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Two-nucleon Production of Hyperons

In an S=-1 Dibaryon Search

R. E. Chrien* 4

Brookhaven National Laboratory, Upton N. Y. 11973 Ly

ABSTRACT

The double-charge-exchange reaction *He(K =, #*)X'n was studied at pg - = 870
MeV/c. In the missing mass range below the sigma-nucleon production threshold
(3075 MeV/c?) events were detected and attributed to the two-nucleon reaction
pp(K~,n*)An. This reaction and mass range is supposed to be a fertile field for
a search for the I = 1/2, L = 1 (*P;) spin-singlet dibaryon suggested as the lowest
mass S = -1 dibaryon of bag model predictions. We find no need to linvoke such an

object to account for the observed events below T production threshold.

I. INTRODUCTION
Bag models using phenomenology within the framework of quantum chromody-
namics have successfully accounted for the experimentally known ground state mass
spectra of the known hadrons ~ mesons and baryons{l]. Such models use a small
number of adjustable parameters, such as the bag radius to fit the observed masses.
These models are notable, however, for their predictions of a large number of objects
not heretofore observed, including dibaryons, gluonium, and hybrid mesons. Those

predictions have understandably stimulated many experimental searches for such ob-

Jects. x N i
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mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof,

il

i
==



s o e o

Many searches have been reported in ihe non-strange sector (S=0), and their
results and interpretation lie outside the scope of this paper. We note in that passing,
however, that one would expect non-strange dibaryons with masses exceeding the
deuteron mass by at least the pion mass would be exceedingly broad and difficult to
detect. On the other hand, the region of hyperons is much less researched, and it is
conceivable that dibaryons with masses exceeding that of a hyperon-nucleon pair by
less than a pion mass might be narrow and still have failed to be detected. Indeed, a
number of dibaryon searches have been carried out and some claims of positive results
reported.

At the present time several ~xtensive searches for the so-called Jaffe H-particle
(H for hexaquark) containing equal numbers of u, d, and s quarks in relative S-states
are being carried out. The H is expected to be the most bound and most stable of the
baryons; its mass is assumed to be less than that of two A hyperons, i.e., less than
2130 MeV/c?. The same bag model calculations, however, predict a pair of isospin
1/2 dibaryons with S = -1; one spin triplet lying above the S-nucleon mass and one
a spin singlet lying below the T-nuclear mass(2].

Aerts and Dover(3] have summarized the predicted differential cross sections for
the production of the triplet dibaryons at various incident lab momenta for the re-
action d(K~,77)D,. In the threshold region the A and vZ amplitudes interfere in
the nroduction of the ¥ threshold cusp and this interference causes sizable uncertain-
ties in the cusp shape and position, and hence uncertainties in the identification of
a nearby presumed dibaryon. At higher mass values, the large quasifree production
of £? and I+ hyperons would tend to swamp the rather small D, production, which
Aerts and Dover predict to be at most only 2 ub/sr at a scattering angle of 25°.

The D, dibaryon search has a significant advantage over its triplet partner case.
Since the D, dibaryon is supposed to be below I-N threshold, the (K™, 7*) reaction

occurring on the proton pair in a *He nucleus will produce the dibaryon free from
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FIG.1. The Moby Dick spectrometer at the end of the LESB-1 beamn line at the BNL
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competition from quasifree L preduction. Furthermore, the double-charge process
will ensure that no first order A production will compete with D, production. As
pointed out in ref.(3], only the second order process pp( K=, n*)An will yield hyperon
A production below threshold, and clearly this reaction will be much less important
than first-order production. The question of the size of such a reaction will be treated

in the analysis section which follows.

