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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 Aaµ in a fields set {AaµI} 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 AaµI field inserted in a whole develops features depending on the
fields set {AaµI} 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 Aaµ are incorporated in a fields set {AaµI}, where I means the flavour
index expressing the number of involved families. The Yang-Mills symmetry is preserved and amplified for

AµI
′ = UAµIU

−1 +
i

gI
∂µU.U

−1 (1.1)

where AµI = AaµIta and U = eiωata 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 {AaµI} 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 Aaµ under set action. Study an isolated field inserted at fields set {AaµI} =

{Aaµ, Baµ, . . . Na
µ} [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 {Dµ, X

i
µ}. There Dµ transforms inhomogeneously while fields Xi

µ covariantly. The constructor
basis {Dµ, X

i
µ} works to establish covariant field strengths.

1. Antisymmetric granular sector Z[µν]

The antisymmetric granular tensor is defined at Appendix A in terms of the tensors Dµν and Xi
[µν], according to:

Z[µν] = dDµν + αiX
i
[µν] (2.1)

where d and αi are free parameters. The physical basis {GaµI} is expressed in terms of the Ω matrix [16]-[18]. From
Appendix A, one writes

Dµ = Ω1IG
I
µ, Xµi = ΩiIG

I
µ, i = 2 . . . N (2.2)

From Dµν = ∂µDν − ∂νDµ − ig[Dµ, Dν ], one rewrites

Dµν = Ω1,I(∂µG
I
ν − ∂νGIµ − igΩ1,J [GIµ, G

J
ν ]), (2.3)

where I, J ∈ {1, 2, . . . , N}.

From Xi
[µν] = ∂µX

i
ν − ∂νXi

µ − ig([Dµ, X
i
ν ]− [Dν , X

i
µ]), one rewrites

Xi
[µν] = Ωi,I(∂µG

I
ν − ∂νGIµ)− ig(Ω1,IΩi,J + Ω1,JΩi,I)[G

I
µ, G

J
ν ]. (2.4)

Using the above equations, it yields

Z[µν] = aI(∂µG
I
ν − ∂νGIµ)− ige(IJ)[GIµ, GJν ] (2.5)

201



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

where
aI ≡ dΩ1,I + αiΩi,I , e(IJ) ≡ dΩ1,IΩ1,J + αiΩ1,IΩi,J + αiΩ1,JΩi,I .

The antisymmetric collective tensor is defined at Appendix A as

z[µν] = a(ij)[X
i
µ, X

j
ν ] + b[ij]{Xi

µ, X
j
ν}+ γ[ij]X

i
µX

j
ν . (2.6)

Using the relation Xi
µ = Ωi,JG

J
µ, it yields

z[µν] = a(IJ)[G
I
µ, G

J
ν ] + b[IJ]{GIµ, GJν }+ γ[IJ]G

I
µG

J
ν (2.7)

where
a(IJ) ≡ a(ij)Ωi,IΩj,J , b[IJ] ≡ b[ij]Ωi,IΩj,J , γ[IJ] ≡ γ[ij]Ωi,IΩj,J .

2. Symmetric granular sector Z(µν)

The symmetric granular tensor is defined in terms of the tensor Xi
(µν) according to:

Z(µν) = βiX
i
(µν) + δigµνX

α)i
(α (2.8)

where
Xi

(µν) = ∂µX
i
ν + ∂νX

i
µ − ig([Dµ, X

i
ν ] + [Dν , X

i
µ]). (2.9)

Replacing the above definitions in terms of physical fields we have

Xi
(µν) = Ωi,I

(
∂µGν + ∂νG

I
µ − igΩ1,J([GIµ, G

J
ν ] + [GIν , G

J
µ])
)
. (2.10)

Considering Xi
(µν) = Ωi,IG

I
(µν), one gets

GI(µν) ≡ ∂µG
I
ν + ∂νG

I
µ + igΩ1,J([GIµ, G

J
ν ] + [GIν , G

J
µ]). (2.11)

Also
X
α)i
(α = Ωi,IG

α)I
(α . (2.12)

Thus,
Z(µν) = βiΩi,IG

I
(µν) + δiΩi,IgµνG

α)I
(α (2.13)

which can be written as
Z(µν) = βIG

I
(µν) + δIgµνG

α)I
(α (2.14)

where βI ≡ βiΩi,I and δI ≡ δiΩi,I .

The symmetric granular tensor is first defined at {D,Xi} basis. It gives

z(µν) = b[ij][X
i
µ, X

j
ν ] + c(ij){Xi

µ, X
j
ν}+ u[ij]gµν [Xi

α, X
αj ] + v(ij)gµν{Xi

α, X
αj} (2.15)

which yields
z(µν) = b[IJ][G

I
µ, G

J
ν ] + c(IJ){GIµ, GJν }+ u[IJ]gµν [GIα, G

αJ ] + v(IJ)gµν{GIα, GαJ} (2.16)

where b[IJ] ≡ b[ij]Ωi,IΩj,J , c(IJ) ≡ c(ij)Ωi,IΩj,J , u[IJ] ≡ u[ij]Ωi,IΩj,J , v(IJ) ≡ v(ij)Ωi,IΩj,J .
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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 {GaµI}. A first consistency that the above fields strengths are also preserving the covariance
property

Zµν(GI)→ Zµν(GI)
′ = UZµν(GI)U

−1,

zµν(GI)→ zµν(GI)
′ = Uzµν(GI)U

−1. (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)

δGaµI = ∂µω
a(x) + gfabcG

b
µIω

cωc(x)

= [DµIω(x)]a (2.18)

one has to verify Jacobi identity acting on the field GaµI

{[δ1, [δ2, δ3]] + [δ3, [δ1, δ2]] + [δ2, [δ3, δ1]]}GaµI = 0 (2.19)

Given that,
[δ1, δ2]GaµI = gfabc

(
(DµIα2)bαc1 − (DµIα1)bαc2

)
= gfabcDµI(α

b
2α

c
1) (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 {GIµ} where GIµ ≡ GIµat

a. Given the SU(N) group, ta is a set of matrices that satisfy the
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following relations:

[ta, tb] = ifabct
a, fabc are constants, (3.1)

{ta, tb} =
1

N
δab1N×N + dabct

c, dabc are constants, (3.2)

(ta) = 0, (3.2)

(tatb) = Nδab, (3.4)

(tatbtc) = i
N

2
fabc, (3.5)

(tatbtctd) = δabδcd + δadδbc +
N

4
(dabfdcdf − dacfdbdf + dadfdbcf ), (3.6)

where fabcd is completely antisymmetric at every pair of adjacent indices: fabc = −facb = fcab = −fcba = fbca = −fbac.
dabc is completely symmetric at every pair of adjacent indices.

The non abelian constructivist lagrangian will be formed through the fields strengths. It gives

L = LA + LS + LM (3.7)

where
LA = λ1

(
Z[µν]Z

[µν]
)

+ λ2

(
z[µν]z

[µν]
)

+ λ3

(
Z[µν]z

[µν]
)
, (3.8)

LS = ξ1

(
Z(µν)Z

(µν)
)

+ ξ2

(
z(µν)z

(µν)
)

+ ξ3

(
Z(µν)z

(µν)
)
. (3.9)

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 ( 1

2 ,
1
2 ). A next step is to open it through the fields variables.

