1S OF SCIENCE

Non-Abelian Asymmetry

F. P. Agostini
Laboratério Nacional de Computacao Cientifica
E-mail: f| avi a@ ncc. br

C. M. Doria
Universidade Federal de Santa Catarina
E-mail: cndori a@rt m uf sc. br

R. M. Doria
AprendaNet Softwares
E-mail: dor i a@pr endanet . com br

Given a symmetry: before looking for its possible extensione should first search for its corre-
sponding asymmetry. This means to find out the opporturiiessuch symmetry offers. Then
our effort here is to study an asymmetry possibility by idtroing different potential fields rotat-

ing under a same single group.

In this work asymmetric classical properties are studiedhHe non-abelian case. The presence
of asymmetry is first derived through new strength field temand collective aspects. Then field
equations, Bianchi identities, Noether theorem and ceesecurrents are obtained.

Diversity and connectivity are the main results from asyrmpeDiversity can be seen through
the various quanta carrying different masses, spin andliogugonstants obtained through equa-
tions of motion and their corresponding conserved currédtgnectivity through new inductive
relationships derived from new Bianchi identities and dedgequations. It is a gauge theory that
emphasizes the meaning of entanglement.
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1. Introduction

Symmetry alone does not solve physics. In order to do physics one asgagnetry. Thus
the concept of asymmetry has always being walking on the side of phy#iages beyond the
symmetry perfection and understands diversity. The spontaneoudgryeymmetry case is its
most well known example [1]. However there are another situations toderstood.

By asymmetry one defines the opportunities that a given symmetry can éffgossibility is
to consider the introduction of a set of fields transforming under a commageggroup as

Ayt (x) — ALy (X ZUA,,.U—1+iga“u Ut (1.1)

wherel =1,...,N. Eq. 1.1 can be assumed as a established mathematical expression. nDiffere
origins based on Kaluza-Klein, supersymmetry, fibre bundiepodel have already been studied
and proved its existence [2].

Thus one understands that by asymmetry does not mean symmetry violatiba possibility
of including differences inside symmetry. For showing more explicitly this asyimynpeesence
one should rewrite the field basis. According to Borscher’s theoreppl3isics must be indepen-
dent under fields reparametrizations, and so, one can rewrite the{Basisin terms of{ D, X;; }

defined as

{D, X} is called the constructor basis due to the fact that, under this field-r&tdréime gauge
invariance origin is more immediate whebg, is the genuine gauge field, whilg,; correspond
to the opportunities that symmetry offers.

Thus the fieldD, works as the usual gauge field and the fiéh,jsas a kind of vector-matter
fields transforming in the adjoint representation. It gives

Du—>D’“:UDuU*1+lg(0uU)U*1 (1.3)

Xy — X,'=UXx;ut (1.4)

WhereXL fields express the meaning of asymmetry. The indigying from 2 toN is showing its
diversity richness [4]. Geometrically, the potential fiekjscomes from the torsion tensor of the
higher-dimensional manifold that spontaneously compactifil tsB* whereB%is the Minkowski
space-time an@X some k-dimensional internal space. Thus the origin of the potential fietds ca
be treated back to the vielbein, spin-connection and potential fields ofrhiljinensional gravity-
matter coupled theory spontaneously compactified for an internal spactovsitbn [2].

2. Lagrangian

The general expression for this non-abelian asymmetric Lagrangian is
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1 . .
Z(D, %) :$A+gs+$ep—§nﬁx,;,xw (2.1)

ZLn :/\12[“\,}2[“"} +A2 Z[uv]z[uv] +)\3Z[uv}z[uv]
Lo = E1Z()ZWY) + &0 ZHY) + &3,y ZHY)

1 .
Zor == [0 (D" +pi X))
where the anti-symmetric field strength is
Zjyv) = dDpy + @iX, iy, (2.2)
with
Xy = OuXy — 0vX, +i9([Dy, Xy] — [Dv, X))
and the symmetric field strength is

Ly = BiX(LV) + PG X" (2.3)

where

Xf) = OuXy + 0, X,; +ig([Dy, Xg]+ [Dy, X,1)) (2.4)

