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Two-Pion Exchange Mechanism in K+N Scattering*! 
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The exchange of two pions resonating in the T=l, J—l state between the i£+-meson and nucleon in 
K+N scattering is considered in the double dispersion representation to account for the energy dependence 
of the /==J amplitudes. The result here is in qualitative agreement with that of Ferrari et al. obtained for 
K~N scattering. 

THOUGH the experimental information available 
at present on K+N scattering may still be 

considered as meager, there are nevertheless certain 
conclusions one can draw unambiguously from the 
existing data.1 The K+p cross section is almost isotropic 
and constant over a wide range of energy (laboratory 
kinetic energy of K meson <300 Mev), and the 
dominant s-wave phase shift is known to be repulsive 
from the Coulomb interference.2 The phenomenological 
analysis of Rodberg and Thaler3 indicates that the 
scattering length and the effective range are both 
positive in this state. For K+n one can infer that the 
amplitude in the isotropic spin state, T—0, is small 
compared with that in the T=l state and changes 
appreciably with energy. 

We have investigated the K+N scattering amplitudes 
in the double dispersion representation. The analytic 
properties of the partial wave amplitudes for this 
process have been reported previously.4 Lack of crossing 
symmetry in the present case is an additional com­
plexity which was not encountered in the 7T7T and wN 
problems. 

In the present approach we shall represent by a 
phenomenological parameter (essentially the scattering 
length) the effects of the short-range forces associated 
with the crossed process N+K —> N+K and higher 
mass intermediate states in the channel K+K —* N+N, 
which are expected to be fairly energy insensitive. The 
longest range force, due to the exchange of two pions 
between the nucleon and K meson, is then assumed 
most responsible for the energy dependence of the 
i£-matrix elements (k cot5). Recent advances in the 
study of the wir interaction5 and the electromagnetic 
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structure of the nucleon6 enable us to estimate the 
strength of this force. Here we adopt the point of view 
that the virtual process T+T —> K+R below the 
physical threshold is strongly enhanced in the T=l, 
J=l state because of the resonance in the initial state, 
and that the resonance is in fact described by the 
parameters of Frazer and Fulco6 deduced from the 
electromagnetic structure of the nucleon. Our consider­
ation here is very similar to that of Ferrari, Frye, and 
Pusterla7 applied to K~N scattering. We are particu­
larly interested in the agreement or disagreement of 
the conclusions drawn from the two cases. The possi­
bility of the strong 3-pion exchange mechanism is 
disregarded in the subsequent discussion. 

We shall deal with the amplitude go{I)(W) defined by8 

go^(W) = 
W2 exp(i5o+(/)) sin50+ 

W+M+MK k 

a) 
(1) 

In studying the s-wave phase shift we neglect the 
left-hand branch cut (in the W plane) associated with 
the pi state9 completely. The branch cut associated 
with the 2-pion exchange (xx cut) starts at W— (m2 

—fj?)^-\-(niK2—M2)* and extends to the left. 
The discontinuity across the WTT cut is computed 

from the unitary condition neglecting all other channels. 
We assume that because of the TTTT resonance in the 
T = l , 7 = 1 state, the matrix element 7r+7r—> K+K 
can be approximated well by that of the T=l, J=l 
state10: 

(K(q2)\jK\2T(Kha;K2,py») 

1 

(8/Cl0K20g2o)' 
Kr09rJ[2iFAt)X3KqPi(£ri2)'] (2) 

where Fv(t) is the meson form factor of Frazer and 
Fulco6 and £ is taken to be a real, constant parameter. 
The contribution of the irw cut computed in this manner 
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can be approximated well in the physical region by a 
pole, 

g o
( 7 )"(W0=i8i . i , R= 1.02M3, (3) 

W-9.8fi 

where /3i,i is the element of the crossing matrix such 
that /3i,i = | , 00,1=—f-

The resulting approximate dispersion equation: 

go(»(W) = g0w(Wo) 

Img0
(/)(W") 

dW-
wo (W'-W)(W'-Wo) 

+fr,iRt( Y 
\W-9.8u Wo-9.Su/ 

(W-W0) 

\8fiJ 

XWo=m+mKy (4) 

is solved by the standard N/D method.11 By requiring 
that the solution to Eq. (4) agree at the point TF=TFo 
with the effective-range relation given by Rodberg and 
Thaler for the state T=l, we fix the two constants in 
Eq. (4), and in particular find £=0.5//A In Fig. I, 
k cot5o+(1) is plotted for £=0.5 and 1.0/V and com­
pared with the Rodberg-Thaler result. For the T = 0 
state, we take a(0) (scattering length) = 0 and — 0.05/ju 

t£\i •kcoto0(in/j) 

41 
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FIG. 1. (a) —k cot50
(1) vs (W—Wo); the solid lines are obtained 

by the subtraction method; the dot-dash line is obtained by 
representing the short-range interactions by a pole at W = 0; 
these are compared with the Rodberg-Thaler effective-range 
relation (dotted line), (b) <rs

