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Thus it appears that there are three Gaussian
regions in the proton-proton interaction. '~

A comment should be made on the fact that
we used I in relating do~/dt to do/dt T. his is
equivalent to adding cross sections rather than
amplitudes, and is necessary to obtain the dra-
matic fit in Fig. 1. The need to add cross sec-
tions in this way implies a relationship near
90' between the different spin amplitudes, which
we will not study in detail.
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~ P Pg should be the correct variable in a diffraction
model in which a spherically symmetric interaction
probability density is squashed down by a factor y by
the Lorentz transformation. See Ref. 10.

~ At some low energies the nature of elastic scatter-
ing changes and is no longer diffractive. We have set
a cutoff at 5 GeV/c and have only considered data
above that momentum.

3We have calculated the X2 for all points in Refs. 3-5
except those in the immediate region of the break,
where the interference must be considered. (See Ref.
14.) For these 93 points we got a y2=158. For Refs.
3 and 4 we used the point-to-point errors quoted, and
for Ref. 5 we added to the point-to-point errors 5% of
the quoted 10% normalization error.

~4As pointed out in Ref. 4, there appears to be some
destructive interference at the second break.
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Assuming the asymptotic validity of the nonet symm. etry we calculate (1) electromag-
netic decays of vector mesons, (2) the p XK decay, and (3) the coupling constants for
~ and cp to baryons.

Following the idea that symmetries may be-
come exact asymptotically at high energies, '
we discuss properties of vector mesons. For
the relevant symmetry scheme we take the

nonet model of Okubo, ' which properly accounts
for singlet-octet (e-y) mixing. '

To postulate asymptotic nonet symmetry we

consider a set of nine vector currents V p~(r)
to be associated with the nine vector mesons.
p, is the four-vector index. The indices n and

P each take on values 1, 2, and 3. Specifical-
ly, p is coupled to V& 3', ~ to (1/&2)(V& 1
+ V& 2'); p' to (1/&2)(V& 1'-V& 2'); and I{~

to V& 3'. Thus the currents constitute the
usual nonet tensor. Note that the upper and
lower indices of this mixed tensor may be con-
sidered to refer to two commuting SU(3) alge-
bras in a manner discussed in detail by Bose
and Sudar shan. '

A convenient method of imposing asymptot-
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ic symmetry requirements has been given by
Das et al. ' Following these authors we define
the propagator s

= Je {0(T(V (x) V (0))io)d x, (1)

and assume that in the limit q'- ~ the differ-
ence between any two propagators vanishes.
The spectral representation for these propa-
gators then leads to a superconvergence behav-
ior for the difference of any two spectral func-
tions:

P P, —P P. 2 P P, —P
2 4 JLL 2 4P'

age of two determinations' of I'(p- p+p )/I'(p- v+n ) yields (0.48 + 0.09) &&10 '. We may
combine this with I (p -e+e )/I'(p - m+w ) = (0.50
a 0.13)x 10 ' (obtained in the same way from
two very recent experiments). ' (Our model,
as well as any other model known to us, pre-
dicts that they should coincide to within 1%.)
Thus' R (expt. ) = 0.22+ 0.07 which is to be com-
pared with our prediction 0.11.

From the lowest upper limit known to us for'
l (y- p+p )/r(y-all), namely, 7.4xlo 4,

we find R&(expt. ) = r(y -I/)/r(p-Il ) &0.47.
Our prediction is 0.17.

Now consider strong decays. First, notice
that the (unitary singlet) baryon current is giv-
en by

(6)

2 E+ 2
P (P )-P (V )d .

2 GP. (2)
Taking matrix element of J between vacuum
and EE states we have

In Eq. (2) p~(p2) is the spectral function of the
propagator with the quantum number of the phys-
ical &u, and so on. If we saturate Eq. (2) by
taking the contribution of single vector meson
states we obtain'

G 2 G 2 G 2 G
p Q) (p E+

M 2 M
p

(K(P)K(P') ( J (0) i0)

j.

=(4P P ') '(P-P') +((P+P') ); (7)

we notice first E(0) =0. Now writing an unsub-
tracted dispersion relation for E((p+p')') and
retaining the contributions of single vector-
meson states we have

where the leptonic decay amplitudes G are de-
fined by

Gg — 1 Gg
(0 (d+E p pEE
M v2 M (8)

(o I v '(o) ] q(a)) = (2u )-'"~ (a) G
/~3 0 p. cp

and similarly for G&, G~, and GE+.
Weak leptonic decays of vector mesons are

unknown at present. To test Eq. (3) we thus
turn to the electromagnetic (e.m. ) current.
It is now a nontrivial problem' to write down
the e.m. current in the present context. We
consider the simplest possibility, which is
to retain the "old*' SU(3) expression for the
current. Thus we do not introduce a unitary
singlet' current. In our notation we have

™()=vp()+-,'v g)+-,'W2v (). (4)

Equations (3) and (4) predict the following re-
lation involving the e.m. decay rates:

M r(~-ll)=~M r(p'-ll)= —'M r(y-Il) ~ (&)
CO P

The experimental ratio R& = r(u& —II )/I'(p —El )
may be found as follows: The (weighted) aver-

g~Eg and g&EE are coupling constants of
and y to KK. Similarly, if the (isoscalar) e.m.
form factor of the E meson is dominated by
vector mesons we have

G W2 G

3M' ~EX 3 M' yEE (9)

I (y -K K ) = 2.6 MeV.

From Eqs. (8) and (9) we get

(G /M ')g =1/W2.
pEE

Equations (3) and (10) together with the current-
algebra result" Gp = Mp'/gpss~ gives

g — 1 M
yEE y

g v2 M
P777T P

From Eq. (11) we obtain the rate'
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The current experimental value is" 1.9 + 0.5
MeV.

We now consider vector-meson coupling to
baryons. Taking matrix elements of Eg. (6)
between single-baryon states we now obtain

&2M g — 1Mg
p NBB p O'BB

1
v3 M g W3M g

p7T7T p7T7T

(12)

If the electric form factors of the baryons are
dominated by vector mesons we have

1M g — v2 M g — y

3M g 3 M g 2
piT 7T (p p7T7T

From Eqs. (12) and (13) we get

M
(dBB (1 g) &d

p7T7T p

g |iEBB
g H~ ~)M

piT7T p

Numerically, for F=1,

(1/4w)g —2 = 0.07; (1/4w)g —2 = 4.2.
(dNN

(i3)

In the literature we find that estimates of g~N~'
are subject to wide fluctuation, varying from
2 to 25." The small value of g&~N is consis-
tent, for example, with the suppression of y
production in backward E p reactions. '4~"

The discussion of this paper can be extend-
ed to include nine axial-vector currents. The
underlying group structure will then be [SU(3)
~ SU(3)]g X [SU(3)~ SU(3)]„."

While this paper was being written, two ar-
ticles utilizing asymptotic SU(3) for vector-
meson decays have appeared. "
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