II. DESCRIPTION OF EXPERIMENT

The experiment was performed at the Brookhaven National Laboratory LESB-1
beam line at the Alternating Gradient Synchrotron and the Moby Dick hypernuclear
spectrometer section. The spectrometer has been previously described in some de-
tail[4], and the description of the analysis methods contained in ref. [4] applies, in
the main, to the present studies, except where specifically noted. At the exit of the
LESB-1 line, the kaon intensity was typically 1-2 x 10® kaons/spill, with a 1.5 second
spill occurring every 3 seconds. A typical ratio of unwanted particles (mostly pions

and muons) tu desired kaon was 7 to 1. Fig. 1 shows the downstream end of the
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beam line and the Moby Dick spectrometer. Particle identification is afforded by
time-of-flight involving the scintillators Sy, Sr, and Sj, and by a Cerenkov counter
Ck placed just downstream of the next slit. A lucite Cerenkov veto counter was used
to veto decay pions placed just upstream of the target which would otherwise satisfy
the time-of-flight condition for kaons.

The Moby Dick spectrometer was operated with a momentum acceptance of about
12 per cent and a solid angle acceptance of 15 msr. While the achievable resolution

of Moby Dick is near 0.4 % for thin targets, for the extended liquid targets of the

present experiment, an overall resolution of about 0.6% (5 MeV) was achieved.

The beam line and spectrometer were adjusted to central momenta of 870 MeV/c
and 730 MeV/c for the kaon and pions, respectively. The momentum of 870 MeV/c
was chosen to match a previous dibaryon search for the triplet dibaryon in the
d(K~, 7~ ) D, reaction; there it was desired to minimize the I = 3/2 production chan-
nels for the I = 1/2 dibaryon, which decays to Ap. (

The 3He target consisted of a 25 cm long target vessel containing liquid *He at
a density of 0.075 gm/cm®. The target flask is 7.6 cm in diameter, and the target
was placed so that rotated with the spectrometer. The targets were not centered in
the beam; they were displaced about 3 cm to the left (viewing direction with the
beam), so that the beam entering the target and scattered into the spectrometer did
not interact with the target frame and walls. Fig. 2 shows a somewhat 1dealized view
of the target geometry. Since the maximum dibaryon signal for the P-wave dibaryon
occurs near 20°, the spectrometer was set to 20° for the major portion of this run.
The total irradiation of the 3He target was about 7.5 x 10! K~ particles. In addition
to the 7+ cuns, an experiment on the ?He(K ™, 7~ )App reaction was run for a total

of 1.68 x 10° K~ incident particles. The conditions of the run were identical to those

for the (K=, n+) experiment with which it is directly compared.
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FIG.2. A schematic drawing of the target region showing the placement of the A-shell

(strip) and B-shell (ring) scintillators around the target.

Su:srounding the target vessel was an array of scintillation counters. As shown in
the figure, this array consisted of two layers: a) the A shell or inner layer consists
of 13 strips arranged like barrel staves parallel to the pion beam axis, and b) the
B-shell outer layer arranged a series of half-rings, 19 in number, joined together,
and arranged like barrel hoops around the beam axis. As will be explained, these
scintillators allow a crude characterization of the @ (polar) and ¢ (azimuthal) angles
of emitted decay particles following reaction events in the *He target. Because of

the centerline displacement of the target as described in the previous paragraph,
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FIG. 3. The mass spectrum for the reaction 'H(K =, 7+)Z~ where the abscissa refers

to the I~ kinetic energy.

the width of the A-shell strips was adjusted to provide nearly equal azimuthal angle
increments around the target. (

In addition to the *He target, a liquid hydrogen target of density 0.07 gms/cm?
was run for calibration purposes. These calibrations enabled us to evaluate (a) the
charge-exchange background, as described below; (b) the cross section scale from
the known p(K~,7r*)Z~ cross section (ref.[5]; and, (c) the system resolution from
the ¥~ peak width. For the cross section calibration and resolution check runs the
spectrometer was set to a central momentum of 670 MeV, placing the - peak at the
center of the acceptance. The observed spectrum is displayed in figure 3.

