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to the asymptotic Regge behavior is inherently
ambiguous.

We can, of course, think of still other possible
definitions of "duality'* so as to make duality a
property of the Veneziano model. Unfortunately,
these definitions amount to little more than say-
ing that duality is a property "which the Venezia-
no model has. " One such possible definition for
a meromorphic amplitude of x and y which is
Regge behaved in x in all directions but one (for
finite y) is that it has duality if it is Regge be-
haved in y (for finite x) in all directions but one.
With this definition, however, duality equals
crossing symmetry together with Regge behavior
and poles.
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Veneziano (Ref. 1) has discussed modifications
which make his amplitude approximately satisfy finite-
energy sum rules.

YIf the right-hand side of (3) is replaced by an arbi-
trary constant c) 2 then our argument will still go
through, even though its form will appear a little
more cumbersome. In fact, (3) or its replacement
need really be true only asymptotically in order for
our argument to work.
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1953), Vol. 1, p. 114.
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W'e hope to be able to return to this general prob-

lem in a future publication.
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A selection rule for P-wave amplitudes of nonleptonic hyperon decays is derived from
the duality principle. It predicts P(& ) =0 and P(Q -"x)=0.

In the present Letter we shall explore conse-
quences of duality in nonleptonic decay ampli-
tudes of the hyperons. Assuming that the duality
should prevail in the nonleptonic decay ampli-
tudes too, we shall derive a selection rule that
forbids the P-wave decays of Z —nm, 0 -='n
and 0 —" mo. Experimentally P(Z ) = 0 has
been well established while the other predictions
should be compared with future experiment.

The duality means that resonance poles in dif-
ferent channels are strongly correlated with each
other in such a way that a total amplitude of, for
instance, two-body scattering is obtained by
summing up resonances in one or two channels
out of three. All the poles in the other channel
are produced dynamically as bound states. For
those processes which lack resonances in one
channel, like the elastic n+m scattering, one
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Q G (B.X B )+H.c.,se i6 j
fp j
Q.G (M.P. M )+H.c.,

(i)
(2)

can construct a total amplitude in the pole ap-
proximation only with a series of poles in either
of the two other channels. A single Veneziano-
Lovelace representation may work there. '~' Then
what happens for the processes which lack reso-
nances in two channels out of threes One cannot
find a representation incorporating the duality
for these processes; a series of poles in one
channel alone can never exist dynamically. It
implies that those amplitudes are zero apart
from the Pomeranchukon contribution. This is
an important property derived immediately from
the duality principle, upon which our selection
rule rests.

Before going into details, we notice that there
is no standard theory at all for the p-wave de-
cays of the hyperons, and that a clean symmetry
argument is unlikely to work there. So it seems
to be worthwhile to explore a selection rule
based upon dynamics. We shall treat the nonlep-
tonic hyperon decays like a scattering of

S+B-n+B
(where S denotes octet spurion and B, baryon)
with the four-momentum of the spurion being
zero. For the p-wave decays S is the strange-
ness-carrying member of a normal scalar octet
with J +=0++. This is a quasihadronic process
like the photoproduction for which we have so far
no evidence for a fixed singularity characteristic
of weak amplitudes. Moreover, it is free from
possible background. contr ibutions associated
with the Pomeranchukon exchange. We therefore
believe that all properties of the duality model
for hadron scattering can be transfered to our
amplitudes. We shall, of course, assume as
usual that there is no exotic resonance like the
10* or 27 baryon resonances, or 10, 10* or 27
meson resonances.

For the process S+8-m+8, the trajectories
associated with the octet partners of the m and
the A, (axial-vector meson) and their family tra-
jectories may, at first sight, look to contribute
in the t channel. But we shall show in the follow-
ing that it is not quite right.

Since we are working with the duality among
poles alone, we are interested only in three-body
vertices. Effective couplings relevant to our
process are written in tensor notation as

Q G (B,M B.)+H.c.,
(i)—

s i 0 j (3)

where 8& and M; stand for the baryon and meson
multiplets, respectively, I, being the 0 octet
containing the m. It is so understood that the ten-
sor products in the parentheses are contracted
appropriately, and there are two distinct cou-
plings (symmetric and antisymmetric) for each
of the octet-octet baryon couplings. The first
and second couplings are with the weak spurion
while the last one is the strong Yukawa coupling.
All space-time dependences are suppressed.