1. LA sector

Taking into account the general properties of trace, (AB) = (BA), (A+B) = (A) + (B), (aA) = a(A), where A and B
are matrices and a is a scalar, we obtain the following results:(

Z[µν]Z
[µν]
)

= aIaJ

(
(∂µG

I
ν − ∂νGIµ)(∂µGνJ − ∂νGµJ)

)
− 2igaIe(KL)

(
(∂µG

I
ν − ∂νGIµ)[GµK , GνL]

)
− g2e(IJ)e(KL)

(
[GIµ, G

J
ν ][GµK , GνL]

)
,

(
z[µν]z

[µν]
)

=a(IJ)a(KL)

(
[GIµ, G

J
ν ][GµK , GνL]

)
+ b[IJ]b[KL]

(
{GIµ, GJν }{GµK , GνL}

)
+ γ[IJ]γ[KL]

(
GIµG

J
µG

µKGνL
)

+ 2a(IJ)b[KL]

(
[GIµ, G

J
ν ]{GµK , GνL}

)
+ 2a(IJ)γ[KL]

(
[GIµ, G

J
ν ]GµKGνL

)
+ 2b[IJ]γ[KL]

(
{GIµ, GJν }GµKGνL

)
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(
Z[µν]z

[µν]
)

=aIa(KL)

(
(∂µG

I
ν − ∂νGIµ)[GµK , GνL]

)
+ aIb[KL]

(
(∂µG

I
ν − ∂νGIµ){GµK , GνL}

)
+ aIγ[KL]

(
(∂µG

I
ν − ∂νGIµ)GµKGνL

)
− ige(IJ)a(KL)

(
[GIµ, G

J
ν ][GµK , GνL]

)
− ige(IJ)b[KL]

(
[GIµ, G

J
ν ]{GµK , GνL}

)
− ige(IJ)γ[KL]

(
[GIµ, G

J
ν ]GµKGνL

)
Splitting the lagrangian in kinetic, trilinear and quadrilinear terms, one gets

LA = LAK + LA3 + LA4 , (3.10)

where
LAK = 2λ1aIaK

(
(∂µG

I
ν)(∂µGνK)− (∂µG

I
ν)(∂νGµK)

)
, (3.11)

LA3 = 2aI(λ3a(KL) − 2igλ1e(KL))
(

(∂µG
I
ν)[GµK , GνL]

)
+ 2λ3aIb[KL]

(
(∂µG

I
ν){GµK , GνL}

)
+ 2λ3aIγ[KL]

(
(∂µG

I
ν)GµKGνL

)
, (3.12)

LA4 = (−λ1g2e(IJ)e(KL) + [λ2a(IJ) − λ3ige(IJ)]a(KL))
(

[GIµ, G
J
ν ][GµK , GνL]

)
+ λ2b[IJ]b[KL]

(
{GIµ, GJν }{GµK , GνL}

)
+ λ2γ[IJ]γ[KL]

(
GIµG

J
νG

µKGνL
)

+ (2λ2a(IJ) − igλ3e(IJ))b[KL]
(

[GIµ, G
J
ν ]{GµK , GνL}

)
+ (2λ2a(IJ) − igλ3e(IJ))γ[KL]

(
[GIµ, G

J
ν ]GµKGνL

)
+ 2λ2b[IJ]γ[KL]

(
{GIµ, GJν }GµKGνL

)
. (3.13)

Working out the above equations, one gets for the antisymmetric kinetic sector:

LAK = lIK

(
(∂µG

I
νa)(∂µGνKa )− (∂µG

I
νa)(∂νGµKa )

)
, (3.14)

where
lIK = 2Nλ1aIaK . (3.15)

For antisymmetric trilinear sector:
LA3 = θIKL,abc(∂µG

I
µa)GµKb GνLc , (3.16)

where

θIKL,abc ≡ 2NaI(iλ3a(KL) + 2gλ1e(KL))fabc

+ 2Ndabcλ3aIb[KL] + iNλ3aIγ[KL]fabc. (3.17)
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For antisymmetric quadrilinear sector:

LA4 = θIJKL,abcdG
I
µaG

J
νbG

µK
c GνLd + ωIJKLG

I
µaG

J
νaG

µK
b GνLb , (3.18)

where

θIJKL,abcd ≡ N
(
λ1g

2e(IJ)e(KL) − λ2a(IJ)a(KL)
+ iλ3ge(IJ)a(KL)

)
fabmfcdm

+Nλ2b[IJ]b[KL]dabmdcdm

+
N

4
γ[IJ]γ[KL]

(
dabmdcdm − dacmdbdm + dadmdbcm

)
+N

(
2igλ2a(IJ) + gλ3e(IJ)

)
b[KL]fabmdcdm

− N

2

(
2gλ2a(IJ) − igλ3e(IJ)

)
γ[KL]fabmfcdm

+ iNλ2b[IJ]γ[KL]dabmfcdm, (3.19)

ωIJKL ≡
1

N
λ2b[IJ]b[KL] + λ2

(
γ[IJ]γ[KL] + γ[IL]γ[KJ]

)
+ 2λ2b[IJ]γ[KL]. (3.20)

2. LS sector

Working out LS , one gets

(
Z(µν)Z

(µν)
)

= βIβK

(
(∂µG

I
ν + ∂νG

I
µ)(∂µGνK + ∂νGµK)

)
− βIβKgJgL

(
([GIµ, G

J
ν ] + [GIν , G

J
µ])([GµK , GνL] + [GνK , GµL])

)
+ 4δIδK

(
gµνg

µν(∂αG
αI)(∂βG

βK)
)

− 4δIδKgJgL

(
gµνg

µν [GIα, G
αJ ][GKβ , G

βL]
)

+ 2iβIβKgL

(
(∂µG

I
ν + ∂νG

I
µ)([GµK , GνL][GνK , GµL])

)
+ 4βIδK

(
gµν(∂µG

I
ν + ∂νG

I
µ)(∂αG

αK)
)

+ 4iβIδKgL

(
gµν(∂µG

I
ν + ∂νG

I
µ)[GKα , G

αL]
)

+ 4iβIδKgJ

(
gµν([GIµ, G

J
ν ] + [GIν , G

J
µ])(∂αG

αK)
)

− 4βIδKgJ

(
gµν([GIµ, G

J
ν ] + [GIν , G

J
µ])[GKα , G

αL]
)

+ 8iδIδKgL

(
gµνg

µν(∂αG
αI)[GKβ , G

βL]
)
, (3.21)

206



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

(
z(µν)z

(µν)
)

= b[IJ]b[KL]

(
[GIµ, G

J
ν ][GµK , GνL]

)
+ c(IJ)c(KL)

(
{GIµ, GJν }{GµK , GνL}

)
+ u[IJ]u[KL]

(
gµνg

µν [GIα, G
αJ ][GKβ , G

βL]
)

+ v(IJ)v(KL)

(
gµνg

µν{GIα, GαJ}{GKβ , GβL}
)

+ 2b[IJ]c(KL)

(
[GIµ, G

J
ν ]{GµK , GνL}

)
+ 2b[IJ]u[KL]

(
gµν [GIµ, G

J
ν ][GKβ , G

βL]
)

+ 2b[IJ]v(KL)

(
gµν [GIµ, G

J
ν ]{GKβ , GβL}

)
+ 2c(IJ)u[KL]

(
gµν{GIµ, GJν }[GKβ , GβL]

)
+ 2c(IJ)v(KL)

(
gµν{GIµ, GJν }{GKβ , GβL}

)
+ 2u[IJ]v(KL)

(
gµνg

µν [GIα, G
αJ ]{GKβ , GβL}

)
, (3.22)

(
Z(µν)z

(µν)
)

= βIb[KL]

(
(∂µG

I
ν + ∂νG

I
µ)[GµK , GνL]

)
+ βIc(KL)

(
(∂µG

I
ν + ∂νG

I
µ){GµK , GνL}

)
+ βIu[KL]

(
gµν(∂µG

I
ν + ∂νG

I
µ)[GKβ , G

βL]
)

+ βIv(KL)

(
gµν(∂µG

I
ν + ∂νG

I
µ){GKβ , GβL}

)
+ iβIgJb[KL]

(
([GIµ, G

J
ν ] + [GIν , G

J
µ])[GµK , GνL]

)
+ iβIgJc(KL)

(
([GIµ, G

J
ν ] + [GIν , G

J
µ]){GµK , GνL}

)
+ iβIgJu[KL]

(
gµν([GIµ, G

J
ν ] + [GIν , G

J
µ])[GKβ , G

βL]
)

+ iβIgJv(KL)

(
gµν([GIµ, G

J
ν ] + [GIν , G

J
µ]){GKβ , GβL}

)
+ 2δIb[KL]

(
gµν(∂αG

αI)[GµK , GνL]
)

+ 2δIc(KL)

(
gµν(∂αG

αI){GµK , GνL}
)

+ 2δIu[KL]

(
gµνg

µν(∂αG
αI)[GKβ , G

βL]
)

+ 2δIv(KL)

(
gµνg

µν(∂αG
αI){GKβ , GβL}

)
+ 2iδIgJb[KL]

(
gµν [GIα, G

αJ ][GµK , GνL]
)

+ 2iδIgJc(KL)

(
gµν [GIα, G

αJ ]{GµK , GνL}
)

+ 2iδIgJu[KL]

(
gµνg

µν [GIα, G
αJ ][GKβ , G

βL]
)

+ 2iδIgJv(KL)

(
gµνg

µν [GIα, G
αJ ]{GKβ , GβL}

)
. (3.23)

Rearranging the terms, we obtain the following form for LS :

LS = LSK + LS3 + LS4 , (3.24)
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where

LSK = 2ξ1βIβK

(
(∂µG

I
ν)(∂µGνK) + (∂µG

I
ν)(∂νGµK)

