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ABSTRACT

The Yang-Mills theory structure is based on group theory. It rules the symmetry relationship where the number of
potential fields transforming under a same group must be equal to the number of group generators. It defines the group valued

expression = L. from where the corresponding non-abelian symmetry properties are derived.
p a la p g Y y prop

Nevertheless based on different origins as Kaluza-Klein, fibre bundles, supersymmetry, o-model , BRST and anti-BRST
algorithm, counting degrees of freedom leads to a Yang-Mills extension under the existence of different potential fields rotating

. o _ i
under a same single group. They establish for SU(N) the relationship A ul = U Ayl U ! +—(")H u-u ! where U = elwélta and
g

| is aflavor index, | =1...N . Physically, it says that different Yang-Mills families can share a common symmetry group. They
develop a whole non-abelian gauge theory.

The effort in this work is to explore such non-abelian extension. First, to build up it on the so-called {DH, XL}

constructor basis where gauge symmetry is more available for expressing the corresponding fields strengths, Lagrangian and classical
equations. After that, given that the physical fields are those associated to the poles of two-point Green functions, one derives the

physical Lagrangian L (GI ) written in the physical basis {Gul} .

A new physical Lagrangian associated to U (N) symmetry is generated. The meaning of Yang-Mills families appears. A

symmetry of difference is realized. Where every quanta is distinguished from each other. It yields a quanta diversity associated to
corresponding Yang-Mills families. There are N-spin 1 and N-spin 0 quanta separated by different quantum numbers through a whole
N-dynamics. An extension to QCD becomes possible.

1 Introduction

Since 1954 Yang-Mills have been guiding physics [1, 2, 3, 4]. Until the twenty century first two decades, physics
performances had been determined by geometry [5]. However, the Weyl introduction of group theory in physics changed the route
[6]. Quantum Mechanics became a theory bound on the Plank constant plus group theory. Following that, the Standard Model [7, 8,
9], Supersymmetry [10], String Theory [11] and other models became physical insertions based on gauge symmetry.

This work intends to enlarge on non-abelian gauge symmetry. Beyond to Yang-Mills theory develop the so called symmetry

of difference. Introduce under a common gauge symmetry different field families, Ajl , where the index | means the inserted

families, | = :L ceny N .1t gives an initial fields set transforming under a same gauge symmetry

A = UAL U™ + giﬁuU U (1)
I

where U = e“”ata , where ta are the group generators of SJ(N) The index @ is an internal index and run according to the
group's choice.

Eqg.(1) moves physics beyond Yang-Mills. It introduces mass term without pursuing the Goldstone Theorem [12]. Its
symmetry of difference offers an alternative to the spontaneous symmetry breaking [13, 14, 15] and dynamical symmetry breaking

4927|Page
June 2017
www.cirworld.com



4

ﬂ /

ISSN 2347-3487
Volume 13 Number 6
Journal of Advances in Physics

[16]. For this new symmetry approach to happen, different origins based on Kaluza-Klein [17, 18], fibre bundle [19], supersymmetry
[20, 21, 22], o-model [23], BRST and anti-BRST algorithm [24, 25] have been studied in order to prove on eq.(1) existence.

Thus eq.(1) provides a new performance for generating physical laws. It introduces the antireductionist approach. The
principle where physical laws are generated from a set of fields transforming under a same gauge symmetry. A physics which
primordials are in the whole as the fundamental unity. In other words, understands nature as a whole.

A non-abelian whole gauge symmetry appears to be understood. Considering that these fields satisfy the Kamefuchi-
O'Raifeartaigh-Salam theorem [26], one can change their variables preserving physics. So, in order to get a better transparence on

symmetry, one should write the model in terms of {DM’Xui} field basis, which is called as the constructor basis where

Du = D:jta is defined as
D,u = Z A,u,I (2)
I

showing just one field transforming inhomogeneously and X,ui = XZ‘ita are (N —1) potential fields

A (3)

w2

X

pl =

A

M1 T

Xuv-1) = A — Aun

with | = 2,. o N and transforming covariantly. Nevertheless, the { Du’ X } basis is not the physical basis. By definition, the

i
physical fields are that ones which physical masses are the poles of two-points Green functions. For this, one has to diagonalize the

transverse sector by introducing the matrix Q [27]. Thus, the physical basis {Gul } is obtained by rotating as
D, = Q,G! X, = QG
[ VA= pi — SEIT (5)

under the © matrix invertible condition

QreQYy =01y (6)

The notation to be followed is Yu = Yuata, where ta are the matrices which satisfy the Lie algebra for SV (N) .

Thus, the objective of this work is to study classically on this whole non-abelian gauge theory. The paper organizes such

new non-abelian performance as follows. In section 2, one studies the symmetry composition at constructor basis {D, Xi} .
Section 3 rewrites the corresponding fields strengths in the physical basis {Gl} . At section 4, classical properties are derived from

the physical Lagrangian L (GI ) . It is left for conclusion a possible extension to QCD.

2 Constructor Basis {D, X}

Eq. (1) should be rewritten by expressing a connection with Yang-Mills as boundary condition. Thus, one defines the field
DH as the usual gauge field and the fields Xlll as a kind of vector-matter fields transforming in the adjoint representation. It gives
g, 0 _
D,— D, =UD, U +—(9,U)U"
! g

% % ir7—1 (7>
X! — XL =UXU

Eq. (7) propitiates a more easy understanding on the symmetry properties that the model carries. Geometrically, 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 [17, 18, 19]. Also by relaxing supersymmetry
constraints [20, 21, 22].

Thus the most general expression for the Lagrangian is
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L =t1(Z,, Z") + tr(2,2") + t1(Z,,2") + nte(Z,,2M)

(8)

1 . )
+ ntr(zw, ) — §mij2 tr( X, X*)

where ZMV is the most general covariant field strengh with an unique dependence on fields,

Zyw — 2, =UZ,, U™! (9)
which can be decomposed as
Zyw = Zyw) + L) (10)
The granular antisymmetric field strength is
Z[W‘] = leW + OéiX[i;w] (11>
with
D/W = 8MDV — &,D# + ig[Dw D,,] (12)
X = X}, — 0, X, +ig([Dy, X}] — [Dy, X))
Considering the symmetric sector, one gets as the granular counterpart
L) = ﬁz‘XZW) + 0igu X" (13)
where
Xy = 0uX, + 0, X}, +1g([Dy, X} ] + [Dy, X} ]). (14)

Another type of field strength is Z;w . It is a collective field which does not depend on derivatives and does not appear in

usual Yang-Mills theories.
Py = Zlp] T Z(uw) (15)
where
2] = i) [ X X3) 4 b { X0 XT3+ 7 X, X5 (16)
and
L) =1ig) [X o X2] + wpij) g [ Xop X
+ b { X X0} + v g {Xa: X 4+ 76 X, X5

It also transforms covariantly

(17)

Z — Z;/w = Uz, U". (18)

