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111, 354 (1958).

5For a complete list of references on weak interactions
see the review articles of E. J. Konopinski, Annual
Review of Nuclear Science (Annual Reviews, Inc., Palo
Alto, California, 1959), Vol. 9, p. 99; and J. Sakurai,
Progress in Nuclear Physics (Butterworths-Springer,
London, 1959), Vol. 7, p. 244.

8Starting from a somewhat different point of view,

L. B. Okun and V. M. Shekhter, J. Exptl. Theoret.
Phys. (U.S.S.R.) 34, 1250 (1958)[translation: Soviet
Phys. -JETP 34(7), 864 (1958)], obtain the same result
as in this paragraph. The author is indebted to Pro-
fessor R. G. Sachs for this reference.

"If the intermediate boson does not exist, (11) is the
only possible mechanism for the decay u +p—n+e: see
S. P. Rosen, Nuovo cimento 15, 7 (1960).
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Considerable theoretical interest has been
shown in the interpretation of the low-energy
K™ -p scattering data. The major effort has been
directed toward a convenient parameterization
that takes into account the kinematic features of
the many competing channels (K~ +p—~K°+n,7Y)
and the “standard” Coulomb and mass-difference
corrections.!™* In attempts to draw conclusions
about the nature of the basic K-meson nucleon
interaction, the assumption has been made that
k cotd is essentially constant and equal to the re-
ciprocal (complex) scattering length. We have
examined the validity of this approximation on
the basis of the Chew-Mandelstam program.®
We found that the two-pion exchange, which de-
termines the long-range tail of the K-N interac-
tion, gives a substantial energy dependence to
k cotd.

A qualitative determination that remains to be
made is the sign of the real part of each (I=0,1)
scattering length.® Two attempts to do this have
been based on properties of the Coulomb-nuclear
interference. The angular distribution at 172
Mev/c (laboratory-system momentum) favors a
constructive interference’ and implies a positive
sign. The other attempt is based on the apparent
leveling off and decrease of the elastic-scatter-
ing cross section with decreasing momentum
(Pp <150 Mev/c). Jackson and Wyld have sug-
gested that this behavior is due to destructive
interference and consequently concluded that the
sign is negative.® The energy dependence arising
from the two-pion exchange provides an alterna-
tive interpretation of the leveling off. This can
be seen qualitatively from the following argument:
by virtue of the small pion mass (compared with
the K-meson mass) the two-pion exchange deter-
mines the longest range part of the K™ -p poten-

tial. This suggests that we regard the nuclear
interaction as made up of the two-pion contribu-
tion plus another part of shorter range, repre-
senting the net effect of everything else. The
peculiar energy dependence is interpreted as the
destructive interference between the two parts.
Knowledge of the sign of the two-pion contribu-
tion then leads to a determination of the sign of
the scattering length. Recent advances in the
theory of the pion-pion interaction® and of the
electromagnetic structure of the nucleon® make
it possible to calculate the sign and estimate the
magnitude of the two-pion contribution.

From their theoretical study of the nucleon
electromagnetic structure, Frazer and Fulco®
have inferred a resonance in the /=1, J=1 state
of pion-pion scattering. Quantitative conclusions
are still uncertain,'® but it seems likely that the
two-pion contribution accounts for a large frac-
tion of the isotopic vector charge and magnetic
moment. On the basis of their results, we sug-
gest that the charge structure of the K meson
also receives a sizable contribution from the
two-pion state. The consistency of this hypo-
thesis and its consequences for 7K scattering
have been studied.!’ This hypothesis provides
an estimate of the order of magnitude of the ma-
trix element for emission of two pions by a K
meson (77 |KK). Using this estimate, we have
calculated the contribution of the two-pion ex-
change to the K -nucleon interaction. (The de-
tails of this calculation will be presented in a
separate report.)

We denote the S-wave K-nucleon elastic-scatter-
ing amplitude by g. It is an analytic function in
the cut s-plane (s is the square of the total ener-
gy in the K-N center-of-mass system). The phys-
ical branch cut starts at s =s,= (M +mg)* and
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extends to +«. There are other “right-hand”
cuts starting from the thresholds of the dynamic-
ally coupled channels, (mn+MA)2 and (mn+MZ)2'12
The unitarity condition, which establishes certain
nonlinear relations between the amplitudes &jj of
various coupled processes, is expressed by
kigiéij
N 1
Im(g )1] suz(Ei+Mi): (1)

6.=1 if W.<sY2
i i
=0 if W.>s¥2,
i

where ki’ E;, and W; are the center-of-mass
momentum, baryon energy, and threshold energy
of the 7th channel. The dynamical singularity
arising from the two-pion exchange is a branch
cut extending from the left up to the point s =s,
=[(Mp? - m A2+ (mg? - mg?)Y2]. Relative to the
other dynamical singularities, this cut is very
close to the physical region s 2s,, and should
produce the strongest energy dependence in
k cotd.

We denote the elastic KN amplitude in the state
of isotopic spin I by g7, where I=0,1. These
two amplitudes are related by crossing symme-
try to amplitudes g and g¢7’ that depend on the
isotopic spin I’=0, 1 of the exchanged pion pair,
namely

0 g, 0)

1_ ), ()

g =& +g .
The magnitude of the discontinuity across the
two-pion cut is expressed for our purpose as

0
g =8

@)

S

2dsI O)=r. =
f mg' s) =R =4M

N4 fermi, (3)
s

1

where s, is approximately equal to 80 mﬂz. As-
suming that only the resonant g‘-) amplitude is
important, we have three specific predictions:
(a) the isotopic spin ratio R,/R, is -3, (b) the
sign of R, is positive, and (c) the expected mag-
nitude of R, is rather large.

