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We confirm a recent determination of the pion-nucleon coupling constant. We relate the accuracy of
our result to the abundance of low-energy polarization data. Our result has been extracted from a
modified dispersion relation and is compared to the Karlsruhe-Helsinki result. The effect of charge-

exchange data on this result is also examined.

In a recent analysis [1] of elastic pion-nucleon scatter-
ing data, the charged-pion—nucleon coupling constant
was found to have a value much below the ‘“canonical”
value given by Koch and Pietarinen [2]. The extracted
value [1] of f? was 0.0735+0.0015 compared to
0.079+£0.001 from Koch and Pietarinen [2] and Bugg,
Carter, and Carter [3]. When paired with the value of
the 7%p coupling found in the recent Nijmegen analysis
[4] of pp scattering, the evidence for large charge-
independence-breaking effects [4] was removed with both
analyses claiming a reduced coupling.

It is also interesting to note that this lower value for
the mwNN coupling essentially removes the Goldberger-
Treiman discrepancy [5]. The discrepancy arises when
one compares the value of #NN coupling, coming from
analyses of experimental data, to the value predicted by
the Goldberger-Treiman relation, given values for the
pion decay constant and axial-vector coupling. (Of
course, the combination of a softer wNN form factor and
a larger coupling constant could also remove the
discrepancy.)

In order to check our result [1] for f2, we have utilized
the symmetric invariant amplitude B *(v,t) in an unsub-
tracted dispersion relation:
g2 vp—v mBt(v't)

g _ YV )= 2V [ gy d
= o [ReBT(v—= fvthdv i |
(1)

for the 7NN coupling g2, with g?=167M?2f?/u? the
quantities M and p being, respectively, the nucleon and
charged-pion masses. This differs from the dispersion re-
lation used in our previous determination [1]. The rela-
tion, given in Eq. (1), was used in the analysis of Bugg,
Carter, and Carter [3] to extract f2 from fits to data be-
tween the laboratory kinetic energies of 100 and 280 MeV
and provides the means for an additional consistency
check on our results [1].
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Our determination of f? relies on partial-wave pion-
nucleon amplitudes [6] which are obtained with a
minimum of dispersion-relation constraints. (Forward-
dispersion-relation and scattering-length constraints are
used, as described in Ref. [6].) Thus, it is essential that
the determination takes place in a kinematic region
which has been thoroughly explored experimentally. On
examining the available low-energy polarization data, it is
clear that very few forward-angle measurements exist.
As such measurements are required to determine the
spin-flip amplitude, one should avoid the near-forward
(and backward) regions when determining f2. (The in-
variant amplitude B depends upon [5] the spin-flip am-
plitude divided by sine of the center-of-mass scattering
angle.)

In the present work, we have calculated an average
value for f2 from a grid of 86 kinematic points. A region
between 100 and 600 MeV in the laboratory kinetic ener-
gy and between 30° and 150° in the center-of-mass scatter-
ing angle was covered. The result for f2 from our most
recent partial-wave solution [6], which we have named
SM90, is 0.0735%0.0015. Here we have quoted the aver-
age value with a root-mean-square error. In Fig. 1, we
display a grid of deviations from the mean value of
g2/4m. The boundaries define a region well populated by
polarization measurements. Notice that the deviations
are largest near the boundaries and are small in the cen-
tral region. This is what one would expect. In Fig. 2, we
display an identical plot for the Karlsruhe-Helsinki solu-
tion [5,7]. Notice that here there is no indication that the
region with abundant polarization data is giving a better
value of g2/47r. This is also to be expected, as the
Karlsruhe-Helsinki solution has been constrained by
dispersion relations, with an assumed value of f2=0.079.
Thus the extracted mNN coupling should be essentially
independent of the chosen kinematic region.

The couplings obtained here and previously [1] were
extracted from our most recent analysis of 7= p elastic-
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FIG. 1. Deviations from the mean (13.3) value of g?/4m for
SM90 at a grid of laboratory-kinetic-energy (7T},,) and four-
momentum-transfer (¢) points. The lower and upper boundaries
define a region between 30° and 150° in the center-of-mass
scattering angle.

scattering plus charge-exchange data. Excluding the pos-
sibility of charge-independence-breaking effects, one
should in principle be able to predict the charge-exchange
results from 75p elastic-scattering data alone. In prac-
tice, however, charge-exchange data are the major contri-
butor to ¥? in partial-wave analyses. It should also be
noted that the charge-exchange reaction involves both
neutral- and charged-pion-nucleon couplings, whereas
the elastic-scattering reactions require only the charged
coupling.

We have thus reanalyzed our data base excluding the
existing charge-exchange data. The results are quite in-
teresting. We find that the removal of charge-exchange
data results in only a minimal improvement of the fit to
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FIG. 2. Notation as in Fig. 1. Deviations from the mean
(14.2) value of g?/4m for the Karlsruhe-Helsinki Ref. [7] solu-
tion.

mtp elastic-scattering data. From the resulting ampli-
tudes, we find for f? a value within a percent of the above
quoted value.

In summary, we have found further evidence in favor
of a value of f? which is much lower than the “canoni-
cal” value of Koch and Pietarinen [2]. We have also
found a correlation between the error in f2 and the abun-
dance of polarization data in regions where the extraction
takes place. These results are not sensitive to the existing
charge-exchange data.
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