Another type of field strength ,,. It is a collective field which does not depend on deriva-
tives

Zuv = Zp) + Zpv) (2.5)

where
Zy) = i) X X0 T B {0 XY+ Vi X X0 (2.6)

and

Ziw) = A5 X X ]+ Uiy Gaw (X X+ gy X0 X} Vi) 9w { X4, X1} (2.7)

It is understood the notatioA, = A";‘, ta, Wheret, are the matrices which satisfy the Lie alge-
bra for SU(N). Observe tha,, is not Lie algebra valued as it ig,f-in the usual QCD. However
in order to explore the abundance of gauge scalars that such extendetloffers one should also
consider other group-valued structures in the non-irreducible semtdnitoution. Notice that coef-
ficientsd, ai, [, pi, mj, &) and so on are identified as the free coefficients of the theory because
they can take any value without the symmetry be broken.
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3. Classical Equations

The equation of motion associatedlg field is

4N (d 0,2, +ig (d Db 1 g be) ydd [ta,tb]> +
+4&ig (BXPZW) + aXHZ ) ftato] +
+22s (A0, 2ty + 9 (d Db + o XP) 24V [ta,ts]) +

. 1 :
+2&ig (B X 2" 4 pXHPz ) >) ftasto] + = 0" (204D +pi e X™) =0 (3.1)

Considering the asymmetry presence, one also derives the folloiMrgl) equations of
motion for theX,;; fields:

ahai (0,2t +igDEZH [ta, o] ) +
~ag (BOZW 40047t ig (BDEZ +pD7 )t ) +
12X, (Za(i DX 20 [t t] + (2bj + vigp) X2 {ta,tb}) +
+452< (20X P2 -+ ugy XK1z ) fta,to] + (b X247 vy X7 ) ){ta,tb})
Y ( 2jbai (0yZHVlta + ig DB ZHV] [ta,tb]'z)%— >
+2aij) X ZHV [ta, t] + (20pij; + vijp) X ZIHVH{ta o}
B a2t —pd 7)) ta—ig (BDYZM) +pDP2)) ftato)+

+2&3 - :
+(a[i”XV’bZ(“")+u[i”X“JbZ(V))[ta,tb] (b(,J)bez<W>+v( XHIbZ, v ){ta,tb}

Field equations are complemented by identities as Bianchi identities and Noetbesrth
Considering the minimal covariant derivati®, = dy. +ig [Dy,.|, %, = 0y +ig[Dy,.] +
ig [XL, ] and the collective fieldx;,jv = [XL,XJ} , one gets the following Bianchi identities:

PuDvp+ Py Dpy+ ZpDyy =0
DuX [ o)+ P X o b+ Zo Xy +19 ([X1 Dvp] + [X), Dpu] + [X,, D] ) =0
DX+ v Ko = Do Xy +19 ([X4: Dup] = [X), Doy + [X;, Dyav]) =0
Duxidy + Do Xgh + Dp Xty + [XV ,X[p“]} {X,},X[\i,pd + {ij,x“iwd =0 (3.3)
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Then, deflnlngi = &jj) x,“, andz’ = ajj) xl')\, one also derives the following expressions
Dutp)+ Do Zpy) + Do Zyy) +a4i) ([X o] + XX+ X%k, ]) =0
Dy + Do Zipyy + Do Zuy) —aap) (XX by | + [ X0 X 00 | + X0 X | ) =0
Quzivp]_%z’[puﬁgp uv] — ([X XJ } {X X[Auﬂ {Xi’x(jv)D =0

DuZvp) = v Zopy + Zo Zy) + 84 ([ W [vp} [Xvi?X(;Jw)] [XP’X[AV]]> 0 (34

The last identity to be worked out is the local Noether theorem. It provides tielationships:

e 0.7 :
"“{QW’DV +[WXD} 0a=0 (35)
07 0.7 N 5 a
“WD ’ W’X”i]_ém} Oufla =0 (3.6)
sz |°
W] Ou0y0la =0 @3.7)

which yields,

2M1 [ZWV,d D, +ai X,;] +Asd [2°V),D, ] +
Oy +2&1 (B' [Z(HV)vxvi} +pig [Z(g))xvi )+ a;=0 (3.89)
+A30; [ZHVX,i] + & (ﬁi [ZM) X,i] +prgH z(;’),xviD

