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The evidence for the possible existence of
a K K resonance cortes from CERN data for
the above reactions obtained with K+'s of mo-
menta of 3.0, 3.5, and 5.0 BeV/c. ' If one ex-

Among the many bosons observed to date,
the states with spin parity 0, 1, and 2+ are
composed of nine particles each and have the
isospin (I) and hypercharge (Y) properties that
can be associated with the constituent states
of the representations 1 and 8 of the SU(3) group.
Although-no representations of larger dimen-
sions have been definitely established, it is
of critical importance in the study of strong
interactions to determine whether such states
actually exist in nature. This question has spe-
cial relevance with respect to composite quark
models, as to whether the presently known bo-
sons are in reality composed of two quarks with
increasing angular momentum to account for
higher spin states or of multiple quark states,
i.e., 4, 6, etc., with zero angular momentum,
the higher spin coming from the addition of
the individual quark spins. To this end the exis-
tence or nonexistence of an I= 1, 7 = 2 resonance,
such as a K K state, is highly significant,
since the 27 is the smallest representation which
can accommodate such a particle and its exis-
tence would require the multiple quark approach.
In this Letter we wish to report our results
as well as present a world compilation concern-
ing this question obtained from a study of the
following reactions:

amines each final state individually, one notes
that the bulk of the data, as well as the main
contribution to the effect, comes from the AK+K
at the two lower energies. We have therefore
repeated the experiment with K+'s at 3 BeV/c,
essentially doubling the CERN data at this en-
ergy, and find no evidence for any K+E+ reso-
nance.

The exposure consisted of 120000 pictures
taken in the Brookhaven National Laboratory
(BNI,) 80-inch hydrogen bubble chamber at the
alternating gradient synchrotron (AGS) in the
dc separated beam. ' 4200 7 's were found in
a fiducial region whose length was 160 cm.
This corresponds to an event rate of 5.75 events/
p.b. The pictures were scanned for all topolo™
gies involving one hyperon decay, either A'

+or Z decay. In the case of V events it was
further required that the line of flight of the
V be closer to the positive than the negative
track. This had the desired effect of eliminat-
ing =40% of the K decays. It was difficult to
detect short decays, and a cutoff of 1 cm was
applied, amounting to a =5% correction. Sim-
ilarly, tracks which interacted within 5 cm
of their origin were difficult to measure with
the necessary precision and were therefore
eliminated at the scanning phase, this corre-
sponding to a 2g correction. The events were
then measured on an image plane digitizer and
analyzed with the TRED-KICK programs. For
each event the X' probability and track ioniza-
tions were determined. All events which fit
hypotheses 1 or 2 were re-examined by a phys-
icist for consistency with ionization. In almost
all cases the calculated g' probability for the
different hypotheses were widely different,
and this coupled with the estimated ionization
allowed a selection to be made. The minimum
accepted y' probability was 1$. The only pos-
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sible sources of difficulty were m+ contamina-
tion and A Z' ambiguities.

At this energy the cross section for A' pro-
duction by 7t's is a factor of 6 greater than that
by K 's. Therefore, a 7t+ contamination as
small as 10/0 can cause appreciable difficul-
ty. In the present case we believe that the m+

contamination was negligible for the following
reasons: (1) The K+-~+ separation at 3 BeV/c
in the dc separated beam is very large, the
image/width separation of K+ to n being ~4/1.
This is because the beam was designed to oper-
ate up to 5 BeV/c and the separation varies
as I/ps. Assuming then that no v+'s pass the
separator slit, any 77+'s that come to the cham-
ber must arise from K+'s that decay between
the slit and the bubble chamber. This fraction
is small, and since the 7t's are of lower mo-
mentum than the beam, they are either phys-
ically removed by sweeping magnets or elimi-
nated from consideration by our use of a small
error in the trapped incoming beam momentum.
(2) No unambiguous m+ four-constraint fits were
obtained, and there were only four events which
fit both a m+ and K+ four-constraint hypothesis.
There is a finite but small probability that events
of one type will make a four-constraint fit to
a wrong hypothesis. It is thus quite reasonable,
given no m+ contamination, that out of 100 fits,
four (4%) will also make four-constraint fits
to the m+ beam hypothesis. In contrast, it is
quite unreasonable to assume that all four four-
constraint m+ fits correspond to a real m+ con-
tamination, since all of these events (100@~)
do make the alternative, and much more like-
ly, K beam fit. Since we know' that approxi-
mately half of all A production from m+ gives
four-constraint fits, the above result indicates
a negligible 7t+ beam contamination in the one-
constraint as well as the four-constraint cases.

