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The low-energy KN system is examined using a general separable and a vector-meson exchange

potential. A direct fit to the data including the K p threshold branching ratios is made in order to
determine the nature of the resonance at 1405 MeV. Satisfactory fits are obtained using potential

parameters within the range of expected SU(3) breaking and vertex coupling constants roughly con-

sistent with values derived from NN analyses.

I. INTRODUCTION

There are some controversial problems concerning the
KN system (K p, K n) at low energies. One deals with
the nature of the resonance at 1405 MeV [the A(1405)],
and another one with the disagreement between K N
scattering lengths extracted from scattering data and the
atomic level shift (see Ref. 1 for a detailed discussion).
With respect to the A(1405), its description as a three-
quark s-channel resonance, a quasibound KN system, or a
combination of these two states still remains unclear. Al-
though there has been much work done in trying to un-
derstand this system, ' these puzzles still persist. In this
paper, we apply various potential models to the KN sys-
tern at low energies. We examine the situation with
respect to the degree of SU(3) symmetry breaking needed
to fit the data as well as a comparison with potential pa-
rameters derived from NN scattering. We concentrate on
the energy region between 1400 and 1460 MeV in which
there are three types of available information: (a) the X-n.

mass spectrum centered at 1405 MeV, (b) the K p atom-
ic ls level shift and branching ratios at threshold, and (c)
the low-energy scattering data.

The usual approaches for fitting the data are of two
types: K-matrix parametrizations with dispersion rela-
tion constraints ' and potential models. ' The K-matrix
approaches fit the low-energy scattering data, the thresh-
old branching ratios, and the resonance at 1405 MeV
very well with parameters which vary slowly with energy.
These results, however, predict a value for the 1s atomic
level shift which has a sign opposite to the experimental
result. Attempts have been made with marginal success
to reconcile this difference by considering anomalous
Coulomb corrections as well as Coulomb-nuclear in-
terference effects. Also, the K-matrix formalism is not
equipped to unambiguously reveal the character of the
A( 1405 ) resonance.

Potential models have also been used in fitting the
low-energy data. This approach has the advantage of
offering an energy dependence for the amplitudes which
incorporates the dynamics of the system. In addition, po-
tential models can incorporate and differentiate between
an s-channel (three-quark state) and a t-channel (quasi-
bound-state resonance) situation within a physical model.
The disadvantages include model dependencies and a lim-

ited range of validity. Nonetheless, these models offer
some "physics" to the parametrization and a scheme for
extending the amplitudes off shell.

One of the first potential models applied to the KN sys-
tem was that of Alberg et al. , who matched separable
potential parameters to the amplitudes of the available
K-matrix analysis. Other potential models have been
constructed to fit the data directly. The low-energy
scattering data, the resonance at 1405 MeV, and even the
threshold value for the 2p-ls atomic level shift (with
some difficulty) have been incorporated to fit within sim-

ple potential models. ' In particular, there has been a lot
of effort to obtain a scattering length in agreement with
the experimental level shift. We emphasize here that this
is not the only available data at threshold. The threshold
branching ratio data of Refs. 10 and 11 place tight con-
straints on the amplitudes and on the potential coupling
strengths. In addition, the branching ratio data sets are
self-consistent and have smaller errors than the atomic
level shift data. This data is included in the K-matrix pa-
rametrizations, and consequently in the potential fits of
Refs. 4 and 5. It is not included, however, in recent po-
tential model fits to the data of Refs. 7 and 9, which per-
form computational gymnastics to find compatibility
with only the atomic level shift results and the scattering
and resonance data.

In this paper we examine a class of potential forms for
the low-energy KN system. We fit directly to the data.
We also emphasize that there is sufficient low-energy data
to put tight constraints on any potential model. Two
different types of potentials will be considered: a separ-
able potential in momentum space and a local potential
(simple meson exchange) in coordinate space, both of
which will be guided initially by SU(3) symmetry con-
siderations. In the next two sections the framework will
be discussed, and in Secs. IV and V the results will be
presented. We are limiting our consideration to the
strangeness S=—1 sector (i.e., we do not include the
KL p scattering data).

