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Study of the Nonimpulse Events in the Reactions
K-d — Axp and A=z=N at 670-925 MeV /c*
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The AN effective-mass spectrum gives confirming evidence for an enhancement near 2130 MeV/¢? in the
Ax"p, Az~n%, and Ar~ntn channels. The interpretation of this AV enhancement as either a resonance or
a final-state interaction, or a combination of both, is discussed. This effect, if interpreted as a resonance,
has fitted mass and width of 212741 MeV/¢? and 841 MeV/c?, respectively.

I. INTRODUCTION

ANY experiments!™ have been performed which
involve the production of A hyperons from
initial states consisting of more than one nucleon. Of
these experiments, several have provided evidence for
enhancements in the spectrum of the Ap invariant mass
near the ZN threshold. Because of this proximity to the
ZN threshold, the correct interpretation is still a
matter of some controversy.

One possible interpretation of the effect is that it
represents a resonance in the Ap system. Such a
resonance could be the /=%, ¥Y=1 member of an
SU(3) decuplet which includes the deuteron in the
I=0, Y=2 position.!

A second possibility is that the peak is due to the
conversion process ZN — AN which has been used'”-8
to explain the existence of the enhancement without
the introduction of a Ap resonance.

II. EXPERIMENT AND ANALYSIS

In this paper we report on data obtained from an
exposure’? of the deuterium-filled BNL 30-in. bubble
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chamber to K~ mesons of momenta 670, 720, 770, 810,
850, and 925 MeV/c. About 90 000 pictures have been
analyzed for two-prong and one-prong events with
associated V° decays which are identified as one of the
following reactions:

K=d— Ax—p 1)
— A% (2)
— Arrtn . A3)

The data were fitted using NP54 and GrIND, and all
fits were checked on the scan table for ionization
consistency. The contamination from 2° production is
estimated to be less than 109,. We report here on those
events which did not satisfy the conditions to be
interpreted as interactions of the K~ on a single nucleon
in the deuterium nucleus (i.e., the nonimpulse events).

Figure 1 shows the Dalitz plot for events of reaction
(1) in which the proton has a momentum greater than
300 MeV/c. It is assumed that most of these events are
interactions of the K~ with the deuteron as a whole.
The projection onto the axis corresponding to the
square of the Ap mass shows a strong enhancement near
the value (2.130 GeV/c?)2% In the projected Aw mass
spectrum, there are two enhancements. The low-mass
Awr enhancement can be attributed to the established
resonance 2(1385), while the broad high-mass Arw
enhancement can be seen to be a reflection of the Ap
effect at 2130 MeV/c2

Having established that the Ap enhancement is
present using only events with nucleon momentum
greater than 300 MeV/c, we then looked for this effect
among events with lower nucleon momentum. It was
found that the enhancement is present for nucleon
momenta as low as 100 MeV/c. Accordingly, the
subsequent analysis includes all events with nucleon
momenta above 100 MeV/¢c. The AN mass spectra for
such events from reactions (1)-(3) are shown in Fig. 2.
The AN enhancement heretofore seen only in the three-
body final state of K—d interactions is seen to be present
also in the four-body final states.

Figure 3 shows the AN spectrum from all three final
states combined for nucleon momentum above 100
MeV/c. The inset shows a division of the spectrum into
finer intervals in the mass region around 2130 MeV/c%
The peak is about 2 MeV/c below the ZN threshold
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region, in agreement with Cline ef al.% A simple Breit-
Wigner curve was fitted to these data, yielding the
values M =2127+1 MeV/c? and T'=84-1 MeV/c2 The
background in this fit was estimated by fitting the ANV
spectrum outside the interval 2.12-2.16 GeV/c? with
a smooth curve. Our results for the mass and width
agree with those of Cline ef al.% and of Tan.®

The result of this experiment is displayed together
with the results of similar experiments in Table I.
It appears that of all the Ap enhancements that have
been reported, the peak near 2130 MeV/¢? has been
seen most frequently and with large enough data
samples so that its existence is now beyond serious
doubt. There is no evidence on our data (Fig. 3) for any
of the reported kigh-mass AN enhancements listed in
Table I.

