKL,abe = 4N&1B1(—=Br gL + Brar) fave + 21N E3 B0k 1) fabe
+2N&PBrekrydiea, (3.32)
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01K Labe = 2N (=41 810k 91 + 1€381u K 1)) )dbea — 8NE BKO1gL fabe
+ 8N (—4£1010r gz + 1€3)01u (K 1)) fabe
+2N&(Brokry + dre(xry +401vk L) )dbea
+ 2iN&301b(xk 1) fabe- (3.33)

For symmetric quadrilinear sector:

s I~ oK vl P R )
LY = prixr.abedG oG Gh” G + X1k G GGy Gy

+ 01k GLGE GRLGYE, (3.34)
where

PIIKL,abed = 2N B1BKr9I9L favm feam — 2N B1BLITgK fabm feam
— N&bir bk L) favm feam + NS¢k r)dabmdedm
+ 2iN&bir ek L) fabmdeam — 21N 381950k 1) fabm fedm
— 2N&3Brgsc(i L) fabm feam + AN Ev( 1K) V(L) dacm Dbdm
+ 4N (461610 79K 91 — S2ur K uLIL)) facm fodm
+ 2N (461810 19x 91 — 1&3B19rurL)) facm fodm
+ 2N (&2birrqusr) + 63009001 K))dacmdbdm
+ 2iN (§2bi1 V(L) + 16307911k ) faembam
+ 2iN&acryurrrdacm foam + 2N&acr k) V(1) dacmdbam
+ 8iN (Saupr V(L) + 1€3019K V(L)) facmdbdm
—2N&Brgrvrr) faemdvam — 8iNOrgxu L) facm fodm. (3.35)

1
XIJKL = N&C(IJ)C(KL), (3.35)

4 2 .
OIJKL EN§2V(I.])V(KL) + N(€2b[IJ]U[KL] + 130K gLb[1.7)

2
+ NfQC(IJ)V(KL)~ (3.37)

3. Mass sector

From Appendix A, one gets
Ly =m; X;, X" (3.38)

which, transposed to the physical basis,
Ly =mi; GG (3.39)

2 0.0 m2
where m7; = Qi1 m;;.

Eq. (3.39) diversely from Higgs mechanism [22-26] introduces mass as energy.
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4. Equations of Motion

There is a wholeness principle to be expressed classically. A non abelian constructivist lagrangian is obtained. It
contains the fields set {GY,/} association. An extension to the usual Yang-Mills is considered. The first step is to

understand how it provides a whole interconnected dynamics.

The corresponding Euler-Lagrange system of equations of motion is

A (4ar0, ZM N, — digarnGPZM [t 1))

+ /\2(4b(1J)G,{bZ[W] [tasts] + 4C[U]Gibz[’“’] {ta,tp} + QW[U]G;sz[“”] [tasts])
o 2a78, 211, — 2iga(1J)Gibz[/‘”] [ta,ty) + 2b(]J)Gin[HV] [ta, tb)

’ +201 G 2 ta, to} + 291 G ZH o, 1}
_4513V2(W)ta _ 4p19p03uz(p0)ta+

H& |+ i(giBs — 981G 20 [ta, e+

+4i(grp — 9ap1)GpeGHIPZ P [t o, 1)

bGP 2 [ta, ty] + der gy Gl 2 {ta, t}

+&

+4U[IJ] GHJbgpch(pg) [tav tb] + 4U(IJ)GMJbngZ(pJ) {taa tb}

—ZBI&,Z(‘“’)ta - 2p13#gpgz(pg)ta + Qb[IJ]Gin(lw) [ta, tb]—|—
+2C(IJ)ngZ(#V){ta, ty} + 2’(1,[1]] G“‘"’ngZ(f"’) [tasts]+

+&3

+20(7.) G0 G ZPT Lo, 1} + 2i(g9181 — g1 Br) Gl [t,, 1]+

+2i(grps — g1p1)G*gpez P [ta, 1)

=0. (4.1)

Eq. (4.1) shows the systemic dynamics involving the fields set determinism {GZ 1} at space-time. Notice that the term
A1 rewrites the usual Yang-Mills for N-potential fields. Nevertheless the other terms are adding new contributions.
They are showing that SU(NN) symmetry should not be limited to Yang-Mills theory. Beyond the inclusion of other

fields, it develops an expression in terms of group generators.
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Taking the trace in the above equations, one gets

)\1(2[1[8”2[[“/](1 + QQCL([J) fachin[/“V]C)+
+ Xa(2ib(1.7) fave Gy 2 + 2611 51 dane G0 2 + gy daneGP 210+

+ A3

+&

+&

+&3

=0.

a7, 21 + ga 1) fabe Gy 211 + b1y fae G 211+
_|_

+C[1J] dachin[MV]C + ’y[IJ] dachgbZ[HV]c

Bra, 2 — QPfa“Z(l,V)a —2(g1B7 + 95B1) fape Gl ZH)e 4

v)e

~2(g1p5 + 91p1) fabeG* "z,

2iby1.g) fabe G2 )C + 2¢(1 gy dape Gyl 21+
+
201 1) fabeGP702 ) + 2ur gy dane G2 ¢