At this work we are not going to explore on tw term. Notice that ZMV and Z;w are not Lie algebra valued as it is FW in
the QCD. However, in order to explore the abundance of gauge scalars that such extended model offers one should also consider
contributions from decomposing the fields strengths in terms of group terms ta , tb ) tat b [ta,t b] , {ta, t b} . It yields an

expansion where each coefficient transforms covariantly the non-irreducible sector.
Working out the total antisymmetric field tensor, one gets
- a
Z[m,] = Am,ta

la ab (19>
2] = Bl + A/Wta + ijtatb

where
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Aa = dDa + O‘zX[W}
1 ) a
w = 3001 X X0
a abc v 1
Al = O X1, X,

v ia ib
Clipy = 1 X' X3

B

with
Cers = —iagy [ + b d™
Similarly, one expands the symmetric field strength
Zw) + 2y = (5X(W) + i Xty
+ (ap [ X%, X3 + wpig g [ X2, X9
+ bap A X XD [tas to] + v g A X X Hta 1o}
+ 'Y(ij)XLX,Ztatb
We should now split the Lagrangian in antisymmetric and symmetric parts. It gives,
L(D,X;)=Ls+ Ls— 1WQX;, XHi
where
L= M2y AL Aoz ,,]z d )\3Z[W]z m)
and
Ls =620 Z%) + & 24y 2" + E37 02

It yields the following equations of motion:
A (4da AT 2(d DL+ X 2Vt tb]>
—dgiig (@X;‘bzw”) +piX1 7, [t t]
W <2d 8, 2t + 2@%@1 D+, XYt tb]>

— 28319 <5¢X,§b2(uy) + PiX”in(,,y)) ta,ts) =0

for D;‘ field. And,
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Ay (0,2, + i g DL ZW[t,, 1))

+ A3 (2aa) X202 [ta, ts] + (2bpg) + Yij)) X2 ZW ta, 1))
— 30,24ty — p0* 2,1,
+ 46 : b 7 (uv) bry V)
+Zg(6iDyZu +p2DM Z(V > [taatb]
<%j}XﬁbZ ) 4 up X ”ﬂ’Z(V”)> [ta: o]
+ (b(ij)Xin(““) + U(ij)X“ij(yy)> {ta, ts}
+ 2)\2 (QG(W)XZI) Z['uy] [ta, tb] + <2b[l]] + ")/[z]])X,Zb Z[MV}{tQ, tb}>
+ A3 (20(0, 0t 40 g DY 2P, )
(aw]X,{'b 2 gy X Z(VV)) [ta, t]
* (b@j)XZb 2 gy X Z(VV)) {ta: o}
_@.ayz(ﬁw)ta — piO"z ,,V)ta
+ 253 . b (uv) b (V) =0
+ig (51’ Dy + pi D"z, ) [ta; to)

+ 283

+ 48

Taking the trace in above equations, one gets for D;

and for XLa
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2\ (0,2 — g fop. DL Z1)

1 .
+ A3 <Z Qi) Jabe + b[zy] dabe + 57[2]} dabc) le/bZ[,uu}c

Bi8, 2 piaﬂZ(V”)“
o ( +9 fabe (ﬁiD,ljZ(‘“’)C + piD“bZ(V”)C> )
+ & ( (i Qf[ij]fabc + V(ij)dabc)X”jin(yy)c )
+ (3 apij) fave + bigydape) X0 Z 0
+ X2 (2iagij) fave + 2bpsj1dave + Viij dave) X221
X (0, + g D} )
96, ( (i?[ij]fabc + b(ij)dabc)ngz-ZW)?)c )
+(dugg) fave + Va7 dane) X102,
B;0, 2 4 pi(?”z(y”)“
& ( +9 fabe (ﬁinjz(‘“’)c + piD“bz(V”)c> )
= 0.

Multiplying the equations of motion by tk and taking again the corresponding trace, we finally have the following

equations of motion

A ( d(daek - Z.faek>aI/Z[uV}a+ >
' g(d‘l)lli + aiXZb) (ifabcfcek - f(zl)cdcek)Z[MV}e

+ 51 gpi(fabcdcek - ifabcdcek>Xﬂin(Vy)e
+gﬁi(fabcdcek - ifabcdcek)XlZIbZ(‘uV)e
+ é d(daek - ifaek)auz[}w]a (30)
2 +g(dDg + OéiX;?) (ifabcfcek — fabcdcek)z[uu}e
L& 9pi(faedeck = i foedeck) X wib Z(Vl/)e
2\ +9B8i(favedeer — i fapedeer) X L2 HV)e
=0
for D;l.And,
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+gai(lfabcfcek - fabc cek;)DSZ['uV]e

& a(ij)fifabcdcek + fabcftfek) ijz[uu]e
2 +(b[lj] + 5’7[ij])(dabcdcek - Zdabcfcek) v
/Bi (ifaek - dcek)auz('uy)e + pi(ifaek - daek)auz(yy)e
+ 51 +gﬁz (ifabcfcek - fabcdaek>DZZ(/’W)e
+gpi(ifabcfcek - fabcdcek)D'ubZ(l,V)e
N ap X020 lev(ij)X”jaZ(uy)k
7 (ifabcdcek + fabcfcek) i
+1 (4] . X 7b 7 (pv)e
2 ( +b(zj)(dabcdcek - Zdabcfcek) v
2] (Zfabc cek + fabcfcek) Xuij v)e
+U(zg dabcdcek Zdabcfcek:) (v
& (2bp) + ) X2 (31)
zg (Zfabc cek 1 fabcfcek) > ijz[p,y]e
2 ’7[1]] ) (dabcdcek Zdabcfcek) v

A ( az( aek — Zfaek)a Z[“Ve )

+

+&3

aek Zfaek>a Z[;u/e )
+90€ Zfabcfcek fzzbc cek)DlIi [nv]e

( 2b(z Xjozmk 4 2y X j“z(yy)k

_3
2

+

Q4] ZfaLbc cek+fabcfcek) )ijz(p,y)e
‘l’b z] dabcdcek Zdabcfcek) v

Ui Zfabc cek T fabcfcek) >Xujbz v)e
+U z]) dabcdcek - Zdabcfcek) v

z Zfaek aek)a z ()e + pi(zfaek - dﬂek)auz(yy)e
+gﬁz Zfabcfcek fabcdcek)Dgz(uy)e

L8
2 b, Ve
+gpz Zfabcfcek: fabcdcek) D* z(,,

ia
for X.u .

The corresponding Bianchi identities are

Dy Zyyp) + Dy Zjpy) + DpZjyn) = 0 (32)
where
DyZiyg) = 0pZiyp) +igld Dy + i X, Zy ) (33)
and
D2y + Dyzipp) + Dpzju) = 0 (34)
where
D, 2p) = 0p2pp) +igld D, + azXli, Zup)] (35)

Notice that they are Bianchi identities with sources.

The associated energy-momentum tensor is
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1
Op = Ty + §ap(spuv + Syvp = Svpp) (36)
where
oL oL :
Tw=-———0,Dps + =————0,X., — L
" 00D Do) e (37)
oL oL ,
Sppr = =% P Dgy 4 —— % P
00D T B,
with
2, =i(030] — 6,0,) (38)
Splitting the energy-momentum tensor in antisymmetric and symmetric sectors,
_ pA S
O = 0, + 0,0, (39)
it yields for the antisymmetric sector the following expression:
9;?1/ = 4Z[MP]GZ[VP]CL + 4Z[up]az[up}a + ZZ[MP]QZ[V + 2721007 v e WWEA (40)
with
ML = M (Z10p) 27 + 210 7 + Zjag27) (41)

where £ is defined at eq. (24).

