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where A and 8 are simple expressions involving
exponential integrals. By comparison with R and
R', the parameters are determined to be as fol-
lows: exchange of two zero-kinetic energy pions,
p,

' =0.70 F, r =0.30 F, V, =4.5 MeV; p-meson
exchange, ij, '=0.38 F, r =0.32 F, V, =13 MeV.
The comparison of r and R illustrates the fact
that because of the outside attraction, the wave
function appears to come from inside the repulsive
core, an effect which could be more pronounced
if the attraction were stronger.

In summary, the phenomenology of a strong re-
pulsion is somewhat different from that of a strong
attraction, and the significance of the parameters
is quite different. The sign of the cubic term in
the expansion of 5 gives information about the sign
of the tail of the potential. The experimental s-
wave phase shifts for K+ —p scattering may possi-
bly indicate that although the center is strongly
repulsive, the tail of the interaction is weakly at-
tractive, if the nonrelativistic potential scattering
derivation given here has any validity.
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The recent experimental data' for K -P col-
lisions at 2.24 and 2.5 BeV/c have shown that
(l) in the K +p -=+m+K reaction there is evi-
dence for the existence of a = state in addition
to the well-known K state; (2) the mass spec-
trum of the KK system in the final state of the
reaction K +p -A+K+K seems to have a peak.

Bertanza et al. ' have pointed out on the basis
of their results, mentioned above, that the KK
peak may be due to a KK resonance or to an S-
wave final-state interaction between the K and K
mesons. They have said that if the peak is due
to the decay of a resonant state (which we will
call the Z particle), the mass of this state is

equal to 1020 MeV. If this peak is not due to a
statistical fluctuation, it would be very desirable
to know which isotopic spin state is responsible
for the peak, I=0 or I=1. In this note we shall
focus our attention on this problem.

A recent experiment2 on the w +p —w++v +n
reaction at 3.3 BeV/c has shown the existence of
a resonant state in the 2~ system whose mass is
nearly equal to 1040 MeV. It is said that this
resonant state probably corresponds to the Pom-
eranchuk particle (X particle) with spin 4= 2 which
has been predicted by Chew and Frautschi. ~ We
assume that this interpretation is correct. Al-
though the mass of the Z particle is nearly equal
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to that of the X particle, it is not very plausible
that Z =X, because one would not expect a strong
d-wave KK interaction at an energy as low as 30
MeV (=mZ-2mK). In order to give a semiquanti-
tative justification for this statement, we shall
make a crude estimate of the decay rates for X
-2~ and X-KK:
I"(X —2m) [P (PR)'/[9+ 3(PR)'+ (PR)']J

x(P/m )(2S +1)'R',

I'(X -KK) ~(q'(qR)'/[9+ 3(qR)2+ (qR)'])

(q/~)(2S +1) R,

where p =—500 MeV/c and q = 160 MeV/c. The first
factors in (1) and (1') account for the d-wave bar-
rier penetration, p/m~ and q/mK are the respec-
tive Lorentz-invariant phase-space factors, (2S&
+1)= 1 and (2SK+1)=1 are the multiplicities of
the ~ and K spins, respectively, and R is some
radius of interaction. If we tentatively assume
equal radii with R =-,'mz for both processes, we
obtain I'(X -2')/I'(X —KK) = 102.

%e shall now examine the following four cases,
remembering that the G-parity of the KK system
is given by (-1)I+~: (i) I=1 and J=1, (ii) I=0
and J= 1, (iii) I=1 and 8=0, and (iv) I=0 and
4= 0. In ca,se (i) [or case (iii)], the Z particle
has the same quantum numbers (spin, isotopic
spin, parity, and G-parity) as the p (or w) mes-
on. ' However, these cases may be unlikely be-
cause there seems to be no evidence for the peak
due to a strong interaction of J= 1 states in 2~ or
3m systems in the neighborhood of 1020 MeV. The
only peak observed in this energy region is that
from the resonance corresponding to the X parti-
cle. It should be pointed out that in order to ex-
clude these two cases with confidence, it will be
necessary to obtain detailed experimental data
for 2& and 3m interactions in the neighborhood of
1020 MeV.

Also for case (iv), the decay Z -2v becomes
the dominant process. If we make a crude esti-
mate similar to the calculation made above [Eqs.
(1) and (1')], the result is I (Z —2w)/I (Z -KK) = 4.
In this case, of course, there is no barrier pene--
tration because the Z particle is in an 8 state of
KK or mm systems. %e may exclude the possibili-
ty of case (iv) for the same reason as we excluded
cases (i) and (ii).