As an aid in resolving the A', Z' ambiguity,
two tantalum plates, each 1.5 radiation lengths

thick, were inserted into the chamber for half
of the run. By detecting the y rays from Z"s
which were produced in a forward direction
in the laboratory system, we were able to con-
firm that the kinematics fitting correctly dis-
tinguished between the two hypotheses. Nine
events remained ambiguous between hypotheses
1a and 1b and these were apportioned in the
same ratio as the unambiguous events. The
total number of events for each channel as well
as the corrected cross sections for both the
BNL and CERN data are shown in Table I. One
notes the excellent agreement between the two
measurements.

The Dalitz plots for our sample of events
for Reactions (la) and (1b) are shown in Fig. 1.
They are combined because individually they
show the same behavior. There are two points
per event because of the indistinguishability
of the two K mesons. Also shown are the two
projections, namely, the mass square, M',
of the K+(Ao or Zo) and the K+K+ final states
with their respective phase-space distributions.
There is no evidence for a resonance in either
system. In Fig. 2(a) is plotted the K K+ and
K+K' effective mass for all 105 events of Re-
action (1), including Z+ events. The charged
Z events are of lesser value since we miss a
significant fraction (=30')00') of the decays Z+
-p+v' in which the proton makes a very small
angle &3' with respect to the Z+. However,
since the previous evidence' for a possible K+K+
enhancement included this channel, they are
also included here. The shaded events are those
in which the hyperon is produced peripherally,
cose &-0.6. Again there is no evidence for
any resonance, both KK distributions having
the expected phase-space distributions. Final-
ly, we show in Fig. 2(b) the world data on a
possible K K enhancement from Reaction (la)
and (lb), which include 102 BNL events, 103
CERN events, and 105 Wisconsin events. ~ The

Table I. Cross sections for three- and four-body final states.

Final state
Number of

events

BNL
cross section

|,'pb)

CEH,N

cross section
(pb)

K +K +A
K +K +&
X +K +Z+

K +K +A+7t'
K +K'+A+7t

71
31
51
15
29

22.3 + 3.3
9.8+ 2.0

19.4 + 4.7
4.7+ 1.3
9.1+1.9

23.0 + 4.5
7.5 + 2.5

15.0 + 5.0
7.5 + 2.5

12.5 + 3.5
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FIG. 1. Dalitz plot for 102 Brookhaven National Lab-
oratory events for the reactions K +P-K++K++A,+

K +p K +EL +Zo at 3 BeV/c. The dots correspond
to 71 K K A events and the crosses to 31 K K ~+ + p + + p

events. Each event is plotted twice because of the in-
distinguishability of the two K mesons. Also shown
are the two projections. The solid curves are the re-
spective phase-space distributions for the two cases.

solid curve is the phase-space distribution ex-
pected for the two energies and reactions. Again
there is excellent agreement between the data
and a phase-space distribution, the X' proba-
bility for the fit being 40@.

A similar negative effect is concluded from
a study of the four-body final states [Reaction
(2)]. These channels are much more compli-
cated to analyze because of the multiple reso-
nances that can be produced among the four
particles, i.e. , Y*, K*, N*, etc. However,
in the present case we find evidence only for
the production of Y,"(An) with mass of 1385
MeV, the K71 and KA distribution essentially
fitting phase space. The KK effective mass
plot for the 44 four-body events is shown in
Fig. 2(c). 1t is evident that the limited number
of events show no evidence for any KK resonance.

From this total study we therefore conclude
that any previous evidence for any K K reso-+ +

nance is negated by the accumulation of addi-
tional data at the same energies.