For the symmetric sector,
9511 = 4ﬁiZ(up)aX(up)w + 4piZ(pp)aX(w)m
+ 25iz(up)aX(up)w )
+ 42upaa [ X, XP)° + 4z(pf’> ) [X,0 X, )0
+ 42l { X, X} + 42,7 o { X, X7
+ 2Z a0 [X,, XP]° + 27 n wig[ X, X,

P ia
+2pzz(p aX(

(0 a
+ 2Z(upabiin (X, X799} + 227 v { X, X, (42)
— 4Bi0°(Z )X, ") + 4@8”(Z<,w X,
—4pi0u(Z,", X,") = 48:0"(Z(wa X, )
—4p;0,( (pp)aXum> +26:0°(» Z(u)aX, “)
— 2B,0°(2(up)a X, ") — 26:0° (2(p)a X, ")
—20:0,(2,”, X,") + 4p:0°(Z,, ", X, )0},
—2pi0,(%, 7 WX+ 2pi8p(z(aa)aXpi“)5Z
— N L£°
where £ 5 is defined at eq.(25). Eq.(39) provides the symmetry relationship
o — 6 (43)

and the conservation law
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0,0 =0 (44)

. . la
3 Physical Basis {G, }
We should now to study such non-abelian whole gauge symmetry in terms of physical fields. Changing basis, one gets
D,U, Gul

=Q1 (45)

X/u' G#N

where Q matrix is defined in eq.(5). Consequently, the physical fields suffer the following gauge transformation

Gt = Gy = UG, U™ + giﬁuU U
1

(46)
where Gul = Gjlta and the presence of different coupling constants, (, =——, means the possibility for coupling with
11
different currents. Eq.(45) yields the following fields strengths redefinition
D, = 0 (9,GL - 8,G", — ig,[GL, G)) (47)
Xy = Q(0.GL — 0,Gh) — ig(1Q%s + Q) [GL, G (48)
Thus we obtain the following antisymmetric granular and collectives fields strengths,
D) = ar(0,G} — 8,G1) — igay)|Gy, G (49)
Rluv] = bIJ[Gfu Gi] + CIJ{GfLa Gl{} + V(1J] G;IJ,GZ (50)
Notice that eq.(49) reproduces the usual Yang-Mills field strenght for the symmetric sector,
_ I o)l
2wy = PGy + prguw G, (51)
where
1 I 1 . I J I J
G(/,LV) = aMGV + aVGM - ZgJ([Glu GV] + [Gll7 Gu]) (52)
and

2wy = bun|GL, G+ can{Gh, GLY + winguw(GL. G*) + vangu{GL,G*}  (53)

with the following relationships with respect to constructor basis

ar = d1 + Oéier argy = arfdiy + o QY

by = gy bryy = by QY

e = by Yy c(ryy = cp Yy

) = w82 Wy = UGy Y (54)
V) = V€< 91 = 96»

Br = Bifl; pr = piS2t

Physics does not depend on the fields basis. The symmetry results obtained in the constructor basis can be transposed to
the physical basis [28]. Notice that the above fields strengths are also preserving the covariance property
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Zuw(Gr) = Zuw(Gr) = UZ,(GU™!

/ 1 (55)
ZM,,(G[) — Z,W(G]) = UZNV(G[)U
A further consistency on how such non-abelian whole symmetry implementation at SV (N) gauge group was studied in
a previous work [25]. Analyzing through the constructor basis one derives eight aspects attached to group generators and gauge
parameters. They are from groups 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.

As example to express the consistency for introducing gauge families, let us take the Jacobi identity unification. Taking the
infinitesimal transformation from eq.(46)

6Gr = 0w (x) + gfz?cGZIWc(w)

a 56
= [Duro(a)] (%)
one has to verify Jacobi identity acting on the field GZ,
{[517 [527 53]] + [537 [617 52]] + [527 [537 51]]} GZ[ =0 (57)
Showing that
[61,02]Gly = g f*[(Duras)’ad — (Duran)’as] = g fy.Dur(onaf) (58)

one verifies eq.(56) similarly to the YM case. Consequently, eq.(46) 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 U (N) group becomes a realistic whole physics to be understood.

The Yang-Mills extension becomes realistic. Eq.(46) underly the basis for deriving a whole non-abelian gauge theory. It
contains scalar and vector sectors to be understood. This fact is already predicted from Lorentz Group representation (%, %) . A next

step is to open it through the corresponding dynamics.

4 Classical Equations

The objective of this work is to promote a model where nature works as grouping. At this way from physical fields set
{Gl} sharing a common gauge transformation as eq.(46) says, a next step is to build up the wholeness principle through

(2N + 7) interconnected classical equations. From eq.(55), one gets a systemic Lagrangian
L=Ls+Ls (59)
L= 01 Zu) 25"+ D22+ X 21y Y 61 Z ) 29+ €02 2 4 Zun 2T (60
Eq.(59) provides the following whole non-abelian Lagrangian
L=Lg+L;+ L, (61)

Eq.(60) shows that Yang-Mills should not be more considered as the unique Lagrangian performed from U (N) At Apendice C,
didactically, one studies each building block for eq.(60). The kinetic term is given by

Lk =2(\aray + &6:8,)(8,G1)(0"G")
—2(Mara; — & BrBs)(0,GL)(8" G
+ 861819 (0.G1) (05GP (62)
+ 48191079 9" (0.G) (0.G*7)
Working out eq.(62), one gets
Ly = A1j0,GL - 0"G" + Br;0,GL - 0"G" + C1,0,G" - 05G" (63)
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Decomposing eq.(63) in terms of transverse and longitudinal operators,

Ly =—ApGO0"G,) — (Ary+ By + Cry) GO G + M7,G.G" (64)

where A|J = (5” and |\/||2J = mﬁ 5|J are the relationships that redefines the constructor basis { D, Xi} in terms of the physical

basis {Gl } . It diagonalises the transverse sector.

Eq.(1) contains N-spin 1 and N-spin 0 quanta involving a diversity on quantum numbers. Eq.(64) splits the quanta diversity.
From group theory one knows that a quadrivector carries information about different spins states. For this understanding one has to
separate in transverse and longitudinal sectors. Eq.(64) makes that. It yields different poles where the transverse and longitudinal
masses are related by the expression

det m2
det(l + BIJ + O[J)

det m? = (65)

2 . . . . 2 . . —_—
where M | means the transverse and longitudinal masses. Notice that if [T} contains zero mass it will yield zero masses on the

longitudinal sector.

