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Abstract:

This work explores gauge symmetry for the so-called symmetry object. The investigation associates gauge symmetry to
a collection of fields. Different fields are boxed inside of a symmetry object as a matrix. A systemic gauge symmetry is
proposed. It introduces a new procedure where gauge symmetry should not be restricted to Yang-Mills procedure.
Two fields arrangements are taken. The N-matter fields and M- mediators fields. These two symmetry objects are
connected through an abelian gauge symmetry. The corresponding generator becomes a matricial charge Q rotating as

U = e'?® where a means the abelian gauge parameter. It yields a collective gauge transformation.

Thus, instead of considering the Yang-Mills canonical procedure where the number of gauge fields is equal to the
number of gauge generators, this work develops an abelian gauge theory for symmetry objects. The cases where Q is
2x2 and 3x3 matrices are studied. By consequence, instead of developing gauge models where three and eight mediators

should be associated to SU(2) and SU(3) groups, are develops their behaviors in terms M an abelian
Introduction

Yang Mills theory expresses a golden rule for symmetry in physics|]. It connects gauge group and conservation laws
given that every symmetry groups contains parameters, generators, generators algebra, one gets that following the YM

procedure the corresponding physics will depend on the group choice.

For YM methodology, the phenomenology will depend on the group choice. The cross sections will depend on the
corresponding structure constants, the number of gauge fields must be equal to the number of group generators, and so

on.

Our argument here is different. We disconnect this strict connection between gauge symmetry and group theory. Our
starting point is that the number of mediators is indif- ferent to the number of gauge parameters. Our principle is that

symmetry is independent to the number of fields involved.

At this work are studies a non-defined number of fields through a common gauge parameter. For this, are defines as
symmetry objetcs as fields encapsulated in mathematical elements of a matrix. Thus instead of looking for just are

original simetries as string theories we are considering are gauge parameter associated to symmetry objetcs.
Focusing on the abelian case, one takes as origin a matricial charge Q, which means a gauge transformation U = '@
on N-matter fields. The cases 2x2 and 3x3 will be studied at sections 2 and 3. Instead of considering the classical
situation where three and eight mediators should be associated to SU(2) and SU(3), they will be performed under a
common abelian gauge paremeter. At conclusion.

We studied the following cases:

A study was made between sets of mediating fields and their generators.

Study with 4 fields and Pauli’s matrices:

e
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The goal in this step is to place any generic 2x2 matrix in terms of the Pauli and Idetity matrices.

Pauli Matrix Properties:

tT(O’i) = 0, t’l‘(O’i)O'j = 2(51']‘

A generic "M" array can be rewritten as:

M = la Z] = al + B;oi

c

Calculating the trace of "M" to find the value of "a"

tr(M) = atr(1) + B; tr(o;)

=0

a+d=a2

a+d

To find the value of "3;", we must manipulate "M" with "o;"

oM = ao;1 + ﬂiO'jO'Z‘

tr(o; M) = atr (o;1) +p;tr(c;0;)
——

=0

contracting indices with the Kronecker delta:

tT(O'iM) = ﬁzQ

119
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Expanding M = a1 + S;o; :

b 1 b
M*Ulza *0 =
c d 10 d

(SIS
1

b+c
=>f = 9 (9)
M*Jzza b*O —i:ib —ia
c d i 0 id —ic
(b —
—> g = 029 (10)
M * oy = a b . 1 0 _|a —b
c d 0 —1 c —d
a—d
b
oM =al +ﬂio'i = la ‘|
c d
a+d 1 0 b+c 0 1 i(b—rc) 0 —i a—d 1 0
* + * + * + *
(2)[011(2)[101(2)[2'0(2)[0—11
Proving that M = ol + S0, :
a b tr(M) tr(Mo;)
S M= — -
S [P
:>M:tr(M]l) tr(Mal)Ul tr(Mag)U2 tr(Mag)GS
2 2 2 2
—
=0
Calculating the values of "3;":
Muo, = a b . 0 1 _ 0 1
c d 10 -1 0
tr(Mo
g = 1) g (12)
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B2 = @ =0 (13)
F U L T E R I P
=0 dl "o 1] o1

B3 = tr(]\;[ag) =1 (14)

1 0
oM =1%03 =
0 -1

The coefficients "a" and "3;" actually satusfy the matrix equation.

