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Wepredict the inelasticity q of mm P and F waves using the Veneziano model for mvr m'co. The
scale of the Veneziano amplitude is fixed from the co width in co 3m' decay.

INTRODUCTION

The Veneziano model' for elastic mm scattering
gives good results for the low-energy amplitudes,
although it is not quite correct, as shown by the
large couplings of daughter trajectories. This
makes us hopeful that the Veneziano model' for
m'm —~'n' may also work reasonably well at low
energies, thus enabling us to calculate inelasticity
parameters q for mm partial waves in the isovec-
tor state, i.e., P and E waves. The assumption
that the dominant inelastic channel is mm- m~ is
crucial to the credibility of our results. Simple
717t-7rmzv is clearly negligible, as the P wave
shows no sudden inelasticity at the 4m threshold.
Besides m~, the remaining quasi-two-body states
are pp and TIA, . Our calculations should thus be
good to the nA, threshold at 1450 MeV, and per-
haps beyond.

We shall show that the g(1680) and p(2275) cou-
plings to m~ in this model are reasonable and that
our results for inelastieities are consistent with
the data available, ' ' within their large errors.
These two facts indicate that our predictions may
be approximately correct, and hence can be use-
ful to mm phase-shift investigators, who want to
know, e.g. , whether they can safely assume elas-
ticity of the E wave at a given energy. This is
important as it is impossible to extract many pa-
rameters from the inaccurate data used in phase-
shift analysis. Conversely, more detailed data
on P and E waves could be used as a check on the
Veneziano model.

Below we describe the determination of the scale
A. of the model, and present the P- and E-wave in-
elasticities. Finally we calculate g(1680) and
p(22T5) couplings and compare results with what
data are available.

THE SCALE FACTOR X

Writing the amplitude for wm-w~, T(s, t, u), as
e„szqP", P2sP~&e (M)A(s, t, u) with not. ation as in
Fig. 1, the amplitude A is given by

A[B(l —a(s), 1 —a(t))+ B(l —a(t), 1 —a(u))

+ B(l —a(u), 1 —a(s)) ] .

THE P- AND F -WAVE INELASTICITIES

The unitarity relation T —T =i TT, when taken
between elastic mm states and saturated with only
mm and ma intermediate states, gives

3 3
2 &i &31-g, (cos 6 —cos 8' cos 6")A(s, t, u)

XA.*(s', t ', u') P, (cos8)

&&dcos6 dcos6" dp",
where g, is the inelasticity of the tth partial wave,
8 is the mw- n~ scattering angle, 8" and P" are
the scattering angles from the initial wm state to
the intermediate m(d state, and

cos6'= cos6 cos8" + sin6 sin8" cosQ" .
and g3 are P, and P, in the center -of -mas s sys-

tem. We took the Veneziano' form for A, writing
the a(s)-dependent terms as

A. I'(1-a(t)) 1"(1-a(u))
1"(a(s)) —1'(a(u)) 1'(a(t))

X (~)sinma(s) coshmaz+ icosma(s) sinhwal '

where a(s) and ar are real and imaginary parts
of the trajectory, and n~ depends linearly on s,
being n'm~I'~ and ~'m, I'~ at p andg masses, re-
spectively. The results are only weakly depen-
dent on this assumption, which is the simplest
giving the correct widths to the p and g mesons.

Figure 2 shows the results for P and E waves

B is the beta function, s, t, andu are Mandelstam
variables, and a(s)+a(t)+a(u) =2. On continuing
the amplitude to the region where s, t, and u are
all positive, it describes the decay of +' into
three pions, and s, t, and u become the effective
masses' of the three pion pairs.

As pointed out by Goldberg et al. , the Veneziano
model reduces essentially to the Gell-Mann-
Sharp-Wagner' pole model for e decay. Taking
the partial width as 8.97 MeV, we find A.'=8586
GeV '. Here X/a'=G „„G „, so that A. essentially
fixes the p coupling to em. 3
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FIG. 1. Kinematic notation.
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for 1-q' proportional to the inelastic cross sec-
tion.