_5161/2(}“’)@ - (gIﬁJ - gJﬂI)fachibz('uy)c
v)e

*pfaﬂz(uy)a — (9107 = 9701) fabeG*'*%,,

+Zb[IJ] fabCG;/]bZ(HV)C + C(IJ)dach;{bZ(l“’)c

‘HU[IJ] fachHJbZ(UV)c + U([J)dach”JbZ(uy)c

(4.2)

Comparing with the usual Yang-Mills dynamics, eq. (4.2) is showing how from SU(N) symmetry one can enlarge the

dynamics. As consequence, we would say that just from symmetry one can not defines physics. It is necessary to

implement a physical principle qualifying the number of intermediate gauge bosons.
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Multiplying by ¢ and taking the trace one derives the final relationship for the whole equations of motion system
Ar (al(daek — i faek) 0, 2111 + 9a(1.7) fave(dere — ifekc)Gin[W]e) +

bery fave(ideck — feer) G0 2lmVIe ¢ %C[U]G;{“z[“”]k—k

T A2 [ e pdape(deck + i feek) G2 + Ly nGlozlm kg |+

+ 37117 dave (deck + i feer) G0 21V1e

%al(daek - ifaek)auz[uy]e + %a(l.])fabc(dekc - ifekc)Gibz[“”]e—i-

+%b(IJ)fabc(ideck - feck)Gl{bZ[w/]e + %C[U]Gl{“Z[W]’“

+ A3
+%C[1J]dabc(deck + ifeck)Gin[Mu]e + %’Y[IJ]G;ZQZ[MV]]C—F
+%"}/[J'J]dalbc(deck + Z‘fcek)Gin[#V]e
B1(ifack — dack) D070 + 1 (i fack — duc)0" 2+
+& +(9187 + 95B1) fave (i faek — dack) G0 ZH)e4 +

+(ngJ + ngI)fabc(ifaek - daek)G'uJbZ(l_LH)e

b[IJ]fabc(idekc + fekc)Gl{bZ(NV)e + %C([J)Giaz(uy)k‘f'

+C(IJ)dabc(dekc - ifekc)Gin('uy)e‘i‘
+ §2 +

JrU[IJ]fabc(idekc + fekc)G#JbZ(Uu)e + %’U([J)G“Jaz(yy)k

v)e

+0(g) dave(deke — i fere) G702,

%ﬁ[(ifaek - daek)auz(#u)e + %pl(ifaek - daek)auz(yl’)e_’_
1 ; —d GJb (pv)e
+2(91BJ +9J61)fabc(7ffaek aek) 4 +

v)e

+%(ngJ + 97P1) fave (i faer — daek)G'uJbz(y +
TE& | A 3bys favelidere + fere) G ZW + Ler Gt ZWk4 | =0. (4.3)
+%C(IJ)dabc(dekc - ifek:c)GZ{bZ(uy)e_F

+%U[IJ] fabc(idekc + fekc)GuJbZ(Vy)e + %’U([.])GMJ!)Z(UD)]C"‘

+%’U(IJ)dabc(dekc - ifekc)GMJbZ(Vy)e

5. Constructivist semitopological Yang-Mills type sector

A more general Yang-Mills type Lagrangian has the following form:

L= {(Zu + 22" + ) } 4 0{ (Z + 20) (2 +71) }, (5.1)
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where the dual field strengths ZM and M are defined as

ey

o THY _ cHvpo

Zpo
where €79 is the Levi-Civita tensor of rank 4.
The additional term is called the semitopological sector:

Lo = U{(ZW + ZW)(ZW + %’#W)}.
Expanding the above expression and simplifying, we obtain:

LT = 0(Zy Z") + 0z ") + 20( 2 Z).

(5.3)

(5.4)

This so-called semitopological Lagrangian [ | is composed of three sub-sectors. The first with only granular terms, the

second with only collective terms and the third with mixed terms:
ST ST ST ST
L = Lgr + Lco + Lmix'

1. Granular semitopological sector

Lyl = n(Zu 2)
Now, making Z,,, = Zj,,] + Z(u), we get
ST vpo
Lygr =" (Ziy) Zipoy),
and, after some algebraic operations, we obtain:
LT = daraxcne” ((9,G1)(0,G5))

— gPagyyacnyner’ ([Gfl, G7] [fo, G{;])

— dgaageryne ((0,G1)GE . GL),
which yields,

L3T = ANajagne*" (9,GL,)(0,GX,)
— 4iNga1a(KL)fabcn5“”p” (8#G£H)GII§,G(I;C
+ AN G a(15ya(x 1) fabm feamne P Gy Gy G G Ry

