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OBSERVATION OF KAPPA (730 MeV) PRODUCTION IN n+ P INTERACTIONS AT 3.2 GeV/c

N. M. Cason, t S. Mikamo, and A. Subramanian1
Department of Physics, University of Wisconsin, Madison, Wisconsin

(Received 8 August 1966)

A narrow peak in the K& effective-mass spectrum corresponding to the so-called kappa
meson has been observed in the reaction w++P AD+ED"~ '+r++xo~+ at 3.2 GeV/c. We
have shown that this peak cannot be explained by triangular or box singularity effects.

In a study of the reactions

m++p —w++ m++6'+K'

—a++ K++ A'+ m' (2)

at 3.2 GeV/c, we have observed a narrow peak
in the (Km)+ effective-mass spectrum at a mass
of 730 Me V. This peak cor responds to the pr e-
viously reported kappa meson. ' ' In view of
the current interest "in determining wheth-
er the kappa corresponds to a true resonance
or is the result of a kinematic effect, we pre-
sent here the results of applying a kinematic
test to our data to see whether the peak which
we observed could be explained as being due
to an effect of a box graph. Our conclusion
is that such an explanation is inconsistent with
the data.

The experiment involved an exposure of 150000
pictures in the Shutt 20-inch hydrogen bubble
chamber to a beam of positive pions at 3.2 GeV/
c at the alternating-gradient synchrotron at
Brookhaven National Laboratory. This Letter
is based on the analysis of about 75%%u& of the
film and includes events from the 2-prong-sin™
gle- V and 2-prong-double- V topologies. The
events were measured on measuring microscopes
and were analyzed utilizing the DIANA spatial
reconstruction and kinematic fitting progr ams.
Events were selected for Reactions (1) or (2)
which either fit the respective reaction unique-
ly or fit the reaction with a probability which
is at least three times greater than the prob-
ability for any other fit.

Figure 1 is a scattergram of the (Kn)+ effec-
tive mass vs the (Aw)+ effective mass for events
from Reactions (1) and (2). Also shown are
the projections on the (Km')+ and the (Aw)+ axes.
The smooth curve shown is phase space nor-
malized outside the K (890) and I'*(1385) peaks.
In Reaction (1), there are two combinations
plotted per event. The (Kn)+ mass projection
shows a peak around 730 MeV in addition to
the peak at K*(890). The scatter plot shows
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FIG. 1. A plot of (K7t)+ mass vs (A&)+ mass for 101
events belonging to Reaction (1) and 112 events belong-
ing to Reaction (2). One event corresponds approxi-
mately to 1-p,b production cross section. The histo-
grams show projections on the two axes. The cross-
hatched histrogram in the (E&)+ distribution is obtained
by removing background of wrong combinations asso-
ciated with E (888) or Y&*(1385) production.

that K (890) is frequently produced in associa-
tion with I't*(1385). It is noted that events near
730 MeV do not show strong association with
any baryon resonance.

In order to obtain an effective-mass plot for
the (Kn)+ system with as little background as
possible, we have shown as cross-hatched events
in Fig. 1 the (Km)+ mass distribution, using
only one entry on the scatter plot for the events
of Reaction (1) if the K'm+ mass of one combi-
nation lay in the K band (858-918 MeV) or if
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the Am+ mass of one combination is in the ~,
band (1360-1410MeV). The reduction in back-
ground thus achieved reveals the narrowness
of the kappa peak, which is estimated to be

12 MeV. The peak is centered at a mass of
731+ 2 Mev, slightly higher than the value 725
+ 2 MeV quoted from previous works. "

The nature of the kappa is quite unclear at
the present time because of the fact that although
it is observed in many reactions at many in-
cident energies at about the same mass and
width, it does not appear in many of the same
reactions at somewhat different energies. This
might indicate that a highly energy-dependent
production mechanism is present if the kappa
is a resonance, or that an energy-dependent
kinematic effect produces the kappa peak.

Such an energy-dependent effect can be found
in the so-called triangle and box diagrams [Figs.
2(a) and 2(b)]. These diagrams have singulari-
ties when the intermediate lines are on the
mass shell and hence produce enhancements
in certain kinematic regions. There have been
attempts to explain the kappa peak by the tri-
angle diagram in two cases. ~' The explana-
tion in at least one case appears to be unsatis-

factoryy.

"
In an attempt to find a consistent explanation

for all experiments bearing on the question, we
have examined experiments' which have ob-
served the kappa and some experiments, '~'»" "
which have not observed the kappa. For each
experiment we have considered various ways
in which the triangle or box diagrams might
contribute to the experiment using the kinemat-
ic formulas collected by Rosenfeld. " The re-
sults of these calculations are summarized by
the following comments: We note that sever-
al of the experiments'~'~ observing the kappa
do fall into the kinematically allowed region
for triangle and jor box singularities, but not
all of them do. '&8 Furthermore, the experiments
not observing the kappa do not fall into kinemat-
ically allowed regions for these singularities.
Thus, except for a few exceptions of kappa pro-
duction where some other explanation is required,
kappa production can seemingly be predicted
by whether or not a triangle or box singularity
is possible.

To check further this hypothesis in our ex-
periment, we have tested our events for con-
sistency with the box diagram, the most like-
ly candidate for such a kinematic mechanism
at our energy. The triangle mechanism does
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FIG. 2. (a) and (b) show the triangle and box graphs.
s, u, &, and se represent the four-vectors of external
particles, and a, 5, c, andd those of internal particles.
It is possible to calculate one of the internal vectors
given the external ones and the masses of all the other
internal lines. (c) and (d) show the results of calcula-
ting line a of the box diagram assuming that line 5 is
a Y&*(1385), that line c is a K, and that line d is a x.
(c) is for the kappa region and (d) is for the control re-
gion.

not have a singularity here. In addition, co-
pious production of K*-~,* favors the box mech-
anism, where a and b of Fig. 2(b) are the K*
and the F*. It is possible to calculate the mass
of one internal line in the box graph assuming
the masses of the other three lines for each
event in the kappa peak. The mass of the sup-
posed K*(890) was calculated for each case,
and the resulting distribution is shown in Fig. 2(c)
for events in the kappa region and in Fig. 2(d)
for events in control regions above and below
the kappa. Figure 2(c) is much too broad to
be associated with the K*(890), even when one
takes the width of the F,* into account. Fur-
thermore, there is no significant difference
between the kappa region and the control re-
gion. Finally we note that if the kappa were
produced solely as a kinematic reflection of
the box diagram, a peak should appear in the
K+7t+ mass distribution at the kappa mass. We
observe no such effect and consider this to be
further evidence against such a mechanism.
Hence, although the box mechanism seems
to be a possible explanation for the kappa in
our experiment, closer analysis shows that
this is not the case. We conclude that kappa
production is not caused by the kinematic ef-
fects of the box or triangle diagrams in our
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experiment.
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