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symmetry. In particular it yields a possibility to go beyd@@D by reinterpreting th&U(3) color symmetry
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A non-abelian model for composite fields

1. A non-abelian model for symmetry SU(N) ® SU(N)

The possibility to go beyond of Yang-Mills symmetry [1] isggented in this work considering the group
SU(N) as combinatiorBU(N) ® SU(N) [2]. The description of the interactions by means of coned$elds
was considered by J. Schwinger [3]. Based on direct prodaaefine this operation between two independent
non-abelian groups [4, 5]. In particular we will apply it toet model of an composite quantum chromody-
namicsSU;(3) ® SU:(3) that preserves the experimental result where quarks cotfage colors. It yields the
possibility to explore an extended symmetry having countidms that not arise in the Yang-Mills symmetry
[2]. For example, the possible insertion of mass terms imtddgrangian without breaking gauge symmetry.

Consider a matter fielg composite by the direct product

X=y®0, (1.1)

in which ¢ andg are independents spinor and scalar fields in the fundammemadsentation, respectively. The
fields (¢, @) have independent local transformation

P=U(X)y and @ =Ux(X)p , with Uy(x)=€T%® and Uy(x)=e? %™ (1.2)

where(t2,t3) are independents generators of two non-abelian gr8uésl), and they satisfy the commutation
relation

[t2t0]=if®%¢  and [t3,t2]=if?%S, with a=1,2,...,N?-1, (1.3)

and w; and w;, are real functions. Using properties of the direct prodactd the transformations above, we
obtain the local transformaticBU(N) ® SU(N)

X' =UX)x , UXx)=UeU,. (1.4)
We propose a covariant derivative based on representatimugt
Du(AB)=Dy(A)®1+1®D,(B), (1.5)
where each covariant derivatiig, (A) andD,(B) act ony and¢, respectively
Du(A)Y = (9, +igatfAl) ¢ and Dy (B)@=(dy+igat3B}) @, (1.6)
and the gauge fieldsA, B ) transform in accord with
AP =UL A, U11+i (dUpU;t  and B/23=U, B, U21+é (0uU2)Uz . (1.7)

Given the definition for composite covariant derivativebjland some properties of direct product we find the
following gauge transformation

[Du(AB)] =UD,(ABU™. (1.8)
For a physical interpretation one has to make the variatdegh

9AS =G +%Cq and 0:BS= %G -%Cq, (1.9)
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in which (Gf},Cf)) are the physical fields that we are interested. Consequtglypew configuration for co-
variant derivative (1.6) in terms of the field&;,C})) is

Du(AB)X =Du(G,C)x = (9, +igiGST? +igoCt?) x , (1.10)

the equation (1.10) shows the presence of generdibf$ and {t%} associated to the new fields,C7),
respectively, expressed as

T?=tfol+1ety and t*=tfol-1et7, (1.11)
and satisfying the following commutation relation
[T3,TP]=if2°T | [t2t°]=if®°T° and [T2t°]=if*%°, (1.12)

in accord with the Lie algebra. Notice that the coupling ¢antsg; andg, are associated 6, andC, fields.
The next step is in obtain the gauge transformation for thensic fields(Gf;,C5), then we consider the
gauge transformation

D,(G,C) =UD,(G,C)U ™, (113)

and using above relationships f@ = w? = w?, it seems to write the above transformation as
aTa aTap|-1 i -1 a ap|-1
G/ T?=UG,T U+ o (auU)U and C/At*=UCHU™, (1.124)

where equation (1.14) shows the presence of a massless ast/engluons.
For deriving the correspondent invariant lagrangian thvsgauge transformation (1.14), we construct the
following field strength tensors

Fuw(G) = [Du(G),Dy(G)], fuw(G,C)=[Du(G),C,] and Cpy=gsC,Cy, (1.15)

where we have defineld, (G) = d, +i91G,. By rewriting those tensors into the components notatiorfitse
obtain

Fu=F3,T® where FJ =0,G}-0,G}-0:f*G)GS. (1.16)
The second tensor has the mix betw&pandC,,
fuv = F2,t2, with f2, =9,C3-g, FP°GhCE (1.17)

in which it is split into the antisymmetric and symmetric {sar

fiu) = 0uCl - 0,Cf - g1 F°GICT - F°C)GY , and f 3, = 9,CF +9,Cf - 01 f*°°G)CY + 0n F°C) G

(nv) =
(1.18)
respectively. The third tensor is obtained only in term€ pf
Cn] =Cl T2, with  CB,, = gsf™CiCy, (1.19)
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and the symmetric part
Cruv) = 93{Cy.Cy } = 9sCICY {t%,t°} = gsCACP(46%° - 22 @t - 24P @ 13 + d?°°T®) | (1.20)

in which gz is the constant coupling associated to self-interactidnmassive gluons. Defining the general
tensorZy,,

Z[uv] = Fuv +af[uv] +bC[uv] and Z(“v) = Cf(“v) +dC(uv) , (1.21)
in which (a,b,c,d) are real parameters, one gets
_7(Ma (Ha
Z[IJV] —Z[“V]Ta-i-z[uv]ta, (122)
where
(Ma_ra (Ha _ . ¢a
Z, =Fiv+bG,,) and  Zpih=aff,;. (1.23)
Similarly
_7(Ma (Ha (N)ab 5 ab
Z(uvy = Ziuy T+ Z B+ 200 N (1.24)
where

