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Duality reproduces most current-algebra results and leads to octet enhancement for
8-wave nonleptonic decays of baryons. Reasons for its inapplicability to P-wave decays
are given.

In this Letter we discuss nonleptonic decays of baryons using the spurion formalism, duality, and
the lack of exotic states. We obtain essentially all of the results of Sugawara and Suzuki' for S-wave
decays without assuming partial conservation of axial-vector currents or validity of current algebra.
We also find that the contribution of the 27 part of the spurion to these decays is naturally suppressed. 4

We consider the decay process

B(p)-B (p) -(~)
of a baryon B of mass m and momentum p into another baryon B' of mass m ' and momentum p' and, a
pion of mass p. and momentum q. The related process involving the spurion is

S(k) B(P)-B (P')-(a),
where S denotes a J =0 or 0+ strangeness-carrying spurion of mass zero (k'=0). We define s =(p
+k)', t =(q-k)', u=(p'-k)', and v=(s-u)/2, so that s+t+u=m'+ p'+m". Evaluation of the matrix
element for process (2) at s =m' and t = p,

' [corresponding to v=v =-(m'-m")/2] then gives the matrix
element for the desired process (I),' when multiplied by a suitable factor describing the weak transi-
tion, vacuum-S.

O r basic assumption is that amplitudes of the form (2) possess several ProPerties usually associat-
ed with hadronic amplitudes':

(i) Asymptotic Regge behavior. When S is a 0 spurion, for example, only natural-parity trajecto-
ries contribute in the t channel, and

(t) v z'(I)
A(v, t) = Pr(t) -cot +i

(I ") 2 Vo

where nr(t) and o. v(t) are the respective trajectories of the strange members of the tensor (T) and
vector (V) nonets. A related limit holds for v - -~.

(ii) Analyticity properties, allowing one to write the following Cauchy representation for A(v, t):

A(v, t) =— dv' ',
' +- dv', ' ' + (pole contributions below threshold)
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In Ec[. (4), ImA~(v', t) is the absorptive part above threshold v, for process (2). ImA, (v', t) is the cor-
responding absorptive part above threshold v„ for the crossed process n (-q) +B(p) -B(p') +S(-k).
The contour C consists of two semicircles of radius 6 in the v plane, above and below the real axis.
We choose W sufficiently large to allow the use of Eq. (3) in the last term of the representation (4).

(iii) Duality in the original sense of Dolen, Horn, and Schmid, ' whereby the average contribution of
s-channel resonances to ImA(v, t) behaves as a Regge term considerably below N: say, above a con-
venient low cutoff I..'

(iv) Lack of exotic states No exotic resonances or exotic t-channel trajectories contribute to
ImA(v, t).
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The algebraic set of constraints implied by
(iii), (iv), and SU(3) symmetry has been dis-
cussed in detail for meson-meson and meson-
baryon scattering. ' If 5 is an octet member, a
factorizable solution exists, containing exchange-
degenerate T and V trajectories and having a
simple interpretation in terms of quark diagrams. '

Considering Eq. (4) at the kinematical point of
interest (v = v„ t = p'), we distinguish two types
of contributions: (a) pole and continuum contri-
butions for v' «I, and (b) contributions describ-
able by Regge exchange on the average for I. & v'
~N and more or less exactly around the circle
of radius ¹

The question of interest is to what extent the
dual algebraic structure of the amplitude at high-
er v is exhibited at low energies, i.e. , in A(v„
p'). Obviously this depends on the importance of
contribution (b)-which has the dual structure
—relative to that of part (a) —which may deviate
from the extrapolated Regge expression in the
presence of large individual contributions from
low-lying resonances or poles. In such a case
we would not expect the part (a) to have the
above- mentioned dual algebraic structure.

In particular, pole contributions to parity-con-
serving (P-wave decay) amplitudes are very
large. The net experimental values of such am-
plitudes depend critically on delicate cancelations
involving broken SU(3) for masses and coupling
constants. " Contributions describable by Regge
exchange are expected to be comparatively small
as a result of the low intercept of the relevant
abnormal-parity (K and K~) trajectories.

For parity-nonconserving (S-wave) decays the
situation is exactly the opposite. The octet pole
contributions are small —typically 15% of the am-
plitudes" —as a result of kinematic factors in-
volving mass differences arising in the numera-
tors. Similar mass difference factors, of order
~]p M8 occur as well in the contributions of the
decimet intermediate state, making these contri-
butions small as well. " In contrast, the Regge
exchanges involved are those of the R* and E**
trajectories, whose effects are quite important
at high energies.

For processes (2) contributing to S-wave de-
cays, we thus have no prominent local fluctua-
tions in A(v, t) below or near threshold. The de-
viation of the overall contribution (a) +(b) from
the extrapolated Regge term will then be small.
No such conclusion can be drawn for I'-wave de-
cays.

The S-wave amplitudes will therefore be pro-

portional to y~.q, y~.~~, where the y's denote
factorized residue functions, and y~.q, '= y~ -g„',
y~ ~~'=yg» ~13'. Comparing ratios of various
S-wave amplitudes, the ratios of the y~ q, for
various processes will be fixed by isospin alone,
while those of the y~.~~. will depend only on a
ratio E/D. We thus recover most of the results
of the Sugawara-Suzuki analysis, ' including the
predictions

Z, '-=A(Z'-n~') =O,

Z =A(Z -nor ) =(2E-1)x,

A -=A(A-pv ) =-(2E+1)x/46,

= - =A(=- -~~-) =(4E-1)x/Ie, (5)

with other relations following from the assumed
lU= 2 nature of the spurion. (Here x is a com-
mon factor whose magnitude we do not specify,
and E+D = 1.) We thus identify E as the same
parameter appearing in fits to high-energy scat-
tering data. " This identification is indeed borne
out by experiment. " A well-known corollary of
Eqs. (5) is the Lee-Sugawara relation for S
waves "2:" +A =(-')' 'Z

The conditions (iii) and (iv) cannot be satisfied
simultaneously if S transforms as a member of
27. To see this it suffices to consider the pro-
cess

S(I= 2) +B(I= 1) -B'(I = 1) y m(I = 1)

which has only I= 1, 2 in the s and t channels. If
the J = 2 amplitudes in s and t are set equal to
zero, the I= I amplitudes must vanish as well. "
A similar argument holds for the u and t chan-
nels. This suggests that even if H k has parts
transforming as a 27 of SU(3) their contribution
to the above decay processes will be suppressed
by the requirement of duality. "

One can have amplitudes of the form (2) which
lack exotics in s and u when S6 27 (cf. Ref. 4).
The existence of such a solution may be visual-
ized in terms of duality graphs, ' and has been
verified by explicit calculation. Amplitudes lack-
ing exotics in s and u are irrelevant to the pres-
ent approach, however.

To sum up: We have found that duality explains
most features of 8-wave nonleptonic decays of
baryons without appealing to current algebra or
the hypothesis of partially conserved axial-vector
currents. " We have also shown why we expect it
to fail for I' waves, for which individual pole
contributions play a much more dominant role. "
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