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e.g., the fragmentation region of particle B.
Relation (4a) is simplified if both B and C have

isospin zero, by analogy with Eg. (l). For example,

f (Pd-(g) f(p-d-(u) =3[f (K d- u)) —f(K'd- (o)],

(5a)

f(Pd-n) -f(Pd-&) =5(f(K d-&) -f (K'd-&)1.

It would be interesting to see whether the agree-
ment with experiment for relations (4) and (5) is
comparable to that for relations (l) and (2).
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The strong suppression of the cross section for the low-energy reactionpp-KsKs as com-
pared to pp K&K& and pp K"K is explained as being due to the direct-channel excitation
of two massive C =+1 boson resonances with I=1 and I=0, respectively. It is thus suggested
that two J~ =2+ states with masses below 2.0 GeV and with approximately equal couplings to
the NN and KX" systems, and produced in phase, provide a "natural" explanation of the data.
Above 1.2 GeV/c the interference effects appear to disappear and possibly a new physical
mechanism for KE production is observed.

Some time ago Lipkin suggested that the KK de-
cay modes of high-mass bosons might show strik-
ing interference effects when particular charge
states of the KK system were observed. ' In par-
ticular, when two nearly mass-degenerate states
with different isospin, as for example the f'-A,
mesons, both decay into the KK system, and pro-
vided they are produced in phase, interference may
result. ' Unfortunately, in the case of the f' A, -
system the present experimental data have not in-
dicated evidence for or. against this interference. ' '
Furthermore, since the f' and A, are likely pro-
duced by different exchange mechanisms, it is
probable that they will not be produced in phase,
and the resulting interference effects may be
small. ' ' Detailed observation of this interference
in fact might lead to a measurement of the relative

production phase of the f' A, . -
High-mass bosons produced in the NN direct

channel and decaying into KK final states might
provide another example of such interference ef-
fects. ' The speculated existence of meson towers
with approximately equal numbers of I = 0 and I =1
mass-degenerate states could further facilitate in-
terference. ' Furthermore, in this case, the pro-
duction mechanism could be the same and the in-
terfering effects might be large. The study of low-
energy NN-KK scattering has progressed to the
point where it is now reasonable to' ask whether
there is any evidence for such interference phe-
nomena. In this note we compile and analyze the
available data."We find evidence that such inter-
ference does occur. Furthermore, we infer the
existence of two high-mass boson states with C =+1
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FIG. 1. Compilation of the available cross sections for reactions (1), (2), (3), and (4) for laboratory momenta
below 2 GeV/c. The data. a.re taken from H.efs. 8 and 9.

and J = 2' as a result of this interference.
The reactions we. present data on are

pp K+K

PP -KsKI.

PP -KsKs +K~Kq,

fm K Ks.

(2)

(2)

(4)

In Fig. 1 we show the existing data available to us
for the cross sections of these processes up to -2
GeV/c antiproton momentum. ' The striking fea-
tures evident in these data are the following:

(1) Below 1000 MeV/c the cross section for
KsKs+K~K~ production is much smaller than
either the cross section for the reaction K'K or
KsK~. It is two orders of magnitude less than the
K'K in the 400-500-MeV/c band.

(2) The KRAK& cross section shows a pronounced
structure. This structure has been interpreted
elsewhere as evidence for a new vector-meson
state with mass 1970 Me V and width of 35 Me V.'

(3) The cross section for K'K production is al-
svays greater than the sum of the c'ross section for
KsKs+K~K~+KsK~ production over the entire mo-
mentum range.

(4) Above -1200 MeV/c, within the rather poor

statistics, the cross sections for KsKs, +K~K~ and

KsK~ are the same.
We further note that the KsK~ system has been

shown to be dominantly produced through the 'D,
initial NN state in the momentum range 500-700
MeV/c and that the K~K& +K~K~ system can be
produced through the initial states 'Pp or P2.''
Thus, the centrifugal barrier favors the production
of KsKs +KiKi over Ks

There are adequate data available for reactions
(1) and (2) to fit the angular distributions to a Le-
gendre-polynomial expansion. In Figs. 2 and 3 we
present the even Legendre coefficients for reac-
tions (1) and (2), respectively, in the form of the ra-
tios a„/a, ."While the a,/a, coefficients for these
two reactions behave similarly, the a, /a, are quite
different. In particular, the K'K system requires
large positive a4/a, with the a,/a, showing possible
energy-dependent structure. For the KsK~ system,
the a,/a, coefficients are consistent with being
zero everywhere and if not zero, negative at 700
MeV/c. ' This qualitative difference and the larger
K'K cross section are strongly suggestive that both
C =+1 and C = -1 states contribute to the K'K sys-
tem.