(Ma _ abc~b~c ta _ _.ca (N)ab _ a~b
Z 1y =dged C,Cy Ziwy =Sty Ziuwy =deCiCy,
and A®-45_2a2etd-2aPetd. (1.25)
It yields the complete lagrangian as
1 1 = 1 1

where we have taken into account the semi-topological %mt % syvaﬁZ“B. Using the traces relations
tr(T3TP) = tr(t%°) = NS | tr(T3P) = tr(T3A) = tr(t3AP°) = 0
and  t(APAS) = 45350 4 253°5Pd 1 253450¢ (1.27)

one gets the free part

1 1
Log = —Z(duGS‘— 0,G)* - E(duG“ a2

a’ 2 02 1
Loc = —Z(a,lcf- 0,C)% - Z(aucjw 0,C)%- z(aucﬂ 2 5m2 cicHa,
Lorp = {3(8%°0)¢°, (1.28)
and the interactions part, splitting it into the antisymrizet
L} = g1 1309, GIGHPGY © + gy 1279, C.2GH PCY © + ag, 1329, CACH PGV
+bgs F27°9, GICHPCY © + a%gy 12261V 7P 9, CGICF |
LA® —%19% fabeadegbGeGHIGY e a—;gi fabeadegbc ogHdCVe

2
_%gi fabcfadeCIII)G\(/:Gu de e gglg3fab°fadeGﬁG§C“ de e

b2

2
a
_Zggfabcfadeclll)cvccu dove_ Egi fab(:fadez_:uvch(_;Llfc‘;:(_;cg(i(:ﬁe 7 (1.29)
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symmetric parts and Faddeev Popov interaction
['IS(3) _ C2gl fabcauc‘ftGu bove_ ngl fabcauc‘;atcu bgve ’

£|3(4) _ _ggg fabcfadeGﬁCch“ dove, ;95 fabcfadeGBC‘fC“ dgve

2 2 2
—%ggcf,csc“bc”b - S—Nggcgcec“ac”b - dzgédabcdadecﬁcvcc“ dcve,
L7 = g1 120, X°GH °x° + agy 2%, x*CH x| (1.30)

respectively. Thus one derives the objective of this worlicilis the Feynman rules. Considering the propa-
gators, one gets

i sab Ky ky v v
<Gﬁevb>:‘%[9uv+(f—1) e ] MAVAWWW
a K b
by _ 52 2 2 kuky H v
(CSCV ) =~ (a2+(l:2)k2—mz [guv + (a —c%- %) (202+%P12)k2n12:| 'Gammlfmb’b'ﬁ’b
Kk
carby _ 5% a b
<ZZ>_ Ip2 NN N BN BN
p
The Feynman rules for vertex are obtained on momentum space

au

1

2 M50 = L 1o0[gH (K —ko)P + 0% (Ko — ko) + P (Ko —ka) ]

x
=~
&

b,v c,p
au ki ko b,v
.~ (4) .

k3 <« IrGGGG_ _|g% [feabf ecd(gupgva _ guagvp) + feacf ebd(guvgpo _ guogpv)

c.p ol d,o +feadfebc(guvgpa_gupgva)]
ki
K K irgécz bas fa0%(gvPky' — gHVk)) + (82 +¢?)ga FaPGHP (kg — k)Y
2 3

b,v c,p +(a2—02)glfab°(g“Pk1" _gvpkzu)
a,u ki ko b,v

i Gace = bigigsfeabfecd(gupgyo - gogye)
c,p ks kg d,o —(a2+02)ig§ guvgpo(feaCfebd+ feadfebc)

+(3.2 _ Cz)igf (feaCf ebdguagvp + feadfeb(‘gupgva)
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a,u kl k2 b, 1%
K ke irSeo= ~ib2g3 [ feabfecd(gupgvo —guogup)
3
c,p d,o + feacfebd(guvgpo _ guogpv)

+ feadfebc(guvgpa _ gupgva)] _ %zigg [ 5ab5cd(gupgva + guagvp) + 5ac5bd(guvgpa + guagvp)
+5ad5bc(guvgpa + gupgva)] _ %Ziggz (5ab5cdguvgpa + 5ac5bdgupgva + 5ad5bcguagvp)

_dzigg[deabdecd(gupgva+guagvp)+deacdebd(guvgpa+guagpv)+deaddebC(guvgpa+gupgva)]

a,u
K a,u ki ko b,v
) . TGee= 20 %% (ks + ko) ITGecc = ~afigien e (feadebe_ feactebd)
2 3

b’ vV C7 p C7 p k3 k4 d7 o
u,c u,c
k k

% fabcdu)?“G“ ch L =01 fabcpu Oglfabcdu)?aC“ ch L =00 fabcpu
*/ \\ */ N
ars \b ars \b

2. Conclusions

The natural continuation of this paper is the analysis oomealizability and unitarity of the model. The
effort here was just to exterf@dCD for massless and massive gluons by introducing quarks apasite fields.
The quark section will be analyzed in more details [6], ad a&kome classical properties no established here.
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