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FIG. 1. Polarization in 77p —nn at |#| = 0.2; solid
curve calculated for gNy =1.0 and dotted curve for gNy
=1,5.

state, and thus we have Imf,os™ <0 and Imgresm
>0 in the region of 0<|#| <0.2. Thus, Eq. (8)
provides a definite positive polarization at 3.20
GeV/c. This gives a good qualitative explana-
tion of the experimental data.!
It is also possible to obtain the factor &Ny
in Eq. (2) by fitting Eq. (8) to the polarization
data in 77p —mn at 3.20 and 3.47 GeV/c.! The
polarization calculated® by two possible values
of gpr. is shown in Fig. 1, where the experimen-
tal data are also plotted. The differential cross
sections calculated by Eqgs. (1) and (2) with val-
ues of g, as 1.0 and 1.5 are in good agreement
with the experimental data.® However, this
is no longer true with values of g, higher than
about 1.5. Since the ratio gy, is related to the
. . Y
ratio of F and D coupling of N,, resonance as!o
= -1/2
£y, =374,
where f+d =1, the ratio F/D should be bigger
than 2.3.1' It is thus demonstrated that the ra-

tio F/D can be obtained through the polariza-
tion data in 77p - mm around the resonance.
However, for more precise determination of
the ratio we obviously need better data. It is
also desirable to have polarization measure-
ments around N(2190). We could thus compare
the ratio F/D of Ny at different resonances.
We wish to acknowledge the assistance of
R. George and R. Miller in the numerical cal-
culations.
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DETERMINATION OF THE KNY COUPLING CONSTANTS
USING MODIFIED DISPERSION RELATIONS*
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The KNY coupling constants are determined using a new procedure which includes a
criterion for checking the self-consistency of the necessary extrapolation into the un-

physical region.

Several determinations of the KNY coupling
constants have been made using forward KN
dispersion relations in which the imaginary
part of the scattering amplitude in the unphys-
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ical region is found by extrapolation from the
experimentally accessible physical region.
Most recently, Kim?! has performed this extrap-
olation using multichannel effective-range the-
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ory (EFR) and his results fit quite nicely into

the SU(3) description of these coupling constants.?
However, they differ significantly from sim-

ilar analyses® which perform the necessary
extrapolation using a constant scattering-length
approximation (CSL). Undoubtedly, the EFR

parametrization is favored on theoretical grounds,

but in view of the theoretical significance of
these coupling constants, we consider it inter-
esting to have some independent method for
their determination. We assert that the fam-
ily of modified dispersion relations given be-
low provides one such method and, furthermore,
that it contains a criterion for the internal self-
consistency of the calculation, which is lack-
ing in previous determinations.

Our starting point is the observation that all
parametrizations for extrapolation of the am-
plitude into the unphysical region provide both
the real and imaginary parts of the amplitude,
and that once their parameters are determined,
one knows the real part as accurately as the
imaginary part.* Since conventional dispersion
relations use only the imaginary part, disper-
sion relations involving the real part in the
unphysical region should provide an indepen-
dent determination of the coupling constants.
Gilbert® and Liu and Okubo® have written dis-
persion relations for 7N scattering involving
the real and imaginary parts in the physical
region. However, we found a different class
of dispersion relations more suited for the KN
case.

If T(v) is the invariant forward scattering
amplitude for KN scattering,” where v is the
laboratory energy of the kaon, we determine
the coupling constants (referred to simply as
gy from the dlspersmn relation Fg(v) =T(v)/
(u-—mK) B ‘Vc) , where mp is the kaon mass,

¢ is the lowest 7Y threshold, and §is an arb1-
trary pa.rameter 0<B<1. The factor (V—-mK)

x(v=v,)B is chosen so that it introduces a short J

cut joining the branch points v, and mg, and
is taken to be positive for real v>mg and neg-
ative for real v<v.. In the physical region,
ImFg(v) is proportional to Im7(v), but in the
unphysical region it is proportional to coswf
XxImT(v) + sintBReT(v). Thus, as B varies,
contributions from the unphysical region are
determined by combinations that range from
ReT to essentially +Im7, while contributions
from the physical region are determined always
by the total cross sections.

This modification has several advantages
in the KN case. In the physical region, unlike
the modified dispersion relations of Liu and
Okubo,® we need only to know the Im7. Exper-
imentally, ImT is well determined from thresh-
old to 20 BeV/c through the known total cross
sections, while very little direct information
on ReT is available over most of the physical
region. This is in contrast to the unphysical
region where, as mentioned, the same proce-
dure for determining Im7T determines ReT.
Thus the input to the dispersion relations for
Fg(v) is as well known as for the conventional
dispersion relations. Also, the high-energy be-
havior is Fg(v) ~ T(v)/v,® independent of 8, so
that the high-energy behavior of the modified
amplitude does not restrict the allowed values
of B as it does for Liu and Okubo in the 7N case.

Furthermore, we assert that the stability
of the results for the coupling constants against
variations in 8 provides a sensitive check on
whether the form of the extrapolated amplitude
used in the unphysical region is consistent with
the known total cross sections.