II. THE POTENTIAL PARAMETRIZATION

In this section we describe the potential parametriza-
tion and the framework in which the scattering ampli-
tudes are calculated. We will be fitting to data in three

38 2221 1988 The American Physical Society



2222 P. B. SIEGEL AND W. WEISE 38

different energy regions, and these will be referred to as
resonance, threshold, and scattering data. The resonance
data consist of the X-m. spectrum centered at 1405 MeV,
which is below the K p threshold [i.e., the A(1405) reso-
nance]. The threshold data which we fit to will be the de-
cay branching ratios of the K p atom. These are defined
as

and

rate(K p ~X n+ )

rate(K p ~X+n )

rate(K p~charged particles)
rate(K p~all final states)

R =
C

rate(K p~m A)
rate(K p~all neutral states)

(2)

(3)

We do not fit to the atomic level shift initially, but will
examine the 1s energy shift resulting from the branching
ratio fit. The scattering data consist of recent low-energy
elastic and reaction data for P„b & 200 MeV/c from Refs.
12—15. There are 48 data points. For the resonance and
scattering data an isospin basis will suffice. However, the
threshold branching ratios are very sensitive to isospin
breaking effects' due to the mass difference between the

p and K n systems, causing a rapid energy depen-
dence between the two thresholds. To handle these
effects, one can either solve for the K matrices of the
respective isospin channels and apply the isospin break-
ing corrections of Dalitz and Tuan, ' or solve the six-
channel problem in the particle basis. Here we take the
latter approach since it is easier for our application. The
threshold branching ratios are not particularly sensitive
to the inclusion or exclusion of the Coulomb potential. '

We consider two forms for the potentials, a simple se-
parable potential and a local potential. In both cases, the
relative couplings between the channels are guided by
SU(3) symmetry properties. The separable potential is
solved in momentum space, which facilitates the calcula-
tion, and the local potential in coordinate space. In both
cases we will seek solutions which do not stray too far
from these guiding SU(3) properties. We use the
coupled-channel potential model with nonrelativistic
propagators (or dynamics) as our mathematical frame-
work for solving for the scattering amplitudes. Later we
show that for the separable potential similar results are
obtained by using a relativistic propagator. The coupled
equations are written in coordinate space as

V 4, (r) k+; %, (r) —. 2p, f V,"(r,r')4 (r')d r'=0 (4)

where 4', (r) represent. s the wave function and p; is the re-
duced energy for channel i. The six channels relevant for
our problem are the 2+m. , X m. , X m. +, A~, K p, and
K n, and will be referred to as channels 1—6, respectively.
The center-of-mass momenta k, of channel i are deter-
mined from the total energy E:

k; =[E (m, —M, ) ][E —(m—;+M;) ]/(4E ),
where m; and M; represent the meson and baryon masses
for channel i.

C;.g a). a)
4~ ' a+k a+k'

l J

(6)

Using this separable form and the nonrelativistic propa-
gator the problem of solving the coupled channel equa-
tions is algebraic (see Appendix A). A key ingredient in
the solution is the evaluation of the integral I; defined as

I;—=
kI —p +lE'

If u;(p) has the simple form as in Eq. (6) then the integral
is easily solved analytically with the result given in Ap-
pendix A. The solution to the six coupled equations is
readily done, and a search on the potential parameters is
feasible. This approach is essentially a particular form of
a K-matrix parametrization which tries to include the dy-
namics of the six-channel system. Previous potential pa-
rameter searches on the data ' have used complex com-
ponents to represent the A-m channel. Here we include
this channel explicitly in order to incorporate the thresh-
old branching ratio data.

It has been pointed out that one should use a relativis-
tic propagator in dealing with this system with a separ-
able potential model, the point being that although the
KN system is at nonrelativistic energies, the X-~ and the
A-n. systems are not. We find that in the energy range
considered here between 1400 and 1460 MeV there is no
loss of accuracy by using a nonrelativistic propagator.
This is demonstrated in Fig. 1. The difference between
using a relativistic versus a nonrelativistic propagator
would occur in the denominator of the integral in Eq. (7)
with the replacement of k —p by E —(m; +p )'
—(mj+p )' . In both cases the "pole" piece is the
same and is given by impku (k) Only the p.rinciple value
pieces will differ, but they can be made roughly equal by
an appropriate choice of off-shell range. In Fig. 1 we
show this comparison. The solid curves correspond to a
nonrelativistic range parameter a of 1 GeV/c for the
three channels. At any particular energy there exists a
corresponding relativistic range which will produce the
same principle value integral. The dashed lines corre-
spond to relativistic ranges which give equivalent princi-
ple values with a between 690 and 830 MeV. The energy
dependence of the two forms will differ, but over the
small energy range considered here the difference is less
than 10%. These ranges for a were roughly what was
needed to fit the data with the separable potential. For
ranges 200 &a & 1500 MeV similar small deviations were
found. For the KN system in particular there is essential-
ly none. Therefore, for any set of nonrelativistic ranges
there exists a set of relativistic ranges which will give
similar results. (This argument was tested only for these
small energy regions and for the separable potential
forms. )