Writing "M" in terms of Pauli’s Sigmas arrays and "1" in a new example:

tr(M1)  tr(Mo;)

—>M = 5 + 5 o;
. 34 di
M= " T M) =t it di
ai+ B c+di
i
oo CHd+1)i (15)
2
. 4 1 4 .
Moy = ) 3+ 40 . 0 _ 3+4i )
ai+ 8 c+di 10 c+di ai+ S
tr(Mo
gy = o)
3+B8+id+o0o
PEETY R EY) )
. A w 4 1
Moy = i 3+ 4 . 0 i 31
ai+ B c+di i 0 ci—d a-—pf
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:>52:w (17)
Mok on — { 3+41 . I i —3— 4
T lait B exdi| |0 -1 |aitf —c—di
:>ﬁ3:w (18)
SoM = [c+(d2+ 1)i]]1 [3+5+2i(4+a)]01 + [W]gz + [%md)]gg

To put a matrix in terms of Pauli’s Sigmas matrices is to give it a physical interpretation.

Placing a Matrix in tems of Pauli’s Sigmas matrices and "Ladder Operators" Will be essential in calculations involving

rotations over the studied fields, since a matrix in these terms acts as a generator of the rotation group.

An aray composed of field loads:

ql q2 ql 4+ ¢2
= , = ———=ap, Bi=0a
q3 q4 2

Finding the coefliciets:

Q0= [Ch QQ‘| . lo 1] _ lih q1]
43 Q4 10 s Gq3
tr(Qoy)

ayp = B

g2 + g3
-y 19)

Q1 qe 0 — 2t q1t
Q*x09 = * | = _ _
43 G4 t 0 qat g3t

t’I“(QUQ)

=>a

ag =
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2
1 0 —
Q% oy = q Qg2 " _ | a2
g3 qa 0 -1 g3 —qa
tr(Qo
o (2 3)
> g = q1—qa (21)
2
5. Q=agl +aio1 + azo2 + azos (22)
Using the properties of the ladder operators:
—>04 =01+ 1t02 and o_ = 01 — 09
Q=apl +azo3+asor +a_o_ (23)

An "N" field of matter is given by:

-

And a set of mediating fields is given by:

3 14 ;A2
VAL + A, A, +iAL

Al =000 A2 AL 4 oA
ptrdy YAy t+oAay

Both fields will be rotated by group U = €'?*, where Q it is the group generator, as previously studied. And the goal

is to find the gauge transformation for these fields,

A covariant derivative is made to analyze how N behaves over curvatures of the A ,; field, according to their interactions.

The N gauge transformation is given by:
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Using similarity transformation:

’

A, =UA, U +aid,UU

Replacing A;LI in (DHN)/

— > D,N) =0, +iUA U —ad,UUUN

— > (D,N) =U,N +8,UN +iUA, ;U 'UN —ad, UU'UN

=> (D,N) = Ud,N + 8,UN +iUA,;N — aU8,N + ad,UN

To satisfy the operation, the value from "a" must be 1:

a=1:

- (D,N) =U[d, +iA,;]N = U(D,N)

So the field A,; is now given by:

=>A,; =UA, U +id,UU"

(26)

(27)

Now you have to manipulate 0,U, to start puting A, in terms of the o symmetry parameter and the Q generator.

Remembering that:

U=¢99and Q = o a2
43 44

Since €@ is a matrix exponential, it can be rewritten as:

Q% =1 +iQa+ ... + (zQO'é)
n!
Therefore:
- >0,U =iQ0,a+ ... + (Zgl) o™
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; n—1
0,U = iQo,all + ... + ((;Q_) 1)!a”_1]

=> 0,U =1iQ0,aU
The derivative occours only in « is a function of space and time, a = «(z,t).

Note that by deriving U from p, you get U again. So, At is:

’

- >A,; =UA, U " +i°Q,aUU!

’

=> Al = UA U™ = Qi

We now have A, partly, in terms of o and Q

Using U as %% and adding a term O(a?) infinitesimal, to put all A,; in terms of o and Q

- > A;d = eiQO‘A#Ie_iQO‘ - Qo

> A, = (1+iQa)A,r(1 - iQa) — Qd,a + O(a?)

’

->A,, = (Aur +iQaA ) (1 — IQa) — QI

/

> A= Au — AuriQa + QoA — Q*Aur0” —Q0,0
—_——
=0

’

—>A, =Au - iaApr, Q — QOu
/ (28)

=>A, =A, +ia[Q, ALl - QO

We then get an expression for A, field gauge transformation. Note a switch in the expression. It must be calculated.