Of special relevance in this figure is the appearance of background events below
the £~ peak. These background events have their origin in the p(K~, K°)n single
charge reaction. The subsequent two-pion decay (cr = 1.7 cm) of the K component
of that reaction takes place largely within the target volume. If one of the decay pions,
the 7%, is emilted within the acceptance of the spectrometer, a (K~,7+) reaction is
emulated. The observed background in fig. 3 is consistent with the (K ~, K°) cross

section data of Alston-Garnjost|6].
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The reaction and charge-exchange processes were simulated by Monte Carlo tech-
niques. Using the drift chamber and spectrometer information, one can project the
incident kaon and exiting pion tracks back to a reaction vertex, localized to a distance
of closest approach, T, which is a measure of the tracking accuracy. The distribution
of this T variable is approxim'a.tely exponential fbr a true reaction, with an rms value
of about 4 mm, a value much smaller than the target diameter. For the background
process, the T variable will tend to be larger because of the non-zero separation

between the formation and decay points.

Using decay events recorded in the strip scintillators, and a reaction vertex as

determined above, a “pseudo-reaction” angle § can be defined for the 7~ from the K°
decay process, corresponding to its partner 7% accepted by the magnetic spectrometer.
Because of the forward peaking of the charge-exchange processes, it was expected that
the decay events would be characterized by relatively small pseudo-reaction angles,
even though the “reaction” vertex, as described above, is not a well defined quantity.
The observation suggests a way of cutting the phase space of the observed reactions to
suppress the background event; small values of pseudotheta will represent K° decays,
while (K,7) reactions would be spread more uniformly in angle. This efficacy of
this cut was suggested by Monte Carlo simulation and confirmed by experiment as

described below.

Fig. 4 shows the invariant mass spectrum for the reaction *He(K~,7*)Xn. The
mass scale in this and succeeding figures is calculated assuming the recoil mass is
a spectator neutron; hence the x-scale gives directly the presumed singlet dibaryon
mass. The spectrometer was tuned to 730 MeV/c, a momentum expected for pro-
duction of a dibaryon at 2100 MeV/c?, some 35 MeV/c? below the X-threshold. The
figure also shows the spectrometer relative acceptance function and the positions of

the A-N and £-N production thresholds. There is no requirement for a barrel coinci-
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FIG. 4. The mass spectrum for the reaction 3He(K~, n+)nX at 870 MeV/c at
6126 = 20°. The mass scale is calculated assuming the recoil mass consists of the dibaryon
plus spectator neutron. The spectrum shown here is without imposing the requirement of
observation of a decay pion in the barrel scintillators. Also shown, by the dashed curve, is

the spectrometer relative momentum acceptance.

As indicated above, the region of interest for singlet dibaryon production lies
between the A and ¥ thresholds. The cross section scale on this and subsequent
figures shown has been determined from the calibration against the data of Cameron
et al (5] and the evaluation of the various cut efficiencies. It is apparent from this figure
that a large background exists, at a level of 0.8 ub/sr/MeV. The background shape,
at low invariant mass, roughly follows the shape of the acceptance curve, implying

that the mechanism responsible for it has a broad and relatively flat momentum



distribution over this acceptance range. The observed level of 0.8 ub/sr/MeV is
in accord with the expected production cross sections of Alston-Gjarnhorst et al(6].
We have no hesitation in attributing the bulk of these events to (K, K°) charge-
exchange reactions. There is no structure in this figure except for the large quasifree
L~ production near 2150 MeV/c?; it is apparent that the £~ quasifree spectrum is

~ cut off by the acceptance function at the high mass end.

It is instructive to examine the angular distributions of the decay pion events
which are coincident with the (K ~, %) reaction trigger. As described previously, a
reaction angle variable, called “pseudotheta” is defined by projecting the decay pion
hit in the § and ¢ scintillating strips back to an apparent vertex formed from the pro-
jection of the entrance and exit tracks. This pseudotheta variable is an approximation

for a decay angle which ignores the non-zero K° path length.

That this pseudotheta variahble allows a rather effective segaration between
K=, K° charges and K ~-induced reactions is predicted by simulation and supported
by experiment. Because of the relatively large forward peaking of the charge exchange
cross section, it was expected that rejection of small angle events might provide good
discrimination against this background. Fig. 5 shows a plot of event density in the
plane defined by pseudotheta and excitation energy. This figure shows a marked
difference between the pseudotheta distribution in the regions above and below I-
nucleon thresholds; the region above § = 68° clearly excludes the preponderance of
(K, K°) events and leaves a substantial fraction of the (K~,n*) reaction events as
indicated by the ¥-N peak.