We also consider a local potential. The specific form,

For the separable potential we use the following an-
satz:

2

V~(k, k')= C;, u;(k)u (k')
4~ '~'
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For the low-energy data considered here, the s-wave
amplitudes dominate (p wave contributing only 5 percent
at the highest energy of 1460 MeV), and we confine our
analysis to this partial wave. The form of the potentials
gives three types of parameter variations; the relative
coupling strengths C;~ [see Eq. (6}],the overall strength g,
and the off-shell ranges. Our general procedure for
searching on the parameters for the separable potential
will be to 6x the ranges and couplings C; and adjust the
strength g so that a resonance state is formed at 1405
MeV. The chi squared for the scattering and branching
ratio data is then calculated.

The scattering amplitudes for the various channels are
quite sensitive to the coupling constants C;, and we begin
our search on these parameters with the guidance of
models based on the SU(3) symmetry of the KN system.
The cloudy-bag model' has been successfully applied to
the K N low-energy scattering data and the A(1405} res-
onance. The original Lagrangian is based on chiral
SU(3)XSU(3) symmetry. A local chiral rotation gen-
erates a four point meson-quark contact interaction in
the s-wave channel. When this contact potential is pro-
jected onto baryonic states the resulting relative coupling
strengths between the channels are given by'

v'6 '

—2
4

-7.5-
I I I I I

1400 1410 1420 1430 1440 1450 E ( Me V )

(C,i)= v'6

4
3
2

(for isospin I =0), (9a)

where i = 1,2 refers to the Xm and KN channels, and

FIG. 1. The principle value integral I; of Eq. (7) is plotted as
a function of total energy E for the K-N channel, the n.-A chan-
nel, and the m-X channel. The off-shell ranges, a;, for the separ-
able potentials used [Eq. (6)] are given in parentheses for the
nonrelativistic propagator (K —p )

' and for the relativistic
propagator [E—(m; +p2)'~ —(m,2+p )'~2]

(C;)= 0

v'6
2 4

1

2

1

2

(for isospin I =1), (9b)

derived in Appendix 8, is motivated by a simple vector-
meson exchange picture of the interaction. The q
dependence is given by

v;, (q') =

2
v r

gij gij gij

q +m
a —m2 2

a+q

The parameter m corresponds to the mass of the ex-
changed meson, and the range parameter a to the form
factor of the baryon-baryon-(vector-meson} vertex. The
parameter g;1 is the meson-meson-(vector-meson) vertex
coupling constant; g;. and g;- are the various baryon-
baryon-(vector-meson) vector and tensor vertex coupling
constants, respectively. For this local interaction, the
Coulomb potential was added in the (K p) channel, and
caused an increase in the Xn. production (K p~Xn ) of
10 percent for the data points at T&,b

——70 MeV.

where i =1,2, 3 refers to the Xm, Am, and EX channels,
respectively.

These same relative coupling strengths result if one as-
sumes a simple vector-meson exchange picture with
universal coupling for all the vertices. ' Due to the suc-
cess of the former model and the expected approximate
validity of SU(3) symmetry we start our searches with the
above values for the C,"'s. We initially introduce SU(3)
breaking by using different masses for the respective
channels. With these assumptions, the interactions de-
pend on only two parameters, an overall strength g and
the common range parameter a in Eq. (6) [alternatively,
the mass parameter m in Eq. (8)]. We initially take
a=ac in Eq. (8).