Using the switches:

[03’ 0+] =0+, [0370—] =—0-, [0’.;,.,0;] =03

We calculate:
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- >[Q,A.r] =[aol +agos +ayora_o_, YA, + 5Ai03 + A:aJr + A;J,]
- > [Q, A#[} = ao’yA# [I]., ]].] —|—a05Ai []].7 0'3] —|—a0A: []]., 0'+] +CLOA; []]., 07]
—— —— —— ~——
=0 =0 =0 =0
+azyA, (o3, 1] —|—G,36Ai [03, 03] —|—a3A; [03,04] +azA,, [03,0-]
—— —— —— ——
=0 =0 =0 =0
+a YA, oy, 1] +ay6A] [0y, 03] +ar Al [0y, 04 +a A} [y, 0]
=0 =0 =0 =0
+a_vA, [o_,1] —|—a_6Ai [0, 03] +a_ A [o_,04]+a A, [o_,0_]
—— —— ——— ———
=0 =0 =0 =0
=>[Q,Au1] = (a4 A, —a_Al)os + (asA} — a+5Ai)a+ + (as — Ai —azA,)o-
From this result we can rewrite A’ w1 in matrix form:
- > A/M = A +ialQ, Aur] — QO
vA', +5A%, At ]__vAﬂ+5AﬂL At :
A, YA, — A%, A, YA, — A3,
ria ay A, —a AL azAf — a+5Ai ap + as ay Do
a,éAz —azd, —(a A, — a,A:[) a_ ag — as
a system of 4 equations is obtained when we analyze each component:
VA, + 0A% =y A, + 643 +ia(ar A, —a_AY) — (ag + a3)da (29)
*yA;L — crAi/ =yA, —iaar A, — a_Al) — (ap — as)duo (30)
AZ = A:j + z'oz(ag,A;r - a+5Ai) —a40, (31)
A, =4, — ioz(a_Az —a-0A,)—a_0,« (32)

You need to isolate the fields and try to make them as independent as possible.

The general form of gauge transformations in 4 fields is given by:

—> A=A, + A, 4 A0,
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0.1 Manipulating the equations:

Adding (29) and (30) and multiplying by as:

- > cL;wA;i = azyA, — azag0, o (33)

A# = AH + klaﬂa

Subtracting (29) and (30) and multiplying by ag:

aoéAi, = aoéAi +iaag(at A, — a_A;:) — apazdpa (34)

Expression (33) is a good expression because it depends only on the field itself and the gauge parameter.

Subtracting (33) and (34):

- > agfyA;L — aoéAi/ —asyA, — aoéAi — iaao(aJrA; — a,AZ)

Z;L = Z, —iaag(a A, — a_A;) (35)

Multiplying (31) by a_ and (32) by a4:

a,A:/ =a_Af +iaa_(asA} —a 6A%) —a_a O, (36)

a+A;/ =ayA, — ioza+(a_Ai —a-0A,) —ara_9,a (37)

Subtracting (36) and (37):

a,A:/ - a+A;/ =a_ Al —a A +iaaz(a_ A +arAy) (38)

One can, through this expression, obtain the fields A:[, and A;,:

- > A:, = A;f + iOéG;gA:

=> AY = Afeloas (39)
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- > A# =A, —zaagA#

=> A, = A emio0 (40)

We then get a new set of fields:

=> Au{A,, 2, A 27} (41)

Study whith 3 fields and Pauli’s matrice:

—> A, = A +ialQ, Aug) - QI

Ai// AI// _ A3 A o ayA; —a_Ab asAf —a A
A, 4D A, —AY a A} —azA;  —(ay A, —a_Af)
+
_ |0 Tas o+ ] e
a_ apg — as

The system of 4 equations obtained when we analyze each component:

=> A + A3 +ia(ar A, — a_A) — (ag + a3)d,a (42)
=> A% = — A% —ia(ar Ay — a_AS) — (ag + a3) 9, (43)
=> Ajl = Al +ia(asAf — a+Ai) — a0, (44)

=> A, = A —ia(azA;, —a_AY) —a_d,a (45)

Subtracting (42) and (43):

2Ai/ = 2Ai +io2(ay A, —a_A}) — 2a30,0

AZI = Ai + ia(a+A; - a_A;:) + klauoz (46)

Multiplying (44) by a_ and (45) by a
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=> a,A:/ =a_A} +ica_(azAf — a+Ai) —a—as0d,0 (47)

=> a+A;/ = a4 A, —iaay(azA, — a_Ai) —ara_0yo (48)

Subtracting (47) and (48):

=> a,A:/ — a+A;/ =a_ A —a A +iaaz(a_ A +arAy) (49)

getting the fields A" and A}’

- > A:, = A;f + iaagA;f

_ 4+ _ A+ iaa

=> A} = Afelons (50)
- > A; =A, —iaagA;

=> A, = A et (51)

The new set of fields:

aur : {A%, A ALY (52)

