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We show that the recent electron-positron colliding-beam experiment at Novosibirsk
and p-photoproduction experiment at Deutsches Klektronen-Synchrotron yield p cou-
plings which are consistent with the predictions of simple SU(2)S SU(2) effective Lagran-
gian theories containing an axial-vector meson. This includes the prediction of the vir-
tual p mass dependence of y&~~.
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The cross section for the colliding-beam ex-
periment, e++e —m++ w, is proportional to
IF+(m) Ia, where F~ is defined for c.m. energy m

by
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In a p-dominance model satisfying Eq. (1), F~
becomes

The simplest chiral invariant Lagrangian con-
taining n, p, and A fields was first proposed by
Schwinger. ' It can be obtained from the Lagran-
gian of Wess and Zuminoa by setting their "anom-
alous moment" parameter v equal to zero, or
from the Ward-identity approach of Schnitzer and
Weinberg' with 6 =0. This Lagrangian satisfies
the chiral field algebra and partial conservation
of axial-vector currents. It predicts for y»„
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where m is the virtual p mass, mA the mass of
the axial-vector meson, and emp'/yp the p-y
coupling constant. If we identify the axial-vector
meson with the still controversial A, meson, we
find that mg = v2 mp and

shows the colliding-beam data' for IF~(m) I' to-
gether with theoretical curves obtained from Eq.
(4), and taking

(m)/y = I-~m'/m ',
pF7T p p

I'p(mp) =95 MeV, and X=0.1, 0.2, and 0.3. We
also have included the value for IF~ I' at m =775
MeV recently reported by Augustin et al. ' at Or-
say. The two independently obtained values for
IF~la near m=mp require 1 &0 for I =100 MeV.
The Novosibirsk data for IF~ Ia off the peak can-
not be fitted for I"p much larger than 100 MeV or
for values of mp differing from 765 by more than
10 MeV. It must be emphasized that the colliding
beam reaction e +e -m++m is the only way of
establishing the parameters of the p resonance
without the complicating presence of nuclear
background and absorption effects.

The Deutsches Elektronen-Synchrotron (DESY)
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Equation (4) can also be thought of as a solution
to the Omnes equation for F~, with yp~~(m)/yp
a polynomial linear in m multiplying the usual
Omnes factor. Since yp~~(0)/yp = 1, F~(0) = 1.
Our expression for E„should not be taken too
seriously, however, for Im' l»mp'. Figure 1
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FIG. 1. The Novosibirsk experimental points for
I EYI- I (and the Orsay point at m = 775 MeV}, together
with curves from Kq. (4} with Kq. (6} for ~=0.1, 0.2,
and 0.3; mp =765 and I'p(~ p}= 95 MeV.
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p-photoproduction experiments' on carbon, y+ C-C+ p, have measur ed both the decays p —n++ m

and p -e++ e . Because of the uncertainties
about background contributions and absorption ef-
fects, the analysis of this experiment is less
straightforward. We adopt the method used by
the DESY group to fit the n-pair mass distribu-
tion in the region of the p peak, but fix mp at 765
and I"&(m&) at 100 MeV. As seen in Fig. 2, these
parameters are not inconsistent with the data.
The slight systematic discrepancy between the
theoretical curve and the data in the mass region
650 &m &900 MeV is a reflection of the fact that
p-photoproduction experiments have always sug-
gested a lower value for mp. We believe that
this mass shift can be attributed to a background
interference' or p-mass-dependent absorption
effect. The DESY group analyzed their data by
including a factor of m&'/m' in the p resonance
shape. This factor was proposed by Ross and
Stodolsky as a diffraction effect in order to ex-
plain this shift in the p peak. We are unable to
find any firm theoretical justification for this fac-
tor and agree with Gottfried' that this factor
should not be present. Without the factor of m&'/
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m present the DESY data cannot be fitted with a
width much larger than 100 MeV. "

While the m 'dependence of yp~~ does not appre-
ciably modify the m-pair mass distribution in the
p peak region, it does become important in the
tail of the distribution, 900 &m &1100 MeV. If we
accept the hypothesis made by Asbury et al. ' that
the ~ pairs in this mass region are due almost
entirely to virtual p decays, then their data, as
seen in Fig. 2, provide dramatic corroboration
of the colliding-beam results that A &0. In this
case, values of A near 4 fit the data best. Again
it is difficult to assess what mass-dependent p-
carbon interaction effects or background contri-
butions in the mass region 900 to 1100 MeV will
do to modify the value of A. . It should be noted
that the observed mass distribution drops off
more rapidly than expected from p dominance
with 1=0. Consequently, if there is a contribut-
ing background with A. =0, it must be interfering
destructively with the contribution.

