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The phenomenology of the p-wave nonleptonic decays in the quark-density model is reviewed. We find that
a good fit can be obtained by considering contributions arising due to SU(3) breaking either in the hadronic
mass factors or at the strong vertices. However, when considered simultaneously, the two effects tend to
cancel each other. It seems impossible to avoid the Coleman-Glashow theorem, in any consistent manner,
if the symmetry-breaking tadpoles are introduced explicitly in the Hamiltonian.

I. INTRODUCTION

The “tadpole-dominance” models,! e.g., the
quark-density model® in which symmetry -breaking
interactions are controlled by bilinear quark tad-
poles, offer an elegant and perhaps the only sat-
isfactory resolution of the problem of octet dom-
inance in the nonleptonic decays. Interestingly,
recent attempts at generating octet dominance for
nonleptonic decays in field-theoretic models —es-
pecially in the field theory of quarks and gluons
(“quantum chromodynamics”)—have resulted in the
introduction of new terms in the Hamiltonian which
are explicitly of the tadpole form.® Particularly
relevant here is the model of Fritzsch and Min-
kowski.® The model is not only of the tadpole form,
but the tadpoles dominating the weak nonleptonic
interaction also have the same transformation
properties as the quark-density tadpoles. In spite
of the persistent interest in the quark-density
model, the phenomenology of the nonleptonic de-
cays—especially of the p-wave nonleptonic de-
cays—has not yet been presented unambiguous-
ly. The problem is that given the tadpole-
type symmetry breaking one can perform a
rotation in the SU(3) space so as to diagonalize all
symmetry-breaking terms.! This makes the p-
wave nonleptonic decays in the quark-density mod-
el vanish. Nonzero results for these decays have
been obtained by various means, such as intro-
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ducing ad hoc breaking of SU(3),* allowing the had-
ron masses to acquire non-SU(3)-invariant val-
ues,’ or by letting the strong couplings (baryon-
baryon-meson couplings) deviate from their SU(3)
values.® In this paper we review the phenomeno-
logical situation for p-wave decays. We reach the
conclusion that if the SU(3)-breaking effects are
introduced systematically and consistently, the p-
wave nonleptonic decays in the quark-density mod-
el remain zero. We show that this result, though
surprising, is still an obvious consequence of the
Coleman-Glashow theorem.

In Sec. II, the problem is presented in detail,
and the “universality” hypothesis is discussed.
We then discuss SU(3) symmetry-breaking effects
in masses and coupling constants in Secs. III and
IV, respectively. We conclude in Sec. V by analy-
zing the situation where the two symmetry-break-
ing effects are considered simultaneously.

II. THE QUARK-DENSITY MODEL

In the quark-density model the weak Hamiltonian
Hy is given by

Hy=GgP,+GpS,, (1)

where S; and P, are, respectively, scalar and
pseudoscalar tadpoles, bilinear in quarks. Using
the Hamiltonian of Eq. (1), the algebra of currents,
and the partial conservation of axial-vector current
(PCAC) we can write the p-wave amplitudes as?
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In Eq. (2), M is the symmetry-breaking part in
the mass operator

M=M,+0MS,. (3)

In deriving Eq. (2) it has been assumed that S, of
Eq. (3) and S, of Eq. (1) belong to the same octet.
This assumption, that the medium strong and weak
symmetry-breaking tadpoles belong to the same
octet, is the “universality” hypothesis. Universal-
ity is an essential feature of tadpole-type models.
The original motivation for proposing the tadpole-
dominance scheme! of symmetry-breaking inter-
actions was to obtain a universal mechanism for
the three interactions, viz, medium strong, elec-
tromagnetic, and weak. It must be realized that
the Coleman-Glashow rotation can be carried out
only if universality holds. Therefore it is tempt-
ing to try relaxing the universality hypothesis and
thus to avoid the vanishing of the p-wave decays,
as is attempted by Fritzsch and Minkowski.® How-
ever, the reasons for insisting on universality in the
quark-density model are not purely aesthetic or his-
toric. Theuniversality isforceduponus by the phen-
omenology of s-wave decays. It is known that the
d/f ratio for the S, tadpole required to fit the s-
wave decays is —3, the same as the d/f ratio found
for semistrong baryon mass splittings. If the
quark-density model is to have any predictive pow-
er at all then the S; tadpole generating the s-wave
decays must have the same d/f ratio as the S, tad-
pole. Hence, S; and S; must belong to the same
octet.

Returning to Eq. (2) —which is derived under the
assumptions of PCAC, current algebra, and uni-
versality —it can be seen that the p-wave decays
vanish if the coupling constants and the hadron
masses retain their SU(3) value, and if —3V30M
=fr. This latter relation is valid because it leads
to OM having the value required for the Gell-Mann-
Okubo mass splittings. Thus we see explicitly that
the Coleman-Glashow theorem works—at least

when SU(3) symmetry is exact for the hadron
masses and the coupling constants.