2M1 [ZIMV),d Dy + @i X,;] +Asd [ZHV],D, ] +

1281 (B [0, %) +09" |28 %] ) +

+Az30 [Z“N]vxw] + &3 (BI Z ZH), Xy +poighY [Z(a),XVI} ) + Ouda =0 (3.9)
_Zﬁd (Alz[uw + A3 Z[w])

a
[4dAleV] +2dAs zqu 0,0, =0 (3.10)

Finally, adding to eq. 3.8, one gek&-conserved currents which can be derived from the
equations of motion. They are showing the asymmetry diversity on the coapling

4. Global vector equations

Eq. 1.1 is producing new elements. Thus in order to understand the newsetuitie
measured we should rewrite the classical equations in terms of gauge rinabjacts. Defining
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¢ = Dy, D=-D, ¢ =X, X! = —X; !, where here notation is changed fbe= 2,...,N
andi =1,2,3. Ityields, the following invariants

E = DOI 5 B = égimnDnm 5 E = X[OI} 5 B = igljkx[kl]
— 1 — 1
€ = Zq, b = égijk Zyj , € = Zl[ol] , b= Egijk Zikﬂ (4.2)

The longitudinal sector also develops new invariants

0=BXep, O=BXa, 0ij=BXi), 6=p goox(o,or)i ; 8= P GiX, )

— —

Rewriting eq. 3.1 in terms of these new measurable objects:

2M1 <—da (déa+aJEJa)+g fabe (df)b—|— a X‘|b> ) (dEC+aJEJC))+

+2€ gﬁl falbc>_<Ib -0°— gBI fabcfplb (UC+ 90) + n
"\ +9pr fanc® (0,- €4 9(,-”°> —9p1 fapnc®'® (0°+6°)

+A3 (—dﬁ-éaJrg fabe (d5b+a| 7(”’) -é°+> +

63 (g[3| fabeX'® - A°— g fanc® (1°+T°) — gy fabcfP'ch) =0,

2)\1( d%(déa+a3|§33)—dﬁx<dl§a+aJB_Ja)+ )+
+9fanc (d 5b+>2'b) X (d B° + a; EJC) — g fane (0P + a1 @) (d B°+ay §J°)

9B fapc®'® 38— 9B fapcX'® (Gijc + Gijc) +
= . _ +
2 +9p1 fapcX' (0°+ 6% —gpy fapeX' (GJ' JC+90>

+)\3<d%éa—dﬁ><53+gfabc (d5b+xlb> X B~ g fane (d 9P+ ) éc>Jr

+85 (9B fabo® A~ 9B facX I 4 g1 fapoX'°1°) =0 (4.3)

for the genuine gauge field.
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2M (— a0 (d E%+a; EJa) + gy fapcD°- (d E+a, EJ°>) n

0 =S
—Bi 3 (02 +6%)+p 0-0%+
+9B fabcq’b (0°46°) —gp fabc[_jb -0+

+2&1 K] d s .
—pi > (0%+6%)+p o (oj’a+ej’a) +

ot ot _ .
+9p1 fapc® (0°+6°) — g1 fanc” (ijc +6; JC)

. 1 =
—2X (Ia(u) fabc + bjig) dapc + > Y] dabc> X0 et

- (ia[w} fabe + b1g) dabc) XJb'{V#‘
+2& + (iapy) fabe+ by) danc) @7+ +
+ (iayy) fape + iUpy) fane + b3 dape + V19 dane) @0 1°
—o O0-& + gay fapcDP-& )

+A . 1 - - .
: ( - (' a13) fabc + bjig) dane + > M) dabc) X3b. <d EC+ ak EKC)

—-B % (TCJr riia) +B _D',/_“\a+gB| fanc (TCJr riic) +
—9B fabcf)b‘7\c+ P %Ta-i- ap fabc(pb ¢+
- (ia[lJ] fabe + b(IJ)dabc) Xb. get
~ (iupa) fabe + Voa) dane) 90 (07 +6°) +
+ (iagy) favc + iUpy) fabc+ bg) dave + V) dane) @0 (0°+ 6°)