We wish to take this opportunity to acknowl-
edge the efforts of many individuals: Dr. W. P.
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FIG. 2. {a)KK effective mass plot of 153 Brookhaven
National Laboratory events at 3 BeV/&. These include
71 K K Ao, 31K K Zo, and 51 K K Z+ events. The
shaded events correspond to those events in which the
hyperon is produced backwards in the center-of-mass
system with coso & —0.6. The solid curve is the phase-
space distribution normalized to the total number of
events. (b) World compilation of K K effective mass+ +

for the reactions K +p —K +K +A and K"+p Z +Z
+& . This includes 102 Brookhaven National Labora-
tory and 57 CERN events at 3 BeV/c, and 56 CERN
and 1Q5 Wisconsin events at 3.5 BeV/c. The solid
curve is the expected phase-space distribution. (c) KK
effective mass for the four-body final states Z+K"Aon
(15 events) and Z K An (29 events. The smooth curve
is the phase-space distribution.
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It is customarily assumed that if SU(3) is
a valid symmetry, resonances will occur in
complete SU(3) multiplets. It is equally cus-
tomary to assume that (except for mixing ef-
fects, which we do not consider) the masses
in a resonance multiplet will satisfy a mass
formula of the usual type. A related assump-
tion is that mass formulas for Regge recurrences
will be the same as those for the lowest mem-
ber on the trajectory. The purpose of this note
is to suggest that for multiplets which can be
obtained by dynamical arguments based on forces
generated by unitarity and inelastic effects,
these assumptions about mass formulas may
not be correct. Such multiplets may include
the Regge recurrences of the baryon octet and

decuplet, the multiplet which contains the

K», (1518), and others.
To see this we first recall that Cook and Lee, '

and Auvil and Brehm, ' have proposed to account
for the existence of a number of resonances
by considering the strongly attractive forces
provided by coupling inelastic channels through
unitarity. In these models the inelastic ampli-
tudes are driven by single-particle-exchange
contributions. The work of Wali, Warnock,
and Ernst3 has made it plausible to conjecture
that amplitudes constructed from single-par-
ticle exchanges will exhibit mass splittings
consistent with octet symmetry-breaking as-
sumptions, whenever the input particles do
so. Because unitarity couples the square of
the inelastic amplitude to the elastic channel,
the resulting elastic amplitude will include con-
tributions to a mass formula from all the terms
in the product of two octets. Okubo has derived
the mass formula for this situation. In gener-
al, it contains six arbitrary parameters, so
for octets it will not lead to any relations at
all among the four masses. For the 10 and
10*multiplets the relation I= 2F+ 1 holds and

the general formula reduces to M=++M, Y

+M Y . In this case there is one relation among

the split masses.
Note that the effect of the & term need not

be proportional to the square of the coefficient
of Y in the input mass formulas, because sev-
eral product terms occur, giving enhancements
(or cancellations); and, in addition, they oc-
cur with scales set by different couplings. On
the other hand, dynamical calculations such
as those we are considering will give heavier
output masses to resonances involving heavier
input masses, so that the resonance mass will
tend to increase with hyper charge. Thus the
deviation from a mass formula with mass al-
so increasing with hypercharge is not likely
to be a large effect.

These arguments appear to imply that the
mass splittings inside resonance multiplets
are not likely to satisfy the usual mass formu-
las. ' Of course, it is possible that some more
subtle situation holds, and mass formulas will
continue to hold to good accuracy (this would
occur if cancellations occurred and some of
the six coefficients in the general formula were
small). This is not inconsistent with the dy-
namical models but would suggest either that
we do not understand all of their implications
or that they are inadequate to account for all
of the properties of the observed resonances.

One resonance which has been obtained in
such models' is the J' =2 N„, (1518), expected
to be an octet member. ' It has proved quite
difficult to complete this octet by the usual
methods. Our considerations may help account
for this by making it unlikely that the usual
mass formula should be satisfied. Similarly,
Auvil and Brehm' have proposed that the Reg-
ge recurrences of the baryon octet and decup-
let follow from such a model, so again we would
not expect the former to satisfy a mass formu-
la, while the latter could at best satisfy ~0
=N~~, +3(=„, —Y, ), rather than an equal-spac-
ing rule. Another application is to a possible
resonant 10*, where a linear mass formula
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