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Resonances in the KsKs system*
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The KsKs mass spectrum is studied in a m+d experiment at 15 GeV/c. Two separate mass enhancements at
{1047~ 10) and (1190+ 10) MeV are observed. The lower mass enhancement is most likely associated with

the S* and the 8 while the one at 1190 MeV could be a new resonance or the A& 5. Neither enhancement is

produced peripherally. An interesting interpretation of this nonperipherality is that the decay of the S~ or 8 is

dependent on the charge of the beam meson.

J -0' 2' 4'

I=0, 1,

C =+1,
G = (-1)'.

(2)

Near the KK threshold there are several known
resonances, among them the S*, 5, and P. The S*
and 5 resonances always seem to be produced peri-
pherally. Also, not all of these resonances have
been seen in all experiments in which they were
expected to be seen. This study of reaction (1)
may have helped to untangle some of this confusion.
The inclusive form of reaction (1) was chosen by
necessity to obtain a sensible sample of data.
First we present some of the details of the experi-
ment. '

The pion beam at a momentum of 15 GeV/c was
rf-separated; 369000 stero triads were photo-
graphed. The cross-sectional equivalent was 9.5
+0.2 events/pb. The pictures were scanned for
two (or more) V's that point to the same vertex.
Events were measured on an image-plane digitizer
at a magnification of 25 from the film to the table.
Geometric reconstruction was done using TVGP;

Experimental studies have shown that the mass
spectrum of mesons between 900 and 1400 MeV is
full of enhancements, and not all of them are well
understood. It is not uncommon for one experi-
ment to see a statistically significant enhancement
while another equally sensitive experiment does
not observe the same enhancement. The region
below 1100 MeV is even more perplexing, since
there are many resonances crammed in an inter-
val of a few hundred MeV. In an attempt to sepa-
rate out many of these enhancements for analysis,
the present experiment used the reaction

+d -Ks +Ks + anything

in the 82'-in. SLAC bubble chamber. The KsKs
system has stringent restrictions on the quantum
numbers, which are as follows:
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FIG. 1. Mass spectrum for KsKs produced by ~'d at
15 GeV/c. The shaded events are those for which
It '

I & 1.8 GeV~. The inset shows the events for which
I t '

I & 0.9 GeV .

kinematic fitting used SQUAW. As a check on the
correctness of the entire measurement and com-
putational procedure we studied the distribution
of the unconstrained mass of the Ks and obtained
a value of (497.0+ 1) MeV, with o ='I MeV.

Even at this high a value of the momentum one
has little trouble distinguishing Ks decays from A

decays. Most of the A's are produced with low
laboratory momenta, so that the fitting in SQUAW

usually yields an unambiguous answer. The few
V's that were ambiguous were all reexamined
visually, checked for consistent ionization, and
assigned accordingly. We obtained a sample of
634 events. After correcting for scanning effi-
ciency, computational efficiency, and invisible
decays we obtained 202+ 20 pb as the cross sec-
tion for reaction (1).

Figure 1 shows the KsKs spectrum. There are
two well-defined peaks in this graph, each of which
rises 3.5 to 5 standard deviations above back-
ground, the precise amount depending on how back-
ground is estimated. A fit to the two peaks plus
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FIG. 2. Momentum-transfer spectrum; t is the in-
variant square of the four-momentum transferred from
the 7r' to the K ~K& system.

an empirical background yielded

M = 1047 + 10 Me V', I' = 70 + 20 Me V,

M = 1190+10 MeV, I" = 40 + 10 MeV .

The peak at 1047 MeV is probably associated
with the S*(993)and the 5(970). Both of these reso-
nances have JP=O' and are known to couple to the

K~K~ system. But unlike many other observations,
the events in this peak are not peripherally pro-

ducedd.

Figure 2 shows the distribution of t, the invari-
ant square of the four-momentum transferred
from the m' to the K~K~ system, for all the events.
It is not peaked at t =0 because of the inclusive
nature of reaction (1). Selecting events with -t
& 1.0 (GeV/c)' completely excludes the events in
both mass peaks. A better variable to use is t'
=t —t;„. Figure 3 gives the t distribution, showing

that it is strongly peaked at t' =0. The two insets
show the t' distributions for the events in mass in-
tervals including the two mass peaks. The t' dis-
tribution of the events in the 1047 Me V peak does
notpeak as sharply at t'=0 as does the over-all data.
Hence, although in general the over-all t' is very
peaked at t' =0, the two enhancements are strongly
associated with events with ~t' ~& 1 (GeV/c)'. The
shaded histogram in Fig. 1 gives the K~K~ mass
distribution for

~

t' ~& 1.8 (GeV/c)', showing that
both enhancements are clearly visible. The inset
in Fig. 1 gives the mass distribution for

~

f' ~& 0.9 (GeV/c)', showing that in that case the
two enhancements are not present.

