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ABSTRACT

We clarify the applications of our previous study on the Q.C.D. String to Electro-Weak
sector of Q).C.D.
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1 The Q.C.D String

One of the most interesting problems in particle physics is that of understanding Q.C.D
in terms of mesons and baryons as excitations of a collective color singlet variable. One of
the most beautiful and compelling argument for the possibility of existence of such Phys-
ical approach consists by considering the Q.C.D Partional Functional with quarks inte-
grated out and written as a dynamics of Fermionic Paths interacting with the gluon fields,
the well-known Loop Space approach for Q.C.D ([1]). In this Loop Space approach, the
central object is the Euclidean-Schwinger-Mandelstam-Feynman-Migdal-Polyakov Equa-
tion for the Non-Abelian Phase Factor defined by the bosonic trajectory of a pair quark-
antiquark at the leading decoupling limit of large number of colors of t’'Hoof ([1]).

Dle,():0 < 5 < o]®[e,(s); o < 2] (1)

where ®[c,(s),0 < s < o] denotes the (non-unitary) Euclidean quantum Q.C.D Wilson
Loop ([2])

®le,():0 < 5 < o] =
1

¥ <Trcﬂ3 {e:z;p - Aﬂ(ca(&)clu(&)d&}> (2)
It is very important remark and implicitly used in our previous work ([2]) that the use
of Feynman-Bosonic Paths for Feynman-Fermion Trajectories constraint the Bosonic Path
{e.(8)} to be smooth and possessing only isolated double point at path self-intersections
as a consequence of Pauli-Exclusion occupation number principle for fermions ([8]).
Another important point to remark is that Eq. (1) takes formally into account the
Non-Perturbative nature of Yang-Mills Quantum Theory by supposing the non-vanishing

Gluon-Condensate factor normalized to unity multiplying the kinetic loop term |¢,(a)|* in
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Fq. (1).
(Fu(A@)) Fya(Ala))
F 1 v 2
= [p [A(x)]exp{—@ JK xTn(FW(A))(x)} (Ful A(2)) Fa Al2))
= 8" (0|1*(A)[0) = 5" (3)

In a series of author’s papers ([2]) it was proposed a string path-integral solution for
Eq. (1) with intrinsic two-dimensional Fermions Fields in the String World-Sheet and
possessing intrinsic charges, a kind of generalized complex Elfin fields formed by a com-
plex combination of majorana neutral fields and besides, possessing a intrisinc vertex
interaction supported at the string world-sheet self-intersect points in order to reproduce
the Non-Abelian character of the Non-Linear term of Eq. (1) - ([3]). We have, thus, con-

sidered the following string path integral to solve Eq. (1).

ZPle(s),0 < s < 2n) = DF[X*(o,7)DF [ (0, 7)]

XH(o,0)=cH(o)

D[y (o, 7)) % (163,(0,0)¢(}, (27, 0))

e:z;p{—%/_—::o ar /0% dol(D, X" + (0. X" (7))

cap{—5 [ [T dofho 0D,

el’p{—ﬁ _T: dr _T: dr’ /0% do {%/)( ) + (Poytm) + (¢(k),7“¢(k>)2} (0,7)
(X (0, 7))6 (X0, 7) = Xu(0,7))70(X (5, 7)) (4)

The string surface fundamental parameter domain is taken to be the strip
D = {(o,7);0 < 0 < 27, —o0 < 7 < oo} and the vector string field X, (o, 7) sat-
isfies the periodicity condition X, (o + 27,7) = X,(0,7) together with the boundary
condition X*(c,0) = ¢*(o). The induced surface metric tensor is denoted by hgy(o,7) =
(0, X" 0, X,)(0,T).

The intrisic two-dimensional Euclidean Dirac Spinors {;/)é)(a, TA=1,2k=1,--- N}
belong to a U(N) fundamental representation. Finally, the area surface orientation tensor
Tu(X(0,7)) = (69, X3, X") (0, 7) are normalized to unity 7, (X (o, 7)7* (X (0, 7)) = 1
but 7, (X (o, 7))7*(X(0,7)) # 1 if (0 # 7).
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It was proved in Ref. [2] that the Hamiltonian Operator associated to the Self-Avoiding
string theory Eq. (4) with the identification g = Nh_%o(gQNC) coincides with the Q.C.D
(SU(o0)) Eq. (1) if one imposes that all contributing string world-sheets {X* (o, 1)} for
Eq. (4) are homotopical deformations of the Loop Boundary (¢*(o)). Namelly, the self-
intersecting equation X, (o,7) = X,(0,7) has solutions if only 7 = 7 and o € {0,5}
where & # o. This imposed condition leads to the result that the interaction term Eq.
(4) is a kind of a vertex, sewing along lines of world-sheet self-intersections the various
non self intersecting pieces of the whole string world sheet. It is very important to remark
that there is a induced four fermion interaction of Eq. (4) which comes from the trivial
self-intersecting point ¢ = o in Eq. (4) [Ref. 2]. Note that we have implicitly used
the following normalization conditions for these generalized Elfin fields (A = 1,2 denote

World-Sheet Dirac indexes). The Neuman Condition:
lim 0,y (7, 7) = 0 (5)
and the Loop renormalization for the String Propagator eq. (4)
Zéj)g(p)[cu(s) = cu(0) = 2,] = 5AB5(k)7(p) (6)
(1 = 648) Z(3(pleuls)] = 0 (7)

At this point it is worth remark that one is compelled to choose the number of Gen-
eralized Elfin Fields N in a such way that its contribution to the quantum geometrical
measures conformal anomaly factor leads to the usual Feynman measure ([4]) (in order

to the string theory be a well defined 2D Quantum Field Theory in the periodic strip

We have, thus, the condition 26 = D + 2N ([2],[4]).