+ ξ1δIδK

(
gµνg

µν(∂αG
αI)(∂βG

βK)
)

+ 8ξ1βIδK

(
gµν(∂µG

I
ν)(∂αG

αK)
)
, (3.25)

LS3 = 4iξ1βIβKgL

(
(∂µG

I
ν)[GµK , GνL]

)
+ 4iξ1βIβKgL

(
(∂µG

I
ν)[GµK , GνL]

)
+ (8iξ1βIδKgL + 2ξ3βIu[KL])

(
gµν(∂µG

I
ν)[GKα , G

αL]

+ 8iξ1βIδKgJ

(
gµν [GIµ, G

J
ν ](∂αG

αK)
)

+ (8iξ1βIδKgL + 2ξ3βIu[KL])
(
gµνg

µν(∂αG
αI)[GKβ , G

βL]
)

+ 2ξ3βIb[KL]

(
(∂µG

I
ν)[GµK , GνL]

)
+ 2ξ3βIc(KL)

(
(∂µG

I
ν){GµK , GνL}

)
+ 2ξ3βIv(KL)

(
gµν(∂µG

I
ν){GKβ , GβL}

)
+ 2ξ3δIb[KL]

(
gµν(∂αG

αI)[GµK , GνL]
)

+ 2ξ3δIc(KL)

(
gµν(∂αG

αI){GµK , GνL}
)

+ 2ξ3δIv(KL)

(
gµνg

µν(∂αG
αI){GKβ , GβL}

)
, (3.26)
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LS4 = −2ξ1βIβKgJgL

(
[GIµ, G

J
ν ][GµK , GνL]

)
= −2ξ1βIβKgJgL

(
[GIµ, G

J
ν ][GνK , GµL]

)
+ (−4ξδIδKgJgL + ξ2u[IJ]u[KL])

(
gµνg

µν [GIα, G
αJ ][GKβ , G

βL]
)

+ (−8ξβIδKgJgL + 2iξ3gIgJu[KL])
(
gµν [GIµ, G

J
ν ][GKα , G

αL]
)

+ ξ2b[IJ]b[KL]

(
[GIµ, G

J
ν ][GµK , GνL]

)
+ ξ2c(IJ)c(KL)

(
{GIµ, GJν }{GµK , GνL}

)
+ ξ2v(IJ)v(KL)

(
gµνg

µν{GIα, GαJ}{GKβ , GβL}

+ 2ξ2b[IJ]c(KL)

(
[GIµ, G

J
ν ]{GµK , GνL}

)
+ (2ξ2b[IJ]u[KL] + 2iξ3δKgLb[IJ])

(
gµν [GIµ, G

J
ν ][GKβ , G

βL]
)

+ (2ξ2b[IJ]v(KL) + 2iξ3δKgLc(IJ))
(
gµν [GIµ, G

J
ν ]{GKβ , GβL}

)
+ 2ξ2c(IJ)u[KL]

(
gµν{GIµ, GJν }[GKβ , GβL]

)
+ 2ξ2c(IJ)v(KL)

(
gµν{GIµ, GJν }{GKβ , GβL}

)
+ (2ξ2u[IJ]v(KL) + 2iξ3δIgJv(KL))

(
gµνg

µν [GIα, G
αJ ]{GKβ , GβL}

)
+ 2iξ3βIgJb[KL]

(
[GIµ, G

J
ν ][GµK , GνL]

)
+ 2iξ3βIgJc(KL)

(
[GIµ, G

J
ν ]{GµK , GνL}

)
+ 2iξ3βIgJv(KL)

(
gµν [GIµ, G

J
ν ]{GKβ , GβL}

)
+ 2iξ3δIgJu[KL]

(
gµνg

µν [GIα, G
αJ ]{GKβ , GβL}

)
(3.27)

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

LSK =mIK

(
(∂µG

I
νa)(∂µGνKa ) + (∂µG

I
νa)(∂νGµKa )

)
+ nIK(∂αG

αI
a )(∂βG

βK
a ). (3.28)

where
mIK = 2Nξ1βIβK , (3.29)

nIK = 8Nξ1(2δIδK + βIδK). (3.30)

For symmetric trilinear sector:

LS3 = ωIKL,abc(∂µG
I
νa)GµKb GνLc + σIKL,abc(∂µG

µI
a )GKνbG

νL
c , (3.31)

where

ωIKL,abc = 4Nξ1βI(−βKgL + βLgK)fabc + 2iNξ3βIb[KL]fabc

+ 2Nξ3βIc(KL)dbca, (3.32)
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σIKL,abc = 2N(−4ξ1βIδKgL + iξ3βIu[KL]))dbca − 8Nξ1βKδIgLfabc

+ 8N(−4ξ1δIδKgL + iξ3)δIu[KL])fabc

+ 2Nξ3(βIv(KL) + δIc(KL) + 4δIv(KL))dbca

+ 2iNξ3δIb[KL]fabc. (3.33)

For symmetric quadrilinear sector:

LS4 = ρIJKL,abcdG
I
µaG

J
νbG

µK
c GνLd + χIJKLG

I
µaG

J
νaG

µK
b GνLb

+ σIJKLG
I
µaG

µJ
a GKνbG

νL
b , (3.34)

where

ρIJKL,abcd = 2Nξ1βIβKgJgLfabmfcdm − 2Nξ1βIβLgJgKfabmfcdm

−Nξ2b[IJ]b[KL]fabmfcdm +Nξ2c(IJ)c(KL)dabmdcdm

+ 2iNξ2b[IJ]c(KL)fabmdcdm − 2iNξ3βIgJb[KL]fabmfcdm

− 2Nξ3βIgJc(KL)fabmfcdm + 4Nξ2ν(IK)ν(JL)dacmdbdm

+ 4N(4ξ1δIδJgKgL − ξ2u[IK]u[JL])facmfbdm

+ 2N(4ξ1βIδJgKgL − iξ3βIgKu[JL])facmfbdm

+ 2N(ξ2b[IK]u[JL] + iξ3δJgLb[IK])dacmdbdm

+ 2iN(ξ2b[IK]ν(JL) + iξ3δJgLc(IK))facmdbdm

+ 2iNξ2c(IK)u[JL]dacmfbdm + 2Nξ2c(IK)ν(JL)dacmdbdm

+ 8iN(ξ2u[IK]ν(JL) + iξ3δIgKν(JL))facmdbdm

− 2Nξ3βIgKν(JL)facmdbdm − 8iNδIgKu[JL]facmfbdm, (3.35)

χIJKL ≡
1

N
ξ2c(IJ)c(KL), (3.35)

σIJKL ≡
4

N
ξ2ν(IJ)ν(KL) +

2

N
(ξ2b[IJ]u[KL] + iξ3δKgLb[IJ])

+
2

N
ξ2c(IJ)ν(KL). (3.37)

3. Mass sector

From Appendix A, one gets
LM = m2

ij X
i
µX

µj (3.38)

which, transposed to the physical basis,
LM = m2

II G
I
µG

µI (3.39)

where m2
II = ΩiIΩjI m

2
ij .

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 {GaµI} 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

λ1(4aI∂νZ
[µν]ta − 4iga(IJ)G

Jb
ν Z

[µν][ta, tb])

+ λ2(4b(IJ)G
Jb
ν z

[µν][ta, tb] + 4c[IJ]G
Jb
ν z

[µν]{ta, tb}+ 2γ[IJ]G
Jb
ν z

[µν][ta, tb])

+ λ3

 2aI∂νz
[µν]ta − 2iga(IJ)G

Jb
ν z

[µν][ta, tb] + 2b(IJ)G
Jb
ν Z

[µν][ta, tb]

+2c[IJ]G
Jb
ν Z

[µν]{ta, tb}+ 2γ[IJ]G
Jb
ν Z

[µν]{ta, tb}



+ ξ1


−4βI∂νZ

(µν)ta − 4ρIgρσ∂
µZ(ρσ)ta+

+4i(gIβJ − gJβI)GJbν Z(µν)[ta, tb]+

+4i(gIρJ − gJρI)gρσGµJbZ(ρσ)[ta, tb]