Now let us examine case (iii). Because the G-

parity of the Z particle is odd in this case, the
Z particle must decay into an odd number of pions
through a strong interaction. However, the Z -3m
decay mode which one might consider to be the
most likely process turns out to be forbidden
owing to the need to conserve parity and total
angular momentum. Thus the decay Z -K+K
should be one of the most important decay proc-
esses. We conclude that case (iii) would be the
most consistent with the present experiments;
that is, the observed KK peak in the neighbor-
hood of 1020 MeV is due to a strong interaction
in the J=0 and I=1 state. ' It should be pointed
out that if the Z particle has J = 0 and I=1, it
may decay into 5w and (if the q is a 0~ meson)
into g+m.

Finally we suggest the following possible model
for the reaction K +p —=+ ~+K in which the
strong K-K interaction is taken into account. '
There is a rather large probability for the phys-
ical nucleon to be dissociated into a virtual pion
and a nucleon core. If the interaction between
the incident K and the nucleon core takes place
in a very short time interval, the pion may play
the role of a spectator during the collision in the
inner region. The reaction in the inner region
may then take place with the incident. K meson
interacting with a virtual K meson around a A
(or Z) particle producing a Z particle which then
decays into a K-K pair. The decay product K is
absorbed by the A (or Z) particle and the " par-
ticle is produced, that is,

[K +N]+v -[A (or Z)+Z]+w-[:"+K+]+~.

The final step in the reaction would involve the
pion interacting with either the = particle or the
K meson in the outer region leading, respective-
ly, to the final states = +K or =+K .
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ters 8, 41 (1962).
4Then the Z particle corresponds to the particle be-

longing to the secondary p (or ~) Regge trajectory.
Previously we have pointed out that the p and ~ mesons
can be regarded as the bound states in the N -N system
[S. Minami, Progr. Theoret. Phys. (Kyoto) 27, 217
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(1962)] or in the K -K system [S. Minami, Progr.
Theoret. Phys. (Kyoto) 27, 215 (1962)].

SIf the Z particle is regarded as a bound state in the
N -K system, it would then correspond to the 3 Po state.
For an explanation of the notation, see the first paper

cited in reference 4.
6Another possible reaction mechanism is one in which

the incident K meson interacts directly with the nucleon
and a K meson is produced through a Yukawa-type inter-
action without any KE interaction.
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The n -p elastic charge-exchange cross sec-
tion is expected, on the basis of isotopic-spin
considerations, to decrease with increasing nu-
cleon energy because the total cross sections
for n-p and P-P approach equality with increas-
ing energy. The highest energy charge-exchange
measurements were reported by Larsen' at 710
MeV. He found the differential center-of-mass
cross section at zero degrees to equal 6.3 mb/sr.
In the BeV energy region the search for nucleon
charge-exchange events has usually been ancil-
lary to some other measurement. This has re-
sulted in little positive information, except for
the conclusion that the charge-exchange cross
section is small. %e have measured this process
at 2.04 and 2.85 BeV using the Cosmotron at Brook-
haven.

The experimental arrangement of the apparatus
is shown in Fig. 1. The internal proton beam is
incident on a 2-in. &2-in. &2-in. Be target, and
the target is viewed by means of a 2-in. diameter
collimator extending through the shielding at an
angle of 0' with respect to the incident protons.
The beam consists of neutral particles, mostly
neutrons and y rays from r decay. To remove
the y rays a 4-cm lead filter is placed at the ex-
it of the collimator. A 12-in. &24-in. sweep mag-
net removes charged particles produced in the
Pb and the collimator. The beam of neutrons
falls on a liquid hydrogen target and produces
protons which are velocity analyzed by means of
a threshold Cherenkov counter. Mesons produced
in the hydrogen having velocities of the same mag-
nitude as the exchange protons are swept by a
second 12-in. x24-in. sweep magnet, operating
at a field of -15000 Oe. A recorded event re-
quires a null signal from an anticoincidence scin-
tillation counter placed before the hydrogen tar-
get plus signals in scintillation counters: 81,
placed after the hydrogen target; S2, placed af-
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FIG. 1. Experimental arrangement of apparatus at
the Brookhaven cosmotron.

ter the meson sweeping magnet; S3, placed be-
fore the Cherenkov counter, and the Cherenkov
counter itself. The time resolution of the coinci-
dence chain is approximately 7 nsec. The Cheren-
kov counter is a CO, threshold counter one meter
long with an entrance aperture of 4-in. diameter.
It normally operates at 40'C. The pressure is
varied between 1200 and 600 lb/sq-in. , thereby
varying the P threshold between 0.930 to 0.980.
The intensity of the incident neutron beam is
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