The results obtained with these simple forms are
presented in Fig. 2(a) for the separable potential, and in
Fig. 2(b) for the local potential. The solid line corre-
sponds to values of the strength and range for which a
E p resonance is formed at 1405 MeV. The dashed line
corresponds to combinations of strength and range which
reproduce the experimental branching ratio y at thresh-
old [see Eq. (1)]. It is interesting to note that the other
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FIG. 2. The solid lines correspond to combinations of
strength and range which produce a quasi-bound-state reso-
nance at 1405 MeV. The dashed lines correspond to combina-
tions of the parameters which reproduce the experimental
branching ratio y. In (a) the separable potential of Eq. (6) (with

a; =a, ) is used, and in (b), we use the local potential of Eq. (8)
(with gT ——0 and a = 00, and g =g;,g;; ).

two branching ratios are very close to the experimental
values as well. ' The results for the two potential forms
are qualitatively similar. The point in Fig. 2(a) corre-
sponds to a value of X =2.0 for the scattering data. The
resulting cross sections for these optimal values of the pa-
rameters a and g of the separable potential are shown in
Fig. 3 along with the theoretical X~ mass spectrum
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FIG. 3. Comparison with the low-energy data taken from
Refs. 12—15 and 20 using the potential of Fig. 2(a) with a=700
MeV/c and g~/4n. = 1.0.

(k, X
~

Xnelastic sc. attering amplitude
~

) normalized
to the Xm mass spectrum data of Hemingway; we note
that the shape of the Xm mass spectrum agrees well with
Ref. 20. These results should be seen together with the
branching ratios listed in Table I. These curves are very
similar to those of Fig. 9 in Ref. 18. This is not surpris-
ing, since the resulting potential in the cloudy-bag model
is almost separable and depends on two parameters. Our
results here for the potential form of Eq. (6) should be
similar to those of Ref. 18, with perhaps a different mean-

TABLE I. Calculated threshold branching ratios y =rate(K p ~X n.+ )/rate(K p ~X+m. ),
R,:—rate(K p ~charged particles)/rate(K p ~all final states),
R„=rate(E p~m A)/rate(K p~all neutral states), using (a) separable potential [cf. Figs. 3 and

2(a)]; (b) separable potential plus s-channel resonance at Mo ——1430 MeV (cf. Fig. 4); (c) meson-exchange
potential (cf. Fig. 5). The experimental values are shown for comparison.

Separable
potential

Meson-exchange
potential

K p threshold branching ratios
Separable potential

+s-channel
resonance Expt.

r
R,
R„

1.21
0.65
0.12

2.34
0.64
0.22

2.34
0.66
0.14

2.36+0.04
0.664+0.011
0.189+0.015
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ing for the parameters. We note that this good agree-
ment does not hold for the branching ratios. We were
unable to fit all three sets of data with only these two pa-
rameters.

In the next section we examine how much SU(3) sym-
metry breaking in the potential is necessary to obtain sa-
tisfactory fits to all the data. We will also investi. gate
whether the explicit additional inclusion of an s-channel
resonance is necessary and compatible with the data. Fi-
nally coupling constants for an effective vector-meson ex-
change model will be determined.

IV. RESULTS FOR SEPARABLE POTENTIALS

There are many possible ways in which to break SU(3}
symmetry in the coupling potential. The coupling con-
stants between the various channels can be varied as well
as the ranges. It is, however, difficult to make a direct
connection with flavor SU(3) or chiral SU(3) X SU(3)
breaking terms of a fundamental Lagrangian, since the
inclusion of form factors "mock up" vertex renormaliza-
tions. Although these renormalizations are supposed to
be small for appropriate ranges, ' here we wish to show
that, for ranges commensurate with the size of the
meson-baryon system, a fit to all the data is possible
within 25 percent of the SU(3)-derived C;. coeflicients.
We will consider a X /(data point) ~ 3.0 as an unaccept-
able fit since a X /(data point) &1.8 was possible by
searching on six parameters of an appropriate choice.

First, the range parameters a, were varied. An accept-
able fit to the data was not found. Next, the coupling
coefficients were modified according to the ansatz
O'J =f;fjC~. In this parametrization, the f s represent
vertex corrections in the particle basis; this is, the same
correction for the I =0 and I =1 channels. The six pa-
rameters f; and a; were varied without finding an accept-
able fit.