+ ξ2

 4b[IJ]G
Jb
ν z

(µν)[ta, tb] + 4c(IJ)G
Jb
ν z

(µν){ta, tb}

+4u[IJ]G
µJbgρσz

(ρσ)[ta, tb] + 4u(IJ)G
µJbgρσz

(ρσ){ta, tb}



+ ξ3



−2βI∂νz
(µν)ta − 2ρI∂

µgρσz
(ρσ)ta + 2b[IJ]G

Jb
ν Z

(µν)[ta, tb]+

+2c(IJ)G
Jb
ν Z

(µν){ta, tb}+ 2u[IJ]G
µJbgρσZ

(ρσ)[ta, tb]+

+2v(IJ)G
µJbgρσZ

(ρσ){ta, tb}+ 2i(gIβJ − gJβI)GJbν z(µν)[ta, tb]+

+2i(gIρJ − gJρI)GµJbgρσz(ρσ)[ta, tb]


= 0. (4.1)

Eq. (4.1) shows the systemic dynamics involving the fields set determinism {GaµI} at space-time. Notice that the term
λ1 rewrites the usual Yang-Mills for N -potential fields. Nevertheless the other terms are adding new contributions.
They are showing that SU(N) 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

λ1(2aI∂νZ
[µν]a + 2ga(IJ)fabcG

Jb
ν Z

[µν]c)+

+ λ2(2ib(IJ)fabcG
Jb
ν z

[µν]c + 2c[IJ]dabcG
Jb
ν z

[µν]c + γ[IJ]dabcG
Jb
ν z

[µν]c)+

+ λ3

 aI∂νz
[µν]a + ga(IJ)fabcG

Jb
ν z

[µν]c + ib(IJ)fabcG
Jb
ν Z

[µν]c+

+c[IJ]dabcG
Jb
ν Z

[µν]c + γ[IJ]dabcG
Jb
ν Z

[µν]c

+

+ ξ1

 βI∂νZ
(µν)a − 2ρI∂

µZ
ν)a

(ν − 2(gIβJ + gJβI)fabcG
Jb
ν Z

(µν)c+

−2(gIρJ + gJρI)fabcG
µJbz

ν)c
(ν



+ ξ2

 2ib[IJ]fabcG
Jb
ν z

(µν)c + 2c(IJ)dabcG
Jb
ν z

(µν)c+

+2iu[IJ]fabcG
µJbz

ν)c
(ν + 2u(IJ)dabcG

µJbz
ν)c

(ν

+

+ ξ3



−βI∂νz(µν)a − (gIβJ − gJβI)fabcGJbν z(µν)c

−ρI∂µz ν)a
(ν − (gIρJ − gJρI)fabcGµJbz ν)c

(ν

+ib[IJ]fabcG
Jb
ν Z

(µν)c + c(IJ)dabcG
Jb
ν Z

(µν)c

+iu[IJ]fabcG
µJbZ

ν)c
(ν + v(IJ)dabcG

µJbZ
ν)c

(ν


= 0. (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 tk and taking the trace one derives the final relationship for the whole equations of motion system

λI

(
aI(daek − ifaek)∂νZ

[µν]e + ga(IJ)fabc(dekc − ifekc)GJbν Z [µν]e
)

+

+ λ2


b(IJ)fabc(ideck − feck)GJbν z

[µν]e + 2
N c[IJ]G

Ja
ν z[µν]k+

+c[IJ]dabc(deck + ifeck)GJbν z
[µν]e + 1

N γ[IJ]G
Ja
ν z[µν]k+

+ 1
2γ[IJ]dabc(deck + ifeck)GJbν z

[µν]e

+

+ λ3



1
2aI(daek − ifaek)∂νz

[µν]e + g
2a(IJ)fabc(dekc − ifekc)G

Jb
ν z

[µν]e+

+ 1
2b(IJ)fabc(ideck − feck)GJbν Z

[µν]e + 1
N c[IJ]G

Ja
ν Z [µν]k

+ 1
2c[IJ]dabc(deck + ifeck)GJbν Z

[µν]e + 1
N γ[IJ]G

Ja
ν Z [µν]k+

+ 1
2γ[IJ]dabc(deck + ifcek)GJbν Z

[µν]e



+ ξ1


βI(ifaek − daek)∂νZ

(µν)e + ρI(ifaek − daek)∂µZ
ν)e

(ν +

+(gIβJ + gJβI)fabc(ifaek − daek)GJbν Z
(µν)e+

+(gIρJ + gJρI)fabc(ifaek − daek)GµJbZ
µ)e

(µ

+

+ ξ2



b[IJ]fabc(idekc + fekc)G
Jb
ν z

(µν)e + 2
N c(IJ)G

Ja
ν z(µν)k+

+c(IJ)dabc(dekc − ifekc)GJbν z(µν)e+

+u[IJ]fabc(idekc + fekc)G
µJbz

ν)e
(ν + 2

N v(IJ)G
µJaz

ν)k
(ν

+v(IJ)dabc(dekc − ifekc)GµJbz
ν)e

(ν


+

+ ξ3



1
2βI(ifaek − daek)∂νz

(µν)e + 1
2ρI(ifaek − daek)∂µz

ν)e
(ν +

+ 1
2 (gIβJ + gJβI)fabc(ifaek − daek)GJbν z

(µν)e+

+ 1
2 (gIρJ + gJρI)fabc(ifaek − daek)GµJbz

ν)e
(ν +

+ 1
2b[IJ]fabc(idekc + fekc)G

Jb
ν Z

(µν)e + 1
N c(IJ)G

Jb
ν Z

(µν)k+

+ 1
2c(IJ)dabc(dekc − ifekc)G

Jb
ν Z

(µν)e+

+ 1
2u[IJ]fabc(idekc + fekc)G

µJbz
ν)e

(ν + 1
N v(IJ)G

µJbZ
ν)k

(ν +

+ 1
2v(IJ)dabc(dekc − ifekc)G

µJbZ
ν)e

(ν



= 0. (4.3)

5. Constructivist semitopological Yang-Mills type sector

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

L =
{

(Zµν + zµν)(Zµν + zµν)
}

+ η
{

(Zµν + zµν)(Z̃µν + z̃ µν)
}
, (5.1)
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where the dual field strengths Z̃µν and z̃ µν are defined as

Z̃µν = εµνρσZρσ, z̃ µν = εµνρσzρσ, (5.2)

where εµνρσ is the Levi-Civita tensor of rank 4.

The additional term is called the semitopological sector:

LST = η
{

(Zµν + zµν)(Z̃µν + z̃ µν)
}
. (5.3)

Expanding the above expression and simplifying, we obtain:

LST = η(Zµν Z̃
µν) + η(zµν z̃

µν) + 2η(zµν Z̃
µν). (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:

LST = LSTgr + LSTco + LSTmix. (5.5)

1. Granular semitopological sector

LSTgr = η(Zµν Z̃
µν) (5.6)

Now, making Zµν = Z[µν] + Z(µν), we get

LSTgr = ηεµνρσ(Z[µν] Z[ρσ]),

and, after some algebraic operations, we obtain:

LSTgr = 4aIaKηε
µνρσ

(
(∂µG

I
ν)(∂ρG

K
σ )
)

− g2a(IJ)a(KL)ηεµνρσ
(

[GIµ, G
J
ν ][GKρ , G

L
σ ]
)

− 4gaIa(KL)ηε
µνρσ

(
(∂µG

I
ν)[GKρ , G

L
σ ]
)
,

which yields,

LSTgr = 4NaIaKηε
µνρσ(∂µG

I
νa)(∂ρG

K
σa)

− 4iNgaIa(KL)fabcηε
µνρσ(∂µG

I
νa)GKρbG

L
σc

+ 4Ng2a(IJ)a(KL)fabmfcdmηε
µνρσGIµaG

J
νbG

K
ρcG

L
σd. (5.7)

2. Collective semitopological sector

Similarly to the previous case, we obtain
LSTco = ηεµνρσ(z[µν] z[ρσ]).
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After some algebraic manipulations, we obtain:

LSTco = a(IJ)a(KL)ηε
µνρσ

(
[GIµ, G

J
ν ][GKρ , G

L
σ ]
)

+ b[IJ]b[KL]ηε
µνρσ

(
{GIµ, GJν }{GKρ , GLσ}

)
+ γ[IJ]γ[KL]ηε

µνρσ
(
GIµG

J
ν G

K
ρ G

L
σ

)
+ 2a(IJ)b[KL]ηε

µνρσ
(

[GIµ, G
J
ν ]{GKρ , GLσ}

)
+ 2a(IJ)γ[KL]ηε

µνρσ
(

[GIµ, G
J
ν ]GKρ G

L
σ

)
+ 2b(IJ)γ[KL]ηε

µνρσ
(
{GIµ, GJν }GKρ GLσ

)
,

which yields,

LSTco =
{
−Na(IJ)a(KL)fabmfcdm +Nb[IJ]b[KL]dabmdcdm

+
N

4
γ[IJ]γ[KL](dabmdcdm − dacmdbdm + dadmdbcm

+ 2iNa(IJ)b[KL]fabmdcdm −Na(IJ)γ[KL]fabmfcdm

+ iNb[IJ]γ[KL]dabmfcdm

}
ηεµνρσGIµaG

J
νbG

K
ρcG

L
σd

+
{ 1

N
b[IJ]b[KL] + γ[IJ]γ[KL] − γ[IL]γ[KJ]

+ 2b[IJ]γ[KL]

}
ηεµνρσGIµaG

J
νaG

K
ρbG

L
σb. (5.8)

3. Mixed semitopological sector

Similarly to the two previous cases, we obtain

LSTmix = 2ηεµνρσ(z[µν] Z[ρσ]).