One consequence of a narrower width for the p
is that the number of photoproduced m pairs at-
tributed to the decay of p mesons is reduced by
approximately 20%. This results in a 20% in-
crease in the value for y&'/4w obtained from the
p-photoproduction cross section using the diffrac-
tion production model. This becomes y&2/4m
= 2.4 +0.5 (Asbury et al. use a definition of y&
which is —, our y&). Since I'&(m&) = 100 MeV
yields [pppp(mp) ] /4w = 2.0, we obtain yp pp(mp)/

yp =0.9 +0.2, a result consistent (if inconclusive-
ly) with X &0. The DESY analysis, using I'p = 130
Me V, find s yp&~/yp

= 1.1 + 0.2.
The 20% decrease in the number of p's photo-

produced increases by 20% the p-e++e branch-
ing ratio reported in Ref. 6. The branching ratio,
Bp, now becomes

=I'(p e++e -)/I(p-~++m )
p

= ( t.8+ 1.6) x 10
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FIG. 2. The DESY data from 650 to 900 MeV, to-
gether with a theoretical curve with mp =765 MeV,
I'p(m&) = 100 MeV, and A,=0.2. The background is
shown as a dashed line. The curves from 950 to 1100
MeV have & = 0.1, 0.2, and 0.3 with again m& = 765 MeV
and 1& =100 MeV.

This larger value for Bp makes the recent work
of Parsons and Weinstein" at Northeastern, and
Davier'2 at Stanford Linear Accelerator Center,
particularly relevant. They point out that if the
SU(3) estimate of the v-y coupling constant is
correct, an estimate consistent with the observed
u photoproduction cross section, then photopro-
duced co's decaying into e++e can interfere sig-
nificantly with the electron pairs coming from
p's. Taking p and w production amplitudes with
the same phase, as expected from the simple dif-
fraction production model, they obtained" an in-
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(B ) =(4.6+1.3) &&10
p corrected (8)

This corrected value for Bp leads to yp«(mp)/
y& =0.95 +0.20, again consistent with A &0. With-
out the correction factor of 1.7, we would have
obtained yppp(mp)/yp =1.25+0.25. If we take the
DESY analysis with I'p = 130 MeV and Bp = (6.5
+ 1.4) &&10 ', we find yp~~/yp = 1.4+0.3. Both of
these two values for yppp/yp are two standard
deviations away from the colliding-beam value,

yppp(mp)/yp =0.8 +0.1. Unfortunately, the DESY
electron-pair mass distribution does not show

any evidence of an ~ peak, although the statistics
are poor. Nevertheless, our interpretation of
the p-production data does tend to support the
presence of a large interference effect. Note
that the consistent values for yp~~/yp that are
found for both e++e -m++m and y+C- p+ C

indicate that the p-y coupling constant is indepen-
dent of the virtual-photon mass. This is to be
expected in a field-algebra approach but is a re-
sult that is not unique to a field algebra alone.

If we accept this analysis of these two p-pro-
duction experiments, we have additional evidence
that the A, meson plays an important role in
maintaining chiral symmetry among mesons.
Notice that if we were to eliminate the A, from
the effective Lagrangian, then we would predict
an even larger value for A. , since eliminating the

A, is equivalent to taking mg -~ in Eq. (1). This
yields X = 2 and is clearly ruled out by experi-
ment. There is some difficulty, however, with
the width of the A, predicted by the simple effec-
tive Lagrangian with 5=0.' In this case, I (A,-p+v)- 224 MeV, a value which is large. Aside
from the fact that we cannot take seriously to
better than 25% current-algebra predictions of
widths, it is also possible to reduce the A, width

substantially by introducing a small negative val-
ue for 5. Since we fix the p width at 100 Me V,
the relevant quantity is I'(A, -p+m)/I'(p- 2v)
= 2.24[(1+25)/(I ——,'5)]', so that 5 = —0.4 reduces
I'Q, -p+m) to 112 MeV while X= —,'(1+6)=0.15.
It would be most useful to have improved statis-
tics for the colliding-beam experiment and an ex-

crease of about 70'%%up in the number of lepton
pairs produced compared with the number expect-
ed from p decays alone. If this estimate is cor-
rect [large SU(3)-breaking corrections to the m-

y coupling constant are possiblej, the true e++ e
branching ratio is obtained by dividing Bp in Eq.
(V) by 1.7:

tension of data to mass regions outside the p res-
onance.

Finally we observe t,hat in Sakurai's" calcula-
tion of the ~N scattering lengths, a, -a„using p
exchange, one must use y „„m at m =0. Hence,
if X & 0 yppp (0) & yppp (mp; and one must use an
effective p width considerably larger than that
observed in order to obtain the correct value for
g, -a~ or, using the soft-pion limit, the Kawaraba-
yashi-Suzuki-F ayyazuddin-Riazuddin relation. '
This should not be surprising since the effective
Lagrangians are constructed to give a,-a, through

p exchange. '
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