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~ In integrating over the Breit-Wigner shape we make
the approximation j &dx(y/x +@2)=m /2 (instead of w)

for 6 = y and therefore c =2. I thank Professor Adler
for pointing out the overestimate given by the zero-
width approximation.

@This axial-vector current coupled to V is not com-p,

pletely conserved. However, at a total c.m. energy TV,

the matrix element of its divergence between p and N*
states is proportional to the quantity

w2+ m*2 ~2 m*+ m

and hence goes to zero when p2, the squared pion
mass, does so provided one also accepts the limit of the
isobar-nucleon mass difference m*-m = 2p going to
zero [as would be suggested by the static model expres-
sion (m*—m) ~=(4f2/pt)jq3dcu /a& 3].

~ These are gauge-invariant at zero pion four-momen-
tum. A strictly conserved current can be represented
by

8 + 8—V —V
p, Bx p Bx p

p, V

This gives rise to a matrix element (m'g&~V)e& (ie/M)
x[p(m* —m)+p, ]0~ O'V as the pion three-momentum goes
to zero, where eV is the axial-vector meson polariza-
tion three-vector and M is an unknown mass parameter,
and where V is understood to be virtually emitted with
energy =m-m* at the VNN* vertex. Comparison with
the approximate currents suggests m2 3

=@(m*-m+p)/M,
t

which means that the effective couplings maybe quite
small. We emphasize this in this Letter's concluding
par agraph.

4A similar mechanism with p replacing N*+ does not
contribute to y+p 71 +p at zero pion four-momentum
only, because of the vanishing of the lower vertex in-
volving a conserved axial vector current at this point.
(See Ref. 1, footnote 27.) Note that m4 need not be the
same as m3 if X& is not an isoscalar.

~ I am indebted to Professor Weisberger for this re-
mark. All that one can say is that this decay mode
has been seen experimentally.

~8It should be noted that if I
&

contains a ~4&) =2 piece,
the ratio of the cross section for Reaction (la) to that
for Reaction (1b) can deviate from the value of 3 ex-
pected for an isovector I &.
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In recent years numerous calculations have
been performed for the Drell-Hiida-Deck-type'
low-mass enhancements for a particle pair in
three-particle final states. These mechanisms
are interesting on practical grounds for the
calculation of certain mass bumps and back-
grounds in particle production, and also have
some theoretical interest since they should
serve as particular models for the more intu-
itively expressed idea of diffraction dissocia-
tion. '~3 Since production by these mechanisms
should go to a constant at high energy (while
the conventional one-particle exchanges are de-

creasing), it seems likely that they play an im
portant role, not only as backgrounds, but al-
so as the production mechanisms for bona fide
resonances (as seems to be the case in p photo-
production).

In Fig. 1 we establish our notation using the
A, case for definiteness; at the lower vertex
there is a high-energy diffraction scattering
and the low-mass bump occurs for the "A,"
pair q+K'. The presumed dominance of the
exchange of vacuum quantum numbers at the
lower vertex ensures the same character for
the transition v -A, . Because of the complicat-
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mass of the exchanged particle. The low-mass
enhancement results not from the closeness
of the propagator pole to the physical region,
but on the closeness of the final "A," mass to
the initial mass. Thus we find, contrary to

what seems to have been the general assump-
tion, that the scattering of the heavier virtual
constituent is just as important as that of the
lighter. If now we incorporate our approxima-
tion into the general formula for the cross sec-
tion we obtain, in fact,

)(f 2K e )[o(mX)e + ( N) ](2& 32 M -M. pm7t p, p.inc

K
dQ Nfl dM

2 2

1

MA is the mass of the pm combination and v

the momentum of one of the particles in the
A, rest frame.

(C) Since (4) essentially only depends on the
mass change in going from Mine to MA and

1
not on any internal angular variables, no an-
gular momentum (or parity) is contributed by
the process of scattering the virtual particle
onto the mass shell and all angular information
referring to the "decay" of the A, comes from
the dissociation vertex. This explains the an-
gular independence in the "A," rest frame not-
ed by workerss on the A, and N*(1400) problems
and shows that it is, in fact, a general feature
of the dissociation process.

Conclusion (A) is very gratifying since it shows
how a particular model realizes exactly the same
1jho2 behavior derived previously on other grounds
for the dissociation process. ' This lends weight
to the explanation in Ref. 3 that this factor caus-
es the p mass skewing in photoproduction' and
the suggestion that the p mass will return to
normal in electroproduction with highly virtu-
al photons. 3 Although the treatment of resonance
final-state interactions (for the "A," system)
with a nonlocal production process as in Fig.
1 is somewhat subtle, it also indicates that
we should expect downward mass skewing for
broad resonances produced predominantly by
dissociation.