Below 1.13 GeV the P wave is very nearly elas-
tic, q decreasing from threshold to a value of
0.997 at 99 GeV, then increasing again to a maxi-
mum at 1.09 GeV. This is due to cancellation be-
tween the polar term and the tu beta function, and
results in an elastic P wave up to 1.13 GeV, a
characteristic feature of the model. Above that
the inelasticity rapidly increases to a maximum
at 1.3 GeV.

The authors in Ref. 5 find 1-q' to be about 1~
times our value at 1.13-1.15 GeV, which agrees
within the errors, although this does not mean
much as the data are consistent with an elastic
P wave also. They also find a sudden onset of in-
elasticity at 1.13 GeV, but the data are too few
to make a meaningful test of our predictions. Oh

et a/. ' find a P wave more inelastic than ours,
but their inelasticities may be too large; for ex-
ample, their S, wave is much more inelastic than
the more recent data of Cohen et al.' Carroll
et al. again find an inelastic P wave (in disagree-
ment with Ref. 5). It has a maximum inelasticity
at 1.3 GeV, as does our model, but is more in-
elastic. The experimental data are clearly incon-
sistent, but our model seems qualitatively correct.
It will be interesting to see whether future anal-
yses agree with our values.

Our E wave does not become inelastic until 1.35
GeV. The authors in Ref. 5 find a highly inelastic
wave, which they attribute either to a large neo

cross section or to absorption effects distorting.
On the other hand, those in Ref. 4 find an elastic
and negligible E wave, agreeing with our predic-
tion.

CALCULATION OF g(1680) AND p(2275) COUPLINGS

To check whether we can trust the predictions of
the model at low energies, we use it to compute
the couplings of the g(1680) and its probable re-
currence, p(2275) ( ee Ref. 9) to m~. We calcu-
late the cross section for mm neo at the resonant
mass, and equate this to the inelastic cross sec-
tion of mm scattering into this channel due to the

0.1-
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FIG. 2. Inelasticities of P and ~ waves.

resonance. At the g mass we have

A.'q, ' ' (1 -eos'8) a'(u) o.'(t) dcos8
32mq, , [o.(s) —3]'

(4)

~s-m~ j +m~ l~

(5)

where we include the p" daughter of the g meson.
Assuming negligible daughter coupling, with I'~

=160+30 MeV and the branching ratio to mm, x„
taken as 0.4, we predict x~'", the branching ratio
to mu, to be 0.41. Varying I'~ to its limits of
190 and 130 MeV, x~'" becomes 0.29 to 0.62, re-
spectively.

It has been claimed' that the p(1710) has a n&u

branching ratio of only 0.12 of the 4m cross sec-
tion. However, the same authors cannot find any
2m decay of p(1710) and so conclude that this res-
onance cannot be the g(1680). Our result is con-
sistent with present data" which give 0.5 for the
4m decay of the g meson. Although m~ is only one
possible decay mode of g(1680), along with pp, zap,
and A, n, it is not surprising that the coupling to
wc@ nearly saturates the 4w coupling, as some of
the other decays should be dual to mv, and we
would commit double counting if we simply added
them all together.

For the p(2275) we predict x"x' =0.062 assum-
ing a total width of 160 MeV. 9 This seems reason-
able in view of the large number of channels open
to the p.
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Daughters should be included along with the
g(1680) and p(2275) mesons. However, even if
p(1710) and p(2100) are daughters, there is no
evidence of appreciable coupling. The authors
in Ref. 9 find p(2100) decaying to 2w, while those
in Ref. 10 find w(1710) decaying to we but not ww.

We therefore neglect daughters.

CONCLUSION

We have derived inelasticity parameters q, for
I' and I' waves in agreement with the scanty data

available, using the Veneziano model for mm -m~.
The results should be fairly accurate as the mod-
el gives good results' for ~ decay into 3v and m'y,

and the predicted g coupling agrees with experi-
ment. The results can be useful as a guide to
phase-shift investigators, and as an indirect test
of the model. The sudden onset of inelasticity in
the P wave only at 1.13 GeV is a result of the
presence of the nonpolar real part (f — and u-chan-
nel exchanges) and its verification would be a good
test.
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