Using the known expressions for zµν and Zµν in the above equation, and after some algebraic operations, we have:

LSTmix = 4a(IJ)aKηε
µνρσ

(
[GIµ, G

J
ν ](∂ρG

K
σ )
)

− 2iga(IJ)ηε
µνρσ

(
[GIµ, G

J
ν ][GKρ , G

L
σ ]
)

+ 4b[IJ]aKε
µνρσ

(
{GIµ, GJν }(∂ρGKσ )

)
− 2igb[IJ]a(KL)ηε

µνρσ
(
{GIµ, GJν }[GKρ , GLσ ]

)
+ 4γ[IJ]aKηε

µνρσ
(
GIµG

J
ν (∂ρG

K
σ )
)

− 2igγ[IJ]a(KL)ηε
µνρσ

(
GIµG

J
ν [GKρ , G

L
σ ]
)
,

which yields,

LSTmix =
{

4iNaIa(JK)fbca + 4NaIb[JK]dbca

+ 2iNaIγ[JK]fbca

}
ηεµνρσ(∂µG

I
νa)GJρbG

K
σc

+
{

2iNga(IJ)a(KL)fabmfcdm + 2Ngb[IJ]a(KL)dabmfcdm

+ iNγ[IJ]a(KL)fabmfcdm

}
ηεµνρσGIµaG

J
νbG

K
ρcG

L
σd. (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:

∂α
δL

δ∂αGMβf
=

δL

δGMβf
. (6.1)

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

1. Equations of Motion for LAK

Applying equations (6.1) to the Lagrangian term given by eq. (3.14), we get the following equations of motion for LAK :

2lMI

[
∂α(∂αGβIf )− ∂α(∂βGαIf )

]
= 0. (6.2)

where coefficient lMI is given by eq. (3.15).

2. Equations of Motion for LSK

Applying equations (6.1) to the Lagrangian term given by eq. (3.28), we get the following equations of motion for LSK :

2mMI

[
∂α(∂αGβIf ) + ∂α(∂βGαIf )

]
+ 2nMI∂α(gαβ ∂µG

µI
f ) = 0. (6.3)

where coefficients mMI and nMI are given by eqs. (3.29) and (3.30).

3. Equations of Motion for LA3

Applying equations (6.1) to the Lagrangian term given by eq. (3.16), we get the following equations of motion for LA3 :

θMKL,fab∂α(GαKa GβLb ) = θKML,afb(∂
βGKµa)GµLb + θKLM,abf (∂µG

βK
a )GµLb . (6.4)

where coefficient θMKL,fab is given by eq. (3.17).

4. Equations of Motion for LS3

Applying equations (6.1) to the Lagrangian term given by eq. (3.31), we get the following equations of motion for LS3 :

ωMKL,fab∂α(GαKa GβLb ) + σMKL,fab∂α(gαβGKνaG
νL
b )

= ωKML,afb(∂
βGKµa)GµLb + ωKLM,abf (∂µG

βK
a )GµLb

+ [σKLM,abf + σKML,afb](∂µG
µK
a )GβLb . (6.5)

where coefficients ωMKL,fab and σMKL,fab are given by eqs. (3.32) and (3.33).
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5. Equations of Motion for LST3

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

LST3 = b
Sg

IJK,abcηε
µνρσ(∂µG

I
νa)GJρbG

K
σc

+ aSm

IJK,abcηε
µνρσ(∂µG

I
νa)GJρbG

K
σc

= [b
Sg

IJK,abc + aSm

IJK,abc]ηε
µνρσ(∂µG

I
νa)GJρbG

K
σc. (6.6)

The corresponding equations of motion for LST3 are:

[b
Sg

MKL,fab + aSm

MKL,fab]ηε
αβρσ∂α(GKρaG

L
σb) =

= [b
Sg

KLM,abf + aSm

KLM,abf − b
Sg

KML,afb − b
Sm

KML,afb]ηε
µνρβ(∂µG

K
νa)GLρb (6.7)

.

6. Equations of Motion for LA4

Applying equations (6.1) to the Lagrangian term given by eq. (3.18), we get the following equations of motion for LA4

0 = [θMJKL,fabc + θJMLK,afcb + θKLMJ,bcfa + θLKJM,cbaf ]GJµaG
βK
b GµLc

+ [ωMJKL + ωJMLK + ωKLMJ + ωLKJM ]GJµfG
βK
a GµLa . (6.8)

where the coefficients θMJKL,fabc and ωMJKL are given by eqs. (3.19) and (3.20).

7. Equations of Motion for LS4

Applying equations (6.1) to the Lagrangian term given by eq. (3.34), we get the following equations of motion for LS4

0 = [ρMJKL,fabc + ρJMLK,afcb + ρKLMJ,bcfa + ρLKJM,cbaf ]GJµaG
βK
b GµLc

+ [χMJKL + χJMLK + χKLMJ + χLKJM ]GJµfG
βK
a GµLa

+ [σMJKL + σJMKL + σKLMJ + σLKJM ]GβJf GKµaG
µL
a . (6.9)

where the coefficients ρMJKL,fabc, χMJKL and σMJKL are given by eqs. (3.35), (3.35) and (3.37).

8. Equations of Motion for LST4

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

LST4 = c
Sg

IJKL,abcdηε
µνρσGIµaG

J
νbG

K
ρcG

L
σd

+ aSc

IJKL,abcdηε
µνρσGIµaG

J
νbG

K
ρcG

L
σd

+ bSc

IJKLηε
µνρσGIµaG

J
νaG

K
ρbG

L
σb

+ bSm

IJKL,abcdηε
µνρσGIµaG

J
νbG

K
ρcG

L
σd

= [c
Sg

IJKL,abcd + aSc

IJKL,abcd + bSm

IJKL,abcd]ηε
µνρσGIµaG

J
νbG

K
ρcG

L
σd

+ bSc

IJKLηε
µνρσGIµaG

J
νaG

K
ρbG

L
σb. (6.10)
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The corresponding equations of motion for LST4 are:

0 = [c
Sg

MJKL,fabc − c
Sg

JMKL,afbc + c
Sg

JKML,abfc − c
Sg

JKLM,abcf

+ aSc

MJKL,fabc − a
Sc

JMKL,afbc + aSc

JKML,abfc − a
Sc

JKLM,abcf

+ bSm

MJKL,fabc − b
Sm

JMKL,afbc + bSm

JKML,abfc − b
Sm

JKLM,abcf ]ηεβµνρGJµaG
K
νbG

L
ρc

+ [bSc

MJKL + bSc

JMLK + bSc

KLMJ + bSc

LKJM ]ηεβµνρGJµfG
K
νaG

L
ρa. (6.11)

9. Complete Equations of Motion

In total, it gives:

2lMI∂α(∂αGβIf )− 2lMI∂α(∂βGαIf )

+ 2mMI∂α(∂αGβIf ) + 2mMI∂α(∂βGαIf ) + 2nMI∂α(gαβ ∂µG
µI
f )

+ θMKL,fab∂α(GαKa GβLb ) + ωMKL,fab∂α(GαKa GβLb ) + σMKL,fab∂α(gαβGKνaG
νL
b )

+ [b
Sg

MKL,fab + aSm

MKL,fab]ηε
αβρσ∂α(GKρaG

L
σb)