The full Q.C.D (SU(N)) string for a finite number of colours is expected to be the
extension of the Fermionic Self-Avoiding String Theory to non trivial topological sectors
as in Ref. ([5]). Unfortunately, this result was not proved yet on base of Loops Equations.
However, it may be a consequence of the Unitarization of the String Theory.

After describing brief the proposed (2D Renormalizable) Q.C.D (SU(0)) string we

pass now to its modelling for the Strong Interaction of Mesons and Baryons.
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2 Meésons and Baryons as String Excitations

The fundamental point on the String formulation for Q.C.D is related to interaction
with the Electro-Weak sector flavor charges. In this sector one postulate that the vertex
associated to the string theory Eq. (4) are related to the Physical Baryon-Meson sector
and at this point one identify the intrinsic Generalized Elfin Charges with flavor physical
charges. For instance, the scalar and vectorial flavored mesons are generated respectively

by the vertex ([7]).

Vicalar = €TP {— /_;OO dr /027T doy/h(o, T)J(i)(X(O', T))(;/;(k)(Ti)(k)(p)¢(p))(a, 7')} (8)

+oo 2T .
Viectorial = e:z;p{—/ dT/ doy/h(o,T) AL(X(O‘,T))
0

— 00

0 X" (0, 7) (i (T o) (. 7) } (9)

Note that {t(), ;/;(k)} must belong to the fundamental representation of the Choosen
Flavor Group with generators {7'}.

They are the vertex (and theirs Lorentz-Flavor tensor-like generalizations) which gen-
erate the méson spectrum. One remark now to be pointed out is that these vertex are
coupled to unphysical fields {J'(z); ALTZ'} in the External Space-Time.

The Coupling of the theory with the physical Electro-Weak Fields should be made only
at the Boundary (after evaluating the String Path Integral Eq. (4) with external vertex
Eqgs. (8)-(9) which by its turn, is a functional of the loop {c,(s)}); by means of the

Boundary Interactions Phase Factors:

Priasor{ean = [ dolo'(cu(o))m) I (@) (10)

Priarfean = [ do(Wiea(o))m)e, o)) (1)

which are obtained after reformulating the Flectro-Weak Sector in the Quark-Lepton
Space Appendix 1. Here o*(z)7; and AL(Q?)TZ' are physical flavored fields.

Scattering Amplitudes (S — Matrix) of the Mesons-Leptons-Higgs-Flavor Gauge fields
are, thus, evaluated in the Loop Space ([1]).
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In order to consider Baryons on this Geometrical Functional Integral Approach, one
must build Frternal Fermion Vertex and add to those Eqs. (8) — (9), which still to be
an open problem in this approach although there is a obscure propose by Migdal which
considers directly in Loop Space a new kind of Q.C.D Baryon Loop Wave Equation ([1]).

Finally, we strees our hope that this Quantum Geometric framework does not have any

inconsistency and lead to the observable Strong S — Matrix ([6]) with flavor interaction.

Acknowledgement

Luiz C.L. Botelho is grateful to Professor Helayél-Neto for warm hospitality at CBPF.



-6 - CBPF-NF-076/98

References

1]

A.M. Migdal, Phys. Rep. 102, 199, (1983).
A.M. Polyakov, Gauge Field and Strings — Harwood Academic Publishers, (1987).

Luiz C.L. Botelho, J. Math. Phys. 30, (9), 2160, (1989); CBPF-NF-044/86 (1986),
unpublished;

Phys. Rev. 40D, n2 2, 660, (1989);

Phys. Rev. 41D, 1 10, 3283 (1990);

Modern Physics Letters 6B, n2 4, 203 (1992);

Brazilian Journal of Physics, vol. 21, n? 4, 447, (1991).

P. Olsen, J.L. Peterson, Nucl. Phys. B181, (5), (1981).
Luiz C.L. Botelho, Phys. Rev. 49D, 4, 1975, (1994).
Luiz C.L. Botelho, Europhysics Letters, 11, (4), 313, (1990).

C. Rebbi, Phys. Rep. C12 (1974).
J. Scherk, Rev. Mod. Phys. 47, 123, (1975).

Luiz C.L. Botelho, Phys. Rev. 35D, n2 4, 1515, (1987).

Luiz C.L. Botelho, Phys. Lett. 169B, 428, (1986).
J. Phys. A. Math. Gen. 23, 1661, (1990).