0 0
Study for 4 fields and the Q = [0 11 generator, through Fierz representation and decomposition:

1
= *in = al + fio;

oo lo O]’atr(Q)

0 -1 2

Calculating the values of ” ;"

S B R
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t
=> 3 = r(Qas)
2
1 1
Q = —5:[]. + 50'3

Set of 4 fields:

A, 4 A3
Ay = | T

Calculating the swtich [Q, A,1]:

1 P A2
_ A, +iA
Al +iA% A+ AY

(54)

1.1 f

(Q, A = [—511 + 5ag,Aﬂ]l + Aoy + Afo, ++A 0]
->[Q,A ]——EA (1 11]—1A3 [1 ]—1A+[]1 }—lA*[ﬂ ]
A = T B 5 A T A L I T A D I T M [0 T
=0 =0 =0

2 2

=0 =0

Using gauge transformation:

—> A, = A +ialQ, Aur) — Qopa

! 3/ ’
Au + Au AI

- _/ ’ 3/
A A, AR

0 LAt

+ia | 2w
A7 0

The system of equations:
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+5A4, o3, 1] +§Ai 03, 03] +5 Af [03,04] +§AH [03,0_]
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=> A, + A=A, + A (56)
=>A, - A% = A, - A%+ 0,0 (57)
A = A* iataAt
—>4, =4, +za§ i
! iod
A;f :A;e 2 (58)
— > A=A —ja-AT

A;/ = A;e‘io‘% (59)

Adding (56) and (57):

—>24) =24, + 9,

=>A, = A, +kidua (60)

Subtracting (56) and (57):
- > 240 = 24> + 0,0

=>A, = A, +kd,a (61)

The new set of fields:

=> A {A A5 AL ALY (62)
THe result obtained with 3 fields is similar except that it does not contain A;L =A,+ k0,

Study with the triplet of fields and the ”Y” matrices.:
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0 —iAd A2
—> A= | iA 0 —iA],
—iA% QA 0

0 —iag iaz
->Q=| ias 0 —iaq| =a:i%;
7Z‘a2 ia1 0

Calculating the switch:

- > [Q,AM[] = [alzl + GQZQ + a3237Al1L21 + AiZQ + Aizg]

— > [Q, Au] = a1 A}, [S1,51] +a1 A7, [51, Bo] +a1 A%, [S1, Xs]
=0 %, — 5,
az A}, [S2, 51] +a2A2 [2, 5] +az AS [Sa, Xs]
—— —— ——
RS =0 =5,
asA,li (X3, 1] +G3Ai (X3, 2o] —|—a3Ai (X3, 3]
—— ——— ——

=3 == =0
=> [Q,A#[] = ((ZQA;O)L - agAi)Zl + (agA}L - (llAi)EQ + (alAi — GQA}L)ES

The gauge transformation:

—> A, = A +ialQ, Au] — QI

0 —iAY  iAY 0 —iAd A2
=> Ay 0 Al =|diA 0 —iAl|+
—iA2 AL 0 —iAZ QAL 0
0 —(alAZ — agAt) agAt — alAi 0 —ias  ia®
Pa| a1A2 —ayAl 0 —(a24% —azA%)| —i | ia® 0 —ial| dua
—(asA}, —a1A3)  ax AP —asA? 0 —ia?  ial 0

The system of equations:

- > —iAz = —iAz — i2a(a1Ai — agAi) + tagdya

Dividing for ”(—i)”:
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=> Ai/ = Ai + ia(alAi — CLQA}L) — a30

- 12 - 42 -2 1 .
- > —’LAM = —zAM —3 oz(a;;AH — alAi) + iax0, 0

=> Ai/ = Ai + ia(agAllL — alAi) — a0,

- 41 11 -2 2 .
- > —id, = —iA, —i a(agAi — agAu) +ia10,0

=> A}L = A}L + iOé(GQAi - CbgAi) — a0,
The results obtained are not good for collective field theory, with a symmetry.

Study with O fields, 9 generators and the Gell-Mann matrices:

) AL+ A At Ak
—> A = 3 A, —A3 + %Ai A3,
s A
a3 + ag + ag al+ ai
->Q= al ag +ag — as af_
a? ad ag — ag

Calculating the switch:

— > [Q, Apur] = [asAs + agAs + aghg + af AL + a3 AT + @t A3 +al AL + a2 A2 +a? A2,

ASXs+ ASXs + AL AL + A2 02 + AP AT + AL AL+ A2 02 + A7 N3

H—=

— > [Q, Aur] = a3(AL 2X} + A2 AT + A3 (X) + AL (“2AL) + A% (=A%) + A3 _\?)