= θKML,afb(∂
βGKµa)GµLb + θKLM,abf (∂µG

βK
a )GµLb + ωKML,afb(∂

βGKµa)GµLb

+ ωKLM,abf (∂µG
βK
a )GµLb + [σKLM,abf + σKML,afb](∂µG

µK
a )GβLb

+ [b
Sg

KLM,abf + aSm

KLM,abf − b
Sg

KML,afb − b
Sm

KML,afb]ηε
µνρβ(∂µG

K
νa)GLρb

+ [θMJKL,fabc + θJMLK,afcb + θKLMJ,bcfa + θLKJM,cbaf ]GJµaG
βK
b GµLc

+ [ωMJKL + ωJMLK + ωKLMJ + ωLKJM ]GJµfG
βK
a GµLa

+ [ρMJKL,fabc + ρJMLK,afcb + ρKLMJ,bcfa + ρLKJM,cbaf ]GJµaG
βK
b GµLc

+ [χMJKL + χJMLK + χKLMJ + χLKJM ]GJµfG
βK
a GµLa

+ [σMJKL + σJMKL + σKLMJ + σLKJM ]GβJf GKµaG
µL
a

+ [c
Sg

MJKL,fabc − c
Sg

JMKL,afbc + c
Sg

JKML,abfc − c
Sg

JKLM,abcf

+ aSc

MJKL,fabc − a
Sc

JMKL,afbc + aSc

JKML,abfc − a
Sc

JKLM,abcf

+ bSm

MJKL,fabc − b
Sm

JMKL,afbc + bSm

JKML,abfc − b
Sm

JKLM,abcf ]ηεβµνρGJµaG
K
νbG

L
ρc

+ [bSc

MJKL + bSc

JMLK + bSc

KLMJ + bSc

LKJM ]ηεβµνρGJµfG
K
νaG

L
ρa. (6.12)

Rearranging the above expression, we have:

αMI∂α(∂αGβIf ) + βMI∂α(∂βGαIf ) + 2nMI∂α(gαβ ∂µG
µI
f )

+ γMKL,fab∂α(GαKa GβLb ) + σMKL,fab∂α(gαβGKνaG
νL
b )

+ κMKL,fabε
αβρσ∂α(GKρaG

L
σb)

= AKML,afb(∂
βGKµa)GµLb +BKLM,abf (∂µG

βK
a )GµLb

+ CKLM,abf (∂µG
µK
a )GβLb +DKLM,abfε

µνρβ(∂µG
K
νa)GLρb

+ EMJKL,fabcG
J
µaG

βK
b GµLc + FMJKLG

J
µfG

βK
a GµLa

+GMJKLG
βJ
f GKµaG

µL
a +HMJKL,fabcε

βµνρGJµaG
K
νbG

L
ρc

+ IMJKLε
βµνρGJµfG

K
νaG

L
ρa, (6.13)
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where

αMI = 2lMI + 2mMI

βMI = −2lMI + 2mMI

γMKL,fab = θMKL,fab + ωMKL,fab

κMKL,fab = [b
Sg

MKL,fab + aSm

MKL,fab]η

and

AKML,afb = θKML,afb + ωKML,afb

BKLM,abf = θKLM,abf + ωKLM,abf

CKLM,abf = σKLM,abf + σKML,afb

DKLM,abf = [b
Sg

KLM,abf + aSm

KLM,abf − b
Sg

KML,afb − b
Sm

KML,afb]η

EMJKL,fabc = θMJKL,fabc + θJMLK,afcb + θKLMJ,bcfa + θLKJM,cbaf

+ ρMJKL,fabc + ρJMLK,afcb + ρKLMJ,bcfa + ρLKJM,cbaf

FMJKL = ωMJKL + ωJMLK + ωKLMJ + ωLKJM

+ χMJKL + χJMLK + χKLMJ + χLKJM

GMJKL = σMJKL + σJMKL + σKLMJ + σLKJM

HMJKL,fabc = [c
Sg

MJKL,fabc − c
Sg

JMKL,afbc + c
Sg

JKML,abfc − c
Sg

JKLM,abcf

+ aSc

MJKL,fabc − a
Sc

JMKL,afbc + aSc

JKML,abfc − a
Sc

JKLM,abcf

+ bSm

MJKL,fabc − b
Sm

JMKL,afbc + bSm

JKML,abfc − b
Sm

JKLM,abcf ]η

IMJKL = [bSc

MJKL + bSc

JMLK + bSc

KLMJ + bSc

LKJM ]η.

Thus the constructivist non-abelian model provides a nonlinear dynamics. Each field AIµa 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

DρG[µν]I +DνG[ρµ]I +DµG[νρ]I = 0. (7.1)

where Dµ = ∂µigIGµI

The antisymmetric collectives ones are

∂µz[νρ] + ∂νz[ρµ] + ∂ρz[µν] = γ[IJ]G
I
νG

J
[µρ] + γ[IJ]G

I
ρG

J
[νµ] + γ[IJ]G

I
µG

J
[ρν]. (7.2)

The collective symmetric Bianchi identity is

∂µz(νρ) + ∂νz(ρµ) + ∂ρz(µν) = γ(IJ)G
I
µG

J
(νρ) + γ(IJ)G

I
νG

J
(ρµ) + γ(IJ)G

I
ρG

J
(µν) (7.3)

and
∂µz

ν)
(ν + 2∂νz

ν)
(µ = γ(IJ)G

I
µG

νJ
ν + 2γ(IJ)G

I
νG

νJ
µ . (7.4)

219



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

The local Noether equations associated to the SU(N) symmetry are

∂µJ
µa
N (G) = 0, (7.5)

i

gI
∂µ

δL

δ(∂µGaνI)
= JµaN , (7.6)

i

gI

δL

δ(∂µGaνI)
∂µ∂νωa = 0 (7.7)

where
JµaN =

[ δL

δ(∂µGaνI)
, GIν

]a
. (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)c.

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 AµI ′ = UAµIU

−1 + i
gI
∂µU.U

−1 where U = eiωata [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, δS = 0, and corresponding N -equations of motion. Three Noether equations derived
from gauge symmetry plus N + 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 Aaµ is inserted in a fields set {AaµI} =

{Aaµ, Baµ, . . . Na
µ}. 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 =
{

(Zµν + zµν)(Zµν + zµν)
}

+ η
{

(Zµν + zµν)(Z̃µν + z̃ µν)
}

+mIIGµIG
µI + ΨDµΨ (8.1)

where the covariant derivative preserves the usual Yang-Mills case and includes a massive gluon

Dµ = ∂µ + igAµ1 + ig′Aµ2 (8.2)

where Aaµ1 and Aaµ2 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,Xi}

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 Dµ works as the usual gauge field and the fields Xi

µ as a kind
of vector-matter fields transforming in the adjoint representation. It gives

Dµ → Dµ
′ = UDµU

−1 +
i

g
(∂µU)U−1,

Xi
µ → Xi

µ

′
= UXi

µU
−1.

Geometrically the potential fields Xi
µ from the torsion tensor of the higher- dimensional manifold that spontaneously

compactify to M4 ×B4, where M4 is the Minkowski space-time and Bk 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.

A.1.1 Dµν

Let us consider, in the construction base:

Dµν = ∂µDν − ∂νDµ − ig[Dµ, Dν ]. (A.1)

Then, remembering from (??) that Dµ = Ω0,I G
I
µ, we have:

Dµν = ∂µ(Ω0,IG
I
ν)− ∂ν(Ω0,IG

I
µ)− ig[Ω0,IG

I
µ,Ω0,JG

J
ν ].

Then,
Dµν = Ω0,I(∂µG

I
ν − ∂νGIµ − igΩ0,J [GIµ, G

J
ν ]), (A.2)

where I, J ∈ {0, 1, . . . , N − 1}. It is verified that Dµν = −Dνµ.

A.1.2 Xi
[µν]

Now let us consider:
Xi

[µν] = ∂µX
i
ν − ∂νXi

µ − ig([Dµ, X
i
ν ]− [Dν , X

i
µ]. (A.3)

Remembering that Xi
µ = Ωi,IG

I
µ, we have:

Xi
[µν] = ∂µ(Ωi,IG

I
ν)− ∂ν(Ωi,IG

I
µ)− ig([Ω0,JG

J
µ,Ωi,IG

I
ν ]− [Ω0,JG

J
ν ,Ωi,IG

I
µ])

= Ωi,I(∂µG
I
ν − ∂νGIµ)− ig(Ωi,IΩ0,J [GJµ, G

I
ν ]− Ωi,IΩ0,J [GJν , G

I
µ]).
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Then, simplifying:
Xi

[µν] = Ωi,I(∂µG
I
ν − ∂νGIµ)− ig(Ω0,IΩi,J + Ω0,JΩi,I)[G

I
µ, G

J
ν ], (A.4)

where I, J ∈ {0, 1, . . . , N − 1}, i ∈ {1, . . . , N − 1}. Note that Xi
[µν] = −Xi

[νµ].