The interaction Lagrangian is composed of a trilinear term and a quadrilinear term. They are

L= £-(3) + L-(4) (66)

int int

where

—4\igaka + 2X3axbrn+
E.(S) _ ( A gaga(y) 30 K0(1) )8 GK GM’GVJ
e +4&14(91818x — 91618K) + 2838kbyrgy ) [ )

+ 2X3ar¢k) + 0.GL{GH G} + 2Xsa1vuk) + (0,GL)GH GV
—8&1i(9B1px + 958k pr)+ ) oK [~ ~BT
+ 0,G Gy, G
( +2&3(pr by + Brury) [ ]
— (8¢1igp1pK — 283pKULN) G 9" Ou G [GL, G
+ 283 (Brvi) + prei))0aG{Gg, GPFY
+ 2€3pIU(JK)gquuuaaGal{Gi7 GOCK}

and
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+2& ngKﬁfﬁL — ngLﬁlﬁK) + &birnbix )+ G, GG, G
+&31(9181bk 1) — 9581k 1))

—Mgagnair) + Aobunbry — Astgag by +
1nt
n ( 2X0b(15yCK L) — A319a(1.0)CK L) ) [GI UG

+§3Z(915JC (kL) — 97B1¢(K L))
2/\2’Y[]J]b(KL )\329’7[1J]CL KL) ) GIGJ[GMK GVL]
( Aacirncrr) + Sacnc ){G GIHGHE , GvE)
+ 2)\2’}/[1J] [KL] GLGZ{GMK, GVL}
+ XYV L) GIGJG”KGVL
—8819191.B18K + 282biruik )+ ) I o[ ~K AL (68)
+ G, GGy, G
( —2&i(gsprbikr) + 9181vK L) ! I ]
—4 + SouirUir 1+ Y o o
T e ol POV CC e

2 v U
(S sy ) ceies.on
+ 26bircrn g [GM, GHT{GHE, GV}

+ (2%up vy — 283i9010071)) G g™ [GL, GYTH{GE, G}
+ £2U(1J)U(KL)QWQW{G£, GQJ}{G“K, G”L}

+ 28001y ¢(x 1) G { Gy G HGME, GV

There is a wholeness principle to be understood classically. The first step is to understand how it provides a whole
interconnected dynamics. The corresponding equations of motion derived from eq.(61) are

tr Ay (4a;0, ZWt, — diga 5GP 2V [t 1))+
+tr Ay (4bn Gl [ty 1] + Aoy Gt 1} + 290 G2 e, 1)
2a;0,2Mt, — 2igar ) GIo [t ) + 2010 GI ZW[t, 1)
+20;7 J]GJbZ[W {t ty} + 2y GI 2 1, ) ) +

e (

—4B10,ZW )t — Aprgpe O Z Pt ,+
+4i(g:85 — gJﬁI)GJbZ(“V [ta, ty]+ +

+4i(g1ps — 91p1)9peG**Z (o) [tas tb]

+4byr g G2 ) [t 1) + Aoy G2 {t tb}
—|—4u[U]G“‘”’g 2(po) [ta, ty] + 4w GHJb Gpo G {t tp}
—2&8 Z t — 2p18“g UZ(pU t + 2b [IJ] GJbZ pw) [t tb] + 2¢ [J)GJbZ(‘Lw {t tb}+
—|—2U[1J}G‘u‘]bg Z(po) [ta,tb] + 2U (1J) G‘u‘] g Z {t tb}+
+2i(g187 — 9581 Gl 2 [t 4, ) + QZ(QIPJ — g1p1)G"° g0 2P [t 1)

+tré

+tI‘€2

+tr€3

(69)

Eq.(69) shows the systemic dynamics involving the fields set {Gjl} evolution at space-time. Notice that the term )Ll

rewrites the Yang-Mills for N-potential fields. Nevertheless the other terms are adding on new contributions. They are showing that
U (N) symmetry should not be limited to Yang-Mills theory. Beyond the inclusion of other fields it develops an expressian in
terms of group generators.

Taking the trace from the above equations, one gets
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)\1 (2@[8 Z[Wl]a + 29@ [J)fachJbZ[MV]C) +

+ Ao (2ib 1) fane G2 vle 1 9¢ 1 dabe G2 2l

3 (

0, 7
+& ( br

+ &2

+&3

‘+ ’Y[IJ]dach z ,uu]c) +
ar 0,21 & gagg) fane G2 + zbm)fachi”Z[uv c
e dabe GL Z1E + 1 ndape G Z 11V )e

- 2P13“Z(,,V)a — 2(g1B7 + 9581) fane GLb Z e
—2(g1p5 + 9s01) fapreG"” ”Z(,,”)C
2Zb[]J] fachibz(uu)c + 2C(IJ) dachl{bz(uu)c
+2ZU[[J} fachprZ(VV)C + QU([J)dabCG‘uJbZ(VV)C
—B10,2)% — (9185 — 9Br1) fareGJP2)*
—Pfa“z(,,y)a — (g91p5 — QJPI)fach“JbZ(,,V)C

+ibir) fareGLP ZWC + 11y dape G0 Z )¢
+iU[]J] fachMJbZ(Vy)c + U(IJ)dachuJbZ(Vy)c

(70)

Comparing with the usual Yang-Mills dynamics, eq.(70) is showing how from SJ(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 an
observational physical principle.

Now multiplying by tk and taking the trace one derives the relation

A (ar(daek — 1 faer) 00 Z¥ + garyy fave(dere — i fore) G0 Z119) +

+ A2

+ A3

+&1

+ &2

+&3
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b(IJ)fabc(ideck - feck)ngz[uy]e + %C[]J]Giaz[‘“y]k
e dape(deck + i foer) G2 + Ly Glezk | 4
+%’Y[1J]dab0(deck + ifeck)Gl{bZ[“V}e
%al(daek — ifaekayz[HV]e —+ %G(IJ)fabc(dekc — ifekg)Gl{bZ[“”]e
+%b(IJ)fabc(ideck _. feck)Gin[lW}e -+ I%C[U}GI{GZ[W]’“
+§C[[J]dabc(1deck + lfeck)ngZ[ﬂV]G + 2 Giaz[w]k:
+§’Y[1J] dabc(deck -+ Zfeck)ngZ[MV]e
6I(ifaek - daek)ayz(uy)e + p[(ifaek - daek)(’)“Z(y”)e
+(9187 + 9361) fave (i fack — daer) Gy Z W) +
+(ngJ + ngI)fabc(ifaek - daek)G'uJbZ(Hu)e
b[IJ] fabc(idek:c + fekc)Gl{bz(Hy)e + %C(IJ)G;{@Z'(MV)]C
+C(IJ)dabc(dekc - 'L.fek,;)Gin('uV)e
1) fabe(ideke + fere) G2 (V,,)e + xoan Gz,
+U([J)dabc( eke — Zfekc)GMJb v)e

%Bf(ifaek - daek)allz m)e + §pl<lfaek - aek)auz(y
+2(9187 + 95B1) fave(i fack — daer) G020
+5(91p5 + 9p1) fave (i fack — aek)G“‘”’ e

+%b[1J]fabc(idekzc + fere) G ZWWe 4 L IJ)GI{I’Z(“”)’“

+ 310 dape(dere — Zfekc)GJbZ Hve
-U[IJ}fabc(Zdekc + fere)G ”JbZ ‘+ U(IJ)G“JbZ(V”)
Zfekc)G“JbZ

(71)
v)k —+

ve

k

_’_%U(IJ) dabc( ekc —
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The local Noether equations associated to the U (N) symmetry are

OuJy'(G) =0 (72)
é%% = Jy (73)
é%@“@”wa =0 (74)
where
7 = ey G (75)

Eq.(73) is understood as the symmetry equation involving a set of fields.

The granular Bianchi identities are

DyGrur + DuGopr + DpGupr = 0 (76)
The antisymmetric collectives ones are
I~J I~J I ~J

Outvp) + Ovlon + Op2lun) = V11 Go Gl + 110G oGl + MGG (77)

The collective symmetric Bianchi identity is
Ouz(wp) T O (o) + Opu) = V10 GGl + 110 GGy + 710 GGl (78)

and

0 + 2002, = vunGLGY + 210 GLGY (79)

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

Mills families interlaced. Something that move us to understand that QCD is not the only one theory related to VU (:':"»)C [29, 30].

