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Color-octet weak current induced by quark mixing
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We generalize a previous study, in which we have discussed the possible existence of
a color-octet weak charged current by assuming tacitly the integral-charge quark model,
so that the formulation may also be applicable to the fractional-charge quark model. In
spite of this generalization, the conclusions stated in the previous paper are not revised.

In a previous paper' we have discussed the pos-
sible existence of a color-octet weak charged cur-
rent induced by quark mixing on the basis of a
four-flavor model with unconfined color in the
framework of the SU(2)z x U(l) gauge theory.

Recently. , evidence for the existence of fraction-
al charge on matter has been reported by I,aRue,
Fairbank, and Hebard. ' This suggests that quarks
have fractional charges. In the fractional-charge
quark model, the color-octet weak current can
be induced only by mixing among the quark fields. '
Although a model which provides color-octet
charged and neutral currents induced by mixing
between the flavor and color gauge bosons has
penetratingly been proposed by Pati and Salam, 4

such a mechanism is not applicable to the fracti-
onal-charge quark model.

The purpose of the present paper is to extend
the previous studies based on the integer-charge
quark model. %e assign our quark fields to the
doublets of the left-handed gauge group SU(2)~ as
follows:

i= 1, 2, 3.

Here the fields d,' and s,.' are given by a unitary
transformation U as

where d= (d„d„d,) and s = (s„s„s,). In order
that our theory may lead to results compatible
with the semileptonic interactions of ordinary
hadrons, we must impose

—,
' Tr(A)=e' [lcos8c,
—,
' Tr(B) = e'~v sin8c,

(3)

(4)

where 8c is the Cabibbo angle and ([' is a real (pos-
itive) parameter. Hereafter, we choose o =P =0
because the phases 0'. and P can be absorbed into
the quark fields d and s.

In general, the relation
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holds for arbitrary numbers a, b, and c, where
the equality holds only when a= b=c. Applying the
relation (5) to E[ls. (3) and (4), we get
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' ( I (i = I, 2, 3), we can obtain

(6)
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where w'=]. holds only when A»=A»= 33 c s Q

and By, B22 B33 sin8& in which case there are
no color-octet components.

Vfe next investigate a condition of the hE= —,
' sup-.

pression in the 4C = 0, AS = 1 part of the color-
singlet nonleptonic interaction. A piece of the
current product concerned with nonleptonic decays
of ordinary hadrons is

sf„g[d y(1 —y, )d,.s,.y'(1,-y, )s,.+ s.,y„(l—y, )d,s,y"(1 —y, )s,.]..
+„f„g[,.y, (1 —y, )ds,.y"(1 —y, )s; —,. r, (l r, )d s,y"(1 —y, )s,.), ( )—

where the coefficients are given by

fad(20) = Tr(A) Tr(B')+ (-)Tr(AB~) .
%e confine our studies to the CP-conserving weak interactions. Then we can choose the coefficients

1468



COLOR-OCTET WEAK CURRENT INDUCED BY QUARK MIXING 1469

f«and f» real. ' From the inequality

we obtain

f« —f„-1+&('(cos 8c+ sin8c)'
f«+ f2o 6&(' cos 8c sin 8c

The small value of w' predicts' the large ratio
of the slopes of the linearly rising cross sections,
cr(v (v )N- p, (p,')X), well above both charm and

color thresholds to that below both thresholds,
or

where

1+ (u

1+ 4 sin28c+ co(l - 2 sin28c) '

( v(v&)"above"

(+v(v&) "below"

and the small weak-boson mass

x'~ 0.388, (14)

for sin8~=0. 22. If we put co=0, we get ~'~0.368
which agrees with the value obtained by a Monte
Carlo search in the previous paper. ' Thus the re-
striction for e' is not loosened even if we extend
the color 2-3 mixing to the most general mixing.

=f84~f20

%hen we put' ~ = ~», which comes from the analy-
sis of E- 2m decays, we get a rigid upper bound,

~gG sin8„

38=it ~ . GeV.
sin8~

If we attempt to adopt the suppression mechanism'
of the M= z part, we are forced to accept that the
slope must vary more than twice at energies high
enough to produce the color-octet states and the
weak-boson mass must be smaller than about
43 GeV (sin'8~ = 0.3).
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