A.1.3 Antisymmetric granular sector Z[µν]

The antisymmetric granular tensor is defined in terms of the tensors Dµν and Xi
[µν] according to:

Z[µν] = dDµν + αiX
i
[µν] (A.5)

where d and αi are constants.

Then, using the equations (A.2) and (A.4) we have:

Z[µν] = dΩ0,I(∂µG
I
ν − ∂νGIµ)− igdΩ0,IΩ0,J [GIµ, G

J
ν ]

+ αiΩi,I(∂µG
I
ν − ∂νGIµ)− igαi(Ω0,IΩi,J + Ω0,JΩi,I)[G

I
µ, G

J
ν ]

= (dΩ0,I + αiΩi,I)(∂µG
I
ν − ∂νGIµ)

− ig(dΩ0,IΩ0,J + αiΩ0,IΩi,J + αiΩ0,JΩi,I)[G
I
µ, G

J
ν ].

Then,

Z[µν] = aI(∂µG
I
ν − ∂νGIµ)− ige(IJ)[GIµ, GJν ] (A.6)

where:

aI ≡ dΩ0,I + αiΩi,I

e(IJ) ≡ dΩ0,IΩ0,J + αiΩ0,IΩi,J + αiΩ0,JΩi,I ,

and where I, J ∈ {0, 1, . . . , N − 1}, i ∈ {1, . . . , N − 1}.

A.1.4 Antisymmetric collective sector z[µν]

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

z[µν] = a(ij)[X
i
µ, X

j
ν ] + b[ij]{Xi

µ, X
j
ν}+ γ[ij]X

i
µX

j
ν . (A.7)

Using the relation (??) corresponding to the field Xi
µ in the above equation, we have:

z[µν] = a(ij)[Ωi,IG
I
µ,Ωj,JG

J
ν ] + b[ij]{Ωi,IGIµ,Ωj,JGJν }+ γ[ij]Ωi,IG

I
µΩj,JG

J
ν

= a(ij)Ωi,IΩj,J [GIµ, G
J
ν ] + b[ij]{Ωi,IΩj,J{GIµ, GJν }+ γ[ij]Ωi,IΩj,JG

I
µG

J
ν .

Then

z[µν] = a(IJ)[G
I
µ, G

J
ν ] + b[IJ]{GIµ, GJν }+ γ[IJ]G

I
µG

J
ν (A.8)

where:

a(IJ) ≡ a(ij)Ωi,IΩj,J

b[IJ] ≡ b[ij]Ωi,IΩj,J

γ[IJ] ≡ γ[ij]Ωi,IΩj,J ,

and where I, J ∈ {0, 1, . . . , N − 1}, i ∈ {1, . . . , N − 1}.
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A.1.5 Symmetric granular sector Z(µν)

The symmetric granular tensor is defined in terms of the tensor Xi
µν according to:

Z(µν) = βiX
i
(µν) + δigµν X

α)i
(α (A.9)

where
Xi

(µν) = ∂µX
i
ν + ∂νX

i
µ − ig([Dµ, X

i
ν ] + [Dν , X

i
µ]). (A.10)

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

Xi
(µν) = ∂µ(Ωi,IG

I
ν) + ∂ν(Ωi,IG

I
µ)− ig([Ω0,IG

I
µ,Ωi,JG

J
µ] + [Ω0,IG

I
ν ,Ωi,JG

J
ν ])

=Ωi,I(∂µG
I
ν + ∂IνG

I
µ)− Ωi,IΩ0,J ig([GJµ, G

I
ν ] + [GJν , G

I
µ]).

Then
Xi

(µν) = Ωi,I
{
∂µGν + ∂νG

I
µ − igΩ0,J([GIµ, G

J
ν ] + [GIν , G

J
µ])
}
.

But, [GJµ, G
I
ν ] = −[GIν , G

J
µ], [GJν , G

I
µ] = −[GIµ, G

J
ν ], then:

Xi
(µν) = Ωi,IG

I
(µν) (A.11)

where:

GI(µν) ≡ ∂µG
I
ν + ∂νG

I
µ + igΩ0,J([GIµ, G

J
ν ] + [GIν , G

J
µ]). (A.12)

Also, we have:
X
α)i
(α = Ωi,IG

α)I
(α . (A.13)

Then
Z(µν) = βiΩi,IG

I
(µν) + δiΩi,Igµν G

α)I
(α , (A.14)

which can be written as:

Z(µν) = βIG
I
(µν) + δIgµνG

α)I
(α (A.15)

where:

βI ≡ βiΩi,I and δI ≡ δiΩi,I ,

and where I ∈ {0, 1, . . . , N − 1}, i ∈ {1, . . . , N − 1}.

A.1.6 Symmetric collective sector z(µν)

The symmetric granular tensor is defined in terms of the tensor Xi
µν according to:

z(µν) = b[ij][X
i
µ, X

j
ν ] + c(ij){Xi

µ, X
j
ν}+ u[ij]gµν [Xi

α, X
αj ] + v(ij)gµν{Xi

α, X
αj}. (A.16)

Placing the Xi
µ fields in terms of the GIµ fields, in the above equation, we have:

z(µν) = b[ij][Ωi,IG
I
µ,Ωj,JG

J
ν ] + c(ij){Ωi,IGIµ,Ωj,JGJν }

+ u[ij]gµν [Ωi,IG
I
α,Ωj,JG

αJ ] + v(ij)gµν{Ωi,IGIα,Ωj,JGαJ}
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So, rearranging:

z(µν) = b[IJ][G
I
µ, G

J
ν ] + c(IJ){GIµ, GJν }+ u[IJ]gµν [GIα, G

αJ ] + v(IJ)gµν{GIα, GαJ} (A.17)

where:

b[IJ] ≡ b[ij]Ωi,IΩj,J , c(IJ) ≡ c(ij)Ωi,IΩj,J ,

u[IJ] ≡ u[ij]Ωi,IΩj,J , v(IJ) ≡ v(ij)Ωi,IΩj,J ,

and where I ∈ {0, 1, . . . , N − 1}, i ∈ {1, . . . , N − 1}.

A. General Lagrangian

The most general expression for the Lagrangian is

L = tr(Zµν Zµν) + tr(zµν zµν) + tr(Zµν zµν)

+ ηtr(Zµν Z̄µν) + ηtr(zµν z̄µν)− 1

2
m2
ijX

i
µX

µj

where Zµν is the most general covariant field strength with an unique dependence on fields,

Zµν → Zµν
′ = UZµνU

−1

which can be decomposed as
Zµν = Z[µν] + Z(µν).

The anti-symmetric field strength is
Z[µν] = dDµν + αiX

i
[µν]

with
Dµν = ∂µDν − ∂νDµ + ig[Dµ, Dν ],

X i
[µν] = ∂µX

i
ν − ∂νXi

µ + ig([Dµ, X
i
ν ]− [Dν , X

i
µ])

and the symmetric is
Z(µν) = βiX

i
(µν) + ρigµνX

αi
α

where
X i

(µν) = ∂µX
i
ν + ∂νX

i
µ + ig([Dµ, X

i
ν ] + [Dν , X

i
µ]).

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

zµν = z[µν] + z(µν)

where
z[µν] = a(ij)[X

i
µ, X

j
ν ] + b[ij]{Xi

µ, X
j
ν}+ γ[ij]X

i
µX

j
ν

and

z(µν) = a[ij][X
i
µ, X

j
ν ] + u[ij]gµν [Xi

α, X
αj ]

+ b(ij){Xi
µ, X

j
ν}+ v(ij)gµν{Xi

α, X
αj}.
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It is understood the notation Aµ = Aaµta, where ta are the matrices which satisfy the Lie algebra for SU(N). Observe
that Zµν is not Lie algebra valued as it is Fµν 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 ta, tatb, [ta, tb], {ta, tb}, one gets an expansion where each
coefficient transforms covariantly. Working out the total antisymmetric field tensor, one gets

z[µν] = Aaµνta

z[µν] = Bµν +Aaµν
′ta + Cabµνtatb

where
Aaµν = dDa

µν + αiX
ia
[µν]

Aaµν
′ = Cabc(ij)X

ic
µ X

j
νb

Bµν =
1

N
b[ij]X

i
µaX

ja
ν

Cab(ij) = γ[ij]X
ia
µ X

jb
ν

Cabc(ij) = −ia(ij)fabc + b[ij]d
cba

Similarly one expands the symmetric field strength

Z(µν) + z(µν) = (βXia
(µν) + ρigµνX

iaα
α )ta+

+ (a[ij][X
ia
ν , X

jb
ν ] + u[ij]gµν [Xiα

α , X
ibα]+

+ b(ij){Xi
µ, X

j
ν})[ta, tb]+

+ v(ij)gµν{Xi
µ, X

j
ν}{ta, tb}+ γ(ij)X

i
µX

j
ν tatb.