III. SU(3) BREAKING IN HADRON MASSES

We have noticed in Sec. II that the p-wave decay
amplitudes become zero only’if the mass factors
in Eq. (2) are constrained to their SU(3)-symmetric
value 1. This amounts to neglecting the rapid vari-
ation of the baryon poles inthe soft-pion limit,
i.e., in the notation of Ref. 2, ignoring the term
RP%(0). Kaushal and Khanna® have shown that if
this term is not neglected—i.e., if one uses physi-
cal values for the mass factors in Eq. (2) instead
of using SU(3) values (while leaving the couplings
SU(3) invariant)—a good fit to the p-wave decays
can be obtained. The fit obtained by them is shown
in column 2 of Table I. The Coleman-Glashow
theorem apparently fails. We shall comment on
the reasons for this in the concluding section.
However, a serious objection to the procedure of
Ref. 5 is that the whole of the decay amplitudes are
being generated by the R2%0) term which is of the
order Amg/2my compared to the Born terms, and
hence is expected to be small. Fitting the p-wave
amplitudes using only this term is expected to re-
quire G, of an order of magnitude higher than Gg.
This will severely violate the principle of maximal
parity-violation. Interestingly, actual calculation
shows that this fear is unfounded. It seems that
small symmetry-breaking effects of order am a/
2m g conspire constructively to give a large factor;
and the Gp/Gg actually required to fit the decays
is only about 3. Thus we obtain

H,~Gg(P,+3Sy). (4)

This enhancement of the parity-conserving part of
H,, with respect to the parity-violating part—
though a little surprising—is, nevertheless, not
unimaginable in view of the fact that the weak-in-

TABLE I. Amplitudes for the parity-conserving nonleptonic decays generated through
SU(3) symmetry breaking in hadron masses and in strong coupling constants. The ampli-
tudes are in units of 10%m "1/ 2sec™ /2 (Ref. 2).

Amplitude with Amplitude with Experimental
SU(3)-broken SU(3)-broken amplitudes
Process mass factors strong couplings (Ref. 2)
B(AY) 14.28 11.58 10.644 £0.475
B(E2D) 6.46 5.89 6.831+0.574
B(Z}) 19.08 19.08 19.078 £0.3472
B(Z2D) 0.51 0 —0.549+0.386
Go/V2 fy 3.85x10° —4.44 X105

2 Input for fixing Gp/V2 f,.
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teraction processes encompass a whole hierarchy
of effective coupling strengths.

More corroborating evidence in favor of this type
of fitting comes from the weak-radiative decays. In
the conventional pole model the expressions for
parity conserving and parity-violating decay
plitudes for the process =*- pyare, respectively,?
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where u,and u; are anomalous magnetic mo-
ments for the proton and the Z particle. b and b’
are weak-interaction couplings, and in the case of
weak-interaction Hamiltonian of Eq. (4) one ob-
tains
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The asymmetry parameter for the process Z*— py
is given by

o= 2 ReC*D
T ICIZ+ IDI?"

Using the SU(3) result up+/u,=1 in Eq. (5) and the

ratio b/b’'~3, we obtain a=-0.6, which is

close to the experimental value’ o¢=-1.0

+0.5. Thus the use of physical mass factors in

Eq. (2) instead of the SU(3)-symmetric values leads
to a satisfactory solution of not only the problem

of vanishing p-wave decays but also of the problem

of weak-radiative decays.

(7

IV. SU(3) BREAKING AT THE STRONG VERTICES

In Sec. III we have noticed that small symmetry-
breaking effects in hadron masses of order Am,/
2m g are sufficient to generate reasonably large
contributions to the p-wave nonleptonic decays.
One may therefore expect similarly large contri-
butions from possibly small SU(3) breaking at the
strong (baryon-baryon-meson) vertices. The situ-
ation regarding the physical values of these cou-
plings is not as clear as in the case of hadron
masses. However, the available information on
these couplings does not rule out the possibility
of the couplings being SU(3) noninvariant. In any
case, the presence of an S; tadpole term shall, in
general, break the SU(3) both at the strong masses
and at the strong vertices. There is no justifica-
tion for assuming, a priori, the SU(3) invariance
of the strong couplings. One should start by as-
suming the couplings to be SU(3) broken by the S,
term; and the breaking parameters should be
fixed from experimental information. This is what
we intend to do in this section. Since we want to

see the effect of SU(3) breaking at the vertices
alone, on the p-wave nonleptonic decays, we shall
for the purpose of this section assume SU(3) to be
intact for the mass factors in Eq. (2). This type
of analysis, to be sure, has already been carried
out by Gavroglu.® However, that paper makes too
many assumptions for the numerical results to be
of any significance. In the following we evaluate
the contributions of the SU(3)-breaking parts of
the coupling constants to the p-wave decays, tak-
ing care to keep the number of assumptions at a
minimum. As already stated in this section, we
ignore the contribution from SU(3) breaking in
masses computed in Sec. IIL

