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Pion-nucleon coupling constant
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The pion-nucleon coupling constant is determined by comparing the phase shifts obtained by using
matrix Pade approximants with the Livermore phase-shift analysis. The calculations are based on one-
and two-pion exchanges of the pseudoscalar interaction. Only phase shifts and energy regions which
were expected to be dominated by the one- and two-pion exchanges were taken into account. A value
of g'/4m = 13.1+0.4 is recommended.

I. INTRODUCTION

In a previous work' the matrix Pade approxi-
mants (MPA's) of the &-matrix elements of the
nucleon-nucleon scattering were calculated for
total angular momentum J (4 and for laboratory
kinetic energy up to 425 MeV. The calculations
were based on one- and two-pion exchanges of the
pseudoscalar interaction. The coupling constant
g was the only para, meter of the interaction for
which a value, consistent with experimental re-
sults, g'/4m =15 was assumed. In order to inter-
pret the results properly, estimates were given
for energy regions where the one- and two-pion
exchanges should dominate. Within the limits of
these regions it was found that the phase shifts
obtained with the I1/1] MPA fitted the experimental

data relatively well. In this work the above cal-
culations are continued and the best value of the
coupling constant is searched. For the basic ex-
perimental data set, experimental phase shifts
are taken only for energy regions and partial
waves for which the one- and two-pion exchanges
are expected to dominate. As will be seen later,
a rather deep minimum is obtained and the cou-
pling constant appears with a rather small statis-
tical error.

The pion-nucleon coupling constant, resulting
from the nucleon-nucleon scattering, was evalu-
ated previously in many works. For reviews see
Befs. 2, 3, and 4, and for the latest works see
Bef. 5. In this work the evaluation of the pion-
nucleon coupling constant is based on the one-
and two-pion exchanges (OPE and TPE). The

TABLE I. The Livermore phase shifts (Ref. 6), in degrees, used in this work.
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FIG. 1. as a function of g2/4 .
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FIG. 2. Nucleon-nucleon bar phase shifts calculated by using MPA's (solid line) and OPE'(dashed line). The heavy
error lines depict experimental phase shifts found by the Livermore group (Ref. 6), while the circles and thin error
lines correspond to an energy-dependent solution of the Yale group (Ref. 7). The phase shifts in degrees are given as a
function of the laboratory kinetic energy T&b in MeV.
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the coupling constant. Here 6; and &,&
are the

theoretical and experimental phase shifts, re-
spectively, and &; are the phase-shift errors.

III. RESULTS AND DISCUSSION

In Fig. 1 the )I' dependence on g'/4w is displayed
for calculations where the average pion mass
m =138 MeV and average nucleon mass M~ =938.5
MeV were used. The calculations were performed
for both MPA's and KMU. The results, for the
selected phase shifts and energy regions, are
quite similar for both methods. A rather deep
minimum was obtained which led to g'/4s' = 13.20
+0.14 for the MPA ()I'=89) and g'/4m =13.30+0.15
for the KMU (y'=93) using 44 experimental data.
For comparison, the same calculations were per-
formed with OPE (in the KMU) only. The It' min-
imum was at X'=916 for g'/4s =15.31+0.24. Thus,
the inclusion of the TPE reduced the X' minimum

by a factor of about 10. This is a very significant
result which gives us more confidence in the use
of the pseudoscalar interaction. The phase shifts
obtained using the MPA's for states with orbital
momentum L~ 2 are displayed in Fig. 2 (see Refs.
6 and I). For comparison the OPE phase shifts
are also given. Here the OPE calculations were
done using the KMU and g'/4s = 14.43, m, = 135
MeV as in Ref. 6.

The best values of g'/4s are quite sensitive to
the change of the pion mass m, . This is displayed
in Fig. 3, where the best values of g'/4m are given
for different values of m„. The shaded area in-
cludes the statistical error. This sensitivity of
the best value of g'/4s on the average pion mass
m, should be taken into account. If we consider
the values of g'/4s for m, between the masses of
v' and v' (m, o and m „+)we obtain, using the re-
sults of Fig. 3, the following values:
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g /4m=13. 1+0.4 for MPA,

g'/4s =13.2+0.4 for KMU,

g'/4m=15. 3+0.5 for OPE.

In Fig. 4 the minimal X', for the best values of
g'/4w, is given for different values of m „. A
minimum is obtained for m, =145 MeV using the
MPA's, andm, =149 MeV for KMU, which are
slightly higher than the physical masses of the
pions. As one can see, the results with the MPA' s
are somewhat better than the results obtained by
using the KMU. Therefore this analysis favors
the result obtained by using the MPA's, g'/4s
= 13.1 a 0.4.
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FIG. 3. The best values of g /2z determined by search-
ing, versus the average pion mass m . The shaded area
corresponds to the statistical error.

FIG. 4. The minimal g for the best values of g /47r
versus the average pion mass m~.
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