2. Collective semitopological sector

Similarly to the previous case, we obtain

L5 = 0" (2] 2(p)-
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After some algebraic manipulations, we obtain:
L3 = agpyacxrnyne*” ([Gf“ GYIGE, Gfﬂ)
+ by nbixLyne*? ({Gf“ Gg}{Gf, Gﬁ})
+ Yk Lnet?? (Gi Gi Gﬁ( Gﬁ)
+ 2ar.5)bx e’ ([Gfu GIHGE, Gﬂ)
+ 2a(5)YxLne""? ([G{m GIGK Gﬁ)
+ 2b(rpy v Lnet’? ({Gfu GlyGx Gﬁ) ;
which yields,
LCSUT = { - Na(IJ)a(KL)fabmfcdm + Nb[IJ]b[KL] dabmedm
N
+ Z’Y[IJ]’Y[KL] (dabmdcdm - dacmdbdm + dadmdbcm
+ 2iNa bk ) fabmedm — Nan Vi) favm feam
+ iNbir VK L1 dabm fedm }UEWWGZW Gl Gr.GE,
1
+ {Nb[IJ]b[KL] +YINVEL) ~ VILVE )

+ 201 1Yk L) }nproGia G, Gﬁ; Gl (5.8)

3. Mixed semitopological sector

Similarly to the two previous cases, we obtain

LST = 277€”VPU(Z[IW] Z[pa]).

Using the known expressions for z#” and Z*¥ in the above equation, and after some algebraic operations, we have:
L3%. = dagyaxne™’” ([Gf“ Gi](ﬁpr))
— 2igag e (161, GG, GE)
+ dbyare ({61, GIHO,GE))
— 2igbrnacxyne"’’ ({Gf“ GYGE, Gﬁ])
+ dpaxne (GLGL0,65))
iy (G4 GIIGE 61
which yields,
LT = {4iNaIa(JK)fbca +4Nasb yk)dpea
+2iNay K fbca}nguypa(auGia)ng GE.
+ {QiNga(U)a(KL)fabmfcdm + 2N gbiraxr)dabm fedm

+ iN’Y[IJ]a(KL)fabmfcdm}WEWPUG;IMI G}, G,Ifc Gl (5.9)
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6. Euler-Lagrange on potential fields

Now we consider the Euler-Lagrange equations corresponding to the eq. (5.1) entire Lagrangian. The corresponding

equations of motion are of the form:
oL oL
0 = . (6.1)
@ M M
00.Ggy 0G5}

Then, just for clarity we are going to show the corresponding result in respective pieces. It gives,

1. Equations of Motion for L4
Applying equations (6.1)) to the Lagrangian term given by eq. (3.14), we get the following equations of motion for L‘I‘}:
1] I a
2nir [aa(a aih - aa(aﬁaff)} —0. (6.2)

where coefficient {5/ is given by eq. (3.15).

2. Equations of Motion for L%
Applying equations (6.1)) to the Lagrangian term given by eq. (3.28), we get the following equations of motion for L}q(:
o 1 o o I
mars [aa(a G+ aa(aﬁaff)} + 200110 (9% 9,G4T) = 0. (6.3)

where coefficients m s and njas; are given by eqgs. (3.29) and (3.30).

3. Equations of Motion for L3

Applying equations (6.1)) to the Lagrangian term given by eq. (3.16)), we get the following equations of motion for Lg‘:
Orrrcr favda(Ge N GYT) = Oxnrnan (0 Gl Y™ + OxcLarans (0,62 )Gh". (6.4)

where coefficient Ok 1, fqp is given by eq. (3.17).

4. Equations of Motion for L5

Applying equations (6.1)) to the Lagrangian term given by eq. (3.31), we get the following equations of motion for L§ :

wrrk L abOa(GEEGPE) + orrkcr ranOa (9P GE,GEE)
= winmL.app(0PGL)GEY + wic s (0,.GE5)GLE

+ ok LM abf + UKML,afb](apGZK)GbBL~ (6.5)

where coefficients warkr, fap and oarir, fap are given by egs. (3.32) and (3.33)).
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5. Equations of Motion for L5T

Considering the semi-topological sector treated previously, the trilinear part of this sector is given by:

ST _ 15g pvpo I J NnK
L3 - bIJK,abcng (aﬂGua)prGfrc

Sim I \rvJ AK
+ CLIJK,abcn‘g‘prg (aﬂGVa)prGoc
S Sm T I J nK
= [bILS}K,abc + aIJK,abc]ngﬂup (8/J«Gl/a)prGcfc‘ (66)
The corresponding equations of motion for LT are:

S STYL JR—
Orirr, far + aMKL,fab]naaBpJaa(ngGcl;b) =

S Sm S Sm
= 0K Mabs T ORI abs — VKM Lafs — bKML,afb]nguypﬁ(aﬂGrl/(a)ng (6.7)

6. Equations of Motion for L}

Applying equations (6.1)) to the Lagrangian term given by eq. (3.18)), we get the following equations of motion for L3

K
0= [0msrL,fabe + 01MLK afeh + O LM Ipefa + HLKJM,cbaf]G,{aGf GHE

+ lwnmukL + winpk +wiovs + wik )Gy GLEGEE (6.8)

where the coefficients 0ar k1, fabe and warskr are given by egs. (3.19) and (3.20).