5 Conclusion

Physical laws are being derived from symmetry. Three performances classify the symmetry behavior. They are the phase
factor—gauge transformation [31, 32, 33], spontaneous symmetry breaking [13, 14, 15] and the symmetry of difference [34, 35].
Another possibility is the dynamical symmetry breaking [16]. Most of present physical models are developed through the first two
aspects. A mechanism where the first one generates interactions and the SSB masses. At this context the standard model unifies the
electroweak interaction with Higgs [36].

Eqg.(1) assumes as physical principle that nature contains diversity and systemic behaviors. This leads us to look for a
symmetry performance able to sustain both aspects. So the corresponding fields set introduces a step forward in the symmetry
notion. It provides the symmetry of difference. Historically, symmetry comes out through the multiplet degeneracy [6]. For instance,
as degeneracy examples on energy and mass, take the hydrogen atom described through U (4) symmetry or the proton and
neutron associated through a same multiplet. Nevertheless, eq.(1) incorporates a quanta diversity. It says that it is also possible to
introduce different quantum numbers under a same symmetry. So, instead of Weyl degeneracy, it develops a non-degeneracy called
as pluriformity.

A new approach to make physics under symmetry appears. It opens a new relationship between physics and group theory.

Based on a fields set gauge transformations, eq.(1) introduces different fields families under a common SV (N) symmetry group.

It says that group theory is not anymore enough for defining the physicity. From a common gauge parameter one can define
different Lagrangians involving an undetermined number of potential fields. As consequence, the relationship between physics and
symmetry must be restructured. Something saying that the physical principle precedes the symmetry. We follow the whole principle
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as basis to construct physical laws. After that depending on the whole physicity to be described one defines the group and number of
fields associated. For instance, an electromagnetism defined by four bésons [37].

Our viewpoint is that nature laws are antireductionist. For this, we should center the physics behavior under a same single
group. Given a certain number of fields instead of establishing relationships through a symmetry group decomposition as
U (M ) X SJ(N) x U (1) or even by introducing a bigger group as U (5), it is possible to associate any branch of fields

under a common SU (N) group. Make them to share the same conservation laws through Noether identities and other interlaced

equations.

A first consequence is on QCD. Being a model derived from the experimental result where quarks are derived with three

colours, it is associated to the 3)(3)C group. Then, considering the Yang-Mills interpretation, one associates eight gluons

interacting with quarks. Nevertheless, without violating VU (:':"»)C experimental results, eq.(1) introduces massive gluons. Physically
massive gluons can be responsible for short interactions.

A new perspective for studying the quarks world becomes available. Quarks bring physics for a mysterious nature behavior
which is confinement. Fifty years after quarks discovery, up to now physics does not have an answer to it. QCD is being the only one
field theory model for describing the quarks properties. It is main result is on asymptotic freedom [38, 39], but as counterpart it has
infrared problems [40], including at high energies [41]. Thus the introduction of massive gluons are welcomed for solving infrared
problems since the asymptotic freedom property be preserved. Given the increasing number of non-linear terms in eq.(59) with
respect to QCD, its asymptotic freedom property is expected. Another possible physical situation is on the possibility of having
massive charged gluons intermediating charged quarks [42].

Concluding, a new opportunity to do physics is through antireductionistic gauge fields [25, 34, 42]. Instead of looking for
new space and geometry categories as extra dimensions [43], supersymmetry [10], quantum gravity [44] or even through U (5)
grand unification [45], understand physical laws through the wholeness principle.

Appendix
6 Group Theory Relationships

The following useful identities are related to the U (N) generators ta :

0] Commutation
[ta, to) = 1 fapet® (80)
(ii) Anti-commutation
1
{tau tb} = _5ab ud + dabctc <81)
N
(iii) Trace
trt, =0
1
tr tatb = _6ab
2 (82)
tr tatbtc = Z(Z fabc + dabc)
1 1 . . e e
trigtptety = méabécd + g(l fabc + dabc)(l cd + dcd )

7 Non-abelian Vectorial Equations at Constructor Basis

Defining

7

— N — R 1 v — 1
¢:D0, D:—Dl, ¢ :XO 5 X :—X (83)
one gets for the anti-symmetric sector the following electromagnetic fields:
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— — 1
EimnDnmEl = X[Oi]l7 BI = ieiij[kj]I (84)

) L
€= 200, b= ez (85)

For symmetric sector:

0= BIX(()())I: o= BIX(oi)Ia Oij = /BIX(M)I
0= PlgooX(aa)i, 0;; = Plgin(aa)i (86)

A= 20y, Lij = 235, T = Z(H“), T+ 'y = 2(00)

I=2,....N i=1,2,3 (87)

7.1 Non-abelian Maxwell Equations
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Considering the field Dﬂa, one derives the following equations:

For M=O,

AV - (2dE® + 2a;E1% + &%) — d% Fae D" - (2dE° + 20, B + &)

L fane X (2dEC + 20, B¢ 1 &) — %61 Fue X1V (25° + R°)

ForM=i,

N (88)
g Ib c c c jc g Ib/ _c c
+ Nﬁffabcﬁb (20°4+20°+7°+T/°) + QNPIfachZ5 (0 +0°)
g ic ic ic
=0
AV x (2dB° + 2a;B™ + b — d% FfareD? x (2dB° + 20, B¢ + )
— — — — a — —
+ %al Jure X" x (24B° + 20, B +5) = d (24E* + 205" + &)
g b c e — g Ib c mJc —
+ d= fue?d (2dE° + 201 E'° 4+ €°) — ==y fape 2dE° + 20 5B’ + €
Nfb¢( I ) leb¢( J ) (89)

N Bidase X (20 4 267 4 TU) — By funed™(25° + K°)

9 % c c g ¥ ic ic ic
+ 22 p1 e X (0 + 0°) + Cprfane X T(2077° + 20,7 + 217)
=0

Multiplying by tk , one derives the non-abelian Gauss law:
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— V- (2dE" 4 20, B 4 &) + L fure D - (24E° + 20, BT + &)

|y v c Kc Sc
- §ZV[IJ}XJb ’ (dfabcE + OCKfabcEK + 2dgpc€ )

— Z.a[[J}fabc)?Jb . (dEc + QKEKC -+ Qéc) — b[[]]dabc)?Jb . (dﬁc -+ QKEKC + Qéc)
- 2ia(IJ)fachJb et — b(IJ)dachJb : (dEc + OéKE:Kc + Qéc)

a a a a a ja
— 26150 +6%) & Brg (7 + T,
+ BV - (26° + A7) — %51 Fue D - (25° + A°)
2581 func (0 4 0°) + B funed (7 4 T) (90)

0 a a a ja ja ja
- 2p1§(0 +6%) + p;a(ZajJ +207% +T,%)
g c c g jc jc jc
+ Qﬁplfabcgbb(a + 0 ) + Np[fabcqbb(ZO-jJ + 20]'] + Fjj )
+ iU[[J]fabc¢Jb<UC + o° + 47’0) — Z'U[[J} fabc¢Jb(Ujjc + ejjc + QFjjc)
+ U(IJ)dabcngb(o-c + 9° + 47_8) . U(IJ)dabcqub(o-jjc + ijc + 2Fjj0)
=0
Ampeére law:
— oV x (2dB® + 20, B7% + b%) + %affabcﬁb x (2dB° + 20, B¢ + b°)
1