We see, then, that Fig. 1 does indeed corre-
spond to the physical picture for the dissocia-
tion process. Masses for the "A," system clos-
er to that of the beam particle are reached more
easily (as follows from wave-function overlap
arguments), and t conclusion (B)] the probabil-
ity for scattering a component of the beam par-
ticle depends on the probability of its being
present and not on its mass. ' Furthermore,
(5) shows that production into a given mass

interval is energy independent, as expected
for a diffraction process.

Conclusion (C) leads to a number of results
for dissociation with spin changes. First of
all, for incident spin-0 particles (but not for
spin10) we get the "natural parity change"
n, K —0, 1+, 2, but 7T, K $ 0+, 1,2+, ~

Secondly, since Eq. (4) takes care of the prop-
agation and scattering of the virtual particle,
the spin couplings and form factor at the upper
vertex may be conveniently evaluated by going
into the A, rest frame. (We assume, as usu-
al, that at the lower vertex, scattering is com-
pletely spin independent. ) In this frame, choos-
ing the incident-particle direction as the quan-
tization axis, we see that the only helicity is
brought in by the beam particle. Thus the pre-
cise form of the qualitative statement that the
"helicity is conserved" in dissociation is that
the "A," has the same helicity as the "m, " in
theA, rest frame. This also means that there
is a Treiman-Yang-type isotropy test for ro-
tations around the beam direction in the A. ,
frame. 8

Despite conclusion (C), spin states different
from those of the beam particle are generat-
ed due to the I orentz transform in going from
the "m" to "A," rest frames, if the "m" has a
finite size and some internal spin structure.
For instance, if we consider spin-0 dissociat-
ing into spin-0 particles, the form factor F((K
—K')'), when evaluated in the A, rest frame,
becomes dependent on the angle between K and
K' and thus F((K—K')')-QafPI(cos9), generat-
ing the entire natural-parity series. Thus the
finite size of the system (form factor) is cor-
related with the transfer of angular momentum
into its center of mass, as we would expect.
Similarly, for dissociation into particles with
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spin, the spin couplings, which in the "n." rest
frame correspond to a state with the same spin
as the "m, " are turned into other states by the
Lorentz transformation. (It should be realized
that these spin couplings, which are usually
neglected, introduce powers of momentum which

will tend to broaden the "A," peak. ) These fea-
tures are suggestive of a purely kinematical
picture (of forward high-energy diffraction re-
actions with spin change) in which the incident

particle has some overlap with a final state
of a different spin and mass simply due to the

transformation from one frame to the other.
Finally, it should perhaps be re-emphasized
that processes of type Fig. 1 via dissociations
like vr-(A, Z), (:-,:-), or even K -(=', 0 )

[or maybe- (qq)?], offer a mechanism for the

production of high strangeness free of strange-
ness exchange or statistical limitations, once
the energy is sufficiently high.
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M 2 M. 2-P'
Ag inc

Ep

p2 /2 p/2
—= 2P'(Q —q).

Cgp
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Singer has made a detailed theoretical anal-
ysis' of the decay mode g-m++m —+z +y, and

predicts r(q ~++sr +n'+y)/r(q-~'+y+y)
= 0.23 o/o. Since recent results indicate' r( )- 7m

s

+y+y)= r( t) m++ s+-v ), we shall take his
prediction as r(q-s++s +n +y)/r(q-m++v
+z') & 1% for the purposes of this paper. On

the other hand, Singer shows' that on the basis
of order-of-magnitude arguments on powers
of z, as well as the A -quantum-number argu-
ments of Bronzan and Low, s one would expect
r(q~-~++~ +~'+y)/r(q-w++m +~') = 1. And

aside from this, simple models fail to account
for the branching ratios of the g by factors like

10, so that a priori we cannot assume that
g-n++m +m +y is small. We therefore have
a clear-cut experimental question: Is the mode
g-~++m +7T +y comparable in magnitude to
the mode q- n++m +m', or is it very much
smaller P

Our experimental result is r(t) —v++s +m'

+y)/r(~ s++m +s') & 0.07. Although this re-
sult appears to be in mild disagreement with
the A-quantum-number calculations, one should
remember that their prediction is only order-
of magnitude. However, our result serves to
reassure physicists that no large g-w++m
+z +y decay mode is lurking in the background.