7. Equations of Motion for LY

Applying equations (6.1)) to the Lagrangian term given by eq. (3.34), we get the following equations of motion for L7

0 = [pMIKL, fabe + PTMLEK afch + PKLM Jbefa + PLKJM,cbaf]Gl{aGEKGgL
+ [xmoxL + XomLr + XKxLMT + XLKJM]GingKGZL

+omikL + oMK + OxLMI + ULKJM]G?JG;I;GZL- (6.9)

where the coefficients prrrx L, fabe, Xmsrr and oy gk are given by egs. (3.35)), (3.35) and (3.37)).

8. Equations of Motion for L37

Considering the semi-topological sector treated previously, the quadrilinear part of this sector is given by:

ST _ Sg wvpo ~I ~J ~AK ~L
L4 - CIJKL,a,bcdn“3 GuaGVprcGad

Sc nvpo I J ~K ~L
+ aIJKL,abcdng GuaGuprcGo'd

S pvpo ~I J K ~L
+ bI!CIKLnE G,uaGuaprGab

S pvpo ~I J K ~L
+ bI?KL,abcdns G[LL‘LGI/prCGO'd

_ 1,59 Se Sm pvpo ~I ~J ~K ~L
=19k L .abed T 9Tk L.abed T V775 L .abed 1" G Gip G peGoa
Se pvpo ~I J K ~L
+ bIJKLnE GuaGuaprGab' (610)
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The corresponding equations of motion for LT are:

0= [cS" — 5 +c% —c%
= CMIKL, fabe ~ CIMKL,afbe T CIRML,abfe — CIKLM,abef
S, S, S, S,
T AN IKL fabe ~ CIMKL,afbe T CTKML,abfe ~ CIKLM,abef

Sm S S L
+ bMJKL ,fabe —bThrke afbe T by kML ,abfc b7k abcf}nfﬁpr G Gy

[bi/[JKL + bJMLK + bKLMJ + bLKJM]WEBWPGJfGK GL

9. Complete Equations of Motion

In total, it gives:

200110a(0°G') — 20010.(0°GY)
+ ZmMI&l(@aG?I) + 2mM18a(8ﬁG?I) + 2nM18a(ga5 8HG?I)

+ 00k fabrOa(GEGIT) + wrrkr, fabOa (GEEGEY) + oaricr, fabda (9P GE G

+ [bi’;KL,fab + a%}(L,fab]ngaﬂpaaa(G;ﬁng)

= QKML,afb(aBG;Ifa)GgL + Ok Laranf (B, GG +- wKMLyafb(aﬁGf;)Gg‘L
+ W Larab (0uGES)GLE + [0k Larany + UKML,afb](a/LGZK)GgL

+ Ok LMmany T A s Jabf b%ML afb ~ bEL afb]ﬁﬁl“'pﬁ(@ GG,

Orvisrr, fave + 0imir,afeh + Ok Lagpeta + 0Lk oM cbaf]GMaGBKGHL

WMJIKL FWiMLK +WrkLMT + WLKJM]GMfGﬁKGHL

(b3
+
+1
J ABK ~uL
+ [PMIKL, fabe + PIMLK, afcb + PKLM Jbefa + PLEIM, cbaf]G#aGb Gt
+ XmikL + XMLk + XKLMT + XLKJM]G GBEGHE
J
+lomikr +0smkL + oxLMT + ULKJM]Gﬁ GK G-
Sy Sy S
[CMJKL fabe ~ CIMKL,afbe T CIkML,abfe — CIKLM,abef
c Sc Sc SC
t ANk L, fabe ~ CIMKLafbe T OIKML,abfe — CIKLM,abef
Sm S Sm J L
O3 kL fabe = VIRiK L afbe F VTR ML abfe — VTR LM abesNEPH P Cila GG

: K AL
+ 0% sxcr + Y5arni + V5nars + Vi sarlne® WpGuquaGpa-

Rearranging the above expression, we have:

ar1106(0°GT) + Brrr0a(9°GH') + 2n0110a (97 0,G4")
+ 'YMKL,fabaa(GgKGgL) + ok, fanda(g*PGE GYE)
+ /@MKL,fabSaﬁpaaa(G,ﬁng)

= Agnnap(9°Gh)GL" + Brrarans (0,G25)GLY

+ Creratanf (0, GES)GY" + Dicpasanse™ P (0,GL) Gy
+ EMJKL,fachZaGgKG“L + FMJKLGJ GEEGrE