— 51 Fape X% x (dB€ + o BE 4 20°)

— ia[jj}fabcijb X (déc + OngKC + 256) — b[[J]dabc)?Jb X (déc + QKEKC + 2[;0)
—+ QiG(IJ)fabC)?Jb X gc — b(jj)dabc)?‘]b X (déc + OéKéKc —+ 256)

a — — — —
a5 (E + 20, B0 4 &) - %a, Fae? (2dEC + 20, E7° + &)

1. » : . : :
+ 52’7[1J]fabc¢Jb(dEc + OéKEKC + Zév) + Z(l[[]}fabcngb(dEc + OZKEKC + Qéc)

+ b1 daped” (AEC + ax EXC + 28°) + 2ia(r ) faret”’ (&%)
_, . ad, . -
+ b1y dabed”* (AE + axg EXC + 26%) + BIE(%a + A%)
L o o o (91)
_ ﬁ]V(2UUa + 20130, + Fz]a) + %ﬁ[fabcDb(2o_’L]c + 297,]6 + Fljc)
- %ﬁ[fabc(bb(zo_:c + KC> - 2,0[6(0'(1 -+ ea)
— 20,V (207 +207 + T/ + Q%plfabcﬁb(ac +6°)
+ %pffabcﬁb(%jjc + 207+ T7) + v fare X 70(0° + 0° + 47°)
_ iu[IJ]fabc)?Jb(Ujjc + ejjc + 2Fjjc> + U(]J)dabc)?”]b((fc 40+ 47_0)
- U(IJ)dabc)?Jb<0—jjc + ejjc + 2Fjjc)
=0
For Xﬂia, u= 0:
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dardaeV - (dE° + ayE7¢ + 556) — idfuerV - (AE® 4 o B¢ + 555)

a d%deklf“leb (dE® + as B’ + Eée) T id%feszaleb (dE® + ay B¢ + 56_6)
a %aldeklfalelb (dE® + as B’ + 556) T i%alfeklfaleIb (dE® + ayE’¢ + 553
% pud 2 1 _‘6 - ¥ —e 1 _'e
- %mdeklfalelb (0 + §A )+ @%Blfeklfalelb (0 + 5/\ )
+ %Bldeszabmbjb(ae +6°) — i%ﬁffeszablﬁblb(ae +60°)
9 Ib e je . 9 Ib/ e je
+ ﬁﬁfdeklfablﬁﬁ (r°+T/°) - Zﬁﬁ[feklfablgb (r°+ 1T,

+ ipldeklfablgblb(ge +0°) — i%plfeklfablﬁblb((je +6°)

(92)

N
L aa fand (0, + 07+ ST7%) = i s fad (0,7 + 6,7+ ST,7)
Np[ ekl Jabl 0; j 9 j ZN,OI ekl Jabl 0; g 5 j
=0
and U = i
g b e nle 1 7e .. 9 Rb e nle 1 Te
— dﬁdeklfale X (dB + CY[B + §b ) + Zdﬁfeklfale X (dB + Oé[B + éb )
— — — 1—‘ - — — 1—»
+ ddoerV x (dB° + oy B + 50°) — tdfoexV > (dB° + oy B + %)
- . _ 1- - _ " 1-
- %aldeklfablxlb X (dBe + OéJBJe + 5[)6) + i%()qfeklfaleIb X (dBe + CMJBJe + 5b8>
o - Lo o L
- ddae . dEe EIe —e° d aek =~ dEe EIe —e*
k@t( + ay —i-ze)—i-z fkat( + ay +26)
- - 1 5 5 1
+d %deklfab@b(dEe +arBE" + 53%) —id %feklfablqsb(dEe +arE" + 552)
- i 1 . . 1
—|— %queklfablgblb(dEe —|— OéJEJe + 56_6) — i%a;feklfablqﬁlb(df}e + OéJEJe + 56_6) (93)
- . . | - . . |
+ iﬁfdeklfalelb(U”e +07° 4+ SIV°) — iiﬁ[feklfalelb(U”e +0Y¢ 4+ -I"7°)
N 2 N 2
pud 2 1 _'e - —e 1 _’e
- %Bldeszabzﬁblb(g + A ) + Z%B[feklfablgblb(a +5A )
+ %/’IdeklfaleIb(Ue +0°) — i%ﬂffeklfabzX]b(Ue +60°)
o o o 1 o ) o . . 1 o
+ %pldeklfaleIb(aj] +0,7°+ §Fj] ) — Z%p[feklfalelb(Uj] +0,7° + 51“].] )
=0
Multiplying by tk , one gets the corresponding XLa—Gauss law:
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— otV - (dE° 4 a B¢ + 556) + iy foerV - (dE° + s B + 55‘3)
i %de’“lo‘lfabzﬁb (dE + ay B + &%) — i%alfeklfablﬁb (dE® + a BV + &)

—

1 1 - 1 ~

- NV[IJ}XM et — 57[1J]dabzdeleJb et + 57 [1J] dablfeleJb €
fablfele (G(IJ e+ apn ) - ZfabzdekzX *(a acrye’ + G[IJ]A )
2

B NXJ“ - (brge® + b(IJ)A ) = dapedeern X *(bye” + b(U)Ae)

+ ZdabcfcekXJb<b[IJ]ée + b(]])Ae) — QNb[[J]XJa . (dEk + OzKEKk)
- b(IJ)dabldeleJb . (dEk + QKEKk) + ib[[]]dablfekl)z‘]b . (dEk + &KEKk)
1 o

- ﬁldaekat(o'e + 96) + iﬁldaekﬁt(re + Fjj )

1 € e 1 . e je
+ iB1 faekOr (0 + 0°) — §Z/ijaekat(7- +T/9

= 1 - = ]_ —
¥ BrdosV - (5% + LK) — 1By for¥ - (5% + 5K
- %ﬁldeklfablﬁb Noa + i%ﬂ[feklfablﬁb i
* %Bldeklﬁlbl‘éb(ae +0°) — iiﬁ[feklfab@b(ffe + 6°)
1 1

— prdaardi(0° + 0,7 + =T 7°) + it fuurdi(o % + 0,7 + =T )

27 2
— p1daex0i (0 + 0°) 4+ ipy faer Oy (o€ + 6°)

+ %pzdeszablcéb(ﬂe +0°) — iiﬂffeszabzﬁbb(ae +6°)
e je 3 e e je 3 je
+ %pldeklfabl¢b(aj] +0,° — 4FJ] ) — Z—pffeklfabl¢ (0, 7+ 0, + erj )
ayrg) ferfan®” (¢ + 1) +dagry eszabz¢Jb(T +1.79)

2 ) je . e e
+ _b(IJ)(ﬁJa(Tk + r ‘]k) + b(IJ dabcdcek¢Jb(T€ + Fjj ) - 7fb(IJ)dabcfcekqsk]b(7— + Fjj )

N
1
+ iu[l‘]]f“blfek”b "(0°+0°) + QU[IJ]fabzdekz¢ (0! 4+ 6°)
e ? i .
_ _U[IJ]fablfeklcf) Yo7+ 0,5%) — Lupr) fandend” (07 + 0,7)

