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Using the finite-dispersion-relation method for treating three-body decays, we find
that bounds can be placed upon the coupling strengths of two interfering resonances. A
special result is that two narrow interfering coherent (or incoherent) resonances for the
A, meson fail to satisfy a finite-dispersion-relation, finite-energy sum rule for coupling
strengths (widths) which follows from the n—7*7"y decay rate. This appears to be the
first evidence independent of mass distributions indicating that one of the tabulated de-

scriptions of the 4, is wrong.

When well-known mesons mix or interfere, the
resulting distortions in mass distributions lead
to further information about the particles involved.
However, if only the distorted mass distribution
is available, as has been the case with the A, me-
son, little reliably certain information on the two
particles is obtainable; the present particle data
tabulations therefore list several possible parti-
cle configurations for the A, meson.

In this paper we present arguments showing
that it is highly unlikely that A, meson consists
of two narrow interfering or noninterfering parti-
cles. The present work does not depend on A,
mass distributions; it is based mainly on the con-
cepts of finite-energy sum rules (FESR), duality,
finite dispersion relations (FDR), and crossing
to place parameter-free limits on products of 4,
(or A, constituents in interfering resonance mod-
els) coupling constants from the measured three-
body decay rate for n—7*71"y. These limit re-
quirements can be cast in the form of a sum rule,
should one so wish. This sum rule can readily be
satisfied by a broad A, meson, as in a single
Breit-Wigner description or in models with broad
and narrow mixed or interfering components, be-
cause considerable coupling (at least to the np, 7y
channels) is required. This result justifies the
usual phenomenological treatment of the A4, as a
single object in, e.g., t-channel Regge-pole ex-
change.

High-energy scattering techniques and ideas in-
corporating duality have led to useful insight and
to successful predictions for several low-energy
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decay-type processes. For example, Aviv and
Nussinov! and Gounaris and Verganelakis® easily
explained the branching ratios found experimen-
tally for w-nmy and n-7yy, respectively, which
were considerably larger than expected from con-
ventional pole models such as the Gell-Mann—
Sharp—Wagner model. Similarly, the results of
octet dominance in S-wave hyperon decays have
been obtained, neatly incorporating absence-of-
exotics requirements with duality, by Nussinov
and Rosner® and Kawarabayashi and Kitakado,*
without use of current algebra.

The present work makes assumptions similar
to those in the calculations mentioned above
(Refs. 1-4). We write a dispersion relation in
v=3%(s —u) for the scattering process 77 -7 ob-
tained by crossing from n=7*7"y. Duality is
used to argue that the cut integral along Rev need
only be taken to a finite v value from where Reg-
ge behavior completes the amplitude description.
FESR are used to evaluate the Regge residue,
which is in remarkable agreement with indepen-
dent SU(3) predictions.

The process of interest, depicted in Fig. 1 with
four-momenta and polarization labeling the parti-
cle lines, is described by the amplitude
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where s=(p-q,)% t=(q,+4,)% u=(p-q,)° and
v=3(s —u). Under s-u crossing (v—-v), B(v,t)
=B(~v, ).

In the s and # channels, quantum numbers are
such that of the low-lying resonances only the A,
contributes:
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Since only the absorptive part of B,. enters in the following, g A,y and g Aynm Can be taken as physical
couplings. In the ¢ channel (yn—7*1"), the odd-signature p Regge-pole exchange amplitude is
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Through use of the Cauchy theorem, a FDR' expresses B(v, {) in terms of cut integrals along the Rev
axis (where the absorptive part of B, is the spectrum along the cut), and in terms of semicircles
closing the contour at a finite value, |v|=N, which is large enough so that the Regge description is
valid for v 2N. As a result, B(v,t) can be written in terms of low- and high-energy parts, B=B; +B,,

with the resonance contribution
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and the Regge contribution
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The lowest-moment finite-energy sum rule,
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is used to determine B at =0 as®
B=8&uayr ygAznwsﬁNo % m Azz - am y=
where N=N,+3t, a,(t)=3+t/2m .2, and N, = $m,,>?
- zm,—m,=2.65 GeV? which follows from the
duality prescription used in Refs. 1 and 2 for de-
fining N as the average of m Azz and the next re-
currence on the A, trajectory. Equations (1)-(7)
determine the amplitude for our Fig. 1 process
completely in terms of the couplings g ATy and
& a,nm, Which themselves follow from the partial
widths for A, decay into 7y and 7.
For the A, treated as a single Breit-Wigner
resonance, with m ,,=1300 MeV, I'=85 MeV,
and fractional decay® into p7 and 57 as 76% and
18%, respectively, we find g,,«,,+*/47 =1.79
GeV™* and g 42,7, /47 =0.614 GeV "2, From vector
meson dominance, g, +r+,°/4m=5.1x10"% GeV ™
follows, where a p-y coupling ef,"* with f /4w
=2.56+0.22 is used.” These coupling constants
and Egs. (1), (4), (5), and (7) lead to the theoreti-
cal prediction F;}l?,ﬁr’y:O.MS keV, to be compared
with the experimental value® I'7*01, =0.123+0.032
keV. The distribution of events as a function of
photon momentum is, furthermore, also in excel-
lent agreement with experiment.®
The A, or its constituents enter the FESR cal-
culation in the narrow-resonance limit, which is
justified in the present work since s, u <(m
—m,)? is much less than m?=(1300)> MeV2. For
two interfering® resonances in the A, region, the
resonance amplitude can be written in this limit
as
F,"7G,""+F,"TG,""
s—myZ+ie
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where F,"Y and G,"" denote the decay and produc-
tion amplitudes of resonance j into or from the
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| states 7y and 7n. The experimental result for
T, sy implies restrictions on the residue R
=F,"YG,""+F,"7G,""in Eq. (8),

10.5 MeV2 < |F,"7G,""+F," G," " |?

<14.0 MeV?, 9)

where the normalization definitions are such that
the single Breit-Wigner case (from values given
above) yields |F™ G""|2=13.7 MeV2. For two
nearby narrow coherent resonances, each of
width I'=25 MeV (the so-called high-low model®),

|Ruigh-10wl? <5 MeV?, (10)

well outside the limits in Eq. (9). Various ex-
plicit pictures for what happens in the high-low
model will lead to considerable variation in |R |2
but the upper limit of 5 MeV? is independent of
the model.

Models ascribing different J* values to the two
narrow resonances are move strongly discrimi-
nated. For example, for the special casel® of
JP¢=1"" and 2** mesons making up the A,, we

y (k,e)
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FIG. 1. Diagram for n—n*7"y with four-momenta
and polarization labeling particle lines.



VoLUME 28, NUMBER 22

PHYSICAL REVIEW LETTERS

29 MAy 1972

find

|R,-+ ;++[?< 2.5 MeV?2. (11)

To summarize, in this paper the finite-disper-
sion-relation technique, though applied here for
the purpose of getting information on the A, me-
son, has been shown to provide a useful tool with
which to obtain information on resonance cou-
plings. Other explorations with this method are
therefore in progress.

In the present application, the single Breit-
Wigner model for the A, satisfied Eq. (9) with a
parameter-free prediction for the residue R (ab-
solute value squared).!! Models with mixed or in-
terfering broad and narrow components can also
satisfy Eq. (9), but the coupling of the broad com-
ponent to mp and mn states must dominate. Two
narrow resonances, whether interfering or not,
do not satisfy condition (9); this strongly sug-
gests that the results of analyses'? using such
narrow interfering resonances are not physically
relevant and should not be included in particle da-
ta tables.
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