(1)(nuclear) vs kaon kinetic energy 
in the lab system (EL). The symbols are the same as in Fig. 1; 
the cross represents the experimental value of Kyeia et aX. at 
£z, = 225±25 Mev. 
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FIG. 2. k~l cot50
(0) (in M_1) vs (W—Wo). The shaded area repre­

sents the Rodberg-Thaler scattering length with uncertainty. 

with £=0.5//x2. The results are plotted in Fig. 2. Since 
the exact zero-energy limit of kr1 tan5o-fCO) is unknown, 
it is possible to reproduce either a repulsive or an 
attractive phase shift by slightly adjusting go(0)(Wo). | 

We may also try to represent the short-range inter­
action by a pole with a phenomenological residue which 
is to be determined by fitting the scattering length. 
Because the shapes of the singularities are symmetrical 
around the origin in the W plane, we place the pole at 
the origin, hoping that this represents approximately 
the short-range effects. If we assume that the dominant 
effects of the short-range forces come from the singu­
larities on and inside the circle | W\ — (fn2—niK2)*, then 
one expects that this pole represents the effects of these 
singularities on the left-hand physical branch cut 
associated with the p\ state as well as it does on the 
right-hand physical cut associated with the s\ state, a t 
least as regards the sign and order of magnitude. For 
this purpose it is more convenient to use the amplitude 
ho(I)(W) of Frazer and Fulco.4 The approximate 
dispersion relation takes the form 

(/) 
WJ)W=-

{07.17* 

w 

1 r00 

- J 0 
I m W W ) 

dW' —, (5) 
W-9.8n ir J wo W'-W 

11 G. F. Chew and S. Mandelstam, Phys. Rev. 119, 467 (1960). 

where 77rT=0.15/>t2. 
In order to fit the scattering lengths, a(1) = 0.25//,i 

and a(0) = 0, one requires, for £=0.5//z2, 

7 s ( 1 ) = - 9 8 , 7 s
( 0 ) = 3. (6) 

For given scattering length and £, the results of the 
subtraction method and of the present one practically 
coincide. As an illustration, the result of the present 
method with 78

(1) = - 9 8 , £ = 0 . 5 / M 2 is plotted and 
compared with the result of the subtraction method in 
Fig. 1. 

The result £ = 0 . 5 / M 2 means that, in the framework of 
our model, the longest range force due to the 2-pion 
exchange is attractive in the T = l state, and repulsive 
and 3 times as large in the T = 0 state. The value 
£ = 0 . 5 / y is to be compared with £=l . l / /z 2 obtained 
from KrN scattering by Ferrari et al? In view of the 
crude models used in both cases, the agreement in 
sign and order of magnitude is to be noted. In the 
T= 1, s% state, the short-range force is weakly attractive 
(this force is too weak to sustain a bound state). 
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TABLE I. The contributions of singularities to / i_ (W) at the 
threshold; superscripts, s, irir, and H refer, respectively, the 
short-range, 7T7r-cut, and the static Chew-Low type hyperon pole 
contributions. 

k-2fi-s(W0) k-*fi-™(Wo) k-*fi-*(Wo) 

0 

- 0 . 0 7 / M 3 

-0 .12/A* 8 

+0.04/V 

0.065 1 

H 2m K2 

/ 3 / S
2 - / A 2 \ 

V / S 2 + / A 2 / 

Assuming that the pole ys/W represents approxi­
mately the effects of the short-range force in the p$ 
state as to the sign and order of magnitude, we can 
make estimates of the contributions of forces of different 
ranges to the &~2/i-(I)- These are tabulated in Table I. 
We first note the numerical values quoted in Table I 
are all small. Especially the contributions from the 
hyperon static poles are negligible even with /A,S2 

e^O.l.12 Based on Table I, we are in a position to make 
certain predictions on the p± amplitudes which are as 
yet uncertain experimentally. 

(1) In the T—\ state, 5i_ is likely to be negative 
(repulsive). In this state there is a large cancellation of 
the short- and long-range forces, the former slightly 

12 The pseudoscalar coupling of N—K— Y, Y—A, 2, is assumed. 
/A, / S are the unrationalized pseudovector coupling constants. 

dominating. Since the net repulsion comes from the 
short-range force, whose effect is relatively energy 
insensitive, k~z exp(75i_) sin5i_ will not depend strongly 
on energy, and therefore stays small. 

(2) In the T = 0 state, 5i„ will be negative and small, 
but larger than that of the T—l state. The repulsion 
comes almost entirely from the long-range force. There­
fore the energy variation of k~s exp(^i_)sin5i_ is ex­
pected to be appreciable. Our model therefore favors 
the solution D of the analysis of Chinowsky et al.lz 

Recently a new set of parameters for the irir resonance 
has been proposed.14 We believe that the qualitative 
conclusions of the present paper will remain valid even 
if these parameters are used. The value of £ will however 
be modified considerably. A consistent and simultaneous 
treatment of K+N scattering and K~N reactions with 
this new set of the TIT resonance parameters is in 
progress. 
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