+ Grak G GE.GEE + Hyykn, fabes™ P G G I GE,

+ IMJKLEﬁleGJfGK Gﬁm
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where
anr =20y +2mpg
Bur = —2lpr + 2mag
YMKL,fab = OMKL,fab + WMKL,fab
KMKL fob = atxcr, ab + Oficr, fasll
and

Armr,afy = OKML,afb + WKML,afb
Brraavs = Oxramabf + WKLM,abf
CKIM,abf = OKLM,abf + OKML,afb
Dgrnmavs = [bf(gLM,abf + af(ﬂiM,abf - bf(gML,afb - b?(TML,afb]n
Enmskr, fabe = Omik L, fabe + 0imrk afes + Oxpagpefa + 0Lk oM, char
+ PMJIKL, fabe T PIMLK afch T PKLMJbefa T PLKJM, cbaf
Fyikr = WMikLD TWiMLKE +WKLMJI + WLKIM
+ XMJIKL + XoMLK + XKLMJ + XLKJM
GMJIKL = OMJKL T OJMKL + OKLMJ + OLKIM
Hyyk L, fabe = [Ci;JKL,fabc - C%MKL,afbc + C%(ML,abfc - C%KLM,abcf
+ af/?JKL,fabc - a%\/IKL,afbc + ai(kML,abfc - a%{LMﬂbcf
+ b%nJKL,fabc - biﬂKL,afbc + bi}?ML,abfc - bi}?LM,abcf]n

S. S S. S.
IMJKL = [bMJKL +bJMLK +bKLMJ +bLKJM]’rI

Thus the constructivist non-abelian model provides a nonlinear dynamics. Each field Aﬁa at eq.

(6.13)) contains a

corresponding set of distinct quantum numbers. A diversity is obtained. It can be separated in spin-1 and spin-0

sectors. For instance, every field carries its own mass.

7. Bianchi and Noether identities

The granular Bianchi identities are

DGl + Dy Glppir + DuGlypr = 0.

where D, = 0,49:1G 1

The antisymmetric collectives ones are

J
[pv]*

Ouzup) + OvZpp) + Op2iun) = ’V[IJ]GI{G[JM] + W[U]GﬁG[JVM + V[U]GiG
The collective symmetric Bianchi identity is

I ~J I ~J I ~J
Opz(p) + Ovz(pp) + OpZ(uv) = Y0 GuGlup) + 100G Gl + 700 GGl

and
auz(u”) + 28,,2’(“”) = ’Y(IJ)G{LGZJ + 2’)/(IJ)G£GZJ.
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The local Noether equations associated to the SU(NN) symmetry are

9, T4(G) =0, (7.5)
) 0L
— Oy = J& 7.6
g1 #5(3116'51) N (7:6)
) 0.7
— """ =0 7.7
91 300,G,) 7

where s

pna I e
Jha = 75(3#031)’@} . (7.8)

Eq. (7.6]) is understood as the symmetry equation involving a set of fields.

The above classical equations are showing that from SU(N) symmetry it is possible to generate a physics with interlaced

Yang-Mills families. Something that move us to understand that QCD is not the only one theory related to SU(3)..

8. Conclusion

A fields set physics is introduced and a symmetry of difference is obtained. A non abelian whole quantum is
developed. Yang-Mills symmetry is preserved and new associative properties are obtained. A non abelian constructivist
lagrangian includes different families transforming under a common symmetry group SU(N). Each field transforms
like A,/  =UA, U+ g%@u U.U~! where U = e'wata|27-30]. Antireductionist properties are obtained from Yang-Mills

symmetry. They are a physics containing set, quanta diversity, interdependence, nonlinearity, chance.

The objective of this work was to study the non abelian constructivist lagrangian. Consider the whole classical equations.
The set action minimal principle, §5 = 0, and corresponding N-equations of motion. Three Noether equations derived
from gauge symmetry plus IV + 3 Bianchi identities. They will define a whole structure where a new Yang-Mills whole

quantum is defined.

Yang-Mills theory is extended. Preserving its own gauge symmetry a field A}, is inserted in a fields set {AZ =

{AZ, Bi,... N, ;f} A grouping physics appears. A physics studied by an antireductionist Yang-Mills symmetry gauge

theory takes form. A set action is derived beyond the usual Yang-Mills. The part is inserted in the whole and new

properties are derived.

Massive gluons are introduced under the usual non abelian gauge symmetry. The enlarged lagrangian is

L={(Z +2)( 2% + ) } 4 0 (Zyo + 20) (2" +72) |

—&—m]]GH]G”I—FaDH\IJ (8.1)
where the covariant derivative preserves the usual Yang-Mills case and includes a massive gluon
DH = 8# + Z'gAp,l + ig/A,LLQ (82)

where A7, and Af, are a massless and a massive gluon respectively.
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Massive gluons may be helpful to solve QCD infrared problems at high energy [31-32]. Although asymptotic freedom
is an achievement for quarks behaviour at deep inelastic scattering [33-34], QCD contains an incompleteness due to

infrared problems at quarks and gluons scattering at high energies. Massive gluons under asymptotic freedom expected.