This conclusion also holds for an auxiliary (K ~,7~) run[7] which was used to
estimate the pseudotheta cut efficiency for dibaryon detection by invoking the as-

sumption that the efficiency for dibaryon detection is the same as for A detection.
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FIG. 5. The distribution of events in the plane defined by the variables pseudotheta
and missing mass for the JHe(K~, 7*)Xn reaction. Two distinct regions are seen in
the figure; at the right is visible the quasi-free £~ production, and at the left is visible
the charge exchange background. The plot illustrates the greater forward peaking for the

charge exchange background reaction.

In this reaction, however, the K° reaction is dwarfed by the large cross section for
quasi-free A, so that a relatively pure sample of reaction events can be studied with-
out the complication of the charge-exchange background. For all events in which a
barrel hit of multiplicity 1 in the A or ¢ shell and multiplicity 1 in the B or 4 shell
is required, about 70% meet the pseudotheta > 68 deg requirement. By contrast, a
study of the pseudotheta distribution beiow the Z-peak in the (K~,w*) spectrum of
Fig. 4 shows that only 17 % of the events have pseudotheta angles in excess of 68
deg. Thus the application of a cut in pseudotheta to eliminate events below 68 deg
improves the signal-to-noise ratio for dibaryon detection by a factor of 4 with only a

modest loss in signal.
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FIG. 6. The spectrum shown for *He(K~, n*).Xn after suppression of the K° back-
ground as described in the text. The normalized A production, determined from a separate

experiment as discussed in the text, is shown as the dashed histogram.

In fig. 6 we show superimposed the spectrum remaining after the pseudotheta cut
described above, for both (K~,7%) and (K=, n~) spectra. The relative normalization
of these spectra will be discussed below. The shapes of the spectra suggest strongly
that A production is responsible for a sizable fraction of the events lying beiow L-N

threshold after application of the angle cut.

The two nucleon A production can take place coherently on two protons, as was

pointed out by Aerts and Dover[3]. There are two alternative mechanisms:

e 1) p(K~, K°)n, followed by p(K°,x*)A, and
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* 2) p(K~,x%)A, followed by p(x°,x+)n

Although the interference between these processes complicates the calculation of
the cross sections, the pion charge-exchange is known to be much larger than the kaon
charge-exchange a¢ this momentum/8|. Thus process 2) is dominant and has been

estimated by Dover and Gal, using Glauber theory. The details of this calculation

are given elsewhere[9]. The result of the calculation is that the two nucleon (K, 7+)

reaction leading to A’s is about 1 % of the (K ~,n") single nucieon production of A’s
g g

on 3e.

The remaining events shown in Fig. 6 consist of a fraction (17 %) of the charge-
exchange events which have evaded our pseudotheta rut, and a number of A events
which are a result of virtual ¥ production and rescattering (final state interaction)
below the Z-nucleon threshold. Karplus and Rodberg{10] use a complex scattering
length expansion to describe the subthreshoid A production in the (K=, #*) reaction
on deuterium. This approximatlion should be valid near threshold and is used here
to account for the rapidly-rising event rate near 2135 MeV/c?. It has been shown
by Dalitz|11] to give a reasonable representation of the cusp region. In applying the

Karplus and Rodberg formalization, we have ignored the spectator neutron.

The complex scattering length expansion leads to the relations,

tamﬁg)} = —ky(ag — 1),

1] LP——2 AL ;
- (1 = xgaqg)? + (rkgmo)?

and

ky = iny below threshold,
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FIG. 7. The three background components and the £ quasi-free components ma'ing

up the spectrum of the previous figure are shown separately here.

where kg represents the relative momentum between the recoiling £° and proton.
Values of 79 and a¢ of about 0.003 (MeV/c™!) fit the tail region fairly well, although
the data do not determine these values very accurately. The sum of the three back-
ground components discussed above are fit to the data of fig. 6 using a least-squares

criterion to determine the relative fractions of each component. The magnitudes of

the three components and the contribution of the quasi-free ¥ component (modified

by the spectrometer acceptance function) are shown in fig.7.
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IT1. DISCUSSION OF RESULTS