-7 - CBPF-NF-076/98

Appendix A — The Electro-Weak Sector as Dynamics
of Loops and Strings

Let us consider a set o microscopical quark-leptons fermi fields interacting with a color

Yang-Mills field ASA. and a flavor Yang-Mills field Win

exp{_f? [ aTren (B2 AN @) - [ dvxTrﬂmAFW(W))(x)}
cap{ =5 [ @ e DA W)}

cop{ 3 [ @)oo}

cap{~3 [ &atne + en)w))} (A1)

where {t(,), ¥}; {e(x), e(x)} denotes the quark and lepton fields respectively.
After integrating out the quark-lepton fields and writing the effective action in Loop

Space ([1],2), we obtain the following expression

exp — >, P[L.(6),0<0 < 5](Wu} (A.2)

Here, we have kept the subscript (A,) or (W,) to remind the reader about the gauge
field kind entering in the definition of the Mandelstam-Feynman Phase Factors, namelly

Dleu(0),0 < 7 < s](A,) = % TrosPleap(= [ doA,(e(0))e))})  (A3)

L0 < 0 8 = P {eap(= [ WallulonLuon}  (A)
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The Bosonized sum over the closed fermionic quark trajectories are given by the follow-
ing path integral ([1],[2]) which comes from the procedure of writting fermionic functional

determinants in Loop Space ([1])

% ds
I Ay K BN T EAC)
{en(o)} eu(O)=culs)=rn

capli [ do(x(0)iul @) Poivucleapli [ do(x(o)3,)) (A.5)

In relation to the Bosonized sum over the open Fermionic Lepton Feynman trajectories
which enters into the definition of the Lepton Propagator, it differs slightly for Eq. (5-A)

and is given by
(zy) - ) )
=[as |  DU[Lu(0)] D [r,(0)]
(/jz(;,)) /0 L (0)=2.;L.(5)=yu M( ) u( )

capli [ do(x(0) - (o)) Poivacerpli [ do(x(o) 7o) (A6)

By using now the result Eq. (4) to evaluate exactly the Gluon Functional Integral in
terms of a String Theory in Eq. (A.2) we get our main result, which express the Strong-
Electro-Weak Quantum Field Theory Eq. (A.1) in terms of a Dynamics of Interacting
Contours

{eu(0),0 <0 <} {Lu(0),0 <0 <5} {INJM(5)O <o <s})

and our proposed string theory Eq. (4) for all topological sectors added with appropriate
vertex for Mesons and Baryons Excitations (see Eq. (8) — Eq. (11) in the text).
Perturbative Calculations in terms of these Geometrical Path Integrals are imple-
mented in the String Path Integral in terms of the Genus String World-Sheet expansion
together with a expansion of the Q.C.D vertex in Eq. (4) in the number of non-trivial
self-intersecting double points or equivalently in a power expansion in the sweing ().C.D

coupling constant.
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Appendix B — The Self-Avoiding Elfin String Hamil-
tonian

In this appendix we present the formal evaluation of the Quantum Hamiltonian asso-
ciated to our proposed String Path Integral.

As a first step we consider the two-dimensional string time (see [2]), 7 in the range

0 < 7 < A in the Path-Integral eq. (4). As a consequence, the Euclidean Quantum

Hamiltonian will be given by the expression

0
AB : AB .
Hgypy = — lm 94 {Z(k)(p)[cu(a)a 0<o< QW,A]} (B.1)

and should act on the Theory’s Hilbert Space composed by Loop Functionals.

Evaluation of the A-derivative is straightforward since the 2D-Quantum Field The-
ory defining the Path-Integral Eq. (4) is renormalizable in the strip 0 < 7 < A;
0 < o < s = 27 due to double self-intersecting point condition of the loop function-
als (see the remarks below Eq. (4) in the paper).

This evaluation results into the Path Integral Average of the A-derivative of the full
interacting action in Eq. (4) at zero time

(i [ |5 (5) =5 (55) [ iwm))

lim 3 <</027T do /0% do (i) + (Loym)? + (D1 d)?

{du(@)enl0) = d(@)eu(0)}/ /()26 (eu(o) = eu(7))

{d(0)eula) = & (@)en(@)}/\/1eu(@) ) (B.2)

By using now the usual Heisenberg Commutation Relation for Euclidean 2D Massless

55%5::£%<<g%xwggﬂ>> (B.3)

and the Boundary conditions Eq. (5) we get the result:

[ ol - |c;<o>|2]} Zifplen(s),0 < s < 27 =

= ﬂ/% da/ dac [ W(0) — ()]
@w>[()0<8<d4?Ukm%sde$QM@%a<s§%1 (B.4)

Free Field
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By using now the String Propagator condition Eq. (6) in Eq. (B.4) we get the result
expressing that the String Path-Integral Eq. (4) satisfies the flavor-like Q.C.D (SU(o0))
Loop Wave Equation (1) after the identification of the Theories’s Coupling Constants

Nliiinoo 9.0 N = Bitring (B.5)