A. Constructor basis {D, X;}

For a more immediate comprehension about the properties that such extended gauge model carries, it should be
written in terms of a composition where just one field transforms inhomogeneously. This is because it works as the
boundary conditions for the usual models. Thus the field D, works as the usual gauge field and the fields XZL as a kind

of vector-matter fields transforming in the adjoint representation. It gives

i

D,— D,/ =UD,U "+ ~-(0,U) U,
g
, o N
X, =X, =UX,U"".
Geometrically the potential fields XL from the torsion tensor of the higher- dimensional manifold that spontaneously
compactify to M* x B*, where M* is the Minkowski space-time and B* some k-dimensional internal space. Thus, the

origin of the potential fields can be treated back to the vielbein, spin-connection and potential fields of higher-dimensional

gravity-matter coupled theory spontaneously compactified for an internal space with torsion | ].

A. Granular and collective field strength

We consider here Lagrangian terms constructed from a family of fields.

A1l D,

Let us consider, in the construction base:
Dy = 8,Dy — 8,D,, — ig[D,y, D, (A1)
Then, remembering from (??) that D, = Qo ; GIIL, we have:
Dy = 8,(Q0,1GY) — 8,(Q0,1GL) — ig[Q0,1GL, Q0,5G.
Then,
Dy = Q0.1 (0,1 — 8,GT — ig,4[G1, G, (A2)
where I,J € {0,1,..., N — 1}. It is verified that D, = —D,,,.

Al2 X,

Now let us consider:
X{ = 0uX, — 0,X,, —ig([Dy, X;] = [Do, X.]. (A.3)

Remembering that XZ = Q“G’IH we have:

X = 0u(Q1GL) — 0,(21Gr) —ig([Q0,G;, Q1G] — [Q0,0G, 2 1GL))
= ,,1(0,G}, — &/Gb - ig<Qi,IQO7J[Giv Gl — Qi,190,4[G, G,ﬁ])
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Then, simplifying:
X{ = Q1(0,GL — 0,G) —ig(Q0, 1.1 + Q0,52 .1) (G, G7l,

where I, J € {0,1,...,N -1}, i€ {1,..., N — 1}. Note that XE#V] = —X[iw].

A.1.3 Antisymmetric granular sector 7,

The antisymmetric granular tensor is defined in terms of the tensors D,,, and X [i;w] according to:

Z[/“’] = dDHV + aiX[Z;,ul]

where d and «; are constants.
Then, using the equations (A.2)) and (A.4) we have:
Zju) = dQ0,1(0,GL, — 0,G1) — igdQ0,1Q,5(G1, G
+ i 1(0,Gf — 0,G)) — igai(Q0,1% 1 + Q0,2 1)[G, G}
= (dQo1 + oziQ“)(@uGﬁ - 6VG£)
— ig(dQ,190,7 + Q0,15 + Q0,52 1)[G),, G}).
Then,
Z[uu} = aI(aNGl{ - aI/G;IJ,) - ige([]) [G{u Gg]
where:
ar = dQO,] + aiQi,I
ery) = dQ0,120,7 + ;0,182 5 + ;80,5 1,

and where I, J € {0,1,...,N —1},:€{1,...,N — 1}.

A.1.4 Antisymmetric collective sector z,,

The antisymmetric collective tensor is defined in terms of the tensor Xfw according to:

) = (i) [ X X3+ b {0 X2} + 109 X, X3
Using the relation (??) corresponding to the field X,i in the above equation, we have:

2] = a(ij) Q1G5 sGY) + b {0 1Gh, Q5. 0Go Y + iy QG LG, Gy)
= a(ij,19%.5GL, G + b {0,195 {GL, G Y+ iy Q1,0 GLGY .

Then

) = aqrn (Gl GI+ b G, G} + inGLGY)

where:

a(ryy = agij)$ti,18,

bry = byig) i, 18,

Y = Vi) i, 18,0,

and where I, J € {0,1,...,N—1},ie {1,...,N —1}.
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A.1.5 Symmetric granular sector 7,

The symmetric granular tensor is defined in terms of the tensor Xf“, according to:

Z(uw) = BiX(i;w) + 0iGu X

(o
where

Now, replacing in the above definitions the expression (??) for the fields Xf“ we have:

X{wy = 0u(Q1G)) +0,(2.1GL) — ig([Q0.1Gr, i sG] + [Q0.0GL, Qi s G))
=0 1(0,GL + 0,G}) — .19, ig([G}1, GL] + (G, GL)).

Then
X{wy = r{0.Gy + 0,G), —igQ0 (G, G+ [GL, G}
But, [Gl{,Gl{] = —[G{,,Gl{], [GZ,GIIJ = —[G{NGi}, then:
i _ 0. I
Xy = 1 Gl
where:

Also, we have:
a)i . a)l
X0 =060
Then
Ziuy = Bi 1 Gl + 60019, G

(e

which can be written as:

Z(;Lu) = BIGa“,) + 6IgMUG((XO)éI
where:

Br = B and ;= 6,8 g,

and where I € {0,1,...,N —1},i€{1,...,N —1}.