M(Ap)GeV/ct

Several authors have discussed the possibility that
a AN enhancement at ~2130 MeV exists but is of a
nonresonant nature. The most recent such discussion
is that of Alexander et al.” They explain the effect as due
to a two-step process of the type K—D — Zx N followed
by ZN — AN with off-mass-shell corrections. That
this process should occur, and that it will produce a
peak in the general area of 2130 MeV, is clear. It is not
clear, however, that this effect completely describes the
data. Itis crucial that the correct explanation accurately
reproduce the central value, width, and energy depen-
dence of the AN enhancement. Thescale used in the paper
of Alexander et al.” is such that exact comparison with
experiment is difficult; however, when plotted on an
expanded scale’® there appear to be significant differ-
ences between the data and the calculated curves.

TaBLE 1. Summary of observed AN enhancements.

Ref. Reaction Momentum M (AN) in MeV/c? T in MeV/c?
1 K-d— Arp <450 MeV/c ~2130
2 p (Be) > K*NA- - 2/0.95 GeV/c =~2360 e
3 =~ (*He) — An*H at rest 209846 20_5t16
4 pp— AKTp 2.40, 2.85 GeV/c 205848 30_5*20
5 K~ (CF;3Br) > Ap--- at rest 2220 ~20
6 K—d— Arp 400 MeV /c ~2126 <20
7 K-d— Arp 910, 1007, 1106 MeV /¢ ~2130 ces
8 K-d— Arp at rest 2128.7+0.2 7.0£0.6
2138.8+0.7 9.1+2.4
9 K~ (emulsion) — Ap-- - at rest ~2110 =20
10 K~ ‘He — A7~ pd at rest ~2130 cee
This expt. K-d— Arp 670-925 MeV /c 212741 8+1
K~d— An~n%

K—d— Arn'n

B D, Cline, R. Laumann, and J. Mapp, in Proceedings of the International Conference on Hypernuclear Physics, 1969 (Argonne
National Laboratory, Argonne, Ill., 1969), p. 92. Particular reference is made to Fig. 17 of this paper.
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F1e. 2. AN mass spectra for K~d events with final states (a)

Ar™p, (b) Ar~7%, and (c) Az"7*% in which the nucleon had a

momentum greater than 100 MeV/¢c. The standard A lifetime

correction has been applied to the data. The arrows indicate the
ZN thresholds.

These differences (in central value and width) may be
attributed to inadequacies of the model (inexact off-
mass-shell corrections, for example) or may imply that
the two-step model alone will not explain the data.
Since the Z-A conversion effect will certainly make a
contribution, it appears that the proper question is not
whether the AN enhancement at ~2130 MeV is a
resonance or conversion phenomenon, but rather how
much, if any, resonance needs to be assumed % addition
to the Z-A conversion contribution to fit the data. In
this connection, it is interesting to note that a narrow
AN resonance at 2128 MeV in addition to the =-A
conversion contribution calculated by Alexander et al.”
would fit the data compilation of Ref. 13 rather well.
If, however, one assumes that only the conversion
process contributes and that the off-mass-shell approxi-
mation made by Alexander e al. is reasonable, then one
expects that the central value and width of the AN (2130)
will increase with increasing beam energy. A comparison
of the results of our experiment which has an average
beam momentum ~750 MeV/c with that of Tan (at
rest) does not confirm this expectation. Both the
central value (212741 MeV/ for this experiment and
2128.740.2 MeV/¢® for that of Tan) and the width
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F16. 3. Combined AN mass spectra from the final states shown
in Fig. 2. Inset shows the spectrum near 2130 MeV/c divided into
2.5-MeV/¢? intervals. The smooth curves are an incoherent
superposition of a Breit-Wigner shape with a smoothly varying
background. The arrows indicate the region of TN thresholds.

(841 MeV/¢? for this experiment and 7.040.6 MeV/c?
for that of Tan) are in excellent agreement.

III. CONCLUSIONS

In this experiment we have seen additional evidence
for the production of a AN(2130) enhancement in the
AxN and for the first time in AwwN final states. Pre-
viously reported higher-mass AN enhancements are
not observed. We do not have a sufficient quantity of
data to distinguish between the AN resonance model
and the 2NV — AN model as the origin of the AN (2130),
but suggest that there may be contributions from both
sources to the AN (2130) enhancement.
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