A successful scheme is the free variation of the C; for
a fixed range a. This type of freedom is incorporated in
EC-matrix fits. Here we wish to investigate how much
variation from the values in Eq. (9) is necessary. We
quantify this deviation by multiplying the C;J s by a fac-
tor f;1 and search for a fit which minimizes the SU(3)
breaking. A solution was found in which only a 15 per-
cent variation (i.e., 0.85 & f;~ &1.15) of the coefficients

Ciif ii, Ci2f i2, C2zf22, Ciif ii, Cisf is, and Cssf33 from0 0 0 0 0 0 1 1 1 1 1 1

the values of Eq. (9} produced a X /(data point)=1. 8.
The respective modification factors f; for this best fit are
0.85, 0.85, 1.02, 1.15, 1.15, and 0.85 with a=800 MeV/c.
We note that restricting 0.9&f,j &1.1 produced a best
X /(data point) of 3.7 for 200 MeV/c &a&2 GeV/c.
Variational schemes which vary the ranges as well as the
C; are possible as well. A 15 percent variation of the po-
tential strengths translates to only a 7.5 percent renor-
malization of the vertices. One peculiar aspect of the
above fit is that f,2(I =0}=0.85, whereas f,i(I =1)
=1.15. In a particle basis, this corresponds to a strong
potential for the double charge exchange reaction
E p~m. +X, which is not allowed by either single
vector-meson or quark exchange. If this direct potential
is not permitted, then larger breaking of SU(3) is required

M0 a; a.
VJ(k, k') =

4n E —Mo a+k (10)

where M0 is this mass of this s-channel resonance. Such
a resonance could be interpreted as a three-quark SU(3)
singlet state which is believed to exist and is often associ-
ated with the resonance at 1405 MeV but with notorious
problems to reproduce this mass in naive valence quark
models. As a requirement for a particle resonance we re-
strict det( VJ ) =0, which determines the form in Eq. (10)
for the relative couplings. When this potential is added
to that of Eq. (6), an excellent fit of all the data is ob-
tained, but only for very weak resonance coupling param-
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FIG. 4. Comparison with the low-energy data using a poten-
tial which is the sum of the potential in Eq. (6) and the s-channel
resonance form in Eq. (10).

for a fit to the data. With this restriction, a
X (data point)=1. 6 was found for a=600 MeV/c and
respective modification factors f, :0".76, 1.26, 1.07, 0.76,
1.26, 0.78, which correspond to roughly 25 percent SU(3)
breaking. It would be interesting to see if the cloudy-bag
model would be Aexible enough to renormalize the ver-
tices to simultaneously fit the branching ratio data as well
as the scattering and resonance data, which are so well
reproduced.

The inclusion of an "elementary" s-channel resonance
was considered by the addition of a potential in the I =0
channel of the form
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eters g, g. and for 1430(MD (1432 MeV. The effect of
this potential is to shift the dashed line of Fig. 2(a) over
to the solid line. This potential, however, adds another
resonance to the one produced (as a bound-state-type res-
onance) from the potential of Eq. (6). So as not to spoil
the X-m. mass spectrum, the location of this second reso-
nance needs to be close to the K p threshold and of very
weak coupling. An excellent fit, shown in Fig. 4, was ob-
tained for values of g, /(4m)=( —', ) gz/(4n)=0. 07. A
si;filar rapid energy dependence near threshold of the

amplitudes was suggested in Ref. 21 in order to explain
the I( p atomic data. In our analysis it also produces
good agreement with the branching ratio data (see Table
I). A very weak coupling to this A(J = —,

'
) three-quark

I

state would be quite peculiar, since its spin-orbit partner,
A(J =—', ), at 1520 MeV is coupled strongly to the KN
system. It would be very difficult to verify this second
resonance just below threshold by other experimental
means. We mention it here since it is a fit which respects
SU(3) symmetry to all the data. Attempts to incorporate
this s-channel potential with stronger couplings to fit the
data were unsuccessful.

V. MESON-EXCHANGE POTENTIAL

As a second potential model we consider a simple
vector-meson exchange interaction generated by the
Hamiltonian

Hi« ,'gpp——v[—p„(n&(r)"rr)+ip K re'K+iK' rK di'rr+~3icP~Ktd K]

i cr""
+—p .Nr g,»y +g~» q„N+g»p„(Xy~XX)+g, (NrK*yt' X+X y~K' rN)

+g~,~„(NK„'y"A+K„' Ay "N)+g»Ny„Nrus

Initially only potentials representing single p, ~8, and I(

exchange are considered, where ms corresponds to the
pure octet state (cos ——&2/3rD+& I/3P}. In Appendix B
the forms for the local nonrelativistic reduction of these
meson-exchange potentials [Eq. (B3)] are given. For sim-
plicity we assume that the meson-meson-(vector-meson)
(PPV) coupling constants are related by SU(3) symmetry
with the overall scale fixed by g determined from the
width of the p decay. This condition sets gppv 6. Also,
to limit the number of parameters, a tensor coupling is
included only at the pNN vertex, where gr/gv=6, and
not at the coNN vertex, where gT is approximately zero
from NN analysis. The other tensor couplings are less
well determined. An additional form factor parameter a
is also introduced at the (BBV) baryon-baryon-(vector-
meson} vertex. The PPV vertex is taken to be pointlike.
The various values for the remaining g's and a are then
adjusted for a best fit to the data.