A.1.6 Symmetric collective sector z(,,)

The symmetric granular tensor is defined in terms of the tensor Xf“, according to:

2y = bt [ X0 X0 + capn{A X X0} + w9 [XG, X+ 065 g { X4, X}

Placing the XL fields in terms of the GL fields, in the above equation, we have:

2wy = biij)[Qu1Gh, Q1G] + ¢y {Q:.0G L, Q5,,G)}
+ u[ij]guu[Qi,IGéa Q.G + (i 9 { Qi 1GL, €, G}

223

(A.11)

(A.12)

(A.13)

(A.14)

(A.15)

(A.16)



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

So, rearranging:

2wy = bun[Gl, G+ can{GL, GUY + upnguw (GL, G + v 9w A GL, G}
where:
by = b1, e = ¢ Qi 18,0,

urry) = up)Q,1825,0, vag) = va5)26 18,0,

and where I € {0,1,...,N—1},i€{1,...,N —1}.

A. General Lagrangian

The most general expression for the Lagrangian is
L =t0(Z,, ZM) + tr(zp 2M) +tr(Z,, 2)
+mtr(Z ZM) + mtr(z,, 2MY) — %m?jXZX“j
where Z,,,, is the most general covariant field strength with an unique dependence on fields,
Zw — 2 =02, U"

which can be decomposed as
Zpw = Zi) + L)

The anti-symmetric field strength is
Zyyw) = dDy + aiX[,uiu]
with
D,, =0,D, —0,D, +ig|D,,D,],

X[;Zu] = 8#XLZ/ - aVXZL +Zg([D#7XLZ/] - [DVVXZJ,:I)

and the symmetric is
i) = BiX ) + Piguv Ko™

where
Xy = X, +0,X,, +ig([Dy, X + [Do, X]).

Another type of field strength is z,,. It is a collective field which does not depend on derivatives

Zpv = Zluw] T ()

where

) = @) [ X X2+ b (X X0} + 105 X[ X7
and

Z(uv) = Ofif] [XL,XZ] + u[ij]gm,[Xé,X“j]
+ by {X,, X} + vij g X5, X}
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It is understood the notation A, = Aft,, where ¢, are the matrices which satisfy the Lie algebra for SU(N). Observe
that Z,, is not Lie algebra valued as it is F},, in the usual QCD. However in order to explore the abundance of gauge

scalars that such extended model offers one should also consider the non- irreducible sector contribution.

Decomposing the fields strength in terms of group terms ¢4, tats, [ta,ts], {ta,ts}, One gets an expansion where each

coefficient transforms covariantly. Working out the total antisymmetric field tensor, one gets

Hyuv) = Apwta

v
2] = By + A% ta + Clltaty

where
AZV = dDZV + OéiX[ISV]
a ! _ ,vabe vic j
AL = Ol XX
1
N
Ca_b' — Xianb
(i5) Vig) A A

Blll/ = b[lj]XZLaXl-za

abc . abe cba
Clify = =gy [ + brj)d
Similarly one expands the symmetric field strength
Zguw) + 2wy = (BX (i) + piguw X&'V tat
+ (a[ij] [Xli/aﬂ lezb] + U[i5)Gpv [Xziav Xiba]"_

+ b { X}, XI 1) [ta, to]+
+ v G X X)Has to} + v X[, X7 tate.

We should now split the Lagrangian in transverse and longitudinal parts. From group theory arguments one knows
that a four-vector carries information about different spin states. Thus, although Lorentz covariance turns out to be
organised explicitly, the potential field Lagrangian plays with different quanta. Nevertheless as gauge invariance acts
differently one the vector and scalar sectors, one expects that it will work as a source for rendering explicit a different

dynamics for each one of those parts.

Therefore the Lagrangian should be written as

1 ) )
L(D,X;)=ZLs+Ls — gm?jX;X’”,

R >\1Z[W,]Z[“V] -+ )\QZ[M,,]Z[#V] + AgZ[MV]Z[“V]+
+ glz(uy)z(#’/) + 5225(“1/)2(}“/) + €3Z(NV)Z(#V)_

A. Equations of motion

A.3.1 Equations of motion for the D, field

0L 0Z

-0, =0
oDy 8(8VD3)
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A (d&, ZW, 1 ig(dDb + a; X°) 2t tb])
+ g (B X020 + p XM Z0) ) [tas
22 (da, A, ii(dpg o X ) [, tb])

+ 25319(51X1b Z(Hl/) + pi XN’Lb (V) [ta,tb] =0.