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

L (D,Xi) = LA + LS −
1

2
m2
ijX

i
µX

µj ,

L = λ1Z[µν]Z
[µν] + λ2z[µν]z

[µν] + λ3Z[µν]z
[µν]+

+ ξ1Z(µν)Z
(µν) + ξ2z(µν)z

(µν) + ξ3Z(µν)z
(µν).

A. Equations of motion

A.3.1 Equations of motion for the Dµ field

∂L

∂Da
µ

− ∂ν
∂L

∂(∂νDa
µ)

= 0
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4λ1

(
d∂ν Z

[µν]ta + ig(dDb
ν + αiX

ib
ν )Z [µν][ta, tb]

)
+ 4ξ1ig

(
βiX

ib
ν Z

(µν) + ρiX
µibZ

ν)
(ν

)
[ta, tb]

+ 2λ3

(
d∂ν z

[µν]ta + i
g

N
(dDb

ν + αiX
ib
ν ) z[µν][ta, tb]

)
+ 2ξ3ig

(
βiX

ib
ν z(µν) + ρiX

µib z
ν)
(ν

)
[ta, tb] = 0. (A.18)

Taking the trace in above equation, one gets

2λ1

(
d∂ν Z

[µν]a − gfabc(dDb
ν + αiX

ib
ν )Z [µν]c

)
− 2ξ1gfabc

(
βiX

ib
ν Z

(µν)c + ρiX
µibZ

ν)c
(ν

)
+ λ3

(
d∂ν z

[µν]a − gfabc
g

N
(dDb

ν + αiX
ib
ν ) z[µν]c

)
− ξ3gfabc

(
βiX

ib
ν z(µν)c + ρiX

µib z
ν)c
(ν

)
= 0. (A.19)

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

λ1

(
d(daek − ifaek)∂ν Z

[µν]e+

+g(dDb
ν + αiX

ib
ν )(ifabcfcek − fabcdcek)Z [µν]e

)
+

ξ1

(
gρi(ifabcfcek − fabcdcek)XµibZ

ν)e
(ν +

gβi(ifabcfcek − fabcdcek)Xib
ν Z

(µν)e

)
+

λ3
2

(
d(daek − ifaek)∂ν z

[µν]a+

+g(dDb
ν + αiX

ib
ν )(ifabcfcek − fabcdcek)z[µν]e

)
+

ξ3
2

(
gρi(ifabcfcek − fabcdcek)Xµibz

ν)e
(ν +

+gβi(ifabcfcek − fabcdcek)Xib
ν z

(µν)e

)
= 0. (A.20)

A.3.2 Equations of motion for the Xi
µ field

4λ1αi(∂ν Z
[µν]ta + igDb

νZ
[µν][ta, tb])+

− 4ξ1

 βi∂ν Z
(µν)ta + ρi∂

µ Z
ν)
(ν ta+

+ig
(
βiD

b
ν Z

(µν) + ρiD
µbZ

ν)
(ν

)
[ta, tb]

+

+ 2λ2

(
2a(ij)X

jb
ν z

[µν][ta, tb] + (2b[ij] + γ[ij])X
jb
ν z

[µν]{ta, tb}
)

+

+ 4ξ2

 (
a[ij]X

jb
ν z

(µν) + u[ij]X
µjbz

ν)
(ν

)
[ta, tb]+

+(b(ij)X
jb
ν z

(µν) + v(ij)X
µjbz

ν)
(ν ){ta, tb}

+

+ λ3

 2αi

(
∂ν z

[µν]ta + igDb
ν z

[µν][ta, tb]
)

+

+2a(ij)X
jb
ν Z

[µν][ta, tb] +
(

2b[ij] + γ[ij]
)
Xjb
ν Z

[µν]{ta, tb}

+

+ 2ξ3


−βi∂ν z(µν)ta − ρi∂µ zν)(µta+

−ig
(
βiD

b
ν z

(µν) + ρiD
µb z

ν)
(ν

)
[ta, tb]+

+
(
a[ij]X

jb
ν Z

(µν) + u(ij)X
µjbZ

ν)
(ν

)
[ta, tb]+

+
(
b(ij)X

jb
ν Z

(µν) + v(ij)X
µjbZ

ν)
(ν

)
{ta, tb}

 = 0. (A.21)
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Taking the trace in above equation, one gets

2λ1αi(∂ν Z
[µν]a − gfabcDb

νZ
[µν]c)+

+ 2ξ1

 −βi∂ν Z(µν)a − ρi∂µ Zν)a(ν +

+gfabc

(
βiD

b
ν Z

(µν)c + ρiD
µbZ

ν)c
(ν

) +

+ λ2

(
2ia(ij)fabc + (2b[ij] + γ[ij])dabc

)
Xjb
ν z[µν]c+

+ 2ξ2

 (
ia[ij]fabc + b(ij)dabc

)
Xjb
ν z(µν)c+

+
(
iu[ij]fabc + v(ij)dabc

)
Xµjb z

ν)c
(ν

+

+ λ3

 αi

(
∂ν z

[µν]a − gfabcDb
ν z

[µν]c
)

+

+
(
ia(ij)fabc + b[ij]dabc + 1

2γ[ij]dabc
)
Xjb
ν Z

[µν]c

+

+ ξ3


−βi∂ν z(µν)a − ρi∂µ zν)a(µ +

+gfabc

(
βiD

b
ν z

(µν)c + ρiD
µb z

ν)c
(ν

)
+

+
(
iu[ij]fabc + v(ij)dabc

)
XµjbZ

ν)c
(ν +

+
(
ia[ij]fabc + b(ij)dabc

)
Xjb
ν Z

(µν)c

 = 0. (A.22)
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Multiplying the equation of motion by tk and taking again the corresponding trace, we have

λ1

(
αi(daek − ifaek)∂ν Z

[µν]e+

+gαi(ifabcfcek − fabcdcek)Db
νZ

[µν]e

)
+

+ ξ1


βi(ifaek − daek)∂ν Z

(µν)e+

+gβi(fabcdcek − ifabcfcek)Db
νZ

(µν)e+

+ρi(ifaek − daek)∂µ Z
ν)e
(ν +

+gρi(fabcdcek − ifabcfcek)DµbZ
ν)e
(ν

+

+ λ2


1
N

(
2b[ij] + γ[ij]

)
Xja
ν z[µν]k+ a(ij)(fabcfcek + ifabcdcek)+

+
(
b[ij] + 1

2γ[ij]

)
(dabcdcek − idabcfcek)

Xjb
ν z[µν]e

+

+ ξ2



2
N b(ij)X

ja
ν z(µν)k + 2

N v(ij)X
µja z

ν)k
(ν +

+

(
a[ij](fabcfcek + ifabcdcek)+

+b(ij)(dabcdcek − idabcfcek)

)
Xjb
ν z(µν)e+

+

(
u[ij](fabcfcek + ifabcdcek)+

+v(ij)(dabcdcek − idabcfcek)

)
Xµjb z

ν)e
(ν


+

+
λ3
2



αi(daek − ifaek)∂ν z
[µν]e+

+gαi(ifabcfcek − fabcdcek)Db
ν z

[µν]e+

+ 1
N

(
b[ij] + 1

2γ[ij]

)
Xja
ν Z

[µν]k+

+

 a(ij)(ifabcdcek + fabcfcek)+(
b[ij] + 1

2γ[ij]

)
(dabcdcek − idabcfcek)

Xjb
ν Z

[µν]e


+

+ ξ3



1
2


βi(ifaek − daek)∂ν z

(µν)e+

+gβi(fabcdcek − ifabcfcek)Db
ν z

(µν)e+

+ρi(ifaek − daek)∂µ z
ν)e
(ν +

+gρi(fabcdcek − ifabcfcek)Dµb z
ν)e
(ν

+

+ 1
N b(ij)X

ja
ν Z

(µν)k + 1
N v(ij)X

µjaZ
ν)k
(ν +

+ 1
2

(
a[ij](fabcfcek + ifabcdcek)+

+b(ij)(dabcdcek − idabcfcek)

)
Xjb
ν Z

(µν)e+

+ 1
2

(
u[ij](fabcfcek + ifabcdcek)+

+v(ij)(dabcdcek − idabcfcek)

)
XµjbZ

ν)e
(ν



= 0. (A.23)
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