Furthermore, an asymmetry is observed between
the K'K forward and backward angular distribution
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FIG. 2, Even Legendre coefficients forPp E+~- be-
low 1.2 GeV/c. For the two lowest energies the coeffi-
cients were obta. ined by us through fits to the published
angula, r distributions. The other data. are taken directly
from the report of Nicholson et al. (Ref. 8).
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FIG. 3. Even Legendre coefficients forPp E&EI
taken from the paper of Benvenuti et al. (Ref. 9).

A(pp-K'K )=A", +Ao+A, +AD,

A(pp-K, K, ) =A; -A;,
(5)

(6)

by Bizzarri ef al. in the 400-MeV/c mo.nentum
range indicating the presence of C =+1 and C = -1
interference. ' "

These arguments plus the plausible physical ex-
pectation that the Pp and 'P, initial states in the
NN system should be important if the 'D, state is
important, lead to the conclusion that the C =.+1
state contributes equally or greater to the K'K
system than the C = -1. Tnus, the suppression of
the K~K, +K~K~ process which is pure C =+1 re-
quires strong destructive interference. Further-
more, the energy-dependent structure in a,/a, for
K'K suggests that there is structure in J =2',
i.e., the P, NN initial state. The destructive in-
terference in K~K~+K~K~ must therefore also oc-
cur largely in the 2' state.

We now briefly attempt to make our arguments
more quantitative. A general partial-wave analy-
sis is clearly impossible with the limited data that
presently exist. Therefore, we present her'e a
simple model which reproduces the general fea-
tures of the data and which indicates the plausibili-
ty of the interference arguments given above. The
amplitude for reactions (1), (2), a,nd (3) are written
as

A(p -pK~ K~+ iKiK) =A;-Ao,

where A', p and Ay p represent the C =+1 and C = -1,
I = 1, 0 amplitudes. lt is straightforward to express
these amplitudes in a general partial-wave expan-
sion; however, for simplicity we assume that for
the C = -1 amplitude only the '9„'Dy initial states
contribute. Furthermore, we consider that a par-
ticular isospin state dominates the 'D, amplitude
because of the resonant structure shown in Fig. 1.
We assume that the 'S, contribution is negligible
above 400 MeV/c since reaction (2) suggests nearly
complete domina, nce of the 'D, state." Further-
more, since annihilation at rest indicates that"

Rate(pp-K~K~) —Rate(pp-K'K ),

we suspect that either the I = 1 or I =0 state domi-
nates the 'S, a.mplitude and that the small '$, am-
plitude required for reaction (2) is not due to an ac-
cidental cancellation of the I= 0 and I = 1 amplitudes
in (6)." With these assumptions the resulting
cross sections for reactions (1) and (3) are given
as

( aP-P'KK)= ~A;+A", ~'+a(PP-K', K', ),
a(pp-K', K', +K',K', ) = ~A;-A', ~'.

The data of Fig. 1 therefore indicate that
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~
A;+A', ~' & o(Pp -It,~,),

fA;+A,'f'» [A;-A;[',
(11)

(12)

2' I=O, 1 ('P„'E,),
4' I=0, 1 ('F„'e,).

at all momenta below 800 MeV/c except perhaps
near 600 MeV/c where the KosKO~ cross section ap-
proaches the K'K cross section. Clearly im-
proved data for the K'K cross section would be
needed to obtain the energy dependence of ~A;+A;~'
(within the framework of this model). Qualitative-
ly, the conclusions from this model strengthen the
previous conclusions that the C =+1 amplitudes are
very important and that the suppression of the
K K +K K cross section is due to a cancellation
between the I = 1 and I=0, C =+1 amplitudes. If we
assume that the C =+1 state is dominated by I=0
and I = 1 resonance production in the 'P, initial
state (in agreement with the angular distribution
shown in Fig. 2), then the amplitudes for these
states must be approximately in phase and the
masses and widths should be approximately the
same. We know of no a prion reason for suck a
xemm kable Phase relationship between dA "ect-
channel states. Furthermore, in the simple me-
son-tower picture there are six possible resonance
states in this mass range that could contribute to
the C =+1 amplitude, namely, ' '

0' I=O, I ('P,),

Thus, if all these states couple to the NN-KÃ sys-
tem, the resulting amplitudes would be required to
be in phase or a complicated accidental cancella-
tion would be required. %e suspect that detailed
study of this interference phenomenon wi11 shed
considerable light on the meson-tower hypothesis
and the couplings of these states to the ÃN and KK
channels.

Finally, we turn to the data above 1.2 GeV/c. It
was suggested some time ago that if baryon ex-
change mediates the pp-KK reactions, the cross
sections for reactions (2) and (3) would be the
same. " The data appear consistent with this trend.
Thus it may be that the effects of baryon exchange
are observable even at this low momentum. Vfe
note that there is other evidence to support this
possibility. ' It is therefore likely that the direct-
channel production does not dominate the KK pro-
duction in this momentum range and that the strik-
ing interference phenomena discussed in this note
will be limited to low energies.
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