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The effect of the exchanges of p and w on the KN and KN scattering amplitudes is examined with special
attention to the question of whether the p and w exchanges can provide a dynamical mechanism for binding

an s-wave KN system in the 7=0 state.

HE effect of the exchanges of p and w on the KNV

and KN scattering amplitudes is examined, using

N/D techniques with special attention to the question

of whether the p and w exchanges can provide a dynam-

ical mechanism for binding (in the sense of Dalitz and

Tuan!) an s-wave KN system in the 7’=0 state. As

pointed out some time ago,? in a theory in which the p

and the w are coupled, respectively, to the isospin and

the hypercharge current, the KN and KN “potentials”
are expected to be of the form

V=2V, +rx-wnV,, 1)
cx ev=1for T'=1
= —3 for T'=0,
with
V>0, V,>0, )

where the upper sign (lower sign) in Eq. (1) is applicable
to the KN (KN) interaction.® Such potentials are of
particular interest because they fit nicely into the
following observed facts.

(i) The KN interaction is on the average repulsive;
the KN interaction is on the average attractive.

(i) The T'=1 KN s-wave interaction is most
strongly repulsive.

(i) The 1405-MeV Y¢*, but not the 1385-MeV V¥,
is most likely to be an s-wave KN bound state resonance
of the Dalitz-Tuan type, which implies that the
T=0 KN s-wave interaction is most attractive.

In this paper we calculate the scattering lengths for
the various isospin states of the KN, KN systems, using
the N/D method* under the assumption that the p and
« contributions dominate the s-wave amplitudes. In
particular, we demonstrate that for reasonable values
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of the coupling constants f.2/4m and f,2/4m, the w and p
exchanges can provide the necessary attractive force to
bind an s-wave KN system in the 7=0 state.
As usual, we write the s-wave amplitude for KN,
KN scattering,
T=exp(i6) sind/k,

as

I'=N(@)/D(»), ©)

v=Ek?,
where IV and D are, respectively, free of right-hand and
left-hand singularities. With the assumption that the w

and p exchanges dominate, IV is taken to be the s-wave
projection of the relativistc Born amiplitude:

P (W=my)[(Wmy)*—mg*]

]\7(,,) _
47 8W2y
4y
Xln<1+—>, 4)
sz
where
f? o TNtk fo KN
—=t— -, for{ _ (3)
4 4t 4 Ar KN
and

W= (V+mK2)1/2+ (V—f—mNZ)”?.

Since our calculations are expected to be crude in any
case, we have set both the w and p masses equal to a
common value 7y =750 MeV. Because of the univers-
ality principle of reference 2, there are only two coupling
constants,? prK:prszp and quK=waN=fm- We
require that 7" coincide with V at y=w»,. The normaliza-
tion point » is chosen to be vo=—my?/4 where N (v)
becomes infinite. Numerically, the center-of-mass
energy corresponding to »o turns out to be 1170 MeV,
which is to be compared to the total center-of-mass
energy corresponding to the KN threshold, 1430 MeV.

We can now write down a dispersion relation for D,
which yields

v—7vo ° N ()1 2dy
N(v)v2 cotd=1—

T b
T 0 (V'—Vo)(v'——u)

(6)
where we have used
Re(T)=»"2cots, Im(7T1)=—p'2
5 f, and f, are, respectively, fyr and fr of reference 2. Our

definitions are related to those of M. Gell-Mann and F.
Zachariasen [Phys. Rev. 124, 953 (1961)] by f,=2v,, fo=V3vs.
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We calculate the scattering length,

a= lim (»'2 cotd)™,
y20+

as a function of the coupling constant f%/4w which,
because of (5), may take both positive (repulsive inter-
action) and negative (attractive interaction) values.
Numerical results are shown in Fig. 1. For large positive
values of f?/4w, the scattering length becomes rather
insensitive of f2/4m, which is, of course, characteristic of
any strong short-ranged repulsive interaction. The
Born approximation appears to be valid only in a small
region |f%/4r|<1. For f2/4r<—6.7 we expect an
s-wave bound state.®

Current experiments, taken together with an argu-
ment given by Akiba and Capps,” strongly suggest that
the 1405-MeV Y* is a bound-state resonance of the
Dalitz-Tuan type and that there are no other s-wave
KN bound states. This leads to the following conditions
on the coupling constants

fo/4r+512/4n> 6.7,
[/ Ar—% 1./ 4w <6.7.

From the decay width for the process p — 2w and s-wave
7N scattering,® f,2/4m has been determined to be =2.2.
So if we take our calculations seriously, we obtain

[/ dr~5—T,

which is not unreasonable. It might be worth mention-
ing in this connection that the “eightfold way” of
Gell-Mann and Ne’eman® leads to

f2/dr=3f2/4r~1.6.
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Fic. 1. Scattering length as a function of the coupling constant
ffdr = f2/4r+1ix KON f»2/4r, where the upper (lower) sign is
for the s-wave KN (KN) interaction. The vector meson masses
are taken to be my=m,=m,=750 MeV.

As for the KN interaction, the K*p scattering length
is predicted to be of the order of —0.7 F if f.}/4r~6
and f,2/4wr~2. Experimentally oy for K*p scattering
is about 15 mb, which corresponds to a=—0.36 F.

To conclude, the aesthetically simple idea that the
low-energy KN, KN interactions are dominated by the
exchanges of the p and the w meson which are, respec-
tively, coupled universally to the conserved isospin
current and the hypercharge current leads to a unified
picture for the main qualitative features of KN, KN
processes. In particular, there definitely exists a
possibility for a 7=0 bound KN state (but no other
bound states) for reasonable values of coupling con-
stants. This is seen to be quite an achievement,
especially if we recall that the K—p “potential” based
on pseudoscalar meson theory (KNA and KNZ coup-
lings) turns out to be repulsive. Quantitative details of
our calculations, however, should not be taken literally
since we have completely ignored :

(i) reactive effects due to the inelastic channels
KN — 7A, 72 (which may be brought about by K*
exchanges?) ;

(i) conventional Yukawa-type singularities which
are fortunately far away for pseudoscalar KNA and
KNZ couplings.
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