Starting from the KN amplitude correspond-
ing to isospin I, equal to 0 or 1, which isolates
either the A or Z pole, our basic equations
are obtained from the dispersion relation for
Fg(v) evaluated at KN threshold v =-m (eval-
uated at KN threshold, they reduce to an iden-
tity). For example, for I=0,

2g 2x(A) 1 pedk /v+m
KNA | — K [20,+,W)=0, 4, ()]
W, +m Jom -v )I—B(v -y )B 4n2 0 v \v+v
A K K A c A c
B
o dk K 1 K dv
-—3 [ZO'K— (y)—cK.. W)]+—
0 v V=V m V v+m
c K
cosmBImT(v) + sintBReT(v) T(—mK)

X

(m K

- ) (1)
—V)I_B(V—VC)B (2mK)1_B(VC +mK)B
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Table I. KNY coupling constants using the EFR parametrization. Also given are the values for the integrals for

the KNA case.
Integral over Integral over
unphysical region physical region
B ExNA gxnst (mb) (mb)
0.1 14.6+1.,5 0.5+0.5 11.32 -10.08
0.2 14.7+1.6 0.3+0.5 7.16 -5.86
0.3 14,4+1.7 0.2+0.6 5.64 —-4.34
0.4 14.0+1.7 0.1£1.0 4.80 -3.52
0.5 13.5+1.8 0.0£1.3 4.25 -2.99
0.6 13.1+1.8 -0.2+2.0 3.84 -2.62
0.7 12.6+1.9 -0.3£2.7 3.51 -2.33
0.8 12.0+1.9 -0.5+3.5 3.23 -2.10
0.9 11.1+£2,0 -0.9+4.,9 2.92 -1.92

where ggpnA® is the renormalized KNA coupling
constant®

xX(A) = [sz—(mA—mN)z]/‘lmN"’,

and v, and v, are the positions of the A pole

and Zr7 threshold, respectively. The analogous
equation for 7=1 gives gKNZIZ' We point out
here that the residue functions X(Y) used by
Kim' are incorrect. Because of this, his re-
sults for the KN coupling constants should be
reduced by a factor my/mp for ggna® and
mp/mp for ggna®. This correction is made
when we compare results.

The integrals in Eq. (1) were evaluated nu-
merically for several values of 3. It is inter-
esting to note that no principal-value integrals
occur, contrary to the conventional case.?

In the unphysical region and for low-energy
KN scattering (up to £ =500 MeV /c), the EFR
parametrization' was used. For low-energy
KN scattering (up to =300 MeV/c), the effec-
tive range parameters of Goldhaber et al.!!
were used. In the regions from 500 MeV/c
for KN and 300 MeV /¢ for KN up to 18 BeV/c,
the most recent cross-section measurements
available were used.? We assumed that above
18 BeV/c, ogn-oxn <k~ Y2. Contributions
from the asymptotic region depend only on the
power law and the known cross sections at 18
BeV/c, but contribute very little to g3* in any
case.

The results for various values of B are giv-
en in Table I. The error quoted is solely due
to variations of the EFR parameters® within
their quoted errors. Errors in the reported
cross sections give rise to much smaller vari-
ations. The coupling constants obtained using
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any combination of real and imaginary parts

of the unphysical amplitude agree with each
other within these errors. Table I also con-
tains representative values of the integrals
over the unphysical and physical regions which
appear in Eq. (1) for the KNA case. These con-
tributions vary individually by a factor of 4

or 5 as B changes, showing that stability of

the resultant coupling constant is by no means
trivial.

The whole calculation was repeated using
the CSL extrapolation with the parameters al-
so given by Kim.'® The results are given in
Table II, the errors again representing vari-
ations in the CSL parameters. The values for
the coupling constants obtained for different
B disagree quite badly with each other.

We assert that the stability of gy* against
variations in B8 is a measure of the self-con-
sistency of such a determination, or more spe-
cifically, provides a criterion for the compat-
ibility of the extrapolated amplitude in the un-
physical region with the known total cross sec-

Table II. KNY coupling constants using CSL parame-
trization.

B EgNA® gxns’

0.1 4.7+0.08 3.4+0.4
0.2 5.2+0.04 2.4+0.1
0.3 5.2+0.04 2.0£0.1
0.4 5.0+0.05 1.6+0.1
0.5 4.6+0.07 1.2+0.1
0.6 4.0£0.09 0.8+0.1
0.7 3.0£0.12 0.2+0.1
0.8 1.1+0.20 —0.8£0.2
0.9 —4.4+0.44 -3.3£0.4
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tions in the physical region. Use of the mul-
tichannel effective range extrapolation with

the parameters recently determined by Kim?
leads to a determination of gy® which is self-
consistent, within the errors quoted for the
parameters, while use of the constant-scatter-
ing-length approximation does not. Further-
more, the results in Table I can be summar-
ized as follows:

gKNA2=1313, (2)

gKN22=Oi 1. (3)

These results are compatible with pure SU(3)
invariance, giving the mixing parameter o =F/
(F+D) as

0.37 < @ <0.41. (4)

These values agree quite well with Kim’s cor-
rected results of 13.5+2.1 and 0.2+ 0.4 for

&g A° and &N’ respectively.
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In this paper we report an experiment per-
formed at the Frascati 1.1-GeV electron syn-
chrotron on the photoproduction of the eta me-
son from hydrogen,

y+tp—=n+p. (1)
The forward differential cross section has been
measured at the three energies K =775, 800,
and 850 MeV of the incident photons for differ-

ent eta c.m. angles 6,7*. The energy resolution
AK was typically +25 MeV. The purpose of

this experiment was to investigate, not far from
threshold energy, the presence in photoproduc-
tion of higher partial waves besides the dom-
inant n-nucleon S-wave resonance.!

Our results show that in the reaction y +p
—~n+p up to K =850 MeV (corresponding to a
c.m. total energy E*=1573 MeV), the differ-
ential cross section is not sensibly increasing
at forward angles. At backward angles a de-
parture from isotropy could start between K
=800 MeV and K =850 MeV. At the correspond-
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