After the calculation of the subthreshold contributions described above, the dif-
ference between the fitted and observed spectrum is shown in Fig. 8 as “net counts,”
along with the + one sigma error band limits of 0.18 ub/sr/MeV. Recalling that
the putative dibaryon would be Fermi-broadened over an interval of 25.0 MeV, we
estimate the sensitivity of the experiment as approximately 0.5 ub/sr from the rms
fluctuations appearing in this net spectrum. Thus a dibaryon of 0.5 ub/sr would not
be visible in our data, while a 2.0 ub/sr dibaryon could be seen with a condidence
level of 4.0 sigma.

The observation of a dibaryon has been claimed by H. Piekarz[12] for data ob-
tained from the (K ~,7") reaction on ?H at a mass of 2144 MeV/c?. This dibaryon
has been identified with the p-wave strangeness = -1 dibaryon D, of the bag model.
Pickarz assigns a cross section of 25.6 ub/sr to that resonance. This value is far larger
than the prediction of 2 ub/sr of Aerts and Dover[3]. Putting aside this discrepancy,
one might wish to associate some events below X threshold as the sl;in singlet partner
D, for the presumed dibaryon. Aerts and Dover calculate a ratio of four between the
dibaryons D¢ and D, produced by the (K~,7~) and (K, n") reactions respectisvely.

In Fig. 8 we show the expected size of the broadened dibaryon D, partner, based
on .he calculated ratio from Aerts and Dover. The position of the dibaryon is arbi-
trarily chosen to match the largest fluctuation in the net spectrum. It is apparent
that we can rule out a dibaryon of that size from our data. There is no way to recon-
cile the present *He results and the reported *H dibaryon claim within the same bag

model calculation.

While we cannot, from these data, rule out a dibaryon of the size predicted by

Aerts and Dover - 0.5 pb/sr, there is no need to introduce some unconventional
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FIG. 8. The net signal in the missing mass region between A and I thresholds after
all three background subtractions: a) the 2-step A production, b) the subthreshold T pro-
duction and subsequent I — A conversion, and c) the residual X° background not removed
by the pseudotheta cut. The indicated error bands correspond to * 0.18 ub/sr and are 1
sigma limits. The curve shown represents the dibaryon signal for D, consistent with the

reported D, signal of ref.[12]. That dibaryon size is clearly ruled out by chis experiment.

mechanism to account for events below the ¥ threshold. They are due either to
1) K-, K° charge-exchange, 2) (K~,=*) production of An from 2-nucleons, or 3)

subthreshold ¥ production and subsequent £ — A conversion.
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IV. SUMMARY

Events below the ¥ production threshold which result from (K ~,7*) interactions
on *He can result from second-order processes involving two nucleons. We have shown
that after removing the very substantial (K ~, K°) charge-exchange reaction which can
mimic reaction events, two types of second-order processes account for A events. One
is due to *He(K~,n*)An reaction which can be mediated by coherent strangeness
and charge-exchange reactions. The cross section for this process has been determined
from experiment to be about 1 % of the analogous (K =, 7~) reaction; it accounts for
much of the data below an invariant mass of 2100 MeV/c?. The remainder of the
observed events is due to virtual ¥ production and subsequent ¥ — A conversion,
which becomes the dominant A production process near L threshold. At a level of
about 1 pb/sr there is no need to invoke any other mechanism, in particular, the

production of a strange dibaryon.

It is instructive to compare the search for dibaryons in deuterium and in 3He.
In the former case the D, dibaryon is accompanied by first-order A and T quasifree
production and the problem is separating the dibaryon from a large underlying back-
ground. In the latter case, the D, dibaryon search is conducted amidst a much smaller
background but is affected by the momentum broadening associated with the unob-
served spectator background. Clearly both experiments are required to establish the
presence of those dibaryons. The present level of sensitivity is not ad=quate to rule
out dibaryons at a level of less than 1 ub but, as demonstrated here, it is clearly
adequate to rule out dibaryons produced at levels of more than 1 ub/sr in 3He and
4 pb/sr in deuterium. More definitive limits would require experiments with better

statistics.
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