The 1047-MeV mass peak observed at large t
rather than small t is at variance with results ob-
tained in other experiments at lower energy. ' "
The situation is summarized in Table I, where
it will be noticed that most of the other experi-
ments used m beams. In many cases' ' they ob-
served near threshold a peripheral EC~X~ peak
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FIG. 3. Spectrum of t', the difference between t and
its smal, lest |'absolute) value. The insets show the dis-
tribution of t ' for those events that fall in the peaks
of Fig. l.

that is interpreted as the S*. We have considered
several ideas to explain our nonperipheral result.
We are confident that it is not the result of experi-
mental bias against fast forward X~, since the
bubble chamber is long enough so that few X~ de-
cay outside the chamber.

We propose two possible explanations, which

may or may not be independent: (a) It could be a
result of interference between the S* and the 5,
leading to a suppression of peripheral events at
our energy. (b) It could be a manifestation of the
influence of planar duality diagrams of the type
introduced by Harari" and Hosner. " The experi-
ments in Table I which show peripheral X~Xq
peaks were all done using m beams, with which
it is easy to produce a planar duality diagram that
suggests peripheral production of K K', but not
for K'K; the w experiments that study K'K do
not show any S* at low f (except for Ref. 11, for
which the S* cross section is suppressed by a fac-
tor of at least ten from that which is observed in
v making K K ). For a w' beam the situation is
reversed, i.e. , there would be peripheral produc-
tion of K'K but not K'K'. In fact, Harari men-
tioned this very circumstance in his paper. " The
experiments listed in Table I are all consistent
with this hypothesis. In many cases listed in the
table an experiment was not sensitive to produc-
tion of a resonance at high momentum transfer,
usually because of counters that trigger on slow
protons; these cases are marked with ellipses in
the table. A consequence of the duality interpreta-
tion is that a resonance seems to "remember"
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TABLE I. Comparison of experiments with pion beams that have produced KK spectra in
the $*,6 and the f,&2 regions.

Beam Target
beam

(GeV/c)
$g

Low t
$g

High t
f, A2
Low t Refs.

d

p
p

p
p
p
p
p
p
p
p
p

15
7.1
7.1
5
5, 7, 12
6
4, 6.2
4, 5
1.5-4.2
1.5—4.2
11
9.8
6

KsKs
KsKs
%+K
K+Z-
KsKs
KsKs
KsKs
KsKs
KsKs
K+K-
K+K-
K+K"
K+K

No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
No
No
Small

Yes
Yes'P

No this expt.
No 2

Yes 2
Yes 3
Yes 4
Yes 5
Yes
Yes 7

Yes 8
~ ~ ~ 8
No 9

'? 10
Small 11

The effects in question were observed, but with cross sections reduced by a factor of at
least ten compared with the predictions from K K results.

how it was formed, and its decay is dependent on
its formation. This idea is, of course, at variance
with the more conventional notion that decay prop-
erties of resonances are independent of formation.
It also ignores requirements of conservation of I
spin; however, the more conventional and less
controversial explanation (a) also involves mixing
of I-spin states. An additional interesting observa-
tion from Table I is that the observation or nonob-
servation of a KI7 decay of the f and the A, seems
to follow the same principle as in the case of the
S,

The second peak, at 1190 Me V, is not so easily
identified in terms of previously reported reso-
nances. %e discern several interpretations,
listed here in increasing order of probability:
(a) it could be a statistical fluctuation; (b) it could
be an interference effect involving known reso-
nances; (c) it could be the A, ,(1170), an effect
reported by the Notre Dame group" and subse-
quently seen by other experimenters, " all with
low statistics; (d) it could be a new resonance
with quantum numbers different from those of the

A, ,(1170).
Let us suppose that this peak is the A, „then

J cannot be 0' because the A, , was discovered
in its three-pion decay mode. That leaves
2', 4', . . . as possible spin-parity assignments.
Arguments based on a simple quark-antiquark
shell model for mesons" militate against a, spin
of 4 or higher; these same arguments indicate
that this approximate mass range already has
enough mesons with J~ =2'; in fact, the most na-
tural explanation within the quark shell model is
that the A, , has J =1+, making it incapable of de-

caying into KsKs. There is the possibility that
our effect at 1190 MeV is a different object, having
J =0' and fitting into the quark shell model as a
radial excitation with the configuration 2 S,. In
order to test this hypothesis we examined angular
distributions for the decay of the 1190 MeV peak
in our data. Once again, the inclusive nature of
this experiment coupled with the fact that the peaks
are formed at high t turned out to be a disadvan-
tage, since the Jackson angle is useful only at low
t and even the helicity angle is hard to interpret
for inclusive reactions. Ne studied distributions
of the cosines of both these angles (i.e., Jackson
and helicity) and found them consistent with uni-
formity through both the S*, 5 region and the 1190
MeV peak region. This result suggests (but of
course does not prove) that J~=O' for both the
peaks thai we have observed. The isotropic angu-
lar distribution at the 1190 MeV peak does not
favor f A, interfe-rence. " Incidentally, the angu-
lar distribution of the Jackson angle departs from
flatness above 1200 MeV, assuming a shape con-
sistent with the 2' behavior that one would expect
from the f-A, region; the mass spectrum of Fig. 1
shows at best a shoulder in this region, an unre-
solved effect of two different well-established reso-
nances.

Assuming that this second peak at 1190 MeV is
not merely a statistical fluctuation, the most
probable explanation consistent with the angular
distributions is that it is a new resonance with
gP 0+
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