2
gy for fand” (27 + T%) + dug gy deps fanrd”’ (27° + 1)

1 1 7
+ —U(IJ)¢Ja(Uk +6%) + —U(IJ)dabzdekz¢Ib(Ue +6°) — —U(IJ)dabzfekl¢Ib(Ue +6°)

N 2 2 .
- %U(Ij)wa(%jk + ejke) - %U(u)dabldeklcblb(%je + ejje) + %U(IJ)dablfekl¢Ib(Ujje + Hjje>
- %v(u) o7 (2% + T7%) + vy dapedeerd” (27 + T 7€) — iv(r5) dape foerd” (27° + T 7€)
=0
(94)
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and the X:la— Ampére law:

4946|Page

= pdo¥ % (dB° + ay B + %aq i far¥ % (dB° + oy B + gge)

+ %a,deklfablﬁb x (dB® + ay; B¢ + b°) — z‘%affeklfablﬁb x (dB® + ayB”¢ + )
+ %V[IJ] x bF + %dabldekﬂ[u] X b° — %dabzfekﬁ[u] X B¢+ a(IJ)fablfeleJb X b
i fapider X 70 X U6 + %bmf‘”’ X B+ by dapedeek X 70 X b6

— by apefeek X 70 X B¢ — %b(u))?"“ x (dB* + oy B'*)

— by dapider X 7° % (dB° + ag BX®) + ibpydap forn X 70 x (dB® + o BX®)

+ @y doex O (dEC + a B’ + %5‘3) — iy faer O (AE® + o B¢ + %é‘e)

a %alﬁlbld&k@b(dﬁ@ +ag B+ &) + i%affablfequsb(dﬁe +asE’ 4 &)

2 1 )
+ N’Y[[J]Qb‘]a(ék) + 57[[J]dabldekl¢Jb<é€) - 57[[J]dablfekl¢Jb(é€>

- — 2 a
+ a(rgy fanidernd”’ (€°) + iacry fandend”" (€°) + Nb[u}ﬁb‘] (&)
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+ b[IJ]dabcdcek¢Jb(é€> - ib[IJ]dabcfcek’ngb(ée)

2 — — — —
Nb(u)¢‘7“(dEk + ag E¥* + &) + by dapden o’ (dE* + o EXF)
+ b1 dabzfekl¢Ja(dEk + OéKEKk)

N T IV
+ deaek@t(o- + §A ) - Z,B[faekat<0' + §A )

_|_

o - 1 .. o . 1 ..
— Brdaer V(o7 + 07 + 51"]6) + 081 faer V(07 4+ 07¢ + §F”€)
+ %ﬂ]deklfablﬁb(gije + Hije) — Z‘%ﬁ[feklfablﬁb(aije + 01’]’@)
- %6Ifabldekl¢b(o—e) + i%ﬁffabzfek@b(ae)
- pldaekv(ae + 96) + iplfaekv(a-e + 96)

I o1 » I o1
— prdack V(0 + 67 + §Fjj ) +iprfaer V(o + 07 + iFjJ )
+ %pldeklfablﬁb(o'e +6°) — i%p[feklfabl[jb(ae + 6°)

g = je je 3 je . g = je je 3 je
+ Npldeklfaleb(o-j] + 9]-] + ZFJ'] ) — Zﬁpffek:lfaleb(o-j] + 93’7 + erj )
+ajrg Favr fer X 70 (T9€) + 1ar.y] Faider X0 (T79°)
— aprg fani fera®” (K) — iajrg) fanderad”® (A°)
2 b ijer b e
+ Nb(IJ)XJa(F”k) + by dapedeer X 7P (T9€) — ibrgydape foern X 70 (D7)
- b(IJ)dabcdcek¢Jb(K€) + ib(IJ)dabcfcekngb(Ke)
1 - 1 =
+ §U[U]fablfekzX‘]b(0€ +0°) + §U[IJ]fabldeleIb(0'e +6°)
1 2 e je { ¥ je je
- §umfabzfekzle(0j] +0;7%) — i fanden X P04+ 0/)
g fan fora X 70 (276 + L) + dug Faide X P (27¢ + I/
1 - 1 ,
+ NU([{])AX‘]Q(O’]c + 0'“) + EU([J)dabldelelb(O'e + 96)
i v e e 1 la j j
— §U(]J)dablfelelb(0- +0 ) — NU([J)XI (O'jjk + ijk>
. 1 dond be( je + 0 je) + 1 d f le( je + 0 je>
2U(IJ) ablWekl 0; j ZU(IJ) abl J ekl 0; j
2 Ja ik ¥ e je
+ NU([J)XJ (Tk + QFjJ ) + U([J)dabcdcekXJb(QT —+ Fjj )
— 101y dape foer X T (27 + I
=0 (95)

The corresponding vectorial expressions for the Bianchi identities are

— — — _D — —
D x (dE + a;E7) = —E(dB + ayB7)

D-(dB+a;B’)=0 (96)
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S D -
Dxé=——b
X e Di
D-b=0
8 Lagrangian Building Blocks
L=Ls+Lsg

L4= AlZ[u,,]Z[’“’} + )\QZ[M,]Z[IW] + AgZ[MV}Z[MV]
Ls= glz[uu]Z[MV] + 522:[;1,1/]2:[#’/] + €3Z[,LLV]Z[MV}
(1) L =tr Z[NV]Z[’W}
Li = 2a7a,[(0,GD) (G — (9,G1)(2"G*)]
L) = —digarag(9,G5)G", G

int

L = —gPagnaun|GL, GIGHE, GvE

int

Equation of motion
tr )\1(4a1&,Z[“”]ta — 4iga(1J)Gin[‘“’] [ta,tp]) =0
Taking the above relations' trace
2a;0, 7 4 29a(U)fachgbZ[‘“’]C

Multiplying by tk and taking the trace:

Cl]( aek — Zfaek)a Z lavle + g@(IJ fabc( ekc — Zfekc)GJbZ[wj ¢
(2) L = tr 2,2
Lo = bunbucn) G, GIIGH, G
+ 2b ek [GL, GG, GPF)
+ 29.1bk ) G#Gl{ [GHE, GV
+ e { Gy, G HGH Gy
+ QW[IJ]C[KL]GZLGLI{G”K, G"*}
+ ’Y[IJ]’Y[KL]G{LGZ{G“KGVL
Equation of motion:
tr )\2 (46([J)Gibz[’wj] [ta, tb] + 4C[IJ} Gl{bz[‘wj]{ta, tb} + 27[[]} Gl{bz[’“’] [ta, tb])
Taking the trace from above equation

2ib(r.) fare G 20+ 2011 dae G 2 + 1 dape G2

Multiplying by tk and taking the trace
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(98)

(99)

(100)

(101)

(102)

(103)

(104)

(105)
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) vie 2 a v
b(IJ)fabc(Zdeck - feck)Gz{bZ[u ] + NC[]J}GZ{ Z[“ 1k
1
+ C[]J]dabc(deck + ifeck:)G,{bZ[#y]e + N’Y[]‘]]Gl{az[‘wj]k

1 ; Ve
+ 57[1J]dabc<deck + Zfeck)Gin[M }

(3) L =tr Z[ }Z[“

r®

int

= 2&[() JK) 8 GI [G“J GVK]
+ QCLICUK]aMGlI,{GMJ, GVK}
+ QGIV[JK]aMGIIJGMJGVK

L4 = —igagnbucn)|GL, GG, G
— 19a(1)CK L] [G GI{G"E, GvE}
— 1917y YK L] [G G’J]G“KG”L
Equations of motion:

1\ 2&[81,2[“1415@ — 2iga(1J)Gibz[’“’] [ta, tb] -+ Qb(](])Gin[‘uy} [ta, tb] 0
’ 20 0GP 2 ta, 1} + 290G 20 t g, 1} B

Multiplying by tk and taking the trace

a[auz[/u/]a + ga(r) fachibz[wj]c + Zb(IJ) fachin[wj]c
+ ) dape G 2+ g o GLP Z e

Multiplying by tk and taking the trace

1 1 vie : vle

éal(daek - Zfaekauz[u ] + ga’(IJ)fabc(dekc — Zfekc)Gin[u ]
1 | 1 )

+ Eb(IJ)fabc(ldeck - feck)Gz{bZ[M Je + NC[]J]GZ{aZ[“ Ik

1 y vie 1 a v
+ ic[lj]dabc<deck + Zfeck)Gin['u ] + N’Y[]J]Gi Z['u Ik

1 : Ve
+ 57[[]]dabc(deck + Zfeck)Gin[u ]

(4) L =tr Z(HV)Z(“V)

Lx = 2B18,[(8,G))(0"G") + (9,G)) (0" G*)]
+ 8pJgW(8“G”I)(6aGO‘J) + 4p1ngWg“”(8aGaI)(8aGaJ)]

L) = 4i(g18:8x — 9818x)0,GE[GH G
— 8igBrpK G 0aGON [GM, G| — 8igr B1p.19,w0" G G2, G
— 8igsp1pK G g 0aG " [GL, G
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(106)

(107)

(108)

(109)

(110)

(111)

(112)

(113)
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‘Ci(ﬁt) = 2(9s9xB1Br — 9290818k ) |G, Gy [G*, G
— 89191818k 9w [G", G [GE, G 114
—49590p19K 99" |GL, G GE G (114)

Equation of motion

—483;0,ZW)t, — 4pjgp08"Z(’”’t +
tré +4i(grBy — 9181 G Z W[t 1)+ =0
+4i(grps — 91p1)9pe G Z (o) [ta, L] (115)

Taking the trace
o BI@VZ(W)G - QPIaMZ(uV)a — 2(g18s + gjﬁf)fachin(W)C
- 2(ngJ + ngI)fachMJbZ(VV)C (116>

Multiplying by tk and taking the trace

Bl(ifaek - daek)ayz(#y)e + p[(ifaek - daek)ﬁ“Z(V”)e
+ (gIBJ + gJﬁ])fabc(ifaek - daek)Gl{bZ(“V)e

) (117)
+ (ngJ + gJPI)fabc@faek - daek)GuJbZ(u“ ¢

(5) L = trz(u,z*)

L) = bugbiey [GL, GIIGHE, 61
+ 2br e 9 |G, GPN[GE GO
+ 2byr ok ) 9 |G, GPTH{GE, GO}
+ 21k 1) 9 [GM, GYTI{GHE, GV}
+ U UKL Guwg" [GI Gaj] [GK GQL]
+ 2ur V(K L) guqu[Gl G*HGE, G} (118)
+ 2up.1C(k L) G (GL, G*{GE, G"E)
+ vnv (KL)g,ng {Goﬂ GQJ}{G#Ka GVL}
+ QU(IJ)C(KL)guu{Gév GG, G}
+ C([J)C(KL){G{U GIHGHE GvE)

Equation of motion

b (v b
e +4u$?gﬂg;j;fgfjj e et )=
Taking the trace
2’Lb[IJ]fach 2 4 2C (1J) dape G102 10)e
+ 2iur) fach“Jb 4 2u(rgydapc G*'° 20 Ve (120)

Multiplying by tk and taking the trace

4950|Page
June 2017
www.cirworld.com



©

ISSN 2347-3487
Volume 13 Number 6
Journal of Advances in Physics

) v)e 2 a v
b[IJ]fabc(Zdekc + fekc)Gin(u ) + NC([J)GI{ Z(‘u )k
+C(IJ)dabc(dekc - ifekc)Gl{bZ(uy)e

. ve 2 a. vV
+u[IJ}fabc(7'dekc + fekc)Gu]bZ(y ) + N/U([J)G'uj Z(V )k

—H)(]J)dabc( eke — Zfekc)GuJb v)e
(6) L =tr Z(W,)Z(“”)

Lial = 2819, GL[G" G
+ 29117k G Oa G [GH, GVE]
- ZBIU[JK]Q;WaMGVI (G7, G
+ QpIU[JK]gWgW@aGaI (G, G
+ 28105 g "GV G, GOF}
+ 2p10(1K) G " Oa GG, G
+ 2p1¢(1K) GO NeR (e N e

ﬁi(ﬁt) = i(gIBJb[KL] - gJﬁlb[KL])[G/Iu Gi] [G“Kv GVL]
- QingIb[KL]g;w [Giy Ga‘]] [G“K, GVL]
- Q’igJﬁIU[KL}QW[G“I, GV‘]] [Gf, GaL]
= 2igspru g™ [Gh, GV [GE, G
= 2ig;B1vr) 9 |G, GTHGY, GOFY
— 2ig;p1v) Guw g™ [GL, G {GE, G}
+i(g1BsckLy — 91B1cC KL))[GZL; GIHGHE GrEy
— 2ig;p1cr) 9w |Gh, GG, G

Equation of motion

—251(9”2(‘“/)75@ - QPI(‘),ungZ(pU)ta + Qb[]]}Gl{bZ(/W) [ta, tb] + QC(IJ)Gl{bZ(‘uV){ta,

tr 63 +2U[IJ} G#Jbgpaz(pg) [taa tb] + 2'U(IJ) G#JbgpaZ(pU){tav tb}+
+2i(g187 — 9781 G2 [t 0, 1] + 2i(grps — 9p1)GP 0G0 2P [t 0, 1)
=0

Taking the trace

— ;0,2 (9187 — gJﬁI)fachz{bz(W)c
— pfaﬂz(y”)“ — (g91ps — ngz)fach“JbZ(uy)C
+ b fane G 247+ ey dane Gyt 240

: Jb v)c Jb v)e
+ ZU[IJ]fach'u Z(V + U(IJ)dachu Z(V
Multiplying by tk and taking the trace
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(121)

(122)

(123)

tp}+

(124)

(125)
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1 - v)e ]' . v)e
_B](Zfaek - daek)auz(u ) + _pI<Zfaek - daek>auz v )
2 2 (

1 : b ()
+ é(glﬁJ + gJBI)fabc(Zfaek - daek)GV z

1 : nJb we
+ i(ngJ + ngI)fabc(lfaek - daek)G Z(N

1 . e 1 B
+ ib[IJ]fabc(Zdekc + fekc)Gin('u e 4 NC(IJ)Gin(H )k

(126)
1
+ éc(IJ)dabc<dekC — ifekc)Gibz(MV)e
1 ; pJbry v)e 1 wJbry vk
+ iu[IJ]fabc(Zdekc + fekc)G Z(V + NU(IJ)G Z(,,
1 v)e
+ §U(1J)dabc(dekc — ifekc)G“JbZ(V )
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