+as(A2, VBN + A3 VXS + A2 — VBAZ + A% — VBA3) + ag(0)

Fal (A3 (=2)AL + A3 N2+ AL N+ A2 (—A%))
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+ad (A3 (=A%) + AB(—VB)NL + A _(—A}) + A2 My + A% AL

+a¥ (ASNY + AS(—VB)ANS + A, (=A3) + A2 AL + A3 M)

Fal (AD201 + AL (=Xs) + A% AT + AD_(—X%))

FaZ (ADN2 + ASVBAZ + AL N + A2 (-M1) + A3 (-AL))

+a® (A3 (=N3) + ABVBAS + A2 (—AL) + AD (M) + Al _)\2)

=>[Q, Aur] = As(al A, —al A, +2s(0)

+AL (asA} 24 al A3 (—2) + ad A% —a® A2))

2 (0342, +as A2 VB +al AL, —ad AD 42 AY(—V) —alAl,)

A (—asAD | +asAd VB —dd Al +atAD 4} AB(—V3) +alAD))

+AL(a3A),_(=2) + af AL +al 472 — a2 A7)

+A2 (—asAZ_ +asAl (—VB)—al A3 +a? A3 +a® ASVB+dP A )

07 (as A +asAS_(—V3) —al A2 +a’ A}, +a® AD +a® A5V3)

Mi(aZ A —a A7LL)

Mg(aiAi_ - a?LAi+)

Arrays, ” My” and ” M5”, obtained from the switch:
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1 0 O 0 0 O
- > Ml 0 1 0 3M2 0 1 0
0 0 -1 0 0 -1
The matrix equation:
3’ 8 1’ 2/ 3 1 48 1 2
. A + A Au A;H- Au"'ﬁAu A Au+
_ 1’ 3’ 1 48 3’ 1 3 1 48 3
=> 3 Au— _Au —A Au+ 3 A _Au + %Au Au+
2/ 3’ 2 A8 2 3 8
Au- Ap- —val A A _ﬁAu
) Y T ¢ as + ag + ag aﬁr ai
ia§ p 0 £+ al ag + ag — as a? 0,
n < w 2

a 3

a_ ag — ag

Where:

—>= (a}i_At_ - al_A1 + a+A2 - aQ_A,QH_)

—>7=(asA) 2+al A} (-2)+al A} —d’A}))

— > 0= (a4}, +as A} V3 +al AL, —ad 4]+l AL(-V3) —al A

—>¢=(—azAd, + agAiJr\/g — aiAL, + aiAi + aiAﬁ(—\/:?) +a_A;L)

0= (a+A3 — ag_Ai+) — (a_lf_Ai_ - al_A}H_)

p=(azA, (-2)+al A, —a'A’2-a’A}))

n= (—agAi_ + agAZ_(—\[) — al_Ai_ + aQ_AiZ + a%Ai\/g+ a® Al )

¢ = (UL;),Afk + agAi7<—\/>) — a+A2 +a? AlJr — a:iAi + a?iAi\/g)

w= f(aiAi_ - az_Ai+) - (aiAi_ — aiAf’H_)

The resulting equation:
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=> Ai/ = Ai + ia(?(aiA}k - alA}L )+ a+A2 - a+A2 - a+A3 - a?iAi+)a348#a

=> A8 A8 + zozg(aJFA2 - a%AiJr + aiAfk - a:iAiJr) — agdV/30,

=> AV

=

= A, +iaasA), (-2)+al A, +al A32—-a” AD,) +a' 20,0

=> Ai; = A2 +ia(—asAl,_+ agAif(—\/g) —al A3 +a? A+ a%Ai\/g +a® Al )+ a® 20,0

=> Ai’_ = Ai_ + ia(agAi_ + agAi_(*\[) - a+A2 + QZ_AIIH_ — aiAi + aS_Ai\/g) +a® 20,

=> AlJr = A, +ialasAL 2+ al A3 (=2) + % A) —a® A% ,) +a) 20,0

=> A2+ = Au+ + za(agA/Hr + asAMJr\f a+A3 - a,f_Ai + aiAi(—\[) - a+A1 )+ a%20,a

=> Ai/+ = A?H + ia(—a:;Af’Hr + agAi+\/§ - aiA}L, + aiAi + aiAi(—\/g) + al,AiJr) +a*20,a

a b 0 0 a b 0 0
c a b " c a b
T= o 0 0 0
a b v a b
o --- 0 c a - 0 c a
L d NzN

a b .
M = [ ] = al + B;oieg
c d

x
A’ t11 ti2 t13 tia y
vw' | = |tar tas toz to ;

w t31 t32 133 134
w
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