On the other hand, the medium-strong SU(3)-
breaking interactions responsible for the Gell-
Mann-Okubo mass splittings give rise likewise
to similar couplings among which the following
are relevant:

Q G (B A, B.)+H.c.,ms i 8 j
2 j

Q .G (M.X M ) + H. c.,(i)

(4)

where G ((G -s (Gs is satsified. By rotating
all the SU(3) multiplets around the A., axis by
very small angles of the order of G~/G~

Mo —Mo' = MD+i 0[F7, Mo],

M -M '= M +.ie.[F. , M..] (i ~0),
I, i 7

B,-B,'=B.+i 9[F,B.],i i i 7' i'

(6)

(7)

(8)

where F, is the seventh generator of SU(3), one
can transform away the coupling (2) into the cou-
pling (4). Thus one succeeds in eliminating en-
tirely the weak pole transitions between the me-
sons without inducing any new effective weak cou-
pling relevant to our processes. Note that the ro-
tation angle 8; is different for each meson multi-
plet, but Mo and all the baryon multiplets are ro-
tated by the same angle 8. It is crucially impor-
tant to keep in mind that under this rotation all
the SU(3) multiplets given above remain the
same; in other words the exotic channels are
still exotic after this transformation because Mo
and B are rotated by the same angle.

The weak pole transitions between the baryons,
however, do not get transformed away simultane-
ously unless the weak spurion falls in the same
multiplet as the medium-strong spurion so that
G '&)/G (ii) becomes universal not only for
all the baryon multiplets but also the mesons and
the baryon's. 4 We have, therefore, found the suit-
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able reference frame in the SU(3) space in which
there is no meson exchange in the t channel but
only the baryon exchange in the s and/or the u

channel.
%e are now in a position to derive a selection

rule. Consider first Z —nn, or S+2 —n+m
There is no resonance either in the s channel or,
owing to the argument given above, in the t chan-
nel. Then, whatever u-channel poles may be al-
lowed by the quantum numbers, the duality im-
plies that they do not couple with the (Sn) system,
thus forbidding this process. In other words, it
is dynamically impossible that u-channel poles
exist alone in the absence of poles in neither of
the other channels. %e therefore conclude that
P(Z ) =0.

The selection rule applies to the 0 —"m de-
cays, too, where there is no resonance either in
the u channel or in the t channel. Ne thus pre-
dict that the p-wave amplitude of the 0 --"m de-
cays should be vanishing. All the other P-wave
decays are allowed since there are baryon reso-
nances both in the s and u channels.

The present argument may be extended to the
parity-nonconserving decay amplitudes. But the
weak-spurion-meson couplings are not elimina-
ted since there is no parity-nonconserving medi-
um-strong SU(3) breaking into which they are to
be transformed away by a rotation. Although the
diagonal transitions between the ground-state oc-
tet baryons are SU(3) forbidden, there are a lot
of nondiagonal transitions left. Therefore the du-
ality derives no selection rule for the parity-non-
conserving decays. Lt is not the duality selection
rule that leads us to S(Z++) = 0. It should be ex-
plained from different standpoints among which

the soft-pion calculation looks most reasonable.
In summary, we have derived from the duality

principle a selection rule for the p-wave ampli-
tudes of the nonleptonic decays. The rule pre-
dicts P(Z ) =0 and P(Q -=w) = 0. The former
is in accord with experiment, and the latter is a
solid prediction which will be tested with experi-
ment in the not-too-distant future. A similar dis-
cussion was once made in the static Chew-Low
model. '
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The weak spurion originates in, for instance, the
current &current interactions like V& V&+A&A& wheth-
er a contact interaction or an interaction mediated by
an intermediate boson. In order that the weak and me-
dium-strong spurions may fall in the same multiplet,
both must have the same structure in origin. If this
were the case, there would exist no p-wave decay what-
soever. See S. Coleman and S. L. Glashow, Phys. Rev.
134, B671 (1964). Experimentally the I"/& ratios are
rather close to each other for the diagonal transitions
of the 2 ground-state octet baryons, I"/D=-3. 1 for ~8
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and -2.3 for A,e. Enhancement theory predicts in the
impulse approximation to the perturbations that they
must be equal apart from higher order symmetry
breaking. However, the discrepancy is appreciable
and seems to be larger than higher order effects. We
know far less about the universality between the Ine-
sons and the baryons.
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We find that the double differential cross section for PP inelastic collisions at high en-
ergy can be well reproduced over a range of two decades by a simple version of the
multi-Regge model, in which baryon exchange is responsible for large momentum trans-
fers to the final proton. The model is an asymptotic one, and we show predictions at
70 and 200 GeV/c.

The study of inelastic processes at high ener-
gy presents a twofold interest: On a purely phe-
nomenological ground, these processes amount
to roughly three-fourths of the total cross sec-
tions; in addition, it has been suggested for a

long time that their contribution to the unitarity
sum is essential for building the asymptotic be-
havior of two-body processes. ' Recently, con-
siderable attention has been given to the multi-
Regge-model (MRM) which generates, through