Following Muraskin and Glashow,® we write the
SU(3) noninvariant baryon-baryon-meson interac-
tion term as

H,,,=V2 dg Tr(BPB+ BBP) +V2 fg Tr(BPB - BBP)
+8, TrBxBP+ g, TrBPB\y+ g, TrB[A,, P] B
+g,(TrBP TrBxy+ TrBAr; TrBP) (8)

{where d+f=1). The TrBB TrP), term is irrele-
vant for the coupling constants required in Eq. (2)
and hence has been ignored in H,,,. Using Eq. (8),
the seven couplings required in Eq. (2) can be
written in terms of 6 parameters as follows:

2
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Six parameters are still too many to allow a de-
termination from experimental information on the
strong couplings. To place some conditions on
these parameters, we use the expression of Eq.
(9) in Eq. (2) (with —-3V306M=f,, and mass factors
equaling 1), and require that the nonleptonic de-
cays so obtained must satisfy the Lee-Sugawara
rule and the condition B(Z-)=0. We remark that
these conditions are reasonably well satisfied by
the mass-breaking contributions of Sec. III. Using
these two conditions, the number of parameters is
reduced to 4, which we determine from the follow-
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ing experimental numbers:
Zape?/4m=11.4, Ref. 9
grr,2/4m=12.5, Ref. 9
Eynet/4m=14.1, Ref. 10
Zank?/4m=16, Ref. 11,

Thus we are able to calculate all the parameters
required. Incidentally, for f we obtain the value
0.4 which is the same as the SU(6) value. Using
these parameters in Eqs. (2) we get the p-wave
decay amplitudes listed in Column 3. of Table L
Notice that the G, required for the fit is of the
same order of magnitude as in Sec. III, but has the
opposite sign. We shall comment on the conse-
quences of this in the next section. Here, we only
remark that since the G,/G; ratio is now the nega-
tive of what it was in Section III, the asymmetry
parameter a for the decay Z*- py changes sign.
Thus the fit of the p-wave decays through SU(3)-
breaking effects in the coupling constants is bad
inas muchasit gives the wrong sign for the asym-
metry parameter of the Z*- py decay.

V. SU(3)-BROKEN MASSES AND VERTICES

We observe that the consideration of SU(3) sym-
metry breaking, either in the hadronic masses or
at the strong vertices, leads to a good fit for the
p-wave nonleptonic decays, thoughin the latter case
the correct sign for the asymmetry parameter
for the radiative decay Z*=- py is not obtained.
However, the more important observation is that
the two effects—viz. SU(3) splitting in masses and
SU(3) splitting in the coupling constants—are of
the same order of magnitude and are opposite in
sign. This implies that in a consistent evaluation,
using physical values for both the mass factors
and the strong couplings, the two effects will can-
cel each other, and the p-wave decays will be
zero. This is an expected consequence of the Cole-
man-Glashow theorem. When a rotation is carried
out in the SU(3) space so as to diagonalize the sym-
metry breaking terms, SU(3) splitting is in gener-
al generated both at the vertices and in the mass

operator.’? A consistent treatment requires that
both hadron masses and strong vertices be con-
sidered SU(3) noninvariant, and the breaking pa-
rameters be fixed from physically measured val-
ues of the masses and the couplings. Tf physical
(i.e., symmetry-broken) values of coupling con-
stants and hadron masses are used, the Coleman-
Glashow theorem directs the p-wave decays to be-
zero. In Secs. III and IV this zero result has been
avoided by circumventing the theorem in con-
sidering either one of the two symmetry-breaking
effects. In view of the calculated near equality of
the two effects, the treatment of both Secs. III and
IV is clearly erroneous. We remark that the two
effects do not exactly cancel each other, only be-
cause in our treatment we have neglected the sec-
ond-order symmetry breaking (i.e., effects in-
volving cross terms in mass splitting and coupling
pling -constant splitting) and because the informa-
tion on the coupling constants is not very good. If
we knew all the coupling constants and used these
along with the physical values of the mass factors
in Eq. (2) we would obtain the null result pre-
dicted by the Coleman-Glashow theorem.

In conclusion we want to point out that there is
a way out of this impasse. Instead of putting the
symmetry-breaking tadpoles explicitly in the Ham-
iltonian, one can equally well start with a com-
pletely symmetric Hamiltonian and generate these
tadpoles through a spontaneous symmetry-break-
ing mechanism. In a chiral Lagrangian model of
the mesons it has been shown by Bajaj and Kapoor?®
that nonleptonic-tadpole terms can indeed be gen-
erated through a spontaneous symmetry-breaking
mechanism, and that in this case the consistency
conditions are such that these tadpole terms cannot
be transformed away. Unfortunately, the extension
of the model to baryons is not straightforward.
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