The normalization of our amplitude g is given
by its relation to the K-N elastic scattering
phase shift,

g(s)=s2(E +M)/(k cotd - ik). (4)

In this note we use only a very simple model in
which the effect of the two-pion cut is repre-
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sented by a 0 function at the position s =a=93m_*
in the amplitude g. The dynamical singularities
in all other channels are represented by sub-
traction constants.

This model, combined with the many-channel
unitarity condition, Eq. (1), leads to the follow-
ing expression for & cotd:

1 2
kcot61=(l(s)+——————f1(s)+zl>s” E+M), (5)
where

0
- ' -1
l(S):sns" P/ ds' Im(g™),,
S

(s"-s)(s"-sg)

_%-5 © as Im(g™),,
T (8" -sp)(s" -a)’
0

1 41 1 R,
fI(s) T (s-a i so—a)1+BRI ’

1 Tav gy,
p= 2 A (s"-a)? °?

[}

and 2 is a complex quantity which depends on
the subtraction constants and on the slowly vary-
ing 7 - Y center-of-mass momenta. For each
isotopic spin channel, we approximate z jby a
complex constant.’’** The calculations were
done by adjusting the parameters R and zj to fit
the at-rest branching ratio’

-1
A= Gabs(l— 1)/oabS(I— 0)=0.18+0.09,

the total cross section at 172 Mev/c (kct ot/477
=0.7 fermi), and the elastic and charge-exchange
cross sections at 100 Mev/c and 172 Mev/c.

Two sets of solutions were found, correspond-
ing to constructive or destructive Coulomb-
nuclear interference in the angular distribution
at 172 Mev/c (Table I). The elastic and charge-
exchange cross sections resulting from the “con-
structive” solution are shown in Fig. 1. The en-
ergy dependence of (k cotd;) ™! is shown in Fig. 2,
where the (a+) solution of Dalitz and Tuan is
also reported for comparison. Note that only the
values of R; and the ratio R,/R, given by the
“constructive” solution agree with those caicu-
lated theoretically. From this consideration we
reject the “destructive” solution. Our principal
result is that k cotd; has a rather substantial en-
ergy dependence due to the two-pion exchange.
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Table I. Two sets of parameters that fit the available experimental data. The solutions are characterized by
the constructive or destructive nature of the Coulomb-nuclear interference in the angular distribution at 172

Mev/c.
Solution Constructive Destructive
R, 1.0M,* fermi 2. OMN4 fermi
Ry/Ry -3.8 +1.50
Z, (1.34+170. 74)MN2 fermi (0.93 +z‘1.46)MN2 fermi
z, (0.67+170. 12)MN2 fermi (-0.22+71. oo)MN2 fermi
ATt 0.29

Figure 2 shows that Re(k cotél) is positive for
each isotopic spin state in the momentum range
above 100 Mev/c. However, the real parts of
the scattering lengths appear to have opposite
signs, that of the I=0 state being small and ne-
gative.

Finally, we would like to remark that, by
crossing symmetry, the two-pion contribution to
the K+ -proton amplitude can be determined from
the parameters R, and R,. In this case there is
a destructive interference and flattening of the
cross section for a repulsive K+-proton short-
range interaction.

We are deeply indebted to Professor Geoffrey F.

Chew and Professor Robert Karplus for many il-
luminating discussions.
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FIG. 1. Cross sections for elastic and charge-
exchange K “-proton scattering. The (a+) solution of
Dalitz and Tuan (dashed lines) is included for compar-
ison.

*This work was supported by the U. S. Atomic
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FIG. 2. Momentum dependence of the real and
imaginary parts of (k cotd) 1, (a) for isotopic spin

I=0, (b) for isotopic spin /=1. The dashed lines are

the (a+) solution of Dalitz and Tuan.
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In this note we consider a model of the T hy-
peron as a bound state of a A° and a pion. By
means of this model, we find it possible to ex-
plain some observed features of ¥ decay simply
in terms of the cbserved properties of A° decay.

For simplicity we shall consider the bound
state to be an S state. This would lead to the
following obvious features: (a) The spin of the
would be 1/2. (b) The isotopic spin of the T would
be 1. (c) The relative parity of the © and A would
be odd.!

Properties (a) and {(b) are known to be satis-
fied.? Property (c) has not yet been investigated.
However, a model of the ~ as a bound A and pion
in a P, state will give similar predictions to
those that follow.

We consider the following three decay modes of
the Z hyperons:

E+-n++n, (1)
v 04 p, @)
S 1 +nm. (3)

The mechanism for the decay is assumed to be
the decay of the A hyperon within the ¥ into a
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pion and a nucleon, with subsequent absorption
by the nucleon, of either the pion within the ¥ or
the pion from the A decay, to form the appro-
priate final state of reactions (1), (2), or (3).
The virtual decay of the A particle will be as-
sumed to satisfy the AI=% rule and time-reversal
invariance. This decay will be assumed to pro-
ceed with an amplitude A into an S-wave pion-
nucleon system and with either an amplitude A
or an amplitude -4 into a P-wave pion-nucleon
system. For the present discussion, whose pur-
pose is a qualitative picture of % decays, we will
neglect multiple-scattering effects in the pion-
nucleon systems of isotopic spin and total angu-
lar momentum 3, and will consider the amplitude
A as real. The approximate equality in magni-
tude of the S- and P-wave amplitudes is inferred
from the assumption of a near maximal asym-
metry parameter in the decay of a real A.® The
positive and negative values of the P-wave am-
plitude correspond to the asymmetry parameter,
QAps equal to +1 and -1, respectively. The nu-
cleon from the decay of the A will absorb a pion
in a P wave relative to it. This may be the pion
from P-wave decay of the A, in which case the
absorption will be characterized, again approxi-