+&3
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. gt (d E2 +a; EJa) a 0 % (d B2+ aj éJa) + .
1 . . _
—ga fapc® (d E°+aj EJC) + g o fapcDP x (d B®+ a; BJC>
126 Bl = Ua 2B 0 (0" +6'12) — gB; fanc@® 8+ 9B fancD® (0'1° + 611 +
1 . . B B . .
+0 0 (Ua + 6% —p U (U 24 ejja) — gp1 fancDP (0°+6°) — gpr fapcDP (O'jjc‘i‘ ejjc>
L2, (iagy) fave + bygy danc + 3 Vg dabe) fpjbécﬂi N
— (iag) fabe + byg) abe + 3 Vi3] dane) X?° x b°
125, < (iagy) fapc + by dane) XTI — (iayy) fane + by3) danc) ¢Jb7\c+> n

— (iupy) fape + V() danc) X1

:;téa o O B2 — ga fapc & +ga fapcDP x b+

+23 | + (iagy) fape + by dabe + 3 Viig) dabe) @° (d EC+ax EKC) + |t
— (ia3) fabc + byg) Gabe + 5 Vi) danc) X7° x (d B®+ a |§KC)
B _/\a B O Oria — 9B facg® A° +9pB fapcDPTIC + P 0 72 —gp0 fancDP TC+

+¢&3 + ('a[u] fabe + D) dane) X ('€ +6'¢) — (iayy) fapc + b(1) dane) <P_]b0°+' =0
— (iupy) fapc + V() dane) X (°+ 6°) + (iugy) fave + Vi) dape) X7P (Uj 16 JC)

(4.4)
The Bianchi identities are rewritten as
= — @/ —
E = - =
9" x o
_
7' B=0 (4.5)
Y =4 7' =4 la b la @ bsc
7'xE' 4 B! =0 fane X x E 104 g fapcp® Bt
YA =4 la @ bsc 7' ija /I ~a
9'xE' —29fapc® B "= Eijk o O ta— B &k 2 0°ta
7' B'=gfp. X2 BPtC (4.7)
@l X @/ata+ 92 B)/ata+ I fabca(L]) X la X E)Jbtc+ | fabca(u) ¢IaE>Jth = 0
7' B ta+ i fapcayy X 12 B P =0 (4.8)
7' lija J la ~ijbic
sijk%r ta =i fapcEijk g B @ 0"t
ijk "1 /Jkata: | fanc&ijk ang BJX“a alkbe (4.9)
j Jk 1]
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7' . :

+i fanctijk gy B @2 016 =0
5/,?/ata+ | fabca(|J)Yla'§>Jth:0 (410)

. — — . —
I fabca[u] X la x E ‘]btc —2i fabcaw (pla B Jbtc—l-

(7 - — — .
+E&ijk T M3t =292"x N Pty +i fapcayy) BJ X2 x Gbte

35ijk 9{ I_'jkata—l— i fabcgijk a“J] BJ Xila ijbtc -0 (4.11)

5. Conclusion

Physics should not be only made by searching for new symmetries, bubalemking for
the corresponding asymmetries. While group theory defines by symmetmlzenof gauge fields
eqgual to the number of generators corresponding to this group [Skyiraetry here one defines
a number of potential fields rotating under a same group different fromuheer of generators
and so, this new aspect is explored in this work through non-abelian asyynme

Thus the effort here is to show how opportunities as diversity and cbiritg can appear
from SU(N). On diversity, it shows a variety of fields carrying difierenasses without requiring
Higgs and associated to different coupling constants. On connectiyptgsents different Bianchi
identities between its various fields as equations (3.3) and (3.4) are showing

We would also relate that although this work has worked with unitary grompsyould say
that it can also be extended to other classical groups including the extaptie groups.

Consequently, it emerges a possibility where nature evolution is a comgsxjitem opportu-
nities taken from a given symmetry. Physical models containing asymmetrp@ifesa possibility
to be understood through LHC.
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