We consider the following question. Using values for
gpffft and g zz of comparable magnitude to those deter-
mined from various NN scattering analysis, can one ob-

I

tain a reasonable fit to the low-energy EN data? Since
the other BBV vertex parameters are less well established
and tensor couplings are not included, comparison is
done for the pNN and coNN vertices. In Table II we list
the results of a search on the coupling constants for vari-
ous values of a. Comparison with the available data is
shown in Fig. 5 (and for the threshold branching ratios in
Table I) using the "best fit" parameters for a =3 GeV/c.

We note that it is remarkable that such a surprisingly
good fit is obtained with so simple a model using (almost)
pointlike meson-baryon vertex functions. Only p ex-
change has been included to describe the X~~X~
scattering channel. Although low-energy theorems state
that this should be the leading diagram, the data are

quite constricting and one might expect the necessity of
higher-order processes. From NN analyses, g~~/4nfor.
the pNN vertex ranges in value between 2.0 and 4.0.
From Table II it is seen that for a comparable pNN cou-
pling constant large values of a are necessary. From NN
analyses (Ref. 23), a should be around 1.4 GeV/c. This
difference may be the result of excluding higher-order

TABLE II. Best fit vertex coupling constants for different values of the form factor range parameter
a. The coupling constants are defined in Eq. (11); the last column lists the X per data point for all the
data (resonance, threshold, branching ratios, and scattering data).

Form factor
range

parameter

~ (aeV)

1.5
2.0
3.0
4.0

2
g pNN

4m

12.5
7.4
4.0
2.0

2
g cuNN

4m

2.5
1.1
0.7
1.6

Coupling constants
2
K XN

4n

9.2
4.3
2.6
1.8

2
gK AN

4m.

11.1
5.7
3.6
3.3
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FIG. 6. Plot of the KN potential V~(r) in the I =0 channel

due to p exchange for different vertex form factor ranges a; a
value of g~»/4~=3 was used for demonstration.
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FIG. 5. Comparison with the low-energy data using the
vector-meson exchange potential derived from Eq. (11). The pa-
rameter values for this fit are best fit values for a=3.0 GeV/c
given in Table II.

processes. The reason for the larger cutoff a can be un-

derstood from the plot of the EN potential due to p ex-

change shown in Fig. 6. A form factor with a=1.4
GeV/c produces efFectively a short-range repulsion in the
EN system. In order to provide sufhcient attraction to
form the resonance at 1405 MeV and produce enough
charge exchange to raise the branching ratio y to 2.36, an
attractive potential is required from the p exchange.
These coupling constants should be regarded as efFective

ones, and the value a =3 GeV/c may be a consequence of
the simplicity of the model. If g NN/g ~~ were taken to
be less than 6, then a much smaller value for a would

produce a satisfactory fit to the data. In particular, the
effective cusNN coupling required by the fit is quite small.
It may actually reflect the combined effect of co exchange
and the isoscalar part of higher-order processes. The
next most important contributions would be the box dia-
grams shown in Fig. 7. These would contribute to both
isoscalar and isovector exchange. The isovector corn-
ponent is attractive and would affect the p exchange pa-
rameters. The magnitude of these box diagrams is under
consideration, as well as the effect of the E:- channel
which should be seen in the same context.

The scattering lengths obtained from the various po-

VI. CONCLUSIONS

We have applied a separable potential and a meson-
exchange potential model to the low-energy EN system

K

m
~ P

) ~

K

FIG. 7. Some box diagrams which would contribute to low-

energy s-wave KX and Xm scattering.

tential fits are typically ao ———1.3+ 1.7i fm and

a&
——0.5+0.4i fm. They are similar to those found in

Ref. 18. Closely related to the scattering lengths is the
K p atomic ls level shift. The K p atomic ls level shift
was calculated with the three meson-exchange potentials
listed in Table I using the methods of Ref. 17. For these
potentials, the shifts were —380 eV, which agree with
values for the scattering length obtained with E-matrix
parametrizations. These values are, however, in
disagreement with the E p atom experiments, but not
with a different interpretation of these data given in Ref.
24.
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and examined the degree of SU(3) symmetry breaking
and the values of the various coupling constants neces-
sary for a satisfactory fit to the available data. At thresh-
old we have included only the less controversial threshold
branching ratios for I{ p decay. We find that this data
places tight constraints on potential model parameters.
Any analysis which attempts to interpret the nature of
the resonance at 1405 MeV or fit the K p Is atomic level
shift data needs to include this source of information.