Taking the trace in above equation, one gets
1 (40, 219 — g (4D, + 0 X22) 20
= 2619 fabe (@'X,be(“”)c + piXuin(u)c)
+ A3 (d&, e _gp 9 (dDb b X [W]C)

—@W@&&Xﬁéwk+mxwv3):a

Multiplying the equation of motion by ¢; and taking again the corresponding trace, we have

A d( aek — Zfaek)a Z[HV]E—F n
1 .
+9(dD% 4+ ; XY (i fape feek — Favedeer ) Z VI
é- gpi(ifabcfcek: - fabcdcek)X'uinEly)e—f— +
1 . .
gﬂi(lfabcfcek - fabcdcek)XZbZ(l“/)e

ﬁ d( aek — Zfaek)a Z[uu]a_|_
+g(dD3 + O‘iX;Z/b)(Zfabcfcek — fabed, cek)Z[lw]e

2
573 gpi(ifabcfcek - fabcdcek:)XuinE,:e—f— —0
2 +gﬂi(ifabcfcek - fabcdcek)Xin(ﬂy)e

A.3.2 Equations of motion for the XfL field

AN (8, ZW N, +igDb ZW N[t , 1))+

) Bidy 20ty + pi0" Z)to+
‘ +ig(6:D5 20 + pi D Z]) V[t to)

+ 2o <2a( ) X3P [t 1] + (2 + V[ij])XﬁbZ[”"]{ta,tb}>+

) X322 4 gy X190z (”>) [ty t)+

( by X2 + vy X920 {tay 1o}
20, (6 2, + igDZ 2] [ta,tb])—i—

+2a(;5) X3P ZWN [t ] + (zb i) + Vi) X2 2t 1}
—ﬁla 2B, — piOF zy)ta+

—zg 6 Db 2() 4 p, DI &) [ta, to]+
a[” X320 4o, )waz())[ta,tb]+
b(”) ijZ(’W) + V(ij) X’”bZ ){ta,tb}

+2¢; =0.
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Taking the trace in above equation, one gets

201049y 211 — g fape Dy Z171) +
— B8, ZW)a _ .o ZE’V)‘H-

+ 2&; -
+9 fabe (ﬁ,Dg AL PiD“bZ(V) )

+

+ )\2 22a(1] Jabe + (205357 + '7[1]])dabc> ng Sluvle

Za[zg]fabc + b(zj)dabc) ij Z(/“’)C
Zu[z] fabc + /U(Z])dabc> X,ujb E’)(‘

( 0y 21 — g fape Dy W]C)

+ 2&5 N

m(”)f abe + i) dave + 3Y(is) dave) X710 Z01¢
_ﬂza Z(ull)a — pPi o+ Zl/)a
+gfabc Bsz Z(’””’)C + pi pr ( >+
ZU z]]fabc + v(l])dabc> XM]bZ( )
za (ij]fabe + (i) dabc> XJbZ(W)c

=0 (A.22)
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Multiplying the equation of motion by ¢; and taking again the corresponding trace, we have
673 (daek - ifaek)au Z[NV]E+
+gai (ifabcfcek: - fabcdcek)DlliZ[Hu]e
51' (ifaek - daek)au Z(Hy)e"_
+gﬁz (fabcdcek - ifabcfcek)DgZ(uy)e'i_
+pz (ifaek: - daek)au ZE/V)E“F
+gpi(fabcdcek - Z.fabcfcek)D#bZ(V,,)e
¥ (%m] + W]) X3 by
Q(ij) (fabe feer + i fabedeer )+ Xl],b Lluvle +
+<b[ij] + %W‘j}) (dabedeer — idape feek)

2 ja v 2 ja )k
[ Rbap X5t 2% 4 Joap X1 207+

+&

+ Ag

< a[ij](fabcfcek +Z.fabcdcek)“i’ ) lelb Z(My)e-l- .

+b(ij) (dabedeek — idape feek)
N < ufij) (fave feek + @ fabedeer )+ )
+v(ij) (dabedeer — idape feek)
i(dack — i faer) 0y 2110+
+90i (i fabe feer — favedeer) DY 2o+
+x (b[z‘j] + %V[ij])XgaZ[W]k+ +
a(ijy (i fabeeek + fabefeer)+
(b[ij] + %’V[ij]) (dabedeer, — idape feer)

+ &2

X 2

+ X7t Zlule
61’ (ifaek - daek)au Z(MU)E'F

1 +gﬂi(fabcdcek - ifabcfcek)Dg Z(“V)e—i— L
’ +pi(ifaek — dack) 0" szy)e—i-

+gpi(fabcdcek - ifabcfcek)Dub Z(Uy)e

+é + b X ZW + Ly XHiaZ0)R 4 =0. (A.23)

+l a[ij] (fabcfcek: + ifabcdcek)+

2 +b(ij)(dabcdcek} - Z.dabcfcek)

Ulig) (fabcfcek + ifabcdcek)+ )

) le/'bz(uu)e_’_

Xﬂij”)e

1
+§ (v

+U(ij) (dabcdcek - idabcfcek)
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