Acceptable fits to all the data were obtained within the
limits of expected SU(3) symmetry breaking, namely 25
percent. In a simple meson-exchange picture an excellent
fit to the data was obtained with coupling parameters
which are in rough agreement with similar analysis on
the NN system, but with larger cutoff parameters in the
vertex form factors. In conclusion, the low-energy data
examined here are consistent with a quasi-bound-state
picture of the A(1405) generated by a t-channel potential.
The experimental value for the ls atomic shift is not com-
patible with these results, but would be in agreement with
the interpretation of Ref. 24.
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APPENDIX A: AN INTEGRAL RELATION

I(E)=2@f a p cd
a2+p2 k2 p2+i

'2
a pdp=p

~
~

a +p' ks p'+—ie
(A2}

This integral is readily evaluated by closing the contour
in the upper (or lower) half plane. For kz &0, the in-
tegrand has poles at gaia, and +kz, and for kz &0, all
poles are on the imaginary axis. One obtains

For the simple separable potential ansatz of Eq. (1), it
is necessary to evaluate integrals of the form

I(E}=f u (P)P dP
E E(p—}+i@ '

the determination of the scattering amplitude, and all
other properties of the system. For the particular choice
of u(p)=a/a +p and E —E(p)=(kE —p )/2p, which
we use as the nonrelativistic propagator, Eq. (A 1) be-
comes

'2

I(E)= '

kE —a . a2 2 '2

a2+k k +a a +k
—i ~pkE

(k' &0) .
2 a+/kE)

(kE &0)

(A3)

APPENDIX B: VECTOR-MESON
EXCHANGE POTENTIAL

(k„+k„'}
9 (p)

2U col, col, , q +m~
{81)

with q„=p„' —p, where g~ and gT are the vector and
tensor coupling constants. Here k„ is the kaon momen-
tum and col,

——(k +ms )' . Inserting the plane-wave spi-
nors

i crI'
J$t =iu(p') gvy +gT 2M

1/2

( )
E+M

z~ CT P
E+M

A nonrelativistic limit of the vector-meson exchange
graph, Fig. 8, can be carried out in a similar manner as
done in Ref. 22 for the nucleon-nucleon interaction.
Neglecting form factors, the matrix element represented
by the graph in Fig. 8 is given in the center-of-mass sys-
tern by

-lg(kp+k'~)
Igp

I
2

III

o" q

FIG. 8. Vector-meson exchange graph for the meson-baryon
interaction. The isospin dependence is suppressed. The
kinematical variables apply to p and ~ exchange for which the
initial and final particles are the same. Extension to K ex-
change is straightforward.
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one obtains to order p /M for p and to exchange (drop-
ping the isospin dependence for the moment):

T

graph of Fig. 3 leads to p- and co-meson exchange poten-
tials:

mk+2M
gv ]+, K'+ —~.K&q

q+m [
2Mm„

2

V (q')= gv —gT" F(q'),
q +m 4M

(B3)

q2 mk+M g

+gT — + —o'.K X q4M M mk

(B2)

where K is defined as (p+p)/2. From this matrix ele-
ment we construct a local potential by excluding the K
terms. The o"(K && q) piece transforms to an L S interac-
tion in coordinate space which does not contribute in the
s-wave channel. For our application, therefore, the ap-
propriate nonrelativistic local reduction of the exchange

2

V (q }= gtt', ger — F(q )r
q +mv 4M

with the inclusion of the form factor F(q ) associated
with the vertices. Here ~ and rz refer to the meson and
baryon isospins. For simplicity we use here F(q )

=(a —m„}/(a +q ) corresponding to a monopole form
factor for the BBV vertex only. The E' exchange poten-
tial for EN ~m X has an additional
(m +mx ) /(2+m „mx ) factor in the approximation
that M =—,'(Mx+MN) is